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Abstract

Intake of exogenous antioxidants assist with protecting cells form oxidative damage. Phenolic acids
and flavonoids in honey are attributed the antioxidant properties. The presence and quantities of
active compunds is important in the understanding ab\ the floral and geographical origin of

honey influences antioxidant activity.

Analytical RFHPLC was used to determine the phenolic contdrd range of Australian moritoral
honey samples. DPPH and ORA@yaswere used to examine the free radical\senging activity of
honey samples. The phenolic and flavonoid compounds were extracted from a selection of honeys
and their antioxidant actity analysed by DDPH and ORAC. The phenolic extract from Cheeseberry
honey was used to treat bloederived human racrophages and measure the effects on glutathione
peroxidase (GPx);i8oprostane and prénflammatory cytokinesn vitro. Preparative HPLO@led

individual compounds to be isolated and tested.

Total phenolicontent varied between samples of differeimbtanical and geographical origin.
LeptospermumdJarrah and Cheeseberry honey samples showed high antioxidant activity in ORAC
and DPPH assayBhe total phenolic content was found to be correlated to ORAC @dtivD.5318)

The properties of honey wenetained in the phenolic extracts, which reduceds8Bprostane in LRS

stimulated macrophages.

AustralianL. scoparium, L. whitdi. poligafiolium, Jarrah andCheeseberry were identified as

species of mondloral honey with high antioxidant activity. The geographical origin of samples was
shown toaffectthe composition. Phenolic extracts of honey reduced oxidative stress in human
macrophagesthe antioxidant efects were attributed to several phenolic compoundgptosperin

and methyl syringate were identified as highly active antioxidant compoundsgtospermum

honey. Australian honey may be suitable as a medicinal substance, due totietidamt activity
attributed to the presence of phenolic compound$tained from the botanical and geographical

origin.
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1. Introductionand Aims

Reactive oxygen speciase important for essential cellular functiorteowever an accumulation of
free radicds cancause harmful éécts when antioxidant defencese overwhelmedAnimbalance

to the cellular redox state can result in oxidative strésked to thepathogeness of many diseases,
disorders, conditions andijuries Treatment options targetingxidative stressandrelated
conditionsare limited, or involve medication wikth provokes adverse side effects in patients
Qurrent treatments for neurological disorders saciated with oxidative stresare only able tassist
with reducing severity of sympms and not disease pgoession Therefore, there is a demand for

effectiveand safe treatment options that are aimed at the inhibition of oxidative stress.

Intake of &éogenous antioxidantsan assist imaintaininga healthy balance of cellular oxidati@nd
reduction maintaining the redox system in living organisiiibe useof naturally-derived
antioxidants coulde potentially valuable in theeatment of many diseasstates Antioxidant
compoundsncluding polyghenols,derived from local floragan ke transferred tosubsidary
productssuch asoney. Honeyis natural sourceof antioxidants capable ofdemonstratng

protection from oxidative injury.

A widescale anasjs of a range of honey typasuld allow dentification ofdistinct mono-floral
speces which possess hightioxidant properties. The climatesoil compositiorand species of bees
found in different locations are among many geographgcific factorghat can influence the
phenolic composition cdamplesAn analysis of antioxidant aeity between differentmono-floral
honey species would present an opporitynto compare the influence of geographical origin on the
antioxidant activity of samples degd from the same botanical origin. The propdsmalysis could
allow the discovery afiniqgue Australian mondloral honey species with potent antioxidant actyvi
Furthermore, comparisons between mofiloral honey samples could assist with the identifica

of regions in Australian that are suitabita producing honey, rich in antioxidaactivity.

It is nd yet known wlich specific compounds are responsilbbe antioxidant bioactivity irAustralian
honeys. Individualconstituentsneed to be isolatedrom honey sampleand tested for their
antioxidant activity Variation in antioxidanactivity between indiidual compounds could challenge

the understanding tht total phenolic content is an indication of the antioxidant potential of a



sample. Hence, coparisons between fpenolic content and antioxidant activity are required to

determine f a direct correlatiorexists.

Methods used to successfully identifytal antioxidant activityof wholehoneyand its bioactive
constituents coulde used irfuture studies to create atandard for antioxidant testing in the bee
industry. The identificadbn of botanical and gegraphical origins which produce potent antioxidant

honey may additionally increase the value of the medical honey industry in Australia.

