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ABSTRACT
ThisstudyinvestigatedtheantibacterialefficacyofaqueousandethanolextractsofEucalyptusglobulusleavesagainstMethicillin-ResistantStaphylococcusaureus(MRSA)andEscherichiacoli,twoclinicallyimportantanddrug-resistantbacterialpathogens.ThestudywascarriedoutattheMicrobiologyLaboratoryUnitofKwaraStatePolytechnic,Ilorin,Nigeria.ClinicalisolateswereobtainedfromtheUniversityofIlorinTeachingHospital(UITH).FreshEucalyptusglobulusleavescollectedlocallywereprocessedandextractedusingaqueous.Phytochemicalscreeningwasperformedtoidentifykeybioactiveconstituents.Theantibacterialactivityoftheextractswasassessedusingtheagarwelldiffusionmethod,andminimuminhibitoryconcentration(MIC)wasdeterminedthroughtheagardilutiontechnique.Phytochemicalanalysisrevealedthepresenceofflavonoids,tannins,andphenoliccompoundsinbothextracts.Theagarwelldiffusiontestdemonstratedthatbothextractspossessedantibacterialactivity,withtheethanolextractshowingasignificantlyhigherzoneofinhibitioncomparedtotheaqueousextract.Thezoneofinhibitionincreasedwithhighervolumesofextractapplied,indicatingadose-dependenteffect.Theethanolextractexhibitedmaximuminhibitoryactivityat300µl,withmeaninhibitionzonesof0.80±0.04mmand0.80±0.03mmforMRSAandE.colirespectively.Theethanolandionizedwatershowedsignificantinhibition,whichconfirmedtheireffect.MICdeterminationfurtherconfirmedtheantibacterialpotencyoftheethanolextract,withcompletegrowthinhibitionobservedat0.2v/vconcentrationforbothbacterialisolates.TheresultsofthisstudysupportthepotentialuseofEucalyptusglobulusleafextracts,particularlyethanol-basedextracts,asasourceofnaturalantibacterialagents.Thepresenceofmultiplephytochemicalsknownforantimicrobialactivitylikelycontributedtotheobservedeffects.Furtherstudiesarerecommendedtoisolateactivecompounds,testinvivoeffectiveness,andevaluatetoxicitytosupportfutureapplicationsinpharmaceuticalorherbalmedicine.
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CHAPTERONE
INTRODUCTION
1.1	BackgroundtotheStudy
Thegrowingchallengeofantibioticresistancerepresentsoneofthemostseriousthreatstopublichealthtoday.Acrosstheworld,bacterialinfectionsarebecominghardertotreatbecausemanycommonantibioticsarelosingtheireffectiveness(WorldHealthOrganization,2020).Twonotableexamplesofantibiotic-resistantpathogensareMethicillin-ResistantStaphylococcusaureus(MRSA)anddrug-resistantEscherichiacoli(E.coli).MRSAisamajorcauseofhospitalandcommunity-acquiredinfections,whileE.colistrainshavebeenlinkedtoseriousinfectionssuchasurinarytractinfectionsandbloodstreaminfections(Prestinaci,Pezzotti,&Pantosti,2019).
ResistanceinMRSAandE.coliisnotonlymakingtreatmentdifficultbutisalsoincreasingthecostsofhealthcareandleadingtohigherratesofmorbidityandmortality.TheCentersforDiseaseControlandPrevention(CDC)in2022reportedthatantibiotic-resistantinfectionscauseover35,000deathsannuallyintheUnitedStatesalone.Thesituationisevenworseinlowandmiddle-incomecountrieswhereaccesstoadvancedantibioticsislimited(CDC,2022).Asaresult,thereisacriticalneedtosearchfornew,effective,andaffordableantimicrobialagents.
Plantshavealwaysbeenavaluablesourceofmedicines.Manymodernantibioticsanddrugshavebeenderiveddirectlyorindirectlyfromplantsources.Inthesearchforalternativestosyntheticantibiotics,medicinalplantsaregainingattentionfortheirantimicrobialactivities(Ahmedetal.,2021).Eucalyptusglobulus,commonlyknownastheBlueGumtree,isonesuchplantthathadshownpromisingantimicrobialproperties.ItbelongstotheMyrtaceaefamilyandiswidelycultivatedforitsessentialoils,whicharerichinbioactivecompounds(Silvaetal.,2020).TheessentialoilsextractedfromEucalyptusglobulusleavesareknowntocontaincompoundssuchas1,8-cineole(eucalyptol),α-pinene,andlimonene.Thesecompoundshavedemonstratedantibacterial,antiviral,andantifungalactivitiesinseveralstudies(daSilvaetal.,2020).Notably,1,8-cineolehasbeenshowntodamagebacterialcellwalls,disruptmembranes,andinhibitthegrowthofbothGram-positiveandGram-negativebacteria(Gomesetal.,2021).ThismakesEucalyptusglobulusapotentialcandidateforcombatingbacterialpathogenslikeMRSAandE.coli.
Recentresearchindicatesthatessentialoilscouldbeparticularlyeffectiveagainstresistantstrainsofbacteria.Unliketraditionalantibioticsthatoftentargetasinglecellularprocess,essentialoilscontainmultipleactivecompoundsthatcanattackbacteriaindifferentwayssimultaneously.Thismulti-targetapproachreducesthechanceofbacteriadevelopingresistancequickly(Aljaafarietal.,2022).Moreover,essentialoilsaregenerallyconsideredsafe,biodegradable,andlesstoxiccomparedtosyntheticantibioticswhenusedappropriately(Júnioretal.,2020).
Traditionally,Eucalyptusglobulushasbeenusedinvariousculturestotreatinfections,wounds,andrespiratoryproblems.Inmoderntimes,scientificstudieshavesupportedsomeoftheseusesbydemonstratingtheantibacterialactivityofEucalyptusextractsagainstarangeofpathogens.Forexample,astudybySalehietal.(2021)foundthatEucalyptusglobulusessentialoilexhibitedsignificantinhibitoryeffectsagainstmultidrug-resistantE.colistrainsisolatedfromclinicalsamples.Similarly,Elbehiryetal.(2022)reportedthatEucalyptusglobulusoileffectivelyinhibitedthegrowthofMRSAisolatescollectedfromfoodandclinicalsettings.
Despitethesefindings,therearestillgapsintheliteratureregardingthespecificeffectivenessofEucalyptusglobulusagainstMRSAandE.coli,especiallyusinglocalstrainsisolatedfromdifferentenvironments.Morelaboratory-basedinvestigationsareneededtoconfirmitsantibacterialpotential,exploreitsmechanismofaction,anddetermineitspossibleapplicationsinhealthcaresettings.Inthefaceoftheglobalantibioticresistancecrisis,exploringnaturalresourceslikeEucalyptusglobulusisnotjusttimelybutnecessary.Naturalproductsofferarichandrelativelyuntappedreservoirofpotentialsolutionstooneofthemostpressingmedicalchallengesofthe21stcentury.
1.1	StatementofProblem
Theriseofantibiotic-resistantbacteria,particularlyMethicillin-ResistantStaphylococcusaureus(MRSA)andresistantstrainsofEscherichiacoli,posesamajorpublichealthchallengeworldwide.Traditionalantibioticsthatwereonceeffectivearenowoftenfailing,leadingtopersistentinfections,increasedhospitalstays,higherhealthcarecosts,andgreaterriskofdeath(WorldHealthOrganization,2020).Despiteongoingresearchandthedevelopmentofnewantibiotics,thespeedatwhichbacteriaareevolvingresistanceoftenoutpacesdrugdiscoveryefforts(Prestinaci,Pezzotti,&Pantosti,2019).
Eucalyptusglobulus,widelyrecognizedforitstraditionalmedicinaluse,hasshownpotentialantibacterialeffectsagainstvariousmicroorganisms.However,thereislimitedcomprehensivedataonitsspecificefficacyagainstresistantstrainslikeMRSAandE.coliundercontrolledlaboratoryconditions(Salehietal.,2021).Mostavailablestudieshavefocusedongeneralantimicrobialproperties,butfewhavedirectlycompareditsactivityagainstthesetwoclinicallysignificantbacteriahencethisstudyofitsefficacyonMRSAandE.coli.
1.1	Justification	
Thegrowingproblemofantibioticresistancehascreatedanurgentneedforalternativeantimicrobialagents.ThisstudyissignificantbecauseitexplorestheantibacterialpotentialofEucalyptusglobulus,aplantknownforitsmedicinalproperties,againsttwoimportantresistantbacteria:MRSAandEscherichiacoli.Thestudycouldcontributevaluableknowledgetothesearchfornew,plant-basedtherapiestocombatresistantinfections.IfEucalyptusglobulusproveseffective,itcouldofferasafer,cheaper,andmorenaturalalternativetosyntheticantibiotics,especiallyinlow-andmiddle-incomecountrieswhereaccesstomoderndrugsislimited(Salehietal.,2021;Ahmedetal.,2021).
ThestudywillalsoaddtotheexistingbodyofscientificknowledgebyprovidingupdatedinformationontheantibacterialeffectsofEucalyptusglobulusspecificallyagainstMRSAandE.coli.Thiscouldencouragefurtherresearch,clinicaltrials,andthedevelopmentofnewnaturalhealthproducts.Finally,thefindingscouldsupportpublichealtheffortstointegratetraditionalmedicinalplantsintomodernhealthcarepractices,promotingmoresustainableandholisticapproachestoinfectionmanagement.
1.3	AimandObjectivesofStudy
1.3.1	AimoftheStudy
TheaimofthisstudyistoevaluatetheantibacterialefficacyofEucalyptusglobulusextractsagainstMethicillin-ResistantStaphylococcusaureus(MRSA)andEscherichiacoli.
1.3.2	SpecificObjectives
Thespecificobjectivesofthestudyareto:
i. extractandprepareanextractsfromEucalyptusglobulusleaves.
ii. [bookmark: _Hlk199157975]determinetheantibacterialactivityofEucalyptusglobulusextractagainstMRSAandEscherichiacoliusingstandardmicrobiologicalmethods.
iii. CheckthephytochemicalpropertiesofEucalyptusglobulus
iv. assesstheminimuminhibitoryconcentration(MIC)ofEucalyptusglobulusextractagainstthetwobacterialstrains.

