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ABSTRACT

Withincreasingbacterialresistancetoconventionalantibiotics,thereisrenewed

interestinnaturalantimicrobials.Thisstudyinvestigatedtheantibacterialefficacyof



vii

methanolicextractofSyzygium aromaticum (clove)againstmethicillin-resistant

Staphylococcusaureus(MRSA)andEscherichiacoli.Theextractwaspreparedby

soakingclovepowderinmethanol,followedbyevaporation.Antibacterialactivity

wasmeasuredbyagarwelldiffusion,andMIC/MBCvaluesweredeterminedusing

brothdilution.Theextractshowedstrongantibacterialeffectswithinhibitionzones

of20.55mm forMRSAand23.14mm forE.coliat100mg/mL.Bothorganisms

exhibitedMICat80mg/mLandMBCat100mg/mL.Thefindingsunderscorethe

potentantibacterialpotentialofmethanolic clove extract,particularly against

resistantpathogens,suggesting its suitability forfurtherdevelopmentas an

alternativetherapeuticagent.
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CHAPTERONE

1.0Introduction

Theburdenofinfectiousdiseasesremainsamajorglobalhealthconcern,

especiallyin developing nations,wherepoorhygiene,limited accessto quality

healthcare,andthemisuseofantibioticscontributesignificantlytothespreadof

bacterialpathogens.Antibioticshavebeen centralto modern medicineforthe

treatmentofbacterialinfections;however,overthepastfewdecades,theworldhas

witnessed an alarming increase in the incidence ofmultidrug-resistant(MDR)

bacteria.Thisphenomenonhasrenderedmanycommonlyusedantibioticsless

effective,leading to prolonged illnesses,increased mortalityrates,and higher

medicalcosts(WHO,2023).

Oneofthemosttroublingexamplesofantibioticresistanceisobservedin

Staphylococcusaureus,especiallythemethicillin-resistantstrain(MRSA),whichis

known to causearangeofinfections,including wound infections,sepsis,and

pneumonia. Similarly,Escherichia coli,Klebsiella pneumoniae,Pseudomonas

aeruginosa,andSalmonellatyphihavedevelopedresistancetomultipleantibiotics,

posingachallengetocliniciansandmicrobiologistsalike(Aslam etal.,2022;Nirwati

etal.,2022).

Inresponsetothegrowingthreatofantimicrobialresistance,therehasbeen

renewedinterestinexploringnaturalproducts,especiallymedicinalplants,fortheir

therapeuticpotential.Medicinalplantsarerichsourcesofbioactivecompounds

suchasalkaloids,flavonoids,tannins,terpenoids,phenolics,andessentialoils,many

ofwhich possess antimicrobialproperties (Tahsirietal.,2023).These natural

productshavehistoricallycontributedtodrugdiscoveryandaregainingpopularity
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fortheiravailability,lowtoxicity,andcost-effectiveness.

Syzygium aromaticum (clove),anaromaticflowerbudoftheMyrtaceaefamily,

haslongbeenusedintraditionalmedicinefortreatingtoothache,gastrointestinal

disorders,andmicrobialinfections.Cloveisparticularlyrichineugenol,acompound

knownforitspotentantibacterial,antifungal,antiviral,andantioxidantproperties.

Studieshaveshownthatcloveextractscandamagebacterialcellwalls,inhibit

nucleicacidsynthesis,andinterferewithmicrobialmetabolism (Singhetal.,2021;

Azizetal.,2023).

Thesolventusedforextractingplantbioactivecompoundsplaysacriticalrole

indeterminingtheyieldandpotencyoftheextract.Polarsolventslikeethanoland

methanoloftenextractmorephenoliccompounds,whilewater,thoughsaferand

moreenvironmentallyfriendly,maybelessefficient(Salehetal.,2022).Hence,

comparativeevaluationsofdifferentsolventsareimportanttoidentifythemost

effectiveextractionmethodforantibacterialactivity.

Cloveextractspreparedwithvarioussolventshavebeeninvestigatedfortheir

activity againstboth Gram-positive and Gram-negative bacteria.Gram-positive

bacterialikeStaphylococcusaureushaveathickpeptidoglycancellwallthatcanbe

penetratedbycertainphytochemicals,whileGram-negativebacterialikeE.coliandP.

aeruginosa possess an outermembrane thatcan actas a barrierto many

antimicrobialagents.Evaluatinghow cloveextractsaffectthesediversebacterial

groupscan provide valuable insightsinto theirpotentialapplication asnatural

antibacterialagents(Adeyemietal.,2021).

1.1StatementoftheProblem
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Theglobalriseinantibiotic-resistantbacterialinfections,hasrenderedmany

conventionalantibioticsineffective,increasingdiseaseburdenandtreatmentcosts.

Thedecliningpipelineofnewantibioticsandthecontinuedmisuseofexistingones

havemadeitnecessarytosearchforalternativeantimicrobialagents.Despitethe

knownmedicinalvalueofclove,thereislimitedlocaldataontheinfluenceof

differentextractionsolventsonitsantibacterialefficacyagainstclinicallyrelevant

bacterialstrains(WHO,2023;Aslam etal.,2022).

1.2JustificationoftheStudy

Thisstudyissignificantbecauseitexplorestheantibacterialpotentialof

Syzygium aromaticum againstresistantclinicalpathogens.Thefindingscouldalso

provideafoundationforphytomedicine-basedinterventionsinmanagingantibiotic-

resistantinfections.

1.3Aim ofStudy

Themajoraimsofthisstudyweretoevaluatetheantibacterialactivityof

methanolicextractofSyzygium aromaticum (clove)againstmethicillin-resistant

StaphylococcusaureusandEscherichiacoli.

1.4ObjectivesofStudy

Thespecificobjectivesofthisstudywereto:

i. preparemethanolicextractofclove;

ii. collectmethicillin-resistantStaphylococcusaureusandEscherichiacolifrom

microbiologylab;

iii. determinetheantibacterialactivityofthemethanolicextractonclinical

pathogen;
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iv. determinetheminimum inhibitoryconcentrationand

v. determinetheminimum bactericidalconcentration

CHAPTERTWO

2.0LITERATUREREVIEW

2.1OverviewofAntimicrobialResistance

2.1.1GlobalBurdenofAntibioticResistance

Antimicrobialresistance(AMR)hasbeendeclaredoneofthetop10global

publichealth threatsbytheWorld Health Organization (WHO,2023).Resistant

infectionsareresponsibleforprolongedillnesses,increasedmortality,andgreater

financialburden on healthcare systems.According to recentestimates,drug-

resistantinfections cause over1.27 million deaths annuallyworldwide,with a

disproportionatelyhighburdeninAfricaandSoutheastAsia(Aslam etal.,2022).