The aims for thework described in this thesis are as follows:

1) To compardghe antioxicant activity of Austrahn moncfloral honey from a range of
botanicaloriginsand determine whicimono-floral speciediave greatest therapeutic

potential for treatment ofpro-oxidant dsease states

2) To determine the influence of geographical origin oa #ntioxidant activityof samples

from the same botanical origin.

3) To compae total antioxidant activity and total phenolic content of honey samples and
determine ifsamges with high penolic content will have greater antioxidant activity than

those withlower phenolic content

4) To isolate chemical constituents of Australian Bgrsamples and test theimdividual

antioxidant bioactivities.



2. Literature review

2.1 Pahogenesis obxidative stress

Theprevalence of chronic and degeneratidiseasesontributesto a large poportion of motality
worldwide. Heart disease, candéE  NB & LJA NI (2 NB  RA & S| & Kifney diséageS A Y S NI 2
and atherosclerosiare among theleadng causes of deatfl). Oxidativestress is a common factor

implicated in the pathogenesis of a multitude of disease statesii@gand di®rders The presence

of oxidative streshas been linked tdiabetes, cacer, neurological disalers, multiple sclerosig2)

and hypertesion in additon to a number ofcardiovascular and respiratory disord€®. It has not

yet been established oxidatve stress is the causer occurs as aonsequence dhe related

disease state@t).

Oxidative stress is characterizeddyimbalarce in the redox reaction involving complementary
oxidation and reduction of chemical speciediological systemm Free radicals are generated from
nitrogen, sulphur or oxygen, pducing reactive nitrogn species (RNS) and reactive sulphur igsec
(RSS)r reactive oxygen species (ROS). ROS include superoxide raidi®ahy@roxyl radical“OH)
and peroxyl radical (ROQhydrogen peroxide and singlet oxygen“jOThe unstable nature of free
radicals, due t@nunpaired electron, initiates chemicalaetions with other moleculeg). For
example, he dissociatiorf hydroperoxyl radical forsthe highly reactive superoxide anifs). ROS
are initiated through oxidationlnitiation of auteoxidation by RORads to a chain reaction, where
free radcal intermediate products are repetitively generated, propagathgreaction. The
damagingfee radical chain reaction is only terminated when two radicals quench one another.
Production of ROS occurs endogengubklough normal physiological processegh as cellular
respiration andsimportant for regulatory functins including cell prolifeteon and inflammatory
response processes(8can also be initiated exogenously through exposure to ultra violet rays,

smoking, hyperoxia, ionizing radiation,a®e exposurdg3), pollutants or toxic chemicalb).

The ability of endogenous antioxidant systems to reduce fe@&tion can be overwhelmed,
resulting in oxidative sties.Accumulation of free radicals leads to the damage of DNA, jraied
lipid cellular compoants.Free radicals have deleterious effeots DNA and can interfere with
chromosomal arrangemer{d). Alterations to protein cellular components can ocduough free
radicalmediated peptide cleavage, protein cregskage or amino acid modificatio(¥). Free radical

induced lipid peroxidation compromises the intégrmof cellular membranes, aaing alterations to



fluidity (8). The involvement of mitochondria in the production of ROS increases the susceptibilit
mitochondrial DNA to damag@), resulting in mitochondrial dysfunction, often associated with

disease states involving oxidatigtress.

2.2 Antioxidantdefence mechanisms

The abilityfor cellular protectionfrom harmful a&ccumulation of ROS éependenton antioxidant
defence mechanism®irect antioxidantsare eitherprevenfative, inhibitingthe initiation processor
chain brealng, whichcompete with propagation reactionsidirect antioxidans such as enzymes
work byincreasing thdevels ofendogenous antioxidant®). Antioxidant enzymesincludecatalase,
glutathione peroxidase and paroxide dismutas&hichconvert oxidized molecules to their redute
states, allowing free radal scavenging to continu@ntioxidantsare recycled endogenously,
howevercan also b@btained exogenously through micronutrients and other small moleculesdou
in certain foods. May links have been found between diets highantioxidants and reducedsk of
diseasgq10). Elevated oxidant levels and reduced antioxidant levels in individuals have been
correlated withan increasedusceptibility todamage causd byoxidative stress(1, 3, 10)
Supplementation oantioxidants may therefore benefit individuals susceptible to oxidative stress

related disease states

Antioxidants in the treatment of oxidative stress

Antioxidant treatment enhancecellular reprogramming in induced plurifgmt stem cell§iPSC) by
alleviating cell senescend#l). A clinical trial demorisated that administration of 2000 1U/day of
alphatocopherol (vitamin E) reduced cognitive declingatients with mild to moderate

