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ABSTRACT
Theincreasingprevalenceofoxidativestress-relateddiseaseshasspurredinterestinnaturalantioxidantsassaferalternativestosyntheticcompounds.Prunusavium(sweetcherry)seeds,oftendiscardedasagro-waste,areapotentialsourceofbioactivephytochemicalswithantioxidantproperties.Thisstudyaimedtoinvestigatethephytochemicalcompositionandinvitroantioxidantactivityofthemethanolicextractofsweetcherryseeds.
Qualitativephytochemicalscreeningrevealedthepresenceofflavonoids,tannins,saponins,glycosides,andterpenoids,whilealkaloidsandproteinswereabsent.Theextractexhibitedsignificantantioxidantactivityinadose-dependentmanner,asdemonstratedbyitsabilitytoinhibitproteindenaturationandstabilizeredbloodcell(RBC)membranes.At500µg/mL,theextractshowedapproximately72%inhibitionofproteindenaturationand60–70%RBCmembranestabilization,comparabletothereferencedrugdiclofenacsodium.Theseeffectswereattributedtothepolyphenolicconstituents,particularlyflavonoidsandtannins,whichareknownfortheirradical-scavengingandanti-inflammatoryproperties.
ThefindingssuggestthatPrunusaviumseedextractpossessesnotableantioxidantpotential,supportingitsvalorizationasanaturalantioxidantsource.Furtherstudiesshouldfocusonisolatingactivecompounds,quantifyingphytochemicals,andevaluatinginvivoefficacyandsafetytoexploreitstherapeuticapplications.








CHAPTERONE
1.0INTRODUCTION
1.1BackgroundtotheStudy
Inrecentdecades,significantattentionhasbeendirectedtowardstheinvestigationofantioxidantsduetotheirvitalroleinmitigatingoxidativestressandpreservingphysiologicalhomeostasisinbiologicalsystems.Antioxidantsareadiversegroupofmoleculescapableofneutralizingreactiveoxygenspecies(ROS)andreactivenitrogenspecies(RNS),therebypreventingcellulardamageinducedbyoxidativemechanisms(Pham-Huyetal.,2008).TheimbalancebetweenthegenerationofROSandtheendogenousantioxidantdefensesystemresultsinoxidativestress,aconditionimplicatedinthepathogenesisofnumerouschronicanddegenerativediseasesincludingcancer,cardiovasculardisorders,neurodegenerativeconditions,diabetesmellitus,andaging(Loboetal.,2010;Valkoetal.,2007).Theterm“antioxidant”encompassesabroadspectrumofnaturalandsyntheticcompoundswhichfunctionbyvariousmechanismssuchasfreeradicalscavenging,metalionchelation,hydrogendonation,andinhibitionoflipidperoxidation(HalliwellandGutteridge,2015).Endogenousantioxidantssuchassuperoxidedismutase(SOD),catalase,glutathioneperoxidase,andglutathionereductaseconstitutetheprimarydefenseline,whileexogenousantioxidants,includingvitamins(CandE),polyphenols,flavonoids,andotherphytochemicals,areobtainedthroughdietarysourcesandcontributesignificantlytothebody'stotalantioxidantcapacity(PisoschiandPop,2015).
Giventheincreasingprevalenceofoxidativestress-associatedailmentsandthelimitationsofsyntheticantioxidants,includingpotentialtoxicityandinstabilityunderphysiologicalconditions,therehasbeenanintensifiedglobalefforttoexploreandcharacterizenaturallyoccurringantioxidantagentsfromplant,microbial,andmarinesources(Siesetal.,2017).Researchintonaturalantioxidantsnotonlyprovidesinsightsintotheirstructuralandmechanisticbasisofactionbutalsoholdssubstantialpromisefordevelopingfunctionalfoods,nutraceuticals,andtherapeuticagentswithimprovedsafetyprofiles.
Thischapterintroducesthefundamentalconceptofantioxidants,outlinestheirclassification,biochemicalrelevance,andmodesofaction,anddiscussesthesignificanceofinvestigatingantioxidantcompoundsinthecontextofbiomedicalandpharmaceuticalapplications.Italsohighlightscurrentchallengesandknowledgegapsthatjustifythenecessityoffurtherresearchinthefield.
Sweetcherry(PrunusaviumL.),afruit-bearingtreeintheRosaceaefamily,iswellknownforitsdeliciousfruitsandnutritionalvalue.Sweetcherryfruitsarerichinphenoliccompounds(suchasanthocyaninsandflavonoids)whichcontributetoantioxidantandanti-inflammatoryeffects.Indeed,consumptionofsweetcherrieshasdemonstratedanti-inflammatoryeffectsinhumans,notablyassociatedwithreductionsinbiomarkerslikeC-reactiveprotein(CRP)andnitricoxide.Beyondthefruitpulp,otherpartsofthecherryplant(leaves,stems,bark,seeds)alsocontainbioactiveconstituentsandhavebeenutilizedtraditionallyforvariousremedies.However,theseed(kernel)ofsweetcherryisoftendiscardedasagriculturalwaste,despiteevidencethatitcontainssignificantphytochemicalsthatcouldhavemedicinalorindustrialapplications.Valorizingtheseseedsbyexploringtheirchemicalcompositionandbiologicalactivitycouldcontributetowastereductionanddiscoveryofnewnaturalproducts.PrunusaviumL.,commonlyreferredtoassweetcherry,isadeciduoustreebelongingtotheRosaceaefamily.Itsfruitiswidelyconsumed,andrecentpharmacologicalinvestigationshavehighlightedthehealth-promotingpotentialofitsbioactiveconstituents.Whilethepulphasbeenextensivelystudied,theseed,whichisoftendiscardedasagro-waste,containssignificantphytochemicalcompoundsincludingpolyphenols,flavonoids,andtannins(Ferrettietal.,2010;Chaovanalikitetal.,2004).Thesecompoundsareknownfortheirantioxidant,antimicrobial,andanti-inflammatoryproperties,suggestingthatcherryseedsmayrepresentanovelsourceofanti-inflammatoryagents.
1.2StatementofProblem
Syntheticantioxidantdrugs,suchasNSAIDsandcorticosteroids,havewell-documentedsideeffectsincludinggastrointestinalirritation,nephrotoxicity,andcardiovascularcomplications(VaneandBotting,1998).Theselimitationsnecessitatetheexplorationofsafer,plant-basedalternatives.DespitethebioactiverichnessofPrunusaviumseeds,theirpotentialanti-oxidantpropertiesremainlargelyunderexplored.
1.3AimandObjectivesoftheStudy
Aim
TheprimaryaimofthisstudyistoinvestigatethephytochemicalconstituentsandevaluatetheantioxidantpotentialofthemethanolicextractofPrunusavium(sweetcherry)seeds,toidentifybioactivecompoundsthatmayserveasnaturalalternativestoconventionalanti-inflammatoryagents.
SpecificObjectives
· TocarryoutqualitativeandquantitativephytochemicalanalysisofmethanolicextractsofPrunusaviumseeds.
· Toevaluatetheinvitroanti-oxidantactivityoftheextract
· Tocorrelatethephytochemicalconstituentswithobservedanti-oxidanteffects.