2.1.2EmergenceofMultidrug-ResistantBacteria

Bacterialpathogens have evolved various mechanisms of resistance,

includingtheproductionofβ-lactamases,modificationofdrugtargets,andefflux

pump expression.Notably,methicillin-resistantStaphylococcus aureus (MRSA),

extended-spectrum β-lactamase(ESBL)-producingEscherichiacoli,andKlebsiella

pneumoniaearenow resistanttomultipleclassesofantibiotics.Thecontinued
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evolutionofthesestrainshighlightstheurgentneedfornovelantimicrobialsolutions

(Nirwatietal.,2022).

2.1.3NeedforAlternativeTherapies

Due to the slow pace ofnew antibiotic discovery and the increasing

resistancetoexistingdrugs,thereisgrowinginterestincomplementaryapproaches

suchasphytotherapy.Plant-basedantimicrobialsarebeingexploredfortheirability

to targetbacteria through multiple mechanisms while posing a lowerrisk of

resistancedevelopment(Azizetal.,2023).

2.2ClinicalRelevanceoftheTestOrganisms

2.2.1Staphylococcusaureus(MRSAandMSSA)

StaphylococcusaureusisaGram-positivecoccalbacterium commonlyfound

inthehumannasalpassagesandskin(Tongetal.,2015).Itisanopportunistic

pathogencapableofcausingawiderangeofdiseasesincludingskininfections,

pneumonia,osteomyelitis,endocarditis,andtoxicshocksyndrome(Lowy,2019).

Methicillin-resistantS.aureus(MRSA)isaparticularlyvirulentanddrug-resistant

strain thathas become endemic in hospitals and increasingly prevalentin

communitysettings(Leeetal.,2018).MRSAisresistanttoallβ-lactam antibiotics,

whichcomplicatestreatmentand increasesmorbidity,mortality,and healthcare

costs(David&Daum,2010).Incontrast,methicillin-susceptibleS.aureus(MSSA)

remainsresponsive to a widerrange ofantibioticsbutcan stillcause severe

infectionsinimmunocompromisedindividuals(Otto,2013).BothMRSAandMSSA

produceahostofvirulencefactorsincludingtoxins,enzymes,andbiofilm-forming

proteinswhichcontributetotheirpathogenicityandpersistenceinhosttissues

(Gordon&Lowy,2008).Plant-derivedantimicrobialssuchascloveextractshave
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been reported to inhibitbiofilm formation and bacterialadhesion in S.aureus,

indicatingpotentialuseasadjuncttherapies(Nassaretal.,2017).

2.2.2Escherichiacoli

EscherichiacoliisaGram-negative,rod-shapedfacultativeanaerobethatis

commonlyfoundinthelowerintestineofwarm-bloodedorganisms.Whilemost

strainsareharmlessandpartofthenormalgutmicrobiota,pathogenicstrainssuch

as Enteropathogenic E. coli (EPEC), Enterotoxigenic E. coli (ETEC), and

Uropathogenic E.coli(UPEC)are significantcauses ofdiarrhea,urinary tract

infections,and sepsis,respectively(Kaperetal.,2004).The rise ofextended-

spectrum beta-lactamase(ESBL)-producingE.colihasseverelylimitedtheefficacy

offirst-lineantibiotics,promptingtheneedfornovelantimicrobialagents(Paterson

&Bonomo,2005).Cloveextracts,particularlythosecontaininghighconcentrations

ofeugenol,have demonstrated significantantibacterialactivity againstboth

susceptibleandresistantstrainsofE.coliinvitro(Marcheseetal.,2017).

2.2.3Pseudomonasaeruginosa

Pseudomonasaeruginosa isan aerobicGram-negative bacterium thatis

recognized for its ability to cause severe infections, especially in

immunocompromisedpatients.Itisaleadingcauseofhospital-acquiredinfections

such as ventilator-associated pneumonia, catheter-associated urinary tract

infections,and wound infections (Listeretal.,2009).The organism’s intrinsic

resistancetomanyantibiotics,combinedwithitsabilitytoform biofilmsandacquire

resistancegenes,makestreatmenthighlychallenging(Oliveretal.,2015).Inaddition,

P.aeruginosaemploysquorum sensingtoregulatevirulencefactorproductionand

biofilm formation,both ofwhich contribute to chronic infection and antibiotic
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tolerance(Jeyakumaretal.,2020).Cloveextractshavebeenshownto disrupt

quorum sensingpathways,inhibitbiofilm formation,andreducethegrowthofP.

aeruginosainlaboratorysettings,highlightingtheirpotentialinthemanagementof

persistentinfections(Jeyakumaretal.,2020).

2.2.4Klebsiellapneumoniae

Klebsiella pneumoniae is a Gram-negative,non-motile bacterium thatis

commonly implicated in hospital-acquired infections, including pneumonia,

bloodstream infections,surgicalwound infections,and urinary tractinfections

(Podschun& Ullmann,2018).Itisknownforitspolysaccharidecapsule,which

servesasamajorvirulencefactorbyinhibitingphagocytosis(Navon-Veneziaetal.,

2017).Therecentemergenceofcarbapenem-resistantK.pneumoniae(CRKP)has

posed a majorpublichealth threatdue to limited treatmentoptionsand high

mortalityrates(Pitoutetal.,2015).Invitrostudieshavedemonstratedthatclove

extracts possess inhibitory effects againstK.pneumoniae,possibly through

membranedisruptionandinhibitionofessentialmetabolicpathways.Thesefindings

suggestthatplant-basedantimicrobialscouldbebeneficialincombatinginfections

causedbyresistantstrains(Nabavietal.,2015).