I £ 1 KSAYS NR):Studes dsiBd aati®xidastipplementationincludingascorbic acid (vitamin
C) and alpha&ocopherol have proven mostly benefic{&l) howeversome conflicting results exis,
13), particularly in studies involving neurological diseg&sAntioxidant supplemetation may
result information of praoxidants which have scavenged free radi¢a)sor may be unable to
penetrate the blood brain barrieBBBY}o reduce oxidative stress in neurological disorders.
Therefore, the selection afn antioxidantcompound and its delivery methate important
consideratbns fortherapeutic useSynthetic antioxidants such as BHT (bugdehydroxytoluene),
BHA (btylated hydroxyanisole) and NDGA (Nordihydroguaiaretic acid) are commonly used as food
preservatives. Synthetic antioxidants are becomimggeasngly unpopularwith emerging evidence

linking NDGA and renal cystic disease, alwitly reports contradictinghe safe levels of BHT and



BHA for human consumptigi). Thepopularity ofnaturally-derived dietary antioxidants has

therefore driven renewed interest inesearch ohoney as a natural therapeutic

2.3 Honeycg an overview

Synthesis and composition

Honey is a supessaturated sugar solutioproducedby honey beeg1). The nectaor secretionsof
plantsis colleted by honeybees, assembledehydrated and left to ripefiL4). This natural
substance is classifidry the botanical sourc€15). Honeydew honeis derived from the secretio of
sapsucking insectwhile floral honey is sourced from the nectar of pla(it6). Mono-floral honey is
derived prelominantly from the nectaand pollenof oneprincipalplant specis(17), when honeyis
composed of nectar from a blend of multiple plant species it is classified afigrally Mono-floral
honeycontains bioative constituents originating frorthe botanical source, which are transferred
into the honey(18). The composition of honey consists mainly of a mixture of complex
carbohydrates (19), predominantly glucoseand fructose, in addition to maltose, sucrose and other
disacchades(20). Thecarbohydrate profile and water conteit9)areresponsible for the
consistency of honey ahis a critical component for the fermentation process. The watetent of
honey can be inflenced by the environment or manipulated by beekeep@d). High moisture
content can lead to an undesirable sour taste caused by the formation of acetic acid and alcohol,
produced by osmotolerant yeas{22). Low moisture content such as that foundvianukahoney
(22), improves storage life and inhibits microbial groy®2). A maximum of 20g afater per 100g
honey is recommended to prevent yeast fermentat{@é)and granulatior(19), with international
guidelines specifying the totagkoportion of water must rerain under 20%419). Low moisture
content is theefore used as an indicator for high product qua{2g). Honeymay contain 180
compounds in tota(23), of which wtamins, mineralsamino acids, proteins, enzymes, and
polyphenolg24)represent a small proportion afs total composition Bioactive compound

honeysynergisticallontribute to its therapeuticpotential.

Applications as a therapeutic substance

The use of honey daseback to the stone ag€®0), evidence referencing the use of honey as a
medicine can be traced to 2100 BE?25). The ancient Egyptiangilized honey inthe embalming
procesq20), demonstrdingthe first useof honey in preventig oxidation.Honey has beewidely
used as a therapeutisubstancdor centuries The utilization of honey as remedy for wound

healingdates back to Ancient Greek and Chinese cult(283andhas beermentioned in a number

5



of therapeutic remediesver historyfor the treatment of wounds, eye sight andgpiratory ailments
(20). Research into the therapelatproperties of bioactive constituents in honey has been renewed

in more recent year§l).

BEvidence supports fidings on the wide range ofeneficial health effects of honeyAnti-fungal, anti
viral and antibacterial properties reduce the risk of infectiby e\asivepathogensFunal
infections fom AspergillusPenicillium dermatophytesCandida albicanand certain strains of
mycosedawe been indicated as susceptilietopical application of honef20). Similar application

hasdemonstratedinhibitory efects on the symptomsf hepatitis C and rubella virusfections(20).