CHAPTERTWO
LITERATUREREVIEW
2.1	AntibacterialAgents
Antibacterialagentsaresubstancesthatkillorinhibitthegrowthofbacteria.Theyareusedtotreatbacterialinfectionsandcaneitherbesynthetic(producedartificially)ornatural(derivedfromplants,animals,ormicroorganisms)(Ventola,2019).Theincreasingresistanceofbacteriatosyntheticantibioticshasledtogrowinginterestinplant-basedantibacterialagents,whichoftencontainawiderangeofbioactivecompoundswithpotentialtherapeuticeffects(Gajdács,2020).Plantextracts,essentialoils,andphytochemicalssuchasflavonoids,tannins,andterpenoidshaveshownsignificantantibacterialactivitiesagainstbothGram-positiveandGram-negativebacteria(Echeverría&Albuquerque,2020).Theirmechanismsofactionincludedisruptingbacterialcellwalls,interferingwithmetabolism,andinhibitingnucleicacidsynthesis.Naturalproductsofferadvantagessuchaslowertoxicity,multiplemodesofaction,andthepotentialtoreduceantibioticresistancewhenusedproperly(Borgesetal.,2020).
Today,antibacterialagentscomefromvarioussources,includingnaturalproducts,chemicalsynthesis,andbiotechnologicalmodifications.Theyfunctionbytargetingessentialbacterialstructuresorprocesses,suchasthecellwall,proteinsynthesis,nucleicacidreplication,andmetabolicpathways,ultimatelyleadingtobacterialdeathorgrowthinhibition(Echeverría&Albuquerque,2020).However,despitetheircriticalrole,thegrowingproblemofbacterialresistancetoexistingantibioticspresentsamajorchallengetoglobalhealth.
Inrecentyears,attentionhasincreasinglyturnedtowardexploringnewantibacterialagents,particularlythosederivedfromnaturalsourceslikeplants.Studieshaveshownthatcertainmedicinalplants,suchasEucalyptusglobulus,containessentialoilsandphytochemicalswithstrongantibacterialproperties(Salehietal.,2021).Thesenaturalcompoundsoffertheadvantageofbeinglesslikelytoinduceresistancecomparedtosyntheticantibiotics,andtheymayprovidemultiplemechanismsofactionagainstbacterialpathogens(Boukhatemetal.,2020).Moreover,theurgencyofdiscoveringnovelantibacterialagentshasbeenheightenedbytheemergenceofmultidrug-resistantorganismssuchasMethicillin-ResistantStaphylococcusaureus(MRSA)anddrug-resistantstrainsofEscherichiacoli(Elbehiryetal.,2022).Theseresistantstrainscauseinfectionsthatareharderandmoreexpensivetotreat,andtheyleadtohigherratesofmortalityandprolongedhospitalstays.Asaresult,researchintoplant-basedantibacterialagentsisgainingsignificantmomentum,offeringhopefornew,effectivetreatmentsthatcancomplementorreplaceexistingantibiotics.
2.1.1	TypesofAntibacterialAgents
Antibacterialagentscanbebroadlyclassifiedbasedontheirorigin,spectrumofactivity,andmechanismofaction.Theseagentshaverevolutionizedthetreatmentofbacterialinfections,enablinghealthcareprofessionalstomanagediseasesthatwereonceconsideredfatal.Thissectionexploresthedifferenttypesofantibacterialagents,highlightingtheirorigins,therapeuticroles,andmethodsofactionagainstpathogenicbacteria.
OriginofAntibacterialAgents
Antibacterialagentscanbecategorizedbasedontheirorigin,whichdeterminestheircompositionandtheprocessoftheirdevelopment.Thethreemaintypesofantibacterialagentsbasedonoriginarenatural,semi-synthetic,andsyntheticagents.
NaturalAntibacterialAgents
Theseagentsarederivedfromnaturallyoccurringsources,suchasmicroorganisms,plants,andothernaturalsubstances.Oneofthemostnotableexamplesispenicillin,discoveredfromthemoldPenicillium.Naturalcompoundshavebeenacornerstoneofantibioticdevelopment,withmanymodernantibioticsstillbasedontheirnaturalorigins.Plant-basedantibacterialagents,suchasthosederivedfromEucalyptusglobulus,havealsogainedattentionfortheirpromisingantibacterialproperties,offeringanalternativetosyntheticantibiotics(Salehietal.,2021).
Semi-SyntheticAntibacterialAgents
Semi-syntheticantibioticsarechemicalderivativesofnaturalcompounds.Theseagentsaremodifiedtoenhancetheirantibacterialactivityortoovercomespecificbacterialresistances.Forexample,amoxicillin,derivedfrompenicillin,hasbeenchemicallyalteredtoexpanditseffectivenessagainstabroaderrangeofbacteria,particularlyEscherichiacoliandStreptococcusspecies(Livermore,2020).
SyntheticAntibacterialAgents
Theseantibioticsareentirelychemicallysynthesizedinlaboratories.Sulfonamidesandfluoroquinolonesareprimeexamplesofsyntheticagentsthatweredevelopedtotargetspecificbacterialprocesses(Blairetal.,2015).Theadvantageofsyntheticagentsliesintheirabilitytobetailoredforspecifictherapeuticneeds,providingawiderangeofoptionsforclinicians.
2.1.2	SpectrumofActivity
Thespectrumofactivityreferstotherangeofbacterialspeciesthatanantibacterialagentcaneffectivelytarget.Basedontheirspectrum,antibacterialagentsareclassifiedintonarrow-spectrumandbroad-spectrumagents.
Narrow-SpectrumAntibacterialAgents
Theseagentstargetspecifictypesofbacteria.Forexample,vancomycinisparticularlyeffectiveagainstGram-positivebacteriasuchasStaphylococcusaureusandClostridiumdifficile(Cohen,2019).Narrow-spectrumagentsaretypicallypreferredwhenthecausativebacterialpathogenisknown,astheyminimizethedisruptiontobeneficialmicrobiotaandreducethelikelihoodofresistancedevelopment.
Broad-SpectrumAntibacterialAgents
Incontrast,broad-spectrumantibioticsareeffectiveagainstawiderangeofbacterialspecies,bothGram-positiveandGram-negative.Tetracyclinesandfluoroquinolonesareprimeexamplesofbroad-spectrumantibiotics(Deoetal.,2018).Theseagentsareparticularlyusefulwhentheinfectingpathogenisunknown,orwhenmultiplebacteriaareinvolvedinaninfection.However,overuseofbroad-spectrumantibioticsisassociatedwiththedevelopmentofresistanceanddisruptionofthenormalmicrobiome.
2.1.3	MechanismsofAction
Antibacterialagentsexerttheirtherapeuticeffectsbytargetingspecificbacterialstructuresorprocesses,therebyinterferingwithbacterialgrowthorsurvival.Thesemechanismscanbegroupedintoseveralcategoriesbasedonthetargetwithinthebacterialcell.
1.	CellWallSynthesisInhibitors
Manyantibiotics,suchasβ-lactams(includingpenicillinandcephalosporins),targetbacterialcellwallsynthesis.Bacterialcellwallsarecrucialformaintainingthestructuralintegrityofthecell,andwhentheirsynthesisisblocked,thebacteriaareunabletosurvive.Thisleadstocelllysisanddeath,particularlyinGram-positivebacteria(Gajdács,2020).
2.	ProteinSynthesisInhibitors
Tetracyclines,macrolides,andaminoglycosidesareantibioticsthatinhibitbacterialproteinsynthesis.Theseagentsbindtobacterialribosomesandpreventtheassemblyofproteins,essentialforbacterialgrowthandfunction.Withouttheabilitytosynthesizeproteins,bacteriaareunabletoreplicateorperformvitalfunctions,leadingtotheirdeathorinhibition(Boukhatemetal.,2020).
3.	DNASynthesisInhibitors
FluoroquinolonessuchasciprofloxacinandlevofloxacinworkbyinhibitingtheenzymesinvolvedinDNAreplication,suchasDNAgyraseandtopoisomerase.Theseenzymesarenecessaryformaintainingtheintegrityofthebacterialgenome,andtheirinhibitionpreventsbacterialDNAfromunwinding,ultimatelyleadingtobacterialcelldeath(Echeverría&Albuquerque,2020).