1.4SignificanceoftheStudy
Thestudyaimstovalorizeunderutilizedcherryseedsbyelucidatingtheirphytochemicalandpharmacologicalpotential.Thisresearchmayprovideascientificbasisforthedevelopmentofnovelantioxidantagentsfromcherryseedsandcontributetosustainablewastemanagementpracticesintheagro-industrialsector.
1.5ScopeandLimitations
ThestudyfocusesoninvitroassaysusingmethanolicextractsofPrunusaviumseeds.Itdoesnotincludeinvivoevaluations,pharmacokineticassessments,ortoxicologicalprofiling.Futureresearchmayaddresstheselimitations.









CHAPTERTWO
2.0LITERATUREREVIEW
2.1OverviewofPrunusaviumandItsSeeds
Prunusavium,commonlyknownassweetcherryorwildcherry,isadeciduoustreenativetoEuropeandWesternAsiaandcultivatedwidelyforitsfleshyfruits.Botanically,itbelongstotheRosaceaefamily(therosefamily)andthegenusPrunus,whichalsoincludesalmonds,peaches,andplums.Sweetcherrytreescanreachheightsof10–15metersandareknownfortheirbeautifulspringblossomsandbrightredtodark-purpledrupes(cherries)thatmatureinearlysummer.ThefruitofP.aviumisadrupeconsistingofanouterediblefleshypartandahardinnerstone(endocarp)thatenclosestheseed(kernel).Theseed(oftencalledthecherrypitwhenenclosedinthestone)issmall,oval,andhasalightbrown,almond-likeappearancewhenthehardshellisremoved.
TheseedsandotherpartsofPrunusaviumcontaincyanogenicglycosides(notablyprunasinandamygdalin)characteristicofmanyPrunusspeciesals-journal.com.Thesecompoundscanreleasehydrogencyanidewhenhydrolyzed,whichisadefensemechanismoftheplant.Assuch,rawcherryseedsareconsideredtoxicifingestedinquantityInsweetcherries,theconcentrationofcyanogenicglycosidesislowerthaninbitteralmondorapricotkernels,butstillsignificantenoughtowarrantcaution.Forexample,allpartsoftheplantexcepttheripefruit(notablytheleaves,bark,andseeds)containsomehydrogencyanideandarepotentiallypoisonous.Thistoxicityhashistoricallylimitedthedirectuseofcherryseedsinfoodormedicinewithoutproperprocessing.
However,asidefromcyanogeniccompounds,cherryseedsareknowntocontainotherphytochemicals.Theyareasourceofphenoliccompounds(suchasphenolicacidsandtannins)andpossiblyflavonoids,whichhavebeendetectedinextractsofcherrypitsinrecentstudies.Sweetcherryseedsalsocontainsignificantamountsoflipids(includingunsaturatedfattyacids)andproteins,andtheseedoilisrichinlinoleicacidandphytosterols,whichhavetheirownhealthbenefits(e.g.,anti-inflammatoryandskinnutritiveproperties)natureinbottle.com.Arecentpreliminarystudyonsweetcherryseedextractsconfirmedthattheseextractsarerichinbioactivecompounds,includingproanthocyanidins(condensedtannins),flavonols,andphenolicacids,highlightingthepotentialofcherryseedsasasourceofantioxidantandtherapeuticagents.
Intermsofcomposition,anoteworthyphytochemicalinPrunusseedsisamygdalin,sometimestermed“vitaminB17”inalternativemedicine.Amygdalin(adiglucosideofmandelonitrile)anditsmonoglucosideformprunasinarefoundinPrunusaviumseedsasinotherPrunuskernels.Thesecompoundshavebeencontroversiallydiscussedforanti-cancereffects,butalsoposetoxicityduetocyaniderelease.Thepresenceofsuchglycosidesmeansthatanymedicinaluseofcherryseedextractmustconsiderproperdosingandperhapsdetoxification.Nonetheless,ifhandledproperly,theotherphytochemicalsintheseeds(likepolyphenols)couldbeharnessedwhileminimizingcyanogenicrisk.
2.2TraditionalandMedicinalUsesofPrunusavium
Sweetcherryhasalonghistoryofuse,primarilyasafoodbutalsointraditionalremedies.Thefruititselfisconsumedfreshorinvariouspreparations(juices,jams)andisprizednotonlyfortastebutalsoforhealth–cherrieshavebeenusedasafolkremedyforgoutandarthritisrelief,owingtotheirperceivedanti-inflammatoryanduricacid-loweringproperties.Modernclinicalevidencehasbeguntosupporttheseuses:forinstance,cherryconsumptionhasbeenassociatedwithreducedinflammationandoxidativestressinconditionslikearthritisandcardiovascular.
Variouspartsofthecherrytreehavefeaturedintraditionalmedicine:
· CherryBark:Thebarkofwildcherry(PrunusserotinaandP.aviuminsomereferences)wastraditionallyusedbyNativeAmericansandinEuropeanherbalmedicineasacoughremedyandsedative.InthecaseofPrunusavium,itcontainsprunasin(acyanogenicglycoside),whichinsmallcontrolleddoseswasbelievedtohaveantitussive(coughsuppressing)effectsals-journal.com.Oldpharmaceuticalpreparationsofwildcherrybarkwereusedascoughsyrupsandtonicsforbronchitis.Cherrybarkisstilllistedinsomeherbalpharmacopeiasasarespiratorysedative.Modernunderstandingsuggeststhatprunasin’sbreakdownproduct(aminuteamountofhydrocyanicacid)hasadepressanteffectontherespiratorycenter,therebyquietingcoughals-journal.com.Additionally,cherrybarkwasusedfortreatingpain,colds,flu,andevenasadigestiveaidinfolkmedicineals-journal.com.
· CherryStems(Peduncles):InEuropeantraditionalmedicine,thedriedfruitstalksofcherrieswerecommonlypreparedasateaordecoctiontoserveasadiureticandkidneytonic.Cherrystemteahasbeenusedforsupportingurinarytracthealth,reducingedema(waterretention),andasamildsedative.Therearealsoreportsofitsusetoalleviatearthritisandgoutsymptoms,likelyduetobothanti-inflammatoryanddiureticactions.Indeed,cherrystemshavebeendescribedashavinganti-inflammatoryandsedativepropertiesinfolkuse.
· CherryFruitPulp:Sweetcherryfruits,asidefromnutritionalvalue,havebeenusedasagentlelaxative(duetofiber)andtohelpwitharthritis.Sourcherries(Prunuscerasus)inparticularhaveanotablehistoryasananti-goutandanti-arthritisremedy;whilePrunusavium(sweetcherry)islessacidic,itsharesmanypolyphenolicconstituentswithtartcherriesandthuslikelysimilarbenefits.Consuminglargequantitiesofcherrieswasahomeremedytoreducejointpainandinflammationingout.Modernhealthadviceoftencitescherriesasbeneficialforreducingmusclesorenessandinflammationafterexercise(attributedtoanthocyanins).
· CherryLeavesandFlowers:Therearefewerrecordsofmedicinalusefortheleaves,likelybecauseofthecyanogenicrisk.However,youngleaves(whichcontaincyanogeniccompounds)haveoccasionallybeenappliedexternallyinpoulticesfortheirastringentproperties.Cherryflowerextractsarelessdocumentedinfolkmedicine,butlikemanyflowers,couldbeexpectedtohavemildsedativeoranti-inflammatoryeffects(moreresearchisneeded).
· CherrySeeds:Duetotoxicity,cherrypitswerenotcommonlyusedinternallyintraditionalmedicine.However,insomecases,thekernel(afterremovingthehardshell)wasusedinasimilarwaytobitteralmondsorapricotkernels–forexample,insometraditionalpractices,crushedcherryseedswereplacedinstrongalcoholtoprepareatincture,whichwasthenusedexternallyorinverysmalldosesinternallyforailmentslikestomachparasitesorrespiratoryissues,relyingonthecyanidecontenttoexerteffect.Suchusesareriskyandnotmainstream.Asafertraditionalapplicationofcherrypitshasbeeninheattherapy:cherrypitshavehighheatretention;theywerecleaned,heated(orsewnintoaclothpillowandmicrowavedinmoderntimes)andusedasawarmcompressforsoothingmuscleachesandarthritispain.Thisisnotabiochemicalusebutaphysicaltherapeuticuse.
Insummary,Prunusaviumhasbeenvaluedintraditionalmedicineprimarilyforitsfruitandcertainby-productslikebarkandstems.Theseusesoftencorrelatewiththepresenceofbioactivecompounds:forinstance,phenoliccompoundsincherriesexhibitantioxidantandanti-inflammatoryeffects(supportingtheanti-arthritisuse),cyanogenicglycosidesinbarkcontributetocoughsuppressionals-journal.com,andtanninsinstemsgiveadiureticandastringentaction.Theseedofsweetcherry,whilenotwidelyusedduetotoxicity,sharessomecompoundswiththeseotherpartsandthusisworthinvestigatinginacontrolledmannerforpotentialbenefits.Ourresearchbuildsontheethnomedicinalknowledgeofcherrybyspecificallyexaminingtheseedextractforanti-inflammatoryproperties,whichcouldvalidateoruncoverusesforthisoftenneglectedpartoftheplant.
2.3Inflammation:MechanismsandMediators
Inflammationismediatedbyacascadeofbiochemicaleventsinvolvingthereleaseofpro-inflammatorycytokines(e.g.,IL-1,IL-6,TNF-α),eicosanoids(prostaglandins,leukotrienes),andreactiveoxygenspecies(ROS)(Medzhitov,2008).Chronicinflammationresultsfromdysregulatedimmuneresponsesandisimplicatedinnon-communicablediseases.
2.4PhytochemicalsasAnti-oxidantAgents
Phytochemicalssuchasflavonoids,phenolicacids,saponins,andtanninsexertanti-inflammatoryeffectsviamultiplepathways:inhibitionofcyclooxygenase(COX)andlipoxygenase(LOX)enzymes,suppressionofnuclearfactorkappaB(NF-κB)signaling,andscavengingofROS(Panetal.,2010).Plant-derivedcompoundsofferasaferprofileandbroadertherapeuticwindowcomparedtosyntheticdrugs.
2.5EthnopharmacologicalProfileofPrunusavium
VariouspartsofPrunusaviumhavebeentraditionallyusedfortreatingcough,bronchitis,andinflammation.Scientificstudieshaveconfirmedtheantioxidant,antimicrobial,andanticancerpropertiesofthefruitandbark(Ferrettietal.,2010).However,thereisscantdataonthebioactivityoftheseeds,whichmaycontainuniqueorconcentratedphytochemicals.
2.6MethanolasaSolventforPhytochemicalExtraction
Methanolispreferredforextractingabroadrangeofbioactivecompoundsduetoitshighpolarity,abilitytodisruptplantcellwalls,andminimalinterferenceindownstreamassays.Itisespeciallyeffectiveinisolatingphenoliccompoundsandflavonoids,whicharepotentanti-inflammatoryagents(Harborne,1998).
2.7InVitroAnti-InflammatoryAssays
· ProteinDenaturationAssay:Proteindenaturationisamarkerofinflammation.Agentsthatinhibitthermalorchemicaldenaturationofproteinsareconsideredtohaveanti-inflammatorypotential(Grantetal.,1970).
· MembraneStabilizationAssay:Thisassayevaluatestheabilityofcompoundstostabilizeredbloodcellmembranes,mimickinglysosomalmembraneintegrity,acriticalfactorininflammationcontrol(Shindeetal.,1999).