Honey has been effectively usamlaidwound healing26), with antibacterial actions major
contributing factor The presence of glucose oxidase and glucose promotes formaftioydrogen
peroxide(25), which along with notperoxide activity of polyphenolics and metglyoxal and
polyphenolics, contributes to the antimicrobjaloperties of honey. Methylglyoxas a
phytochemical produced endogenously as a side product of metabolic pathways. Advanced
glycosylated end products derived from methylglyoxal are linkedetoraglial and microvascular
degenerative pathology, diabetietinopathy (27)andincreased expression of CE2{28). This
highly reactive glycolytic metabolite is present in high levelanukahoney and although it is
associated with increased levels of intrlckar oxidative stresg29), it has potent antibacterial
actions.Antibacterialactionsof honeyagainstEscherichi@oli, Enterobacter aerogenes, Salmonella
typhimurium, S&aphylococaisaureus f3-haemolyticstreptococcihave been observeddoney has
shown promise in inhibiting the highly pathogekielicobacter pylorandseveral antibiotic resistant
strains such as mhicillin-resistantS.aureusand vancomyciresistantEnteraocci(25). The lack of
bacteial resistance to honef25)indicates that it may be useful as a substitute for antibmtican
age of increasing antibioti@sistance in bacterial spesiaVhen honey is administedsin
combination with antibioticsit has shown to improve outcomes of methicihesistantS. aweus

infections through synergistic enhancement of common aatibs (30).

The therapeutic applicaiins of loneyextend beyondgrotection from infections, witHurther
indications includindgnepatopmotective, gastroprotective, aninflammatory, antihypertensie (31),
anti-tumour and antioxidant propertiesSeveral combined mechanisms may be responsible for
synergistically contributing tits therapeuticbenefits, such as combined aitiflammatory and

antioxidant mechanismg20).



2.4  Antioxidant Properties of honey

The antioxidats presentin honey prevent oxidation anspoilageit is thereforeit isused as a
natural foodpreservative Storageand processing conditiores well as moisture content can affect
the antioxidant activity ohoney(32, 33) Storage time and temperaturaffects hydrogen peroxide
dependent antibacterial activity in honey, howevesvery little negativdmpact onnon-peroxide
antibacterial activity(34). The interaction betweemeducing sugars with amino acidscaproteirs,
followed bydehydraticn andfragmentation generatesntermediateMaillard reaction products(35).
The non-enzymatic browning of these intermediate produétsms melanailins (16), which
effectively absorb UNight (35), contributing to a drker colour. These high molecular weight
polymersare potent antioxidants supporting correlations found between honey with darkelocir
and greater antioxidant potentigB3). Althoudgh Maillard reaction products are formed during
thermal treatment of hone\(35), the geographical origin ankarvest seaon(16)haveproven to
have greater impact on the dioxidant properties thanhermal treatment and processinglthough
many factors contribute to the antioxidant activity of honelgetmost influential is the dtanical

origin(22), related tothe presence anduantity of active compound$15, 36)

Phenolic compounds including benzoad caffeic aid and pcoumaric acid argresent inmost
mono-floral honeyq37). Mono-floral honeys known for high antioxidant activity suchMenuka
honey, derived fromLeptospermunscopariumare often used ashe gold standard for comping
antioxidant activity obther honeys (26)asthey contain anabundarce of phenolic compounds
Manukahoney is known to contain charactstic phenolic acidsuch asnethyl syringate and
syringicacid(37)4-methoxyphenyctic acid, phenyl lacti@-methoxybenzoic aci(38), 4-
KeRNRE&@0oSyYyT 2A0 | O RahsfellidiaSidar@ p-dodrarie AcidZ6). Phénbli® | OA RX
acidsaccount for approximately 2.36nkg of the total weight oManukahoney. Gallic acidisthe
most predominant of these phenolic acif®6). Havonoids have been observed in proportions of
around0.8md kgManukahoney(26)andthese includekaempferol, apigeninuteolin,
isorhamnetinand the most abundant of which ggiercetin(26). The presence ofysingic acid,
phenyllactic acid, dehydrovomifoliol, phenylacetic acid, benzoic acid, andhkome are used to
distinguishManukahoney(38)from other honeysFurtherstudies(39) havesuggestedeptospeiin,
acetyl2-hydroxy-4-(2-methoxyphenyh4- oxobutanate, shydroxy1-(2-methoxyphenybpenta1,4-
dione, kojic acid, Bnethyl3-furancarboxylic acid?-a S i K & t 6 S y-hyfréxgladtoghEnone,
Iy Rmethoxyacetophenone to be used asiquefloral markersof Manukahoney. Leptospermum

polygalifoliumcontains higher concentrations ofrethoxybenzoic acid clgalool oxide, 3,4,5