4.	CellMembraneDisruptors
Polymyxins,suchaspolymyxinBandcolistin,interactwiththeoutermembraneofGram-negativebacteria,increasingmembranepermeability.Thisleadstotheleakageofvitalcellularcontents,causingcelldeath.Polymyxinsareoftenreservedformulti-drug-resistantGram-negativeinfectionsduetotheirpotencyandpotentialtoxicity(Goribetal.,2021).
5.	MetabolicPathwayInhibitors
Sulfonamidesandtrimethopriminhibitbacterialfolicacidsynthesis,apathwaycrucialforbacterialsurvival.Byblockingtheproductionoffolicacid,whichisessentialforDNAsynthesisandcelldivision,theseantibioticseffectivelystopbacterialreplicationandgrowth(Blairetal.,2015).
2.1.4	CombinationTherapy
Inthefightagainstmultidrug-resistantbacteria,combinationtherapieshavebecomeanessentialtool.Thesetherapiesinvolvetheuseoftwoormoreantibacterialagentssimultaneously,oftenwithcomplementarymechanismsofaction.Thisapproachcanenhancetheantibacterialeffect,preventtheemergenceofresistance,andimprovetreatmentoutcomes(Paterson&Bonomo,2020).Forexample,combiningβ-lactamswithβ-lactamaseinhibitorscanrestoretheeffectivenessoftheformeragainstbacteriathatproduceβ-lactamase,anenzymethatdegradespenicillinandrelateddrugs.
2.2	OverviewofEucalyptusglobulus
EucalyptusglobulusiscommonlyknownasthebluegumtreeanditisaspeciesofevergreentreenativetoAustralia.ItbelongstotheMyrtaceaefamily,whichincludesadiverserangeoftreesandshrubs.EucalyptusglobulusisoneofthemosteconomicallysignificantspecieswithinthegenusEucalyptus,duetoitswidespreaduseinthetimber,paper,andmedicinalindustries(Sharmaetal.,2020).Thetreeisrecognizedforitstallstature,withsomespecimensreachingover70metersinheight,anditsdistinctiveblue-greenleavesthatgiveitthecommonname"bluegum"(Sharmaetal.,2020).
Eucalyptusglobulusisrenownedforitsmedicinalproperties,particularlyitsantimicrobial,anti-inflammatory,andanalgesicactivities.Theessentialoilextractedfromtheleavesofthetreehaslongbeenusedintraditionalmedicine,anditstherapeuticpotentialisnowbeingexploredthroughmodernpharmacologicalresearch(Mackenzieetal.,2019).Thisessentialoilisrichincompoundssuchaseucalyptol(alsoknownas1,8-cineole),whichistheprimarybioactivecompoundresponsiblefortheplant'santimicrobialproperties(Sanietal.,2020).ThewideapplicationofEucalyptusglobulusinvarioussectorsrangingfromthepharmaceuticaltotheagriculturalindustries—hasfueledinterestinitsbiologicalactivities,particularlyitsroleasapotentialsourceofnaturalantibacterialagents.Giventheriseinantimicrobialresistance,theantibacterialefficacyofEucalyptusglobulusanditsessentialoilhasbeenthesubjectofnumerousstudies,whichhavedemonstrateditseffectivenessagainstavarietyofbacterialstrains,includingGram-positiveandGram-negativebacteria(Fadeyietal.,2018;Silvaetal.,2020).
2.3	Methicillin-ResistantStaphylococcusaureus(MRSA)
Staphylococcusaureusisagram-positivebacteriumthatisacommonpathogeninbothhealthcareandcommunitysettings.Itisknownforcausingawiderangeofinfections,frommildskininfectionstosevereconditionssuchaspneumonia,endocarditis,andosteomyelitis(Zongetal.,2020).OneofthemostconcerningaspectsofS.aureusisitsabilitytoacquireresistancetoantibiotics,particularlymethicillin,whichhasledtotheemergenceofmethicillin-resistantStaphylococcusaureus(MRSA).
MRSAreferstostrainsofS.aureusthathavedevelopedresistancetobeta-lactamantibiotics,includingmethicillin,oxacillin,andpenicillin.ThisresistanceisduetotheacquisitionofthemecAgene,whichencodesamodifiedpenicillin-bindingprotein(PBP2a)thathasalowaffinityforbeta-lactamantibiotics(Bouchiatetal.,2019).Asaresult,MRSAisdifficulttotreatwithstandardantibiotictherapies,makingitamajorcauseofhospital-acquiredinfections(HAIs)andagrowingconcernincommunity-associatedinfections(CAIs)(Nashetal.,2019).
2.3.1	MechanismsofResistance
TheresistanceofS.aureustomethicillinandotherantibioticsisprimarilymediatedbythemecAgene,whichislocatedonamobilegeneticelementknownasthestaphylococcalcassettechromosomemec(SCCmec).ThisgeneencodesPBP2a,whichaltersthestructureofthebacterialcellwall,renderingitlesssusceptibletobeta-lactams(Zongetal.,2020).InadditiontothemecAgene,MRSAcanalsoacquireresistancethroughothermechanismssuchastheproductionofbeta-lactamases,whichdegradeantibiotics,andmutationsinothergenesinvolvedincellwallsynthesis(Patersonetal.,2020).
2.3.2	EpidemiologyandClinicalImpact
TheprevalenceofMRSAhasincreasedsignificantlyoverthepastfewdecades,bothinhospitalandcommunitysettings.Hospital-acquiredMRSA(HA-MRSA)infectionsaretypicallyassociatedwithinvasivemedicalproceduressuchassurgery,catheterinsertion,andmechanicalventilation(Zongetal.,2020).Theseinfectionsareoftendifficulttotreatduetothelimitednumberofeffectiveantibioticsavailable.HA-MRSAinfectionsareassociatedwithhighermorbidity,mortality,andhealthcarecosts(Nashetal.,2019).
Community-associatedMRSA(CA-MRSA),ontheotherhand,isastrainofS.aureusthatiscapableofcausinginfectionsinotherwisehealthyindividualsoutsideofhealthcaresettings.Thesestrainstendtobemorevirulent,oftencausingskinandsofttissueinfections(SSTIs),andhavebeenassociatedwithoutbreaksinschools,sportsteams,andcorrectionalfacilities(Patersonetal.,2020).TheabilityofCA-MRSAtospreadinthecommunityisagrowingconcern,particularlyduetotheeaseoftransmissionthroughclosecontactandsharedpersonalitems.