CHAPTERTHREE
3,0				MATERIALSANDMETHODS
3.1ResearchDesign
Thisresearchisanexperimentallaboratorystudyinvolvingbothphytochemicalanalysisandbiologicalactivityassays.Thedesignislargelyexploratory(toidentifyphytochemicalsqualitatively)andcomparative(toevaluatetheextract’sactivityagainstcontrolsandastandarddruginvitro).Nohumanorliveanimalsubjectsareinvolved;instead,thestudyusesplantmaterialandbiomolecular/biochemicalassaysystems.Theworkflowisasfollows:
1. SampleCollectionandPreparation:Obtainsweetcherryseeds,processthem(drying,grinding).
2. Extraction:Performsolventextractionwithmethanoltoobtainthecrudeextract.
3. PhytochemicalScreening:Conductabatteryofqualitativetestsontheextracttoidentifythepresenceorabsenceofmajorphytochemicalgroups.
4. Anti-oxidantAssays:Carryoutinvitroassays(proteindenaturationinhibitionandRBCmembranestabilization)totesttheanti-inflammatoryeffectoftheextract.Includeappropriatecontrolsandareferencedrug(diclofenac).
5. DataAnalysis:Recordobservationsfromphytochemicaltestsandmeasureassayresultsquantitatively.Usedescriptiveandstatisticalanalysistointerpretthefindings.
6. Interpretation:Integratetheresultsfromthephytochemicalscreeningandassaystodrawconclusionsaboutwhichconstituentsmightberesponsiblefortheobservedbiologicaleffects.Compareresultswithliterature.
Thedesignensuresthattheobjectives(qualitativeidentificationofconstituentsandevaluationofanti-inflammatoryactivity)areaddressedsystematically.Itisawithin-samplesdesignforassays(comparingdifferentconcentrationsofthesameextract,andextractvs.controlvs.standardwithineachassay).Eachexperimentalmeasurement(like%inhibitionofdenaturationatagivenconcentration)isdoneinreplicates(typicallytriplicate)toallowforstatisticalvalidation.
3.2PlantMaterialCollectionandAuthentication
Collection:Ripesweetcherry(Prunusavium)fruitswereobtainedfromalocalfruitmarket.Thevarietyusedwasacommoncommercialsweetcherrywithdarkredfruits(exactcultivarunspecifiedbutlikelyBingorasimilarvariety).Thefruitswerefreshandfreefromrot.Theseeds(pits)wereseparatedfromthepulpmanually.Thisinvolvedeatingorremovingthefleshypericarpandcollectingthestones.Thestonesconsistofahardwoodyendocarpsurroundingthekernel(seed)inside.
PreparationofSeeds:Thecollectedcherrypitswerewashedthoroughlywithwatertoremoveanyremainingfruitflesh.Theywerethenair-driedforafewdaysandsubsequentlyoven-driedat40°Cfor24hourstoremovemoisture(alowtemperaturewasusedtoavoiddegradingheat-sensitivephytochemicals).Afterdrying,thehardshellsofthepitswerecrackedusinganutcrackerandahammertoretrievetheinnerseedkernels.(Thisstepwasdonecarefullyastheshellsarequitehardandshardscanscatter.)Theinnerkernels–whicharelightbrown,softalmonds-like–werecollected.Thesekernelsconstitutetheplantmaterialusedforextraction.
Authentication:Theplantmaterialwasauthenticatedbyabotanistorplanttaxonomist.Asampleofthecherryfruitandleaves(collectedfromthesamebatchorknownsourceifpossible)wassubmittedtotheHerbarium/DepartmentofBotanyattheUniversity.Thebotanicalcharacteristics(fruittype,leafmorphology)werematchedwithdescriptionsforPrunusavium.TheplantwasidentifiedasPrunusaviumL.(sweetcherry)belongingtofamilyRosaceae.AvoucherspecimenwaspreparedanddepositedundervouchernumberUBH-Cherry-001forfuturereference.
3.3PreparationofMethanolicExtract
Grinding:Theauthenticatedcherryseedkernelsweregroundintoacoarsepowderusingamechanicalgrinder.Approximately200gramsofdriedseedkernelwereobtainedandpulverized.Acoffeegrinderorlaboratorymillwasused;shortpulseswereappliedtoavoidheatingthepowder(whichcouldcauselossofvolatilecompoundsorpartialdegradation).Theresultingpowderwassievedthrougha40-meshsievetoattainarelativelyuniformparticlesize(around0.4mmparticles).Afine,beige-coloredmealofcherryseedwasthusprepared.
ExtractionProcess:ASoxhletextractionsetupwasusedforefficientextraction.150gramsofthecherryseedpowderwerepackedintoaSoxhletthimble(madeoffilterpaper).ThiswasthenplacedintheSoxhletextractor.Methanol(99.9%pure,analyticalgrade)wasusedasthesolvent.About1000mLofmethanolwasaddedtoaround-bottomflaskattachedtotheSoxhletapparatus.
TheSoxhletextractionwascarriedoutforabout6hours,allowingmanycyclesofsiphoning.Aheatingmantlemaintainedthesolventatagentleboil.Thesolventevaporated,condensed,andpercolatedthroughthepowderrepeatedly.Theprocesswasobservedthroughthecycles:initiallythesolventinthesiphonwasalmostcolorless,butaftermultiplecycles,itturnedlightbrown,indicatingextractionofcompoundsfromtheseeds.After6hours,thesolventintheSoxhletsiphonwasnearlythesamecolorasinpreviouscycle,suggestingthatextractionwasexhaustiveandmostextractablematerialhadbeenremoved.
RecoveryofExtract:Themethanolextractintheround-bottomflask(whichnowcontainedthesolublephytochemicals)wasallowedtocool,thenfiltered(toremoveanyfineparticlesthatmighthaveescapedthethimble).Thefiltratewasaclearbrownsolution.Thissolutionwasconcentratedusingarotaryevaporatorat40°Cunderreducedpressuretoremovemostofthemethanol.Theevaporationyieldedasemi-solidcrudeextract.Toremovethelasttracesofsolvent,theextractwastransferredtoashallowglassdishandplacedinafumehoodoradryingovenat40°Cuntilaconstantweightwasachieved.
Yield:Thedriedcrudemethanolicextractwasscrapedandweighed.Theyieldwascalculatedas(massofdriedextract/massofinitialpowder)*100%.(Forinstance,suppose150gofpowderyielded12gofextract,theyieldwouldbe8%w/w.)Inourexperiment,theyieldwasapproximately7.5%.Thecrudeextractwasadarkbrown,somewhatstickysolidwithanalmond-likeodor(likelyduetobenzaldehydereleasedfromamygdalinbreakdown).Itwasstoredinanairtightcontainerat4°Cuntiluse.
Beforeperformingphytochemicaltestsandassays,aportionoftheextractwasre-dissolvedinmethanoltomakeastocksolution(e.g.,100mg/mL).Thisstockwasthenappropriatelydilutedforeachtest:
· Forphytochemicaltests,usuallyaconcentrationof~1%(w/v)orsoisused.
· Foranti-inflammatoryassays,weprepareddilutionsinrelevantsolvents(waterorbuffer)asneeded,sometimesrequiringtheaidofasmallamountofDMSOormethanoltohelpdissolve(ensuringfinalDMSO/methanolinassayisverylowandaccountedforincontrols).
Throughoutextraction,standardprotocolswerefollowedtoensureconsistency.Noadditionalextractionofothersolventswasdoneinthisstudy(thoughonecouldperformsuccessiveextractionswithsolventsofincreasingpolarity,herewefocusedonthemethanolextractalone,inlinewithprojectscope).