GNRAYSOKef LIKSy2ft I yriethdydaetSghantndahaManuka@ds Althauigh bath
species belong to thd.eptospermunfamily, thehoneys have markedly different chemical

composition

Light microscop was originally used for authentication of botanical origin of honey, however, this
method experienced difficulty discriminating between pollémmsn the same subfamil{40).
Accurateclassification of mondloral honey types has been achieved by obtaining the infrared
spectra and relative frequencies of pollen grains with tise of infrared spectrosco@nd

attenuated total reflection techniqgue@l). Recently, macular sequencing and DNA barcoding has
been developed as a method to identify mixed pollen spegigch has previously been a time
consumingask with unreliableesults(40). Analytcal methods such as higierformance liquid
chromatography (HPLC) and liquid chromatograptass spectrometry (LKIS) are frequently used
to determine botanical angieographical origin of food products including honey. HPLC allows the
identification and gantification of compounds through polarityased separation. The high level of
sensitivity and accuracy capabilities ofMES is ideal for anadjs of phenolic cotiguents (42).

Volatile compounds or physicocheral parameters distinctive to honey from specific botanical
source(43)can therefoe be identified. The phenolic profiles of honeys has been frequently used to
authenticate the floral source ajin of samples andan beused as a marker to determine the
geographical origifil 7). Asthe compositionof honeyis influenced by entdnmental characteristics

the antioxidant activitycanvary between samplesriginatingfrom the same botanicapecieq37).

The antioxidant activity of honey variespnding on geographicidcation(44). Honeys derived

from the same botanical soce produceuniquecompositims relating to their origin(17, 37)

Weather and soil conditns dictate areawithin which aspeciewf plants may grow, such as the
moist, lownutrient soilsLeptospermumhascommonly beerfound toflourish in Rainfall, climate,
specific soil composition, regional endemic fl¢t&), altitude, meteorolagyical conditiong45)and
seasonaproductionare some contributing factor@1, 36)causingvariations tophenolic

composition Higher phenolic conterttas been found ihoneys sourced frorarid regions compared
to nonarid sourceccounterparts(46), with increasel presence of free amino acids and carotenoids

observed(21).



2.5 Antioxidant constituents in honey

Medicinal applications of honey are largely due to the presence of bioactive compounds such as
phenolics and flavonoids, present in hon&henolic acids and flavonoids are the main compounds
resgponsible for antioxidant effestobserved in honey. Benzoicids and cinnamic acids are the two
major subclasses of phenolic ac{d¥). Phenolic acids exhibit antioxidant mechanisms including
hydrogen donation, free radical@eengingand chelation of metal ions which catalyse lipid
peroxidation(48). Caffeic acid, {goumaric acigdp-OH benzoic aci(B7), ellagic acidgallic acid,

vallinic acidgyringic acidchlorogenic acicand 4 dimethylaminobenzoic acid atbose most
commonly reportedn honey(1, 24) Flavanolsflavones and flavanones are the three major
subclasses of flavonoi@47). Quercetin, kaempfergimyricetinandchrysinare some of the most
commonflavonoidsfound in honeyFlavonoidslisplay high hydrogen peroxide scavemgability
andare oxidised by radicals, prodag more stabilizedand lessreactive adicals. Flavonoids use a
similar mechanism to phenolics to prevent ROS generation through metal ion chelation, mgvent
iron-dependent accumulation of lethal lipid RG#avonoids are also able to activatetioxidant

enzymesandinhibit oxidaseg5).