2.2.5Salmonellatyphi

SalmonellaentericaserovarTyphiisahuman-restrictedpathogenthatcauses

typhoidfever,asystemicillnesscharacterizedbyhighfever,abdominalpain,and

diarrhea.Thebacterium istransmittedthroughcontaminatedfoodandwaterandis

prevalentindevelopingcountrieswithpoorsanitationandhygienepractices(Crump

&Mintz,2010).Theemergenceofmultidrug-resistant(MDR)S.typhistrainshas

greatlycomplicatedthemanagementoftyphoidfever,especiallywithresistanceto
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chloramphenicol,ampicillin,andtrimethoprim-sulfamethoxazole(Parryetal.,2002).

CloveextractshavebeenobservedtoexertstrongantibacterialactivityagainstS.

typhiinvitro,particularlywhenextractedwithmethanolorethanol(Akinpeluetal.,

2015).Thissuggestsavaluableroleforclove-basedformulationsinareaswhere

conventionalantibiotictherapymaybeineffectiveorinaccessible.

2.3OverviewofClove

Spicesasclove,oregano,mint,thymeandcinnamon,havebeenemployedfor

centuriesasfoodpreservativesandasmedicinalplantsmainlyduetoitsantioxidant

and antimicrobialactivities.Nowadays,manyreports confirm the antibacterial,

antifungal,antiviraland anticarcinogenic properties ofspice plants.Clove in

particularhasattractedtheattentionduetothepotentantioxidantandantimicrobial

activitiesstandingoutamongtheotherspices(Shanetal.,2015).

Syzygium aromaticum (S.aromaticum)(synonym:Eugenia cariophylata)

commonlyknownasclove,isamediansizetree(8-12m)from theMirtaceaefamily

nativefrom theMalukuislandsineastIndonesia.Forcenturiesthetradeofclove

andthesearchofthisvaluablespicestimulatedtheeconomicdevelopmentofthis

Asiaticregion(Kamatouetal.,2012).Theclovetreeisfrequentlycultivatedin

coastalareasatmaximum altitudesof200m abovethesealevel.Theproductionof

flowerbuds,whichisthecommercializedpartofthistree,startsafter4yearsof

plantation.Flowerbudsarecollectedinthematurationphasebeforeflowering.The

collection could be done manually or chemically-mediated using a natural

phytohormonewhichliberatesethyleneinthevegetaltissue,producingprecocious

maturation(Filhoetal.,2013).

Nowadays,the largerproducercountries ofclove are Indonesia,India,
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Malaysia,SriLanka,MadagascarandTanzaniaspeciallytheZanzibarisland.InBrazil,

cloveisculturedinthenortheastregion,inthestateofBahiaintheregionsof

Valença,Ituberá,Taperoá,CamamuandNiloPeçanha,whereapproximately8000

hectaresarecultivated,producingnear2500tonsperyear(Oliveiraetal.,2017).

2.4BioactiveCompoundsofCloveExtract

Cloverepresentsoneofthemajorvegetalsourcesofphenoliccompoundssuch

asflavonoids,hidroxibenzoicacids,hidroxicinamicacidsandhidroxiphenylpropens.

Eugenolisthemainbioactivecompoundofclove,whichisfoundinconcentrations

rangingfrom 9381.70to14650.00mgper100goffreshplantmaterial(Jirovetzet

al.,2016).Withregardtothephenolicacids,gallicacidisthecompoundfoundin

higherconcentration(783.50mg/100gfreshweight)(CookeandPlotnick,2018).

However,othergallicacidderivatessuchashidrolizabletanninsarepresentin

higherconcentrations(2375.8mg/100g).Otherphenolicacidsfoundincloveare

thecaffeic,ferulic,elagicandsalicylicacids.Flavonoidsaskaempferol,quercetin

anditsderivates(glycosilated)arealsofoundincloveinlowerconcentrations(Tahir

etal.,2016).Concentrationsupto18% ofessentialoilcanbefoundintheclove

flowerbuds.Roughly,89% ofthecloveessentialoiliseugenoland5% to15% is

eugenolacetateandβ-cariofileno(Pérez-Jiménezetal.,2010).Anotherimportant

compoundfoundintheessentialoilofcloveinconcentrationsupto2.1% isα-

humulen.Othervolatile compounds presentin lowerconcentrations in clove

essentialoilareβ-pinene,limonene,farnesol,benzaldehyde,2-heptanoneandethyl

hexanoate(Bamdadetal.,2016).

2.4.1Eugenol

Eugenolappearsasclearcolorlesspaleyelloworamber-coloredliquid.Odor
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ofcloves.Spicypungenttaste.Thecompoundeugenolisresponsibleformostofthe

characteristicaromaofcloves.Eugenolcomprises72–90% oftheessentialoil

extractedfrom cloves,andisthecompoundmostresponsibleforclovearoma.

Completeextractionoccursat80minutesinpressurizedwaterat125°C(257°F)

(Chenetal.,2017).Eugenolisanaturallyoccurringphenolicmoleculefoundin

severalplantssuchascinnamon,clove,andbayleaves.Ithasbeenusedasatopical

antisepticasacounter-irritantandindentalpreparationswithzincoxideforroot

canalsealingandpaincontrol.AlthoughnotcurrentlyavailableinanyFDA-approved

products (including OTC),eugenolhas been found to have anti-inflammatory,

neuroprotective,antipyretic,antioxidant,antifungalandanalgesicproperties(Aguilar-

Gonzálezetal.,2015).Itsexactmechanism ofactionisunknown;however,ithas

beenshowntointerferewithactionpotentialconduction.Thereisanumberof

unapproved over-the-counter(OTC)products available containing eugenolthat

advertisesitsuseforthetreatmentoftoothache(Donsìetal.,2011).Eugenol,also

calledcloveoil,isaromaticoilextractedfrom clovesthatisusedwidelyasa

flavoringforfoodsandteasandasherbaloilusedtopicallytotreattoothacheand

morerarelytobetakenorallytotreatgastrointestinalandrespiratorycomplaints.