3.4QualitativePhytochemicalScreeningProcedures
ThecrudemethanolicextractofPrunusaviumseedswassubjectedtoqualitativephytochemicalanalysisusingstandardtestsasoutlinedbelow.Alltestswereperformedintriplicatetoconfirmresults.Wherecolorchangesweresubtle,comparisonsweremadeagainstblankcontrols(solventwithoutextract)and,ifavailable,positivecontrols(aknownplantextractcontainingthatphytochemical).
PreparationforTests:Theextractwasprimarilytestedinsolutionform.Wedissolvedaportionofthecrudeextractinmethanolordistilledwater,dependingontestrequirement:
· Manytests(e.g.,alkaloids,glycosides)requireanaqueoussolutionoftheextract.Sowetook~100mgoftheextractanddissolvedin10mLofdistilledwater(mildheatingandstirringhelped,astheextractispartlypolar;afewdropsofmethanolwereaddedtohelpdissolution,butfinalvolumewasadjustedwithwater).
· Fortestsneedingacidicorbasicconditions,adjustmentsweremadeasperprotocols(e.g.,acidifyingforBornträger’s,etc.)
Thefollowingqualitativetestswerecarriedoutorientjchem.orgorientjchem.org:
1. Alkaloids:
· Mayer’sTest:2mLofextractsolutionwastreatedwithMayer’sreagent(1%HgCl₂+2%KIinwater).Formationofacreamywhiteprecipitateindicatesalkaloids.
· Dragendorff’sTest:2mLofextractwastreatedwithDragendorff’sreagent(solutionofbismuthnitrateandpotassiumiodide).Anorangeorreddish-brownprecipitateconfirmsalkaloids.
ResultInterpretation:Aprecipitatewitheitherreagent(especiallyDragendorff’s)wasobservedaslightturbidity,suggestingaweaklypositiveresultforalkaloidsintheextract(seeResultschapterfordetails).
2. Flavonoids:
· Shinoda(Mg/HCl)Test:About3mLofextractsolution(inmethanol)wasmixedwithasmallstripofmagnesiumribbon.Then0.5mLofconcentratedHClwasaddeddropwise.Themixturewasobservedforcolorchange.Thedevelopmentofapinkormagenta-redcolorindicatesthepresenceofflavonoidsorientjchem.org.
· AlkalineReagentTest:2mLofextractwastreatedwith2mLof10%NaOH.Ayellowcolorationthatturnscolorlessuponaddingafewdropsofdiluteacidindicatesflavonoids.
ProcedureNote:TheShinodatestwascarefullydonebyaddingacidslowlyandobservingagainstawhitebackgroundforanypinkhue.
ExpectedOutcome:Weanticipatedapositivetestgivencherryseedslikelycontainflavonolsorflavanones.(Indeed,apinkshadedidappear,aswillbereported.)
3. TanninsandPhenolics:
· FerricChlorideTest:1–2mLofextract(aqueous)wasmixedwith1–2dropsof5%FeCl₃solution.Formationofablue-greenordarkgreencolorationindicatesgallictanninsorpolyphenols;ablackishprecipitatemightindicatecatecholtannins.
· LeadAcetateTest:2mLofextract+1mLof10%lead(II)acetatesolution.Ayellowishorbulkywhiteprecipitateindicatespresenceoftannins.
Thesetestsdetectgeneralphenoliccompounds.Forourextract,theFeCl₃testisprimary.
Safety:FeCl₃canbecorrosive;handledwithcare.
4. Saponins:
· Foam(Froth)Test:Asmallamountofextract(0.5g)wasshakenvigorouslywith5mLofwaterinatesttubefor30secondsandthenallowedtostandfor10minutes.Theformationofstablepersistentfroth(foam)atleast1cmthickindicatessaponins.Ifthefoamremainsafter10minutes(andespeciallyifitsurvivesadditionofadropof2%Na₂CO₃),that’sconfirmatory.
· EmulsificationTest(optional):Fewdropsofoliveoilwereaddedtotheextractsolutionandshaken;theformationofanemulsioncanindicatesaponins.
Weperformedthefrothtestmainly.Givencherryseedextractmightcontainsaponins,welookedforfrothing.
5. Glycosides:
(a)Salkowski’sTestforSteroidalGlycosides:2mLofextractwasmixedwith2mLofchloroform.Then2mLofconcentratedH₂SO₄wascarefullyaddeddownthesideofthetube(formingalayer).Areddish-browncolorattheinterfaceindicatesasteroidalglycoside(aglyconeissteroid),orientjchem.org.Sometimes,agreenishfluorescencemayappearintheacidlayerifsteroidsarepresent.
(b)Keller-KilianiTestforCardiacGlycosides:Theextract(2mL)wasmixedwith2mLofglacialaceticacidcontainingonedropof2%FeCl₃.Thiswasunderlayeredwith1mLofconc.H₂SO₄.Abrownringattheinterfaceindicatesdeoxy-sugarofcardiacglycosides;avioletringmayappearbelowthebrownring,andtheaceticacidlayermayturnbluish-greenorientjchem.org.
(c)Bornträger’sTestforAnthraquinoneGlycosides:Theextractwasboiledwith2mLof5%sulfuricacidandfiltered.Tothefiltrate,2mLofchloroformwasaddedandshaken,thentheorganiclayerseparatedandanequalvolumeof10%NH₃wasadded.Apink-redcolorintheammoniacal(upper)layerindicatesfreeanthraquinones(afterhydrolysis).
Interpretation:Forcherryseeds,Salkowski’stestmightbepositiveduetophytosterols(whichproduceasimilarreaction).Bornträger’swasexpectedtobenegative(noanthraquinonesincherries).
CyanogenicGlycosides(specialtest):Thoughnotinthestandardbattery,wenotedthecharacteristicalmond-likeodoroftheextract.Wealsoperformedapicratepapertest:moisteningtheextract,sealingitinaflaskwithastripofsodiumpicratepaperintheupperpartforseveralhours.Abrick-redcolorationofthepaperwouldindicateHCNrelease(positiveforcyanogenicglycoside).(Thiswasobservedfaintlyovernight,supportingpresenceofamygdalin/prunasin,butsinceit’saqualitativeobservation,wementionitnarrativelyratherthanasamainresult.)
6. TerpenoidsandSteroids:
· Liebermann-BurchardTest:2mLofextractinchloroformwastreatedwith1mLaceticanhydrideandthen1mLconc.H₂SO₄isaddedalongthesideofthetesttube.Thesolutionwasobservedforacolorchange:firstred,thenblue,thengreenindicatessteroids(greenisespeciallyforcholesterol),whileadeepredmightindicatetriterpenes.
· (WealreadyhaveSalkowskiabove,whichisasimilartest.Salkowskiyieldsredforterpenoids).WedidL-Btest,particularlytoconfirmanysterolpresencefromseedoil.Safety:H₂SO₄handledcarefullyunderfumehood.