Many other compounds work in combination with phenolics and flavonoids, contributing to the
antioxidant capacity of honey through synergistic antioxidant mechanismidlakdiareaction
productssuch as melanoidin@5)neutralize ROS in a process of free radical scavenging. Small
molecule antioxidanténcluding carotenoids, ascorbic acid, tocopherols and glutathisingjarly
exhibit free radical scavenging activity. @anoids participatén singlet oxygen queshing and
scavenge peroxyl radicals more efficiently than other ROS, protecting cell membranes and
lipoproteins. Watersoluble ascorbic aci@Zitamin Cand lipid soluble tocopherols (vitamin E) are
free radicalscavengers andontribute to the terminatiorof lipid peroxidation chain reactions.
Glutathioneis a tripeptide found within the cefd9)whichcan convert tocopherols and ascorbic
acid to their active forms, seingas an electron donoandredudng hydrogen peroxide intexygen

and water(3).

Honey contains zymatic antioxidantsuch asuch aglutathione peroxidae, superoxide
dismutase glucose oxidase archtalasg1). Glutathione peroxidaseeduceshydrogen peroxid€49)
with the assistance of glutathione reductadADPHSs the electran donor in the reduction of
oxidised glutathione to active form by glutathione reductg$@), maintaining intracellular redox by
continuing to reduce endogenous antioxidarBaperoxide dismutase performs dismutation of

superoxide aniong;onvertingthem to hydrogen peroxidewhich is a less reactive oxygen species
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(8). Catalas¢hen assiss with conversion ohydrogen peroxideo oxygenand water(20). Gucose
oxida® and catalaseeduce the levels of lipid hydroperoxide and hydrogen peroxide, preventing

lipid peroxidationand contributing to antioxidant activit{23).

2.6 Measuring antioxidant capacity of honey

Evidence of the antioxidant effeatd honey has been demonstrated through different methods

widely used in the food industri.he antioxidant activity of honey can be measured through a

variety of analytical tests which determine the antioxidant capacity of a sample. Antioxidant capacity
refersto the numberof converted molecules or donated electrons at full reaction under specific
conditions, per mol of antioxidanBopular aalytical methods usetb determine antioxidant

capacity of honey samples includgygen radical absorbance capacityiR@),Trolox equivalent
antioxidant activity (TEAGgrric reducing antioxidant power (FRA#) 1,1-dipheny}2-

picrylhydrazyl (DPPH}ach methodssesses a slightly different facet of oxidative pro¢g6} and

soseveral tests are usually required to obtain reliable res(8®).

Oxygen Rdical Absorbance Capacity (ORAC)

TheORAGssayss awidely used method@mmonly used within the bemdustry for measuring

the antioxidant activity in honey samplé8RAGllowsthe protective capacity of compounds to be
guantified by fluoresceceintensity. The reaction involves the oxidative degeneration of fluorescein
or beta-phycoerythrin when combied withthe free radical generatoy > H QI T 2 RA A a2 6 dzii & NJ Y
dihydrochloride (AAPH)esulting in a nosiluorescent product The addition of antioxidasteacts

with free radicals, preventing attackidhe fluorescentprobe. The extent to which antioxidasit
compete with fluorescent probe to quench free radicals is reflected by reduced fluorescent decay
(50). The degree of antioxidant protection cémerefore be quantitated by measurinfuorescent

light absorption over time. Trolof-hydroxy2,5,7,8tetramethylchroman2-carboxylic acid), a
water-solublevitamin E analogue, is the aokidant used as a reference standard in ORAC
antioxidant testingResults fosamples are compared to Trolox equivalent (TE) values and used to
represent the antioxidant capacityORAC is able sensitivelyneasure antioxidant capacity in

honey, howevethe complex nature of this assay makes consistency of ressip&cially between

laboratories difficult (50).
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TroloxEquivalentAntioxidant Capacity( TEAC)

TEAQuses darge and stericalfpindered radicaWith nitrogen centre The assay can hsed to
compake antioxidantchangesduring processing or storad80). TEAGs useful irdetermining
whetherantioxidants are hydrogen atom transfer (HAT) or single electron traf(SEFdominant in
reactions The reaction is more heavily weighted on the steric accessibility of an antioxidant than
chemical propeties of highlyreactive radical¢50). Discontinuation of the use of TEAC

guantitative evaluation of antioxidant capacitys therefore beerrecommend(50).

FerricReducingAbility of Pasma(FRAP)

FRARndirectly measures th&ransfer of electrons from antioxidants fe® reducing it to F&. Fé*
forms a coloured complex with 2,4t8pyridyl-s-triazine (Fe HTPTZ), in acetate buffet low pH
(32, 51)and can be measured spectrophotometricalty593 nm (9). Limitationsof the method

include flsepositives andinaccurate representation of slow reacting antioxidafg).