Eugenolintherapeuticdoseshasnotbeenimplicatedincausingserum enzyme

elevationsorclinicallyapparentliverinjury,butingestionsofhighdoses,aswithan

overdose,cancausesevereliverinjury(Sebaalyetal.,2015).Eugenolisanallylchain

-substitutedguaiacol,i.e.2-methoxy-4-(2-propenyl)phenol.Eugenolisamemberof

theallylbenzeneclassofchemicalcompounds.Itisacleartopaleyellowoilyliquid

extractedfrom certainessentialoilsespeciallyfrom cloveoil,nutmeg,cinnamon,

andbayleaf.Itisslightlysolubleinwaterandsolubleinorganicsolvents.Ithasa

pleasant,spicy,clove-like odor(Vahedikia etal.,2019).Eugenolis used in
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perfumeries,flavorings,essentialoilsandinmedicineasalocalantisepticand

anesthetic.Itwasusedintheproductionofisoeugenolforthemanufactureof

vanillin,thoughmostvanillinisnow producedfrom petrochemicalsorfrom by-

productsofpapermanufactures(AssadpourandMahdi,2019).

Eugenolisaphenylpropanoidformallyderivedfrom guaiacolwithanallyl

chainsubstitutedparatothehydroxygroup.Itisamajorcomponentofclove

essentialoil,andexhibitsantibacterial,analgesicandantioxidantproperties.Ithas

beenwidelyusedindentistrytotreattoothacheandpulpitis(Ribeiro-Santosetal.,

2017).Ithasaroleasanallergen,ahumanbloodserum metabolite,asensitiser,a

volatileoilcomponent,a flavouring agent,an EC 1.4.3.4 (monoamineoxidase)

inhibitor,aradicalscavenger,anantibacterialagent,anantineoplasticagent,an

apoptosisinducer,ananesthetic,ananalgesic,avoltage-gatedsodium channel

blocker, a NF-kappaB inhibitor and an anti-inflammatory agent. It is a

phenylpropanoid, a monomethoxybenzene, a member of phenols and an

alkenylbenzene.Itisfunctionallyrelatedtoaguaiacol(Zhelyazkovetal.,2022).

2.4.2AcetylEugenol

Acetyleugenolisaphenylpropanoidcompoundfoundincloves.Itisthe

second in abundance to the related compound eugenolin certain extract

preparations.Eugenolacetate(Eugenylacetate),amajorphytochemicalconstituent

oftheessentialoilexhibitsantibacterial,antioxidant,andanti-virulenceactivities

(Haro-Gonzálezetal.,2021).Eugenolacetate(Eugenylacetate),aphytochemicalin

cloveessentialoil,againstclinicalisolatesofCandidaalbicans,Candidaparapsilosis,

Candida tropicalis,and Candida glabrata.It inhibits aggregation and alters

arachidonicacidmetabolism inhumanbloodplatelets(Cortés-Rojasetal.,2014).In
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highdoses,however,eugenolappearstobeadirectcytotoxinandseveralinstances

ofsevereacuteliverandkidneyinjuryhavebeenreportedafteraccidentaloverdose

ofeugenolcontainingherbalproducts,largelyinchildren(AssadpourandMahdi,

2019).

2.4.3β-Caryophyllene

Caryophyllene, more formally-β-caryophyllene, is a natural bicyclic

sesquiterpenethatisaconstituentofmanyessentialoils,especiallycloveoil,theoil

from thestemsandflowersofSyzygium aromaticum,theessentialoilofCannabis

sativa,copaiba,rosemary,andhops.Beta-caryophylleneisfoundinavarietyof

differentspicesandherbs.It'saneffectiveanti-inflammatory,antimicrobial,and

moodenhancer.Youcanfindthisparticularterpeneinbasil,rosemary,cinnamon,

oregano,cloves,lavender,andblackpepper.Surprisingly,thisterpenecanalsobe

foundinbroccoli(NuñezandD'Aquino,2012).

2.4.4α-Humulene

Humulene,also known as α-humulene orα-caryophyllene,is a naturally

occurring monocyclic sesquiterpene, containing an 11-membered ring and

consistingof3isopreneunitscontainingthreenon-conjugatedC=Cdoublebonds,

twoofthem beingtriplysubstitutedandonebeingdoublysubstituted.Humuleneis

foundinthefloweringconeofthehopsplant.Itisalsopresentinmarsheldersanda

widearrayofherbsandspices,including;sage,basil,clove,blackpepper,coriander,

andbalsam firtree(Matanetal.,2016).

2.4.5α-CaryophylleneOxide

Caryophylleneoxideisasesquiterpenethatresultsfrom theoxidationofβ-
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caryophyllene,whichcanoccurduringtheharvest'scure.Itisalsoconsiderednon-

toxic,non-sensitizing,andhasbeenindicatedasananticoagulantwithplatelets

(Bajpaietal.,2012).

2.4.6α-Muroleneandγ-Murolene

Thesehavebeenshowntohaveeffectsonhealth,includingantioxidantand

anti-inflammatoryactivities.Murolenehasalsobeenshowntoinhibitproteintargets

involvedincancercellproliferation.Thecompoundmaybeusedasanadditivefor

flavorings,fragrances,andothercosmetics(Lietal.,2012).

2.4.7α-Selineneandβ-Selinene

α-Selineneandβ-selinenearethemostcommonandaretwooftheprincipal

componentsoftheoilfrom celeryseedsandclove.γ-Selineneandδ-selineneare

lesscommon.Anyeukaryoticmetaboliteproducedduringametabolicreactionin

plants,thekingdom thatincludefloweringplants,conifersandothergymnosperms

(Delgado-Adámezetal.,2012).Selinenesareagroupofcloselyrelatedisomeric

chemicalcompoundswhichareclassifiedassesquiterpenes.Theselinenesallhave

themolecularformulaC15H24andtheyhavebeenisolatedfrom avarietyofplant

sources.α-Selineneand β-selinenearethemostcommon and aretwo ofthe

principalcomponentsoftheoilfrom clove.γ-Selineneand δ-selineneareless

common(Voonetal.,2012).Alpha-selineneisanisomerofselinenewherethe

doublebondintheoctahydronaphthaleneringsystem isendocyclic(2R,4aR,8aR)-

configuration.Ithasaroleasaplantmetabolite.Itisaselineneandamemberof

octahydronaphthalenes(Matanetal.,2016).

2.4.8δ-cadinene
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A memberofthecadinenefamilyofsesquiterpenesinwhichthedouble

bondsarelocatedatthe4-4aand7-8positions,andinwhichtheisopropylgroupat

position1iscistothehydrogenattheadjacentbridgeheadcarbon(the1R,8aS-

enantiomer).δ-cadinene shows potentanticancereffects againsthuman ovary

cancercellsthroughthemediationofapoptosis,nuclearmembranerupture,cell

cyclearrestandcaspaseactivation(Lietal.,2012).