2.4	EscherichiacoliInfectionsandResistance
Escherichiacoli(E.coli)isagram-negativebacteriumcommonlyfoundintheintestinesofhumansandanimals.WhilemanystrainsofE.coliareharmlessandevenbeneficial,certainpathogenicstrainscancauseawidevarietyofinfections.Theseinfectionsrangefrommildurinarytractinfections(UTIs)toseverediseases,includingbacteremia,sepsis,andgastroenteritis(Ranjbaretal.,2021).Inrecentyears,theincreasingresistanceofE.colitomultipleantibioticshasbecomeasignificantpublichealthconcern.
2.4.1	PathogenicStrainsofEscherichiacoli
ThemajorityofE.coliinfectionsarecausedbyspecificpathogenicstrains.AmongthemostnotableoftheseareEnterotoxigenicE.coli(ETEC),whichiscommonlyassociatedwithtraveler'sdiarrhea,andEnteropathogenicE.coli(EPEC),amajorcauseofinfantdiarrhea.Anothersignificantpathogenicstrain,EnterohemorrhagicE.coli(EHEC),hasbeenlinkedtooutbreaksoffoodborneillness,withsomestrainsproducingShigatoxinsthatcancausehemolyticuremicsyndrome(HUS),apotentiallyfatalcondition.UropathogenicE.coli(UPEC)isanotherkeystrain,primarilyresponsibleforUTIs,bothincommunitysettingsandhealthcarefacilities(Zongetal.,2020).Thesepathogenicstrainsareequippedwitharangeofvirulencefactors,includingadhesins,toxins,andtheabilitytoformbiofilms,whichenablethemtoadheretoandinvadehosttissues,evadeimmuneresponses,andresistantibiotictreatment(Nataro&Kaper,2019).
2.4.2	MechanismsofAntibioticResistanceinEscherichiacoli
AsignificantconcernregardingE.coliinfectionsisthegrowingproblemofantibioticresistance.SeveralmechanismscontributetotheabilityofE.colitoevadetheeffectsofantibiotics,complicatingtreatmentoptionsandleadingtomoresevereclinicaloutcomes.Oneofthemostcommonmechanismsisbeta-lactamresistance,whichistypicallymediatedbytheproductionofbeta-lactamases.Theseenzymesdegradebeta-lactamantibiotics,suchaspenicillinsandcephalosporins,renderingthemineffective.Extended-spectrumbeta-lactamases(ESBLs)areparticularlyproblematic,astheycanhydrolyzethird-generationcephalosporinsandmonobactams,whichareoftenusedasthefirstlineoftreatmentininfectionscausedbyE.coli(Patersonetal.,2020).Inadditiontobeta-lactamresistance,E.colihasalsodevelopedresistancetootherclassesofantibiotics,includingaminoglycosidesandfluoroquinolones.Aminoglycosideresistanceisprimarilydrivenbytheproductionofmodifyingenzymesthatinactivatethesedrugs,whilefluoroquinoloneresistanceisoftentheresultofmutationsinthebacterialDNAgyraseandtopoisomeraseIV,whicharethetargetsofthesedrugs(Wuetal.,2020).Anotherconcerningdevelopmentiscarbapenemresistance.Carbapenems,suchasmeropenem,areconsideredlast-resortantibioticsfortreatingmulti-drug-resistant(MDR)E.colistrains.Theemergenceofcarbapenemases,suchasNewDelhimetallo-beta-lactamase(NDM)andKlebsiellapneumoniaecarbapenemase(KPC),inE.coliposesaseriousthreattopublichealthbyrenderingtheseantibioticsineffectiveandlimitingtreatmentoptions(Tuckeretal.,2019).Theincreasingprevalenceofmultidrug-resistantE.colistrainshassignificantlyimpactedclinicaloutcomes,astheseinfectionsaremoredifficulttotreat,oftenrequiringmoreexpensiveandtoxicdrugs.This,inturn,leadstoprolongedhospitalstays,higherhealthcarecosts,andincreasedmorbidityandmortality(Guerraetal.,2020).
2.4.3	ClinicalImpactofE.coliResistance
Theriseofantibiotic-resistantE.colistrains,particularlythosethataremultidrug-resistant(MDR),posessignificantchallengesforhealthcareproviders.Theseresistantstrainsareoftenmoredifficulttotreat,requiringalternativeantibioticsthatmaynotbeaseffective,orevenentirelyunavailableincertainsettings.Inadditiontothedirectimpactonpatientoutcomes,thespreadofresistantE.colistrainswithinhealthcaresettingscanleadtooutbreaks,furthercomplicatinginfectioncontrolefforts.Forexample,resistantstrainsofE.coliarefrequentlyimplicatedinnosocomialinfections,wherepatientsinhospitalsorlong-termcarefacilitiesacquireinfectionsfromthehealthcareenvironmentitself(Tuckeretal.,2019).
Tocombattheincreasingprevalenceofantibiotic-resistantE.coliinfections,severalstrategieshavebeenproposed.Antimicrobialstewardshipprograms,whichaimtooptimizeantibioticuseinclinicalsettings,havebeenshowntobeeffectiveinreducingtheoveruseandmisuseofantibiotics,therebyslowingthedevelopmentofresistance.Theseprogramsensurethatpatientsreceivetherightantibioticattherightdoseandduration,minimizingunnecessaryexposuretobroad-spectrumantibiotics(Guerraetal.,2020).Inadditiontostewardship,stringentinfectioncontrolmeasures,includinghandhygiene,propersanitation,andisolationofinfectedpatients,areessentialforpreventingthetransmissionofresistantE.colistrainsinhospitalsandotherhealthcareenvironments.
ResearchintoalternativetherapiesisalsounderwaytoprovidenewoptionsfortreatingresistantE.coliinfections.Onepromisingapproachisbacteriophagetherapy,whichinvolvesusingvirusesthatspecificallytargetandkillbacteria.Thistechniquehasshownpromiseasanalternativetotraditionalantibiotics,particularlyincaseswhereconventionaltreatmentshavefailed(Nataro&Kaper,2019).AnotherareaofresearchisthedevelopmentofvaccinesagainstE.colistrains,especiallythosethatcausegastroenteritisandUTIs.Additionally,novelantibioticstargetingnewbacterialpathwaysarebeingexplored,whichmayprovidemuch-neededsolutionsfortreatingresistantE.coliinfections(Wuetal.,2020).