1,1-diphenyi2-picrylhydrazyl (DPPH)

DPPHvorks on a similar mechanism of electron transfer used in the FRAP assayisP®adble,
nitrogen based free radicé22). Interactionwith antioxidants reduce DPPH radicilshydrazing(9),
resulting ina loss of purpleolour intensity(9). Spectrophotometric analysis of organic samples
combinedwith DPPH &bws measurement diree radical scavengiragtivity based on loss of DPPH
and hence colour intensitgt 518nm.DPPH lack&formation on antioxidant efficacy, unlike ORAC
assaywhich measures the reaction over tini2PPHails to measure reaction curvé€s0). The high
correlation of results found between DPPH and FRAP afsBysdicatesa redundancy in the use
of both assays. Issues with colour interference and slow colour development observed in FRAP
assay$51)suggestDPPH would ba preferable assay to selefr use in combination with another

complimentary assay.

Enzymaticactivity assays

Limitations experienced with each individual analytical antioxidant test highlight a need to perform
several complimentary assays. Tuee of ORAG-RAP, TEAMd DPPHo not assess the

contribution of antioxidant enzymes to antiobant activity in living cells, or in honey samples.
Enzymatic activityassays are available to more thoroughly understand the amt@xidant potential

of honey sample<Catalase, @eroxide dismtase,glutathione reductase andlutathione
peroxidas€found in honey can be measur¢si3)to determine enzymatic antioxidant capacity of

honey.Catahse assays measure the amount of catalasthbydecomposition of hydrogen peroxide
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per minute(52). Superoxide Dismutase assagestetrazolium salt todetect superoxide radicals
generated byanthine oxidas (52), effectively measungthe levelsof superoxide dismutasiaa a
samplerequired to performthe reaction.Glutathione Reductase assays use oxidized glutathione as a
substrate for a reaction initiated by NADRkhereoxidized glutathione is recycled to its reduced

state. Glutathione reductase and peroxidase actestre indirectly determined througbxidation

or reduction of NADPH, measured by spectrophotomé&R).

Cellbased methods

Celtbased assays allophysiological responses in human cells to be measuoedeterminethe
impact ofanantioxidantstimulus on human cells. Due to the role of macroplsaigethe
inflammatory responsef many disease states related toidative stress, these cells are ideal for
investigatinghe antioxidant potential of a sampl&he presence dahe prostaglandirderivative 8
isoprostaneis elevated in many pathological states associated with oxidative stresEh@)elease
of 8-isoprostane occurs in response to oxidative stress in human macroghafger ROS generated
peroxidation of arachidonic aci@hischemically stable lipid peroxadion product(54)is therefore

commonly useds a reliate marker for oxidative stress in human c€d).

Lipid peroxidation

Lipid peroxidatioris elevated in many oxidative stress related disease st@#&¥por injuries(55). The
process of lipid peroxidation can occuh@n an electron is takemdm polyunsaturated fatty acids
(3), presentin lipid cell membranesThe slf-perpetuatingchainreaction(10) causes gidative
degradation of lipidsresultingin damage to cellular membran€$0)andcompromi®dthe
structuralintegrity of the @Il (8). Lipidperoxidation (LPQgssay otthiobarbituric acid reactive
specie TBARRassayarefrequently used to measure lipid peroxidatidialondialdehyde (MDA)
anadvanced product of unsaturated lipickidation reacts with 2hiobarbituric acid (TBARh acidc
conditions and at high temperatur€8, 52) Thepink adduct resulting from the reaction is
detectableat 352/553nm excitation/emissio(®). Inhibition of lipid peroxidation is used to measure
antioxidant activityof honeysamples (10). Although results from this method are unatite
distinguish betweenhe kinetics and the stoichiometry of the reaction, it allgqvesoxyl radicals
involved in lipid peroxidatioto be measured52). LPO assays accurately depict antioxidant
reactivitywith fastreacting peroxyl radicglwhich differsubstantiallyfrom longlived DPPHiitrogen
radicak (56).
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2.7 Medical applications fomgioxidant properties of honey

Thecorrelation betweerin vitroandin vivobenefits ofhoney is based on evidenoéthe ability to
relieve oxidative stress in cells, tissues, organs and body fltadsumption of honey improgg¢he
antioxidant activity of human plasma, increasbigod vitamin Cp-carotene and glutathione
reductase(23). The benefits of honey consumptiomvebeenreportedin many cell§26), organs
and systems including the gastrointestinal tract, liveproductive organgpancreas cardiovascular

system and immune syste(20).