2.5BiologicalActivitiesofClove

Clove is an important medicinal plant due to the wide range of

pharmacologicaleffectsconsolidatedfrom traditionaluseforcenturiesandreported

inliterature.Areview ofseveralscientificreportsofthemostimportantbiological

activitiesofcloveispresentedinthefollowingparagraphs.

2.5.1Anti-DiabeticActivity

Cloveextractactslikeinsulininhepatocytesandhepatomacellsbyreducing

phosphoenolpyruvatecarboxykinase(PEPCK)andglucose6-phosphatase(G6Pase)

geneexpression.Muchlikeinsulin,clovemediatedrepressionisreversedbyPI3K

inhibitorsandN-acetylcysteine(NAC).Amoreglobalanalysisofgeneexpressionby

DNAmicroarrayanalysisrevealedthatcloveandinsulinregulatedtheexpressionof

manyofthesamegenesinasimilarmanner(Ciminoetal.,2021)

2.5.2AntioxidantActivity

Recently,theUnitedStatesDepartmentofAgricultureincollaborationwith

Universitiesandprivatecompaniescreateadatabasewiththepolyphenolcontent

andantioxidantactivityofdifferentkindoffoods.Basedonthisdatabase,Pérez-

Jiménezetal.(2010)classifiedthe100richestdietarysourcesofpolyphenols.
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Resultsindicatethatthespiceplantsarethekindoffoodwithhigherpolyphenol

contentfollowedbyfruits,seedsandvegetables.Amongspices,cloveshowedthe

highercontentofpolyphenols and antioxidantcompounds.In anotherwork

publishedbyShanetal.(2015),themainphenoliccompoundsin26spiceswere

identifiedandquantifiedbyhighperformanceliquidchromatography,followedbythe

invitroantioxidantactivityanalysisbytheABTSmethod.Resultsshowedthehigh

correlation between thepolyphenolscontentand theantioxidantactivity.Clove

(buds)wasthespicepresentinghigherantioxidantactivityandpolyphenolcontent,

(168.660±0.024)tetraethylammonium chloride(mmolofTrolox/100gdriedweight)

and(14.380±0.006)gofgallicacid(equivalents/100gofdriedweight)respectively.

Themajortypesofphenoliccompoundsfoundwerephenolicacids(gallicacid),

flavonolglucosides,phenolicvolatileoils(eugenol,acetyleugenol)andtannins.It

was highlighted the huge potentialofclove as radicalscavengerand as a

commercialsourceofpolyphenols.Theantioxidantactivityofcloveandcaraway

werescreenedusingvariousinvitromodels,suchasb-carotenelinoleate,ferric

thiocyanate,1,1-diphenyl-2-picrylhydroxyl(DPPH)radical,hydroxylradicaland

reducingpowermodelsystemsconcludingthattheantioxidantactivityofcloveand

carawayiscomparablewithbutylatedhydroxytoluene(BHT),asyntheticcompound

commonlyemployedasfoodpreservative(Bamdadetal.,2016).AccordingtoGülçin

etal.(2012),the antioxidantactivity of clove oilcompared with synthetic

antioxidantsmeasuredasthescavengingoftheDPPH radicaldecreasedinthe

followingorder:cloveoil>BHT>alfatocopherol>butylatedhydroxyanisole>Trolox.The

antioxidantactivityofaqueousextractsofclovehasbeentestedbydifferentinvitro

methods as 2,2-diphenyl-1-picrylhydrazyl (DPPH); 2,2’-azino-bis (3-

ethylbenzothiazoline-6-sulphonicacid)(ABTS),oxygenradicalabsorbancecapacity,
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ferricreducingantioxidantpower,xanthineoxidaseand2-deoxiguanosine.Cloveand

plants as pine,cinnamon,and mate proved its enormous potentialas food

preservativeamongtheother30plantsanalyzed(Dudonnéetal.,2019).Ethanoland

aqueousextractsofcloveandlavenderatconcentrationsof20,40and60µg/mL

showedinhibitionsupto95% whentestedasmetalquelants,superoxideradical

captureandscavengingoftheDPPH radical.Thepowerfulantioxidantactivityof

both extractsmaybeattributed to thestrong hydrogen donating ability,metal

chelatingabilityandscavangingoffreeradicals,hydrogenperoxideandsuperoxide

(Gülçinetal.,2012).

Gülcin(2011)studiedtheantioxidantactivityofeugenolbyseveralinvitro

methodsanddiscussesthestructure-activityrelationship.Comparedtobutylated

hydroxyanisole,BHT,Troloxandα-tocopherol,eugenolpresentedhigherantioxidant

activity in most of the methods tested, DPPH, ABTS, N, N-dimethyl-p-

phenylenediamine,CUPRACandferricreducingassay.Itwasremarkedthatplant

polyphenolsaremultifunctionalinthesensethattheycanactasreducingagents,

hydrogen atom donators,and singletoxygen scavengers.Eugenolallows the

donationofanhydrogenatom andsubsequentstabilizationofthephenoxilradical

generatedformingstablecompoundsthatdonotstartorpropagateoxidation.The

eugenolmoleculepossessesaninterestingconjugationofthecarbonchainwiththe

aromaticringwhichcouldparticipateinthestabilizationofthephenoxylradicalby

resonance.Thischromophoricsystem isalsopresentinmoleculeofresveratrol

whichisanotherimportantantioxidant.Ithasbeenproposedthehypothesisthat

eugenolreducestwoormoreDPPH radicals,despitetheavailabilityofonlyone

hydrogen from a hydroxyl group. The formation of dimers of eugenol

(dehydrodieugenol)with two phenolic hidroxylgroups originated from eugenyl
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intermediateradicalshasalsobeenproposedasmechanism betweeneugenoland