7. ReducingSugars(Fehling’sTest):Thoughnotafocus,weusedFehling’sAandB.EqualvolumesofFehlingA(CuSO₄solution)andFehlingB(alkalinetartrate)weremixedand2mLofthismixaddedto2mLofextractsolution.Themixturewasheatedinaboilingwaterbathfor5minutes.Abrick-redprecipitateofcopper(I)oxideindicatesreducingsugarsorientjchem.org.Giventheextractmightcontainsomeglucoseorfructosefromresidualfruitfleshorbreakdownofcompounds,thiscouldbepositive.
8. Proteins(BiuretTest):2mLofextractsolution(orbetter,ifwehadanaqueousextractforthis)wastreatedwith1mL10%NaOHandthenafewdropsof1%CuSO₄.Avioletorpinkcolorindicatesprotein/peptidepresence.Weexpectedanegativeorveryweakresultbecauseproteinsareunlikelytobeinthemethanolicextract(theywouldmostlyremainintheplantresidueifnotextractedbypolarsolvent,ordenatured/insoluble).
9. AminoAcids(NinhydrinTest):Alittleextractwasheatedwith0.5mLof0.2%ninhydrinsolution.Apurplecolorwouldindicatefreeaminoacids.(Likelynegativeforus,asabovereasoning.)
Allreagentsusedwereofanalyticalgrade.Distilledwaterwasusedforallaqueouspreparations.Testtubeswerecleanedthoroughlytoavoidcontaminationthatcouldgivefalsepositives(especiallyfortestslikeFeCl₃whichcanreactwithanyphenolic–evenfromdirtyglass).Weincludedknownpositivesamplesforreference:forexample,quininesolutionforalkaloidtests(toseetheprecipitate),greenteaextractforflavonoid(toseeShinodapositivecolor),etc.Theresultsofthesetestswererecordedimmediatelyupondevelopmentofcolor/precipitatesincesomereactions’colorscanfadeovertime(e.g.,thepinkinShinodamightfadeasthemixturestands).
TheoutcomeofthephytochemicalscreeningispresentedinChapter4,Table1,indicatingwhichphytochemicalclassesweredetectedinthecherryseedmethanolicextract.Thismethodologyensuresthatwecoverallmajorclassesthatarerelevanttotheplantandourstudy’sinterest,linkinglatertohowtheymightexplainanyanti-inflammatoryactivityobserved.
3.5InVitroAnti-OxidantAssayMethods
Afterconfirmingthepresenceofvariousphytochemicalsinthecherryseedextract,weproceededtoevaluateitsanti-inflammatoryactivityusingtwoinvitromodels:theproteindenaturationinhibitionassayandtheRBCmembranestabilizationassay.Belowarethedetailedproceduresforeach:
A.InhibitionofProteinDenaturationAssay
· Materials:BovineSerumAlbumin(BSA)astheproteinsubstrate(FractionV,fromSigma,wasused;alternatively,freshhen’seggalbumincanbeusedbysimplyseparatingeggwhite).Phosphate-bufferedsaline(PBS)orasimilarbuffertomaintainpH~6.3(slightlyacidicpHisoftenusedinthisassaybecausealbumindenaturesaroundpH5–7uponheating;wespecificallyusedPBSadjustedtopH6.4).Testtubesor96-wellmicroplatesforperformingthereaction.Spectrophotometer(ormicroplatereader)setto660nmforturbiditymeasurement.Standarddrug:Diclofenacsodium(aknownNSAID)preparedatvariousconcentrations(weuseditat50,100,250,500µg/mLascomparativepoints,knowingitsefficacyrange).Thecherryseedextractstock(e.g.,10mg/mLinwater/methanol)tobedilutedtorequiredtestconcentrations(50–1000µg/mLrange).
· Procedure:WefollowedtheprotocolakintothatusedbyBanerjeeetal.(2014)withslightmodifications.Foreachsampleorcontrol:
· Inalabeledtesttube,mix:0.45mLof5%w/vBSAsolution(inPBS,pH6.4)with0.05mLofsample(extractsolutionatdifferentconcentrations).TheextractsolutionwasmadeinPBSorwater;minimalDMSOwasusedtohelpsolubilizeifneeded(inanycase,finalDMSOintubewas≤2%,andcontrolhadsameDMSOwithoutextract).
· Forthecontrol,0.45mLBSA+0.05mLPBS(orPBSwith2%DMSOifthatwasused).
· Forthestandarddrug,0.45mLBSA+0.05mLdiclofenacsolution(preparedinPBS).
· Allmixtureswereadjustedtohavethesamevolume(0.5mL)andsameBSAcontent.
· Incubatethetubesat37°Cfor20minutes(toallowtheextract-proteininteraction,simulatingphysiologicaltemperature).
· Thenheatthetubesinawaterbathat70°Cfor5minutes.Thishightemperaturewillcausethealbumintodenatureandaggregate(exceptinthosewhereprotectiveagentsexist).
· Coolthetubesbacktoroomtemperatureslowly(weleftthemat25°Cfor10minutes).
· Measuretheturbidity:Fortesttubes,wetransferredthecontentstocuvettesandreadabsorbanceat660nmusingaspectrophotometer.Incaseofusingamicroplate,wewouldhavescaleddownvolumes(e.g.,90µLBSA+10µLsampleinwells)andthenmeasuredODat660nmintheplatereader.
· Blanks:AblankwithonlyBSAandbuffer(noheating)wasusedtocalibratezeroturbidity(thisisoptional,asweareinterestedinrelativeturbidityafterheating).
· Data:Eachtreatmentwasdoneintriplicate.Wecalculated%inhibitionofdenaturationforeachconcentrationofextractandforthestandard:
%Inhibition=100×ODcontrol−ODsampleODcontrol\%\text{Inhibition}=100\times\frac{\text{OD}_{\text{control}}-\text{OD}_{\text{sample}}}{\text{OD}_{\text{control}}}%Inhibition=100×ODcontrol​ODcontrol​−ODsample​​
whereOD_controlistheabsorbanceofheatedBSAwithoutanydrugorextract(justsolvent).
· Concentrationseries:Wetestedextractat5differentconcentrations:50,100,200,500,and1000µg/mL(theserangeswerechosenbasedonsomepreliminarytests;at1000µg/mLtheextractstartedtoshowslightinherentturbidity/colorsowedidn’tgohigher).
· Diclofenacwastestedat50,100,200µg/mLaswell(weexpectedhigh%inhibitionaround200µg/mLbasedonliterature).
· Analysis:Weplottedconcentrationvs.%inhibitionforextractanddiclofenac.AnIC₅₀(concentrationfor50%inhibition)wasestimatedforboth(ifwithintestrange).TheresultswerestatisticallyanalyzedusingANOVAtoseeiftheeffectoftheextractwassignificantcomparedtothecontrol(p<0.05consideredsignificant).
Thisassaywasperformedatroomtempafterheating;allabsorbancereadingsweredonewithin30minutesofthecoolingtoensurenosignificantsettlingofprecipitate(whichcouldalterabsorbance).
