Gastroprotective effectsf honey

Oxidative stress is thought to be responsible for impairmemhembrane fluidity andhe redox
state of mineral ion transporters of the small intestinal brush bordg@rGutathione hasbeneficial
effectson mineral iontransporters possibly influencing the bioavailability of other nutrie(i3
Manukahoney has been shown ecreaseethand-induced gastric damaga rat models by
enzymatic and nofenzymatic antioxidantpreservation mechanism&7). Furthermore,several
phenolic compoundpresentin honey(eg.chlorogenic acid and caffeic apate protective in the

small intestindgn a rat model ofschemic reperfusion injurgs8).

Influence of honey on reproductive health

In the reproductive organs, antioxidarsesentin honey can reduce cadmiumduced oxidative
stress caused by the depletion of cellular glutathio@amium isknown to cause vascular
endothelal damage in testeandreducesprostate function and sperm volume in mésn). In
women,cadmiumaffects female fertilityby preventing of cell progression to the blastocyst stage

(59). Honey may be valuable in inhibiting cadm#nduced alterations to cellular redox states.

Benefitsof horey to the cardiovascular system

Benefitsof honey to thecardiovascular system incle@gmprovement to plasma lipid profiland
endothelial functiorandreduced oxidative damage ted blood cel(RBCimembraneq24) The
high lipid content and oxygen supp8s well as iron and copper contemiakeRBG susceptible to
oxidation(8). Antioxidants prevent lipid peroxidation, resulting in antihemolytiopgerties(24), with
honeyderived flavonoids shown to reduce oxidet damage to erythrocytethroughcell membrane
incorporation(8). A major risk dctor for cardiovascular disease is hypertensi@righ level of
oxidative stress in vascular structures has been linked to the pathoigenfesypertensior{54), with
8-isoprostane found to be at elevated levatspatients with resistant hypertensidiy4). Frevious

studies(24)indicate a role of honey consumption in the reductifrsystolic blood pressurand

13



malondialdehyde, a marker for lipid peroxidati#B,53). The reduction in systolic blood pressure is
associated witldownregulaton of Nuclear factoferythroid 2 (Nrf2) (31) Leading to reduced
susceptibilityof kidneys to oxidative streg81). Furthermore, edothelial d/sfunction associated

with resistant hypertension was improved in the aortas of animal models B generation was
inhibited (54).

Benefitsof honeyto chronic inflammation

A reduction in NADPH through actions of NF | IyvRare implicated in the excessive formation

of RO$60). An excessof ROSnitiates activaion of cell signalling pathways resingin increased

transcription of inflammatory geng$0). Macrophagegsletecttissue injuryandinfectionswhen

exposed tammune regulators such as cytokin@d). In response to RO8lassically activated (M1)
macrophageselease inflammatory cytoking$1). Tte continuous ROS activation of pro

inflammatory cytokines, stimulasfurther ROS productiorprevertingthe activaion of anti-

inflammatoryM2 macrophage$61). If resolution is not reachedgesultingchronic inflamméon can

lead topathologicaldisease statesuchad f T KSAYSNRE RA&ASIF &SI NKSdzYl G2 A
non-alcoholic fatty Ner diseas€62)and inflammatory respiratondiseass (60). Honey samples

reduce inflammatior(63)and inhibit nitric oxiden vitro, (64)in a dosedependent manner. Whilst

small increases in nitric oxide proeileneficial vasorelaxant and asglatelet activities, large

increases in nitric oxide are toxic and consideredipfammatory in pathological situations.
Intravenousinjection of honey in rat modeleducedipopolysaccharidénduced production of

tumour necrosis factoh  0-¢ b E A y-in 5§ Nubi Biftihckedse in levels of heme oxygenade

(65). Manukahoney was found tgrotect macrophages from the inflammationdaced by LPS

stimulation through stimulationop-! at Y { Lw¢m |y R(26) ROSishass&iatedNBha & A 2 v
inflammatory disease and mitochondrial dysfuncti@®). The use of natural compounds such a

honey to treat inflammation is an attractive alternativerttany current antinflammatory