DPPHradicals.Inthesameway,S.aromaticum oilandNigellasativaoilsignificant

protectmaleratsexposedtoaflatoxinswhichcausedhepatoandnephrotoxicityand

oxidative stress.Regarding to the biochemicalparameters,such as alanine

aminotransferase,aspartateaminotransferase,alkalinephospatase,totalbillirubin,

urea,totalprotein,cholesterol,theactivityofbothoilswerecomparablewiththe

controls(Abdel-WahhabandAly,2015).Antioxidantsareimportantcompoundsfor

treatmentofmemorydeficitscausedbyoxidativestress.Pretreatmentwithclove

essentialoildecreases the oxidative stress assessed bymalondialdehyde and

reducedglutathionelevelsinmice’sbrain.Thisstudyconcludedthatcloveoilcould

revertmemoryandlearningdeficitscausedbyscopolamineinshortandlongterm

asaresultofthereductionintheoxidativestress(Mehtaetal.,2010).Memoryand

learningimprovementsofcloveoilwereobservedinscopolamine-treatedmiceat

dosesof0.025,0.05,and0.1mL/kgwhencomparedwithsalinesolutioncontrol

group in an elevated plus maze test.These works prove the benefits ofthe

employmentofcloveasarichsourceofantioxidantsforthetreatmentofmemory

deficitscausedbyoxidativestress.Extractsfrom clovebudscouldalsobeusedas

food antioxidants.The shelf-life and frying stability ofencapsulated and un-

encapsulatedeugenol-richcloveextractsweretestedinsoybeanoil.Controlled

releaseofantioxidantscouldbeachievedbyencapsulatedclovepowderobtainedby

spraydryingusingmaltodextrinandarabicgum aswallmaterials(Halderetal.,

2014).

2.5.3AntimicrobialActivity

Theantimicrobialactivitiesofclovehavebeenprovedagainstseveralbacteria
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andfungalstrains.Sofiaetal.(2017)testedtheantimicrobialactivityofdifferent

Indianspiceplantsasmint,cinnamon,mustard,ginger,garlicandclove.Theonly

sampled thatshowed complete bactericidaleffectagainstallthe food-borne

pathogenstested Escherichiacoli(E.coli),Staphylococcusaureusand Bacillus

cereuswastheaqueousextractofcloveat3%.Attheconcentrationof1%clove

extractalsoshowedgoodinhibitoryaction.InanotherworkpublishedbyDorman

andDeans(2010),theantibacterialactivityofblackpepper,geranium,nutmeg,

oregano,thymeandclovewastestedagainst25strainsofGram positiveandGram-

negativebacteria.Theoilswiththewidestspectrum ofactivitywerethyme,oregano

and clove respectively.The antibacterialactivity ofclove,oregano (Origanum

vulgare),bay(Pimentaracemosa)andthyme(Thymusvulgaris)essentialoilwas

testedagainstE.coliO157:H7showingthedifferentgradesofinhibitionofthese

essentialoils(BurtandReinders,2013).Likewise,formulationscontainingeugenol

andcarvacrolencapsulatedinanon-ionicsurfactantweretestedagainstfourstrains

oftwoimportantfoodbornepathogens,E.coliO157:H7andListeriamonocitogenes,

results reinforces the employmentofeugenolto inhibitthe growth ofthese

microorganismsinsurfacesincontactwithfood(Pérez-Conesaetal.,2016).Ranaet

al.(2011)determinedtheantifungicactivityofcloveoilindifferentstrainsand

reported this scale ofsensibility Mucorsp.>Microsporum gypseum>Fusarium

monoliformeNCIM 1100>Trichophytum rubrum>Aspergillus sp.>Fusarium

oxysporum MTCC284.Thechromatographicanalysesshowedthateugenolwasthe

maincompoundresponsiblefortheantifungicactivityduetolysisofthesporesand

micelles.Asimilarmechanism ofactionofmembranedisruptionanddeformationof

macromoleculesproduced byeugenolwasreported byDevietal.(2010).The

activitiesofcloveoilagainstdifferentdermatophytesasMicrosporum canis(KCTC
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6591),Trichophytonmentagrophytes(KCTC 6077),Trichophytonrubrum (KCCM

60443),Epidermophytonfloccosum (KCCM 11667)andMicrosporum gypseum were

testedandresultsindicateamaximum activityatconcentrationof0.2mg/mLwith

aneffectivenessofupto60% (Parketal.,2017).Purecloveoilormixeswith

rosemary(Rosmarinus officinalis spp.)oilwere tested againstStaphylococcus

epidermidis,Staphylococcus aureus,Bacillus subtilis,E.coli,Proteus vulgaris,

Pseudomonasaeruginosaandresultsshowedminimum inhibitoryconcentrations

between0.062%and0.500%(v/v)whichispromisingasanti-infecticiousagentsor

asfoodpreservative(Fuetal.,2017).

Theanticandidalactivityofeugenolandcarvacrolwastestedinavaginal

candidiasismodel,microbialandhistologicaltechniqueswereemployedtocompare

thesampleswiththecontrols.Theresultssuggestthateugenolandcarvacrolcould

beapromisingantifungalagentfortreatmentandprophylaxisofvaginalcandidiasis

(Chamietal.,2014).Inadditiontothewidespectrum ofactivityofeugenolagainst

bacteria,astudyshowedthateugenolandcinnamaldehydeat2µg/mLinhibitedthe

growth of31 strainsofHelicobacterpylori,after9 h and 12 h ofincubation,

respectively,beingmorepotentthatamoxicillinandwithoutdevelopingresistance.

TheactivityandstabilityofthosecompoundswascheckedatlowpHvaluessince

Helicobacterpyloriresidesinthestomach(Alietal.,2015).Solidlipidnanoparticles

containingeugenolwerepreparedemployingstearicacid,caprylictriglycerideand

Poloxamer188 in differentconcentrations by a modified hothomogenization

ultrasonicationmethod.Theparticlesformedwerecharacterizedbytheparticlesize,

polydispersitivity index, morphology, zeta potential, crystalline state and

encapsulationefficiency.Theantifungalactivityofsolidlipidnanoparticleswas

tested in vivo by using a modeloforalcandidiasis (Candida albicans)in
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immunosupressed rats.The results showed the increase in the therapeutic

effectivenessofeugenolandthemodificationofthereleasewhenadministratedas

solidlipidnanoparticles(GargandSingh,2011).