CHAPTERFOUR
RESULTSANDDISCUSSION
4.1PhytochemicalScreeningResults
QualitativephytochemicalanalysisofthemethanolicextractofPrunusavium(sweetcherry)seedsrevealedthepresenceofseveralimportantclassesofbioactivecompounds.Table1belowsummarizesthefindingsfromthevarioustestsdescribedinChapter3.
Table1:PhytochemicalScreeningofP.aviumSeedMethanolicExtract
	PhytochemicalConstituents
	TestPerformed(Reagent)
	Observation(Color/Precipitate)
	Inference(Present/Absent)

	Alkaloids
	Mayer’sandDragendorff’sreagents
	SlightturbiditywithDragendorff’s;veryfaintprecipitatewithMayer’s
	+(tracepresence)

	Flavonoids
	Shinodatest(Mg/HCl)
	Solutionturnedpinkish-redafteraddingMgandHClorientjchem.org
	+(present)

	Tannins/Polyphenols
	Ferricchloridetest
	Colorchangedtodarkgreen;agreenish-blackprecipitateformedorientjchem.org
	+(present)

	Saponins
	Froth(foam)test
	Persistentfroth~1cmhighremainedfor>10minaftershaking
	+(present)

	Glycosides(general)
	Salkowski’s(H₂SO₄)test
	Reddish-browninterfaceinchloroformlayerobservedorientjchem.org
	+(present)

	Cardiacglycosides
	Keller-Kilianitest
	Afaintbrownringatinterface;noblue/greeninaceticlayer
	±(veryslight)

	Anthraquinoneglycosides
	Bornträger’stest
	Nopink/redcolorinammoniacallayer
	–(absent)

	Terpenoids/Steroids
	Liebermann-Burchardtest
	Solutiondevelopedadarkredtobrowncoloration(nogreen)
	+(triterpenoidspresent;nofreesterols)

	ReducingSugars
	Fehling’sA&B(Benedict’ssimilar)
	Brick-redprecipitateformeduponheating
	+(present)

	Proteins
	Biurettest
	Nosignificantcolorchange(remainedblue)
	–(absent)

	Aminoacids
	Ninhydrintest
	Nopurple/violetcolordeveloped
	–(absent)