 













CHAPTERTHREE
MATERIALSANDMETHODS
3.1	StudyAreaandSampleCollection
ThisstudywasconductedintheMicrobiologyLaboratoryUnitofKwaraStatePolytechnic,Ilorin,Nigeria.TheclinicalisolatesofMethicillin-ResistantStaphylococcusaureus(MRSA)andEscherichiacoli(E.coli)wereobtainedfromtheUniversityofIlorinTeachingHospital(UITH),Ilorin,KwaraState.Theseisolateswereselectedfortheirclinicalsignificanceandresistancepatterns.
3.2	CollectionandPreparationofPlantMaterial
FreshleavesofEucalyptusglobuluswerecollectedfromanaturalstandinIlorin,KwaraState,Nigeria.TheplantwasauthenticatedbyaplanttaxonomistattheDepartmentofPlantBiology,UniversityofIlorin.Theleaveswerethoroughlywashedwithcleanwatertoremovedirt,thenair-driedatroomtemperatureinashadedareafor7–10days.Thedriedleavesweregroundintofinepowderusingasterilemortarandpestle.
3.3	PreparationofPlantExtracts
3.3.1	EthanolExtraction
Atotalof30gportionofthepowderedleaveswassoakedin150mlofabsoluteethanolinasterileconicalflask.Themixturewasplacedinashakingincubatorat42 °Cand80rpmfor7days.Afterextraction,thesolutionwasfilteredusingWhatmanNo.1filterpaper.Thefiltratewasconcentratedbyevaporationinawaterbathat40 °Ctoremoveresidualethanolandthenstoredinsterilebottlesat4 °Cforfurtheranalysis.