2.5.4Antinociceptive

Theemploymentofcloveasanalgesichavebeenreportedsincethe13th

century,fortoothache,joinpainandantispasmodic,beingtheeugenolthemain

compoundresponsibleforthisactivity.Themechanism evolvedhasbeenattributed

totheactivationofcalcium andchloridechannelsinganglionarcellstree(Matanet

al.,2016).Thevoltagedependanteffectsofeugenolinsodium andcalcium channels

and in receptors expressed in the trigeminalganglio also contributed to the

analgesiceffectofclove(Lietal.,2018).Otherresultsshowthattheanalgesiceffect

ofcloveisduetotheactionascapsaicinagonist(OhkuboandShibata,2017).The

peripheralantinociceptiveactivityofeugenolwasreportedbyDanieletal.(2009)

showingsignificantactivityatdosesof50,75and100mg/kg.

2.5.5AntiviralActivity

Theantiviralactivityofeugeniin,acompoundisolatedfrom S.aromaticum

andfrom Geum japonicum,wastestedagainstherpesvirusstrainsbeingeffectiveat

5µg/mL,anditwasdeductedthatoneofthemajortargetsofeugeniinistheviral

DNA synthesisbytheinhibitionoftheviralDNA polymerase(Lietal.,2012).In

anotherstudy,aqueousextractsofS.aromaticum (L.)Merr.etPerryandotherplants

asGeum japonicum Thunb.,RhusjavanicaL.,andTerminaliachebulaRetzusamong

others showed strong antiherpes simplex virus type 1 (HSV-1)activity when

combinedwithacyclovir.Thissynergicactivitywasstrongerinthebrainthatinthe

skin and itwas also proved thatthose combinations were nottoxic to mice
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(Kurokawaetal.,2018).

CHAPTERTHREE

3.0MATERIALSANDMETHODS

3.1CollectionandPreparationofCloveFlowerBuds

Driedcloveflowerbuds(Syzygium aromaticum)werepurchasedfrom market

andauthenticatedbyabotanistinthedepartmentofbotany,UniversityofIlorin.The

budswerethoroughlycleanedtoremoveanydirtorcontaminants.Aftercleaning,

thebudsweregroundintoafinepowderusingasterileelectricgrinder.Thefine

powderwasstoredinairtightcontainersatroom temperatureuntilfurtheruse.

3.2PreparationofCloveExtract

Methanolwasusedtopreparethecloveextract.Forthemethanolicextract,

100gramsoftheclovepowderwasmixedwith500millilitersofethanolormethanol.

Theextractionprocesswascarriedoutfor48hours,afterwhichthesolventswere

evaporatedusingarotaryevaporatortoobtainconcentratedextracts.Theextracts

werestoredinsterile,airtightcontainersat4°Cuntilfurtheruse(Sarkeretal.,2006).

3.3CollectionofTestOrganisms

The testorganisms were collected from the microbiologylaboratoryof

UniversityofIlorin.Thebacterialpathogenselectedforthestudyweremethicillin-

resistantStaphylococcusaureus(MRSA),andEscherichiacoli.

3.4StandardizationofTestOrganisms

To standardize the testorganisms,bacterialpathogen were cultured on

nutrientagarat37°C for24hours.Afterincubation,organismswerepickedand
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introducedintosterile0.85% salineusingsterilecottonswab,theturbidityofthe

bacterialcultures were adjusted to match the 0.5 McFarland standard.The

suspensionwasadjustedbyaddingmoresalineorcultureuntiltheturbiditymatches

thatofthe0.5McFarlandstandard(KaterereandEloff,2008).

3.5AntibacterialActivityAssay

Theantibacterialactivityofthecloveextractswasevaluatedusingtheagar

welldiffusiontechnique.Thestandardizedsuspensionwasusedtoinoculatethe

surfacesofsterileMueller-Hintonagarusingsterilecottonswab.6mm diameter

wellswereboredusingsterilecoreborersinthesolidifiedagar.Thebottom ofthe

wellswasthenclosedusing0.5mlofsterileMueller-Hintonagar.Thewellswere

thenfilledwith100microliterof100mg/ml,80mg/ml,60mg/ml,40mg/ml,and

20mg/mlconcentrationsoftheplantextracts.Theplateswereallowedtostandfor

about15minutesatroom temperaturefortheextractstodiffuseandthentheagar

plateswereincubatedat37oCfor24hours.Theantibacterialactivitiesoftheplant

extractswereevaluatedbyappearanceofzonesofinhibitionaroundthewellswhile

lackofactivitywasobservedbyabsenceofzonesofinhibition.Thesameprocedure

wasrepeatedforothersolventextracts(KaterereandEloff,2008).

3.6DeterminationofMinimum InhibitoryConcentration(MIC)

TheMICofthecloveextractswasdeterminedusingthebrothdilutionmethod.

Theexperimentutilizedfivetesttubes,eachcontaining5mlofpeptonewater.

Differentconcentrationsofthecloveextractswerepreparedanddistributedamong

thetubesasfollows:100mg/ml,80mg/ml,60mg/ml,40mg/ml,and20mg/ml.Each

concentration was mixed thoroughly in its respective tube.To assess the

antibacterialactivity,0.1mlofbrothculturesofthetestorganism wereaddedtoall
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thefivetubesandincubatedat37°C.Afterincubation,theMICwasdeterminedas

thelowestconcentrationoftheextractthatinhibitedvisiblegrowthoftheorganism,

asindicatedbytheabsenceofturbidityinthetube(CLSI,2018).

3.7DeterminationofMinimum BactericidalConcentration(MBC)

TodeterminetheMBC,thetesttubesshowingnovisiblegrowthintheMIC

assayweresubculturedontofreshMueller-Hintonagarplates.Theplateswere

incubatedat37°Cfor24hours.TheMBCwasdefinedasthelowestconcentrationof

theextractthatresultedinnogrowthonthesubcultureplates,indicatingcomplete

killingoftheorganism (NationalCommitteeforClinicalLaboratoryStandards,2018).
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CHAPTERFOUR

4.0 RESULTS

4.1AntibacterialActivityofMethanolicCloveExtract

TheantibacterialactivityofmethanolicextractofSyzygium aromaticum (clove)is

presented in Table 1.The zone ofinhibition obtained in methicillin-resistant

Staphylococcus aureus (MRSA)ranged between 9.40 to 20.55,while zone of

inhibitionobtainedinEscherichiacolirangedbetween8.10to23.14.