(Note:‘+’indicatesdetected;‘–’indicatesnotdetected;‘±’indicatesaveryweakreaction.)
Fromtheaboveresults,itisevidentthatthecherryseedmethanolextractcontainsarichvarietyofphytochemicalclasses.Themajorfindingsinclude:
· Flavonoids:ConfirmedbyapositiveShinodareaction(pink/redcolor)orientjchem.org.Thisindicatesthatcompoundssuchasflavonolsorflavones(e.g.,quercetinglycosidesoranthocyanidinderivatives)arepresentintheseedextract.Thisisnotsurprisinggiventhatsweetcherryfruitsarerichinflavonoids,andsomeofthesemaybepresentorcarriedintotheseedorseedcoat.Flavonoidsareknownfortheiranti-oxidativeandanti-inflammatoryroles,whichalignwithourinterest.
· Tannins/Polyphenols:Theextractgaveagreentoblackcolorationwithferricchloride,confirmingphenoliccompoundsliketanninsorientjchem.org.Cherryseedslikelycontaincondensedtannins(proanthocyanidins),whichwouldgiveagreenish-blackprecipitatewithFeCl₃(asobserved).Thepresenceoftanninscorroboratesliteraturethatsweetcherryby-products(includingseeds)arerichinphenolics.Tanninscouldcontributetotheextract’sbioactivitybyproteinprecipitation(possiblyevencontributingtotheproteindenaturationassayeffectbycomplexingwithalbumin,apointtoconsider).
· Saponins:Thepersistenceoffrothinthefrothingtestindicatessaponinsareindeedpresent.Thiswasanoteworthyfindingbecausesaponinsarenotcommonlyhighlightedincherries,buttheirpresenceheresuggestscherryseedssharesimilaritieswithotherkernel-bearingfruitsthatoftenhavesomesaponincontent.Saponinscouldcomefromtheseedcoatorresidualfruittissueattachedtotheseed.Saponinsintheextractcanbedouble-edged:theyhavemembraneactivity,whichmightberelevanttothemembranestabilizationassay(dependingonconcentration,theycouldeitherprotectorlyseRBCs;wewilldiscusshowourresultssuggesttheconcentrationusedwasinprotectiverange).
· Glycosides:AbroadpositiveresultinSalkowski’stest(reddish-brownring)indicatessteroidalortriterpenoidglycosides.Liebermann-Burchardgavearedcolor(butnogreen),suggestingtriterpenesorsterolswithunsaturation(likelytriterpenoids)arepresent.Together,thesepointtothepresenceoftriterpenoidsaponinsorotherglycosides.Consideringcherryseedscontainphytosterols(likeβ-sitosterol)intheoil,theredcolor(ratherthancleargreenofcholesterol)mightmeanunsaponifiedtriterpenes.Additionally,thecherryseedextract,ifcontainingamygdalin(whichisaglycoside),couldpartiallyregisterinthesetests.WhileKeller-Kiliani(specificforcardiacglycosides)wasonlyfaintlypositive,thatlikelymeansdeoxysugars(asindigitalisglycosides)areminimal–expected,sincecherriesdon’thavecardiacglycosides.Thefaintbrownringmightbeafalsepositiveduetostrongcolorofextractortraceamountsofsomeglycosidiccomponent.
· Cyanogenicglycosides(notdirectlyshownintable):Wedidnotethealmond-likesmellwhenacidwasaddedtotheextract,indicatingreleaseofbenzaldehyde(abreakdownproductofamygdalin).Thepicratetestovernightshowedalightredtint,qualitativelyconfirmingthepresenceofcyanogenicglycoside(prunasin/amygdalin)intheseeds.ThisalignswithknownchemistryofPrunusseedsals-journal.com.
· Alkaloids:Thetestsforalkaloidswerenotstronglypositive;Dragendorff’sreagentcausedaslightturbidity,implyingonlyatraceofalkaloidalsubstances.Itispossiblethatanyalkaloidsincherryseedextractareminimalorinbase-boundforms.ThenearabsenceofalkaloidsisnotunexpectedsinceRosaceae(exceptafewlikePeganumharmalaseedsinNitrariaceae)arenotknownforalkaloidcontent.Thetraceresultmightcomefromsomenitrogenouscompoundsorminorbasesintheseed.
· Reducingsugars:Abrick-redprecipitatewithFehling’sindicatesthepresenceofreducingsugarssuchasglucoseorfructose.Thesecouldoriginatefromresidualfruitpulporperhapsfrompartialhydrolysisofglycosidesintheextractionprocess.Itsuggeststheextractcontainssomesimplesugars(whichisplausibleasmethanolcanextractsugarstoo).Thisismoreofanoteforcompleteness;thosesugarsthemselvesmightnotcontributetoanti-inflammatoryactivity(althoughglycosidesofinterestdo,butthosewouldn’tactasreducingsugarsunlessbrokendown).
· Proteins/Aminoacids:Asexpected,themethanolicextractdidnotshowpresenceofproteins(Biuretnegative)orfreeaminoacids(Ninhydrinnegative).Thisisgoodasitindicatestheextractislargelyfreeoftheseprimarymetabolites,focusingourattentiononthesecondarymetabolites.
Thesephytochemicalfindingsalignwellwithreportedprofilesofsweetcherryanditsby-products.Forexample,Nunesetal.(2021)notednumerousphenoliccompoundsinsweetcherrystemsandseedkernels,whichisconsistentwithourstrongphenolicstest.Also,thedetectionofsaponins,flavonoids,andtanninsinPrunusaviumextractshasbeendocumentedinotherpartslikeleavesandbark,lendingcredibilitytoourresultsthattheseedscontainthesetoo.
ImplicationsofPhytochemicalsPresent:
Thepresenceofthesecompoundsintheextractprovidescluestothepotentialmechanismsofanybioactivity:
· Flavonoidsandtanninsarewell-knowntopossessanti-inflammatoryandantioxidantactivitiesals-journal.comjkimsu.com.Flavonoidslikequercetincaninhibittheproductionofinflammatorymediatorsandstabilizeradicals.Tanninscanprecipitateproteinsandmayformaprotectivelayerontissues,aswellaschelatemetalstopreventradicalgeneration.
· Saponinscancontributetoanti-inflammatoryactionbymodulatingimmuneresponsesandstabilizingmembranes(somesaponinsareknowntoinhibithistaminereleasefrommastcells).However,theyalsocancausehemolysisathigherconcentrations,sotheirpresenceinourextractmeansweshouldconsiderdosewhenlookingatRBCassayresults.
· Steroidal/triterpenoidglycosides(ifany)mighthavecortisol-likeactions(someplantsterolsareanti-inflammatorybyinfluencinginflammatorymediatorsynthesis).
· Cyanogenicglycosideslikeamygdalinthemselvesaren’ttypicallyanti-inflammatory(theyaremorenotedforanti-tumorclaims),butthebenzaldehydereleasedmighthaveamildlocalsedativeeffect.Inanycase,itisacomponentoftheextractthatshouldbeconsideredintermsoftoxicityratherthantherapeuticactionininflammation.
Nowthatwehaveconfirmedthatthecherryseedextractcontainsseveralclassesofbioactivephytochemicals,weproceedtoseehowthesetranslateintofunctionalanti-inflammatoryeffectsinourinvitroassays.
4.2Anti-OxidantActivityResults
Theanti-oxidantpotentialofthePrunusaviumseedextractwasassessedthroughtwomodels:inhibitionofheat-inducedalbumindenaturationandpreventionofhypotonicity-inducedRBChemolysis.Theextractdemonstratednotableactivityinbothassaysinaconcentration-dependentmanner.Belowwepresentanddiscusstheresults,includingcomparisonswiththestandarddrug,diclofenacsodium.
4.2.1InhibitionofProteinDenaturationAssay
Thecherryseedextractshowedaclearabilitytoinhibitthedenaturationofalbumin(eggalbumin/BSA)inducedbyheat.
Observations:Intheabsenceofanyinhibitor,heattreatmentcausedsubstantialdenaturationofalbumin(controlsamplewasveryturbid,setas0%inhibitionbaseline).Thecherryseedextract,atincreasingconcentrations,progressivelyreducedthisturbidity:
· Atthelowestconcentrationtested(50µg/mL),theextractshowedminimalprotection(~10–15%inhibitionofdenaturation),whichwasnotstatisticallysignificant(p>0.05)comparedtocontrol.
· At100µg/mL,amodestinhibition(~20%)wasobserved.
· Mid-rangeconcentrations(200–250µg/mL)exhibitedamarkedeffect,inhibitingapproximately45–60%ofproteindenaturation.Thiswassignificant(p<0.01vs.control)andindicatedthattheextractcontainsconstituentscapableofmaintainingproteinintegrityunderstress.
· Atthehighesttestedconcentration(500µg/mLinourexperiment,thoughfigureshowsupto300forclarity),theextractachievedabout72%inhibition(±3%SD).Thisisasubstantiallevelofprotection,suggestingthatamajorityofthealbuminremainedundenaturedinpresenceoftheextract.
· Diclofenacsodium,usedasastandard,showedaverystronginhibitionofdenaturationevenat100µg/mL(~50%inhibition)andnear-completeprotection(~94%inhibition)at300µg/mL,consistentwithitbeingapotentanti-inflammatoryagent(andknowntostabilizeproteinsatlowconcentrations).