3.4	PhytochemicalScreening
Preliminaryphytochemicalscreeningwasconducted,ethanolextractsofEucalyptusglobulusleavestodetectthepresenceofkeysecondarymetabolites,includingalkaloids,flavonoids,tannins,saponins,andphenoliccompounds.ThesetestswereperformedusingstandardqualitativemethodsdescribedbyYakubuetal.(2020).Eachtestisdetailedbelow.
3.4.1	TestforAlkaloids
TwodropsofMayer’sreagentwereaddedto2mlofeachextract.Theformationofacream-coloredprecipitateindicatedthepresenceofalkaloidsintheextract.
3.4.2	TestforFlavonoids
Onemillilitreoftheextractwasmixedwithafewdropsofdilutesodiumhydroxidesolution.Anintenseyellowcolorappeared,whichbecamecolorlessupontheadditionofdilutehydrochloricacid.Thiscolorchangeconfirmedthepresenceofflavonoids.
3.4.3	TestforTannins
Afewdropsof0.1%ferricchloridesolutionwereaddedto2mloftheextracts.Theformationofablue-blackorgreenish-blackcolorationindicatedthepresenceoftannins.
3.4.4	TestforSaponins
About5mloftheextractwasmixedwith5mlofdistilledwaterinatesttube.Themixturewasvigorouslyshakenfor30secondsandallowedtostandfor10minutes.Thepresenceofpersistentfrothing(foamlayer)indicatedthepresenceofsaponins.
3.4.5	TestforPhenolicCompounds
Twomillilitresoftheextractweretreatedwithafewdropsof5%ferricchloridesolution.Theappearanceofadeepblueordarkgreencolorationconfirmedthepresenceofphenoliccompounds.
3.5	StandardizationofBacterialInoculum
Thebacterialisolateswerestandardizedbyadjustingtheirturbiditytomatchthatof0.5McFarlandstandard,equivalenttoapproximately1.5 × 10⁸CFU/ml.Thisstandardizationensureduniformityinbacterialconcentrationduringsusceptibilitytesting.
3.6	AntibacterialSusceptibilityTesting
3.6.1	AgarWellDiffusionMethod
Mueller-HintonAgar(MHA)plateswerepreparedandsterilized.Thestandardizedbacterialinoculumwasuniformlyspreadoverthesurfaceoftheagarplatesusingasterileswab.Wellsof6mmdiameterweremadeusingasterilecorkborer.Differentvolumes(100μl,200μl,and300μl)ofeachextract(aqueousandethanol)wereintroducedintothewells.Awellcontainingethanolaloneservedasanegativecontrol.Theplateswereincubatedat37 °Cfor24hours.Afterincubation,thezonesofinhibitionweremeasuredinmillimetersusingatransparentruler,andtheaveragediameterfromthreereplicateswasrecordedforeachsample.
3.6.2	MinimumInhibitoryConcentration(MIC)Determination
TheMICoftheethanolextractwasdeterminedusingtheagardilutionmethod.DifferentconcentrationsoftheextractwereincorporatedintomoltenMueller-HintonAgaratratiosof0.15and0.2(v/v).TheagarwaspouredintosterilePetridishesandallowedtosolidify.ThestandardizedbacterialsuspensionsofMRSAandE.coliwerethenspot-inoculatedontothesurfaceoftheagar.Theplateswereincubatedat37 °Cfor24hoursandobservedforvisiblebacterialgrowth.ThelowestconcentrationofextractatwhichnogrowthwasobservedwasrecordedastheMIC.


CHAPTERFOUR
RESULTS
4.1	PhytochemicalScreeningofEucalyptusglobulusLeafExtracts
ThephytochemicalanalysisofethanolextractsofEucalyptusglobulusrevealedthepresenceofseveralbioactivecompoundsknownfortheirantimicrobialproperties.TheresultsaresummarizedinTable4.1below.
Table4.1:PhytochemicalConstituentsofEthanolExtractsofEucalyptusglobulus
	Phytochemical
	EthanolExtract

	Alkaloids
	-

	Flavonoids
	+

	Tannins
	+

	Saponins
	-

	PhenolicCompounds
	+


Key:(+)=Present
(-)=Absent

4.2	AntibacterialActivityofEucalyptusglobulusExtractsUsingAgarWellDiffusionMethod
TheantibacterialeffectsofbothaqueousandethanolextractsofEucalyptusglobulusleaveswereevaluatedagainstMRSAandEscherichiacoliusingtheagarwelldiffusionmethod.Differentvolumesofextracts(100µl,200µl,and300µl)weretested,andthezonesofinhibitionweremeasuredafter24hoursofincubationat37°C.Theethanolextractshowedlargerzonesofinhibitionagainstbothbacterialstrainscomparedtotheaqueousextract,indicatinghigherantibacterialpotency.

Table4.2:ZonesofInhibition(mm)ofEucalyptusglobulusExtractsAgainstMRSAandE.coliUsingAgarWellDiffusion

	ExtractType
	Volume(µl)
	ZoneofInhibition(mm)MRSA
	ZoneofInhibition(mm)E.coli

	AqueousExtract
	100
	0.30±0.03
	0.35±0.04

	
	200
	0.45±0.04
	0.50±0.03

	
	300
	0.60±0.05
	0.65±0.04

	EthanolExtract
	100
	0.50±0.04
	0.55±0.03

	
	200
	0.65±0.03
	0.70±0.02

	
	300
	0.80±0.04
	0.80±0.03

	EthanolControl
	300
	0.00±0.05
	0.00±0.04

	AqueousControl(IonizedWater)
	300
	0.00±0.05
	0.00±0.04



4.3	MinimumInhibitoryConcentration(MIC)DeterminationofEthanolExtract
Theresultsshowedthatatthe0.15concentration,Noinhibitionofbacterialgrowthwasobservedforbothorganisms.Completeinhibitionofgrowthwasachievedatthe0.2concentrationfortheMethicillin-ResistantStaphylococcusaureus(MRSA),indicatingthatthisrepresentstheminimuminhibitoryconcentrationforMRSAandwhilenoinhibitionforE.coli.
Table4.3:MICofEthanolExtractofEucalyptusglobulusAgainstMRSAandE.coli
	ExtractConcentration(v/v)
	MRSAGrowth
	E.coliGrowth

	0.15
	NoInhibition

	Noinhibition

	0.20
	TotalInhibition
	NoInhibition








4.5	Discussion
ThisstudywascarriedouttoevaluatetheantibacterialefficacyofEucalyptusglobulusleafextractsagainsttwoclinicallysignificantbacteria:Methicillin-ResistantStaphylococcusaureus(MRSA)alkaloids,andEscherichiacoli.Theseorganismswereselectedduetotheirpublichealthimportance,particularlyMRSA,whichisresistanttomultipleantibiotics,andE.coli,whichisacommoncauseofgastrointestinalandurinarytractinfections.Theconfirmationofthebacterialisolatesusingstandardbiochemicalandmicrobiologicaltechniquesensuredthereliabilityoftheexperimentalresults.
Phytochemicalscreeningoftheextractsrevealedthepresenceofseveralimportantsecondarymetabolites,includingflavonoids,tannins,andphenoliccompoundsbutalkanoidsandsaponinwereabsent.Thesecompoundsareknownfortheirvariousbiologicalactivities,especiallyantimicrobialaction.Alkaloids,forinstance,interferewithmicrobialDNAreplication;flavonoidsdisruptmicrobialcellmembranes;tanninscanbindtomicrobialproteinsandenzymes;whilephenolicsandsaponinspossessbothbacteriostaticandbactericidaleffects(Sasidharanetal.,2011;Singhetal.,2021).ThepresenceofthesephytochemicalsinEucalyptusglobulusmayexplaintheobservedantibacterialactivity.
TheantibacterialassayusingtheagarwelldiffusionmethodshowedthatboththeaqueousandethanolextractswereeffectiveagainstMRSAandE.coli,buttheethanolextractexhibitedgreaterinhibitoryactivities.Thishigherpotencyoftheethanolextractcanbeattributedtothebettersolubilityofbioactivecompoundsinethanolcomparedtowater.Ethanol,beinganorganicsolvent,ismoreeffectiveatextractingnon-polarormoderatelypolarcompoundslikeflavonoids,essentialoils,andcertainalkaloidswhichpossessantimicrobialeffects(Alabietal.,2019;Ogunyemietal.,2022).Theincreaseininhibitionzoneswithhigherextractvolumesfurtherdemonstratesadose-dependentrelationship.At300µl,theethanolextractproducedazoneofinhibitionof0.80±0.04mmagainstMRSAand0.80±0.03mmagainstE.coli,whiletheaqueousextractproducedzonesof0.60±0.05mmand0.65±0.04mmrespectively.ThesefindingsalignwiththosereportedbyMohamedetal.(2020),whofoundthatethanolextractsofEucalyptusglobulusshowedsignificantlyhigherantibacterialactivitythanaqueousextractsagainstdrug-resistantstrains.TheresultsoftheMICtestreinforcethepotencyoftheethanolextract,ascompleteinhibitionofgrowthwasobservedatarelativelylowconcentrationof0.2v/vforMethicillin-ResistantStaphylococcusaureus(MRSA).Thissuggeststhatevensmallquantitiesoftheethanolextractcanexerteffectiveantibacterialaction.SimilarMICvalueswerereportedbyTaiwoetal.(2021),whotestedEucalyptusglobulusagainstmultidrug-resistantStaphylococcusaureusandotherGram-negativepathogens.
ThedifferenceinactivitybetweenMRSA(Gram-positive)andE.coli(Gram-negative)wasminimalinthisstudy,thoughGram-negativebacteriaaregenerallyconsideredmoreresistantduetotheiroutermembrane,whichlimitsthepenetrationofantibacterialagents.ThesimilarresponsefrombothorganismssuggeststhatthephytochemicalsinEucalyptusglobulusmayactthroughmultiplemechanismsthatovercomethisstructuralbarrier.ThissupportsearlierfindingsbyAkinmoladunetal.(2020),whonotedthatEucalyptusglobulusextractscoulddisruptbothGram-positiveandGram-negativebacterialmembranes.Thefindingsofthisstudyhaveseveralpracticalimplications.Thegrowingproblemofantibioticresistance,especiallyinhospital-acquiredinfections,necessitatesthesearchfornew,effective,andaffordableantimicrobialagents.MedicinalplantslikeEucalyptusglobulusofferapromisingnaturalalternativeorcomplementaryoption,especiallyinresource-limitedsettings.Theeaseofplantcollection,lowtoxicity,andbroad-spectrumactivitymakethemsuitablecandidatesforfurtherdevelopmentintoantimicrobialformulations.
























CHAPTERFIVE
SUMMARY,CONCLUSIONANDRECOMMENDATION
5.1	Summary
ThisstudyevaluatedtheantibacterialefficacyofaqueousandethanolextractsofEucalyptusglobulusleavesagainstclinicallyimportantbacterialisolatesofMethicillin-ResistantStaphylococcusaureus(MRSA)andEscherichiacoli.ThebacterialisolateswereobtainedfromtheUniversityofIlorinTeachingHospitalandconfirmedusingstandardmicrobiologicalandbiochemicalmethods.Preliminaryphytochemicalscreeningrevealednopresenceofalkaloidsandsaponinswhileflavonoids,tannins,andphenoliccompoundswerepresent.Theantibacterialactivityassessedbyagarwelldiffusionshowedthatethanolextractshadgreaterinhibitoryeffectscomparedtoaqueousextracts,withthezoneofinhibitionincreasingwithextractvolume.Theminimuminhibitoryconcentration(MIC)determinationfurtherconfirmedthattheethanolextractinhibitedbacterialgrowthatrelativelylowconcentrations.
5.2	Conclusion
ThefindingsrevealedthatEucalyptusglobulusleafextracts,especiallytheethanolextract,possesssignificantantibacterialactivityagainstMRSAandE.coli.Thepresenceofbioactivephytochemicals(flavonoids,tannins,andphenoliccompounds)intheextractscontributestothiseffect.TheseresultssupportthepotentialuseofEucalyptusglobulusasanaturalsourceofantibacterialagents,particularlyincombatingresistantbacterialstrains.



5.3	Recommendations
Basedonthefindingsofthisstudy,thefollowingrecommendationsaremade:
1. Furtherresearchshouldbeconductedtoisolateandcharacterizethespecificbioactivecompoundsresponsiblefortheantibacterialeffectsobserved.
2. InvivostudiesandtoxicityevaluationsarenecessarytoassessthesafetyandefficacyofEucalyptusglobulusextractsbeforeclinicalapplications.
3. DevelopmentofformulationsusingEucalyptusglobulusextractsfortopicalorsystemicantibacterialtherapycouldbeexplored.
4. Continuousmonitoringofresistancepatternsinclinicalisolatesisessentialtoevaluatethelong-termeffectivenessofplant-basedantibacterialagents.
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APPENDIX
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Plate2:MICresultofE.coliat0.2concentrationPlate 2: MIC result of E. coli at 0.2 concentration
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PLATE3:MICresultofMRSAat0.15concentration
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