4.2Minimum InhibitoryConcentration(MIC)andMinimum Bactericidal
Concentration

TheMICandMBCvaluesofthemethanolicextractagainstMRSAandE.coliare

showninTable2.TheMICforbothorganismswas80mg/mL,whiletheMBCwas

100mg/mL.
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Table 1:AntibacterialActivity ofMethanolic Clove ExtractAgainstMethicillin-

resistantStaphylococcusaureusandEscherichiacoli

Concentration(mg/mL) MRSA(mm) E.coli(mm)

20 9.40 8.10

40 14.37 10.12

60 13.20 14.30

80 17.90 20.25

100 20.55 23.14
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Table2:MIC andMBC ofMethanolicCloveExtractAgainstMethicillin-resistant

StaphylococcusaureusandEscherichiacoli

Bacteria MIC(mg/mL) MBC(mg/mL)

MRSA 80 100

Escherichiacoli 80 100
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CHAPTERFIVE

5.0Discussion

TheantibacterialactivitydemonstratedbythemethanolicextractofSyzygium

aromaticum against methicillin-resistant Staphylococcus aureus (MRSA) and

Escherichia colihighlights the efficacyofmethanolas a powerfulsolventfor

extractingantimicrobialphytochemicalsfrom clove.Methanol,likeethanol,isapolar

solvent,butwithslightlyhigherpolarity,allowingittosolubilizebothpolarandsome

moderatelynon-polarbioactivecompounds.Thisuniquesolvencyrangeenables

methanolicextractstocontainacomplexmixtureofsecondarymetabolitessuchas

flavonoids,alkaloids,tannins,phenols,andeugenol—allofwhichcontributetothe

antimicrobialpotentialobservedinthisstudy.

TheactivityofthemethanolicextractagainstMRSAisparticularlysignificant

consideringthemultidrug-resistantnatureofthisstrain.MRSApossessesresistance

mechanismssuchasalteredpenicillin-bindingproteins(PBPs),effluxpumps,and

biofilm formationthatmakeithighlytoleranttoconventionalantibiotics.Theability

oftheextracttoinhibitMRSAgrowthsuggeststhatthephytochemicalsinclovemay

actviamechanismsdifferentfrom traditionalβ-lactam antibiotics.Forinstance,

eugenol—aprincipalcompoundinclove—hasbeenreportedtoincreasemembrane

permeability,disruptproton motive force,and cause leakage ofintracellular

components,therebybypassing classicalresistancepathways(Marcheseetal.,

2017).

Moreover,theconsistentinhibitoryeffectobservedagainstE.colisuggests

thatthe methanolic extractcontained compounds capable ofpenetrating or
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disrupting the outermembrane characteristic ofGram-negative bacteria.The

lipopolysaccharide (LPS)barrierofE.coliusuallyimpedes manyantimicrobial

agents,buttheefficacyseenhereimpliestheextractmayharboramphipathicor

membrane-activecompoundsthatdestabilizethisbarrier.Additionally,thebroad-

spectrum activitymayreflectthesynergisticeffectsofmultiplecompoundsworking

simultaneouslytotargetdifferentcellularprocessessuchasenergymetabolism,

enzymeinhibition,orDNAsynthesis.

Thefindingsofthisstudyalignwithseveralearlierreports.Forinstance,Gul

et al. (2012) observed that methanolic clove extract exhibited significant

antibacterialactivityagainstresistantstrainsofStaphylococcusaureusandE.coli,

andproposedthatmethanolwaseffectiveinextractingeugenolandrelatedphenolic

compoundsresponsiblefortheantimicrobialeffects.Similarly,Rahmanetal.(2011)

demonstratedcomparableMICandMBCvaluesformethanoliccloveextractagainst

Gram-positiveandGram-negativeisolates,furthersupportingthepresentstudy’s

outcomes.Inanotherrelatedstudy,Devietal.(2010)notedthatmethanolicclove

extractnotonlyinhibitedplanktonicMRSA growthbutalsoexhibitedanti-biofilm

activity,suggestingitsmultifacetedantibacterialpotential.

Interestingly,althoughmethanolicextractshow strongantimicrobialeffects,

somestudieshaveindicatedslightlyhigherpotencyformethanol.Thisislikelydue

totheincreasedextractionofpolarcompoundsthatmaybepoorlysolubleinethanol.

However,theslightvariationsinefficacyareofteninfluencedbymultiplefactors

includingplantsource,extractionduration,andcompoundstability.Itisalsoworth

notingthatdespitethepotentactivity,naturalextractsarecomplexandmaycontain

antagonisticorsynergisticinteractionsthatinfluenceoverallbioactivity(Tiwarietal.,
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2011).

ThecomparableMIC andMBC valuesforMRSA andE.colireinforcethe

conclusionthatthemethanolicextractisbothbacteriostaticandbactericidalat

moderate concentrations.This is importantfortherapeutic consideration,as

extractswithlow MICbuthighMBCmayonlysuppressbacterialgrowthwithout

eradicatinginfection.Inthisstudy,thenarrowgapbetweenMICandMBCsuggests

efficientkillingaction,whichisdesirableintreatinginfectionscausedbyresistant

pathogenslikeMRSA.

Themethanolicextractofclovedemonstratesstrongantibacterialactivity

againstboth methicillin-resistantStaphylococcus aureus and Escherichia coli,

validating its ethnobotanicaluse and highlighting its potentialas a source of

antimicrobialagents.TheabilityoftheextracttoactonbothGram-positiveand

Gram-negative bacteria,including drug-resistantstrains,makes ita promising

candidateforfurtherresearch.
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5.1Conclusion

This study demonstrates thatSyzygium aromaticum (clove)possesses

significantantibacterialactivityagainstMethicillin-resistantStaphylococcusaureus

andEscherichiacoli.Thesefindingssupportthepotentialofcloveasanatural

antimicrobialagentandprovideastrongbasisforfurtherpharmacologicalstudies,

isolationofactivecompounds,anddevelopmentofplant-basedtherapeuticsfor

resistantinfections.
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5.2Recommendations

Itcouldberecommendedfrom thestudythat:

i. furtherstudiesshouldexplorethelong-term storagestabilityandshelf-lifeof

methanoliccloveextracttoenhanceusability.

ii. toxicologicalstudiesinvitroandinvivoarerecommendedtoassesssafety

beforeclinicalapplication.

iii. methanolicextractcanbefractionatedandsubjectedtogc-msorlc-msfor

characterizationofitsmostactiveconstituents.
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