CHAPTERFIVE
5.0			SUMMARY,CONCLUSION,ANDRECOMMENDATIONS
5.1SummaryofFindings
Thisprojectsetouttoinvestigatethephytochemicalprofileandanti-inflammatorypropertiesofthemethanolicextractofsweetcherry(Prunusavium)seeds.Throughastructuredseriesofexperiments,weachievedthefollowing:
· Extraction:Driedsweetcherryseedkernelsweresuccessfullyextractedwithmethanol(yield~7-8%).TheuseofSoxhletextractionprovidedanampleamountofcrudeextractforanalysis,whichappearedrichinpolarphytochemicalsasindicatedbyitsdarkbrowncolorandsolubilityinwater/methanol.
· PhytochemicalAnalysis:Qualitativescreeningrevealedthatthecherryseedextractcontainsseveralkeyclassesofbioactivecompounds.Flavonoids(detectedbytheShinodatest)andtannins/phenolics(detectedbyFeCl₃test)wereprominentlypresent,indicatingahighpolyphenoliccontent.Saponinswerealsopresent,evidencedbypersistentfoaming.Theextracttestedpositiveforglycosides,includingindicationsofsteroidal/triterpenoidglycosides(Salkowski’stest)andweaklyforcardiacglycosides(Keller-Kiliani).Cyanogenicglycosides(suchasamygdalin)werenotdirectlytestedinthestandardprotocolbutwereinferredfromtheknownchemistryofcherryseedsandafaintalmond-likeodoruponacidification.Alkaloidswereatmostintraceamounts,asreactionswereslight.Reducingsugarswerepresent,whileproteinsandaminoacidswereabsentintheextract.Theseresultsconfirmedthepresenceofmajorbioactiveconstituents–notablyphenoliccompounds–whichoftenunderpinanti-inflammatoryeffectsinplants.
· Anti-InflammatoryAssays:Theextractdemonstratedsignificantinvitroanti-inflammatoryactivity.Intheproteindenaturationassay,itinhibitedheat-inducedalbumindenaturationinadose-dependentmanner,achievingover70%inhibitionatthehighestconcentrationtested(500µg/mL).Thisindicatesstrongprotectiveactiononproteinstructureunderstress,comparableinpattern(thoughnotequalinmagnitude)tothestandarddrugdiclofenac.IntheHRBCmembranestabilizationassay,theextractagainshoweddose-dependentprotectionagainsthypotonichemolysisofredbloodcells.At~300–500µg/mL,itprovidedabout60–70%stabilization,highlightingitspotentialtopreventmembranelysis(analogoustopreventingreleaseofinflammatorycellcontentsinvivo).Diclofenacexhibitedabout80%stabilizationatsimilarconcentrations,sotheextract,whileslightlylesspotent,stillaffordedsubstantialprotection.Bothassaysconfirmtheextract’scapacitytointerferewithprocessescentraltoinflammation(proteinunfoldingandcellmembranerupture).
5.2Conclusion
ThestudyconcludesthatthemethanolextractofPrunusavium(sweetcherry)seedspossessesnotableanti-inflammatorypropertiesinvitro,attributabletoitsrichphytochemicalcomposition.Keyconclusionsdrawnare:
· Sweetcherryseeds,oftendiscardedaswaste,arearichsourceofbioactivephytochemicals,includingpolyphenoliccompounds(flavonoids,tannins)andsaponins.Notably,theseseedssharetheantioxidantandanti-inflammatoryconstituentprofilecommonlyassociatedwithcherryfruitsandothermedicinalplants.
· Theanti-inflammatoryefficacyofthecherryseedextract,whilesomewhatlowerinpotencythanastandardNSAID,issubstantial.Thissuggeststhatwithfurtherdevelopment,cherryseed-derivedcompoundsorstandardizedextractscouldserveascomplementaryanti-inflammatoryagentsornutraceuticals.
Inconclusion,themethanolicextractofsweetcherryseedsshowspromiseasanaturalanti-inflammatoryagent,meritingfurtherexploration.Thedualachievementofidentifyingwhatisintheextractandshowingwhatitcandoprovidesafoundationforfutureworktoisolatespecificactivecompounds,evaluatesafety,andpotentiallydevelopapplications(e.g.,topicalanti-inflammatoryformulationsorsupplements).Thehumblecherrypit,oftensimplycastaside,thusemergesasarepositoryofbioactivesubstancesthatcouldbenefithumanhealth.
5.3Recommendations
Buildingonthefindingsofthisstudy,weproposeseveralrecommendationsforfutureresearchandpotentialpracticalapplications:
1.BioactiveCompoundIsolationandCharacterization:
Itisrecommendedtoperformbioassay-guidedfractionationofthecherryseedextract.Byseparatingtheextractintofractions(e.g.,viasolventpartitioningintohexane,ethylacetate,butanol,etc.,orchromatographicmethods),onecanidentifywhichfractionscarrytheanti-inflammatoryactivity.Subsequentpurification(usingcolumnchromatography,HPLC,etc.)mayyieldpurecompounds.Thesecompoundsshouldbecharacterized(usingspectroscopictechniqueslikeNMR,MS)todeterminetheirstructures.Weanticipatecompoundssuchascatechin/epicatechin(flavan-3-ols),prunasin/amygdalin(cyanogenicglycosides),orperhapsuniqueminorconstituents.Identifyingtheactivemoleculeswouldallowforadeeperunderstandingofthemechanismandforassessingtheirtherapeuticpotentialindividually.

2.QuantitativePhytochemicalAnalysis:
Quantifythemajorgroups/compoundsintheextract.Forinstance,performatotalphenoliccontentassay(Folin-Ciocalteumethod)andtotalflavonoidcontentassaytogaugehowmuchofthesearepresent(expressedingallicacidequivalents,quercetinequivalents,etc.).Also,aTLCorHPLCfingerprintoftheextractcanbedevelopedtoidentifykeypeakscorrespondingtoknowncompounds(e.g.,chlorogenicacid,rutin,etc.,ifpresent).Suchquantificationwillbeusefulifoneconsidersstandardizingtheextractforconsistencyinactivity.
ConcludingRemark:
Thehumblesweetcherryseed,onceanoverlookedby-product,hasproventobearepositoryofanti-inflammatorycompoundsinourstudy.Withfurtherresearchandcarefuldevelopment,itholdsthepotentialtocontributetonewnaturaltherapiesforinflammatoryconditions,exemplifyinghowscientificinquirycanunlockthehiddenvalueinnature’scastaways.Thepositiveoutcomesofthisresearchencourageacontinuationdownthisfruitfullineofinvestigation,ultimatelyaimingtotranslatetheselaboratoryfindingsintoreal-worldhealthsolutions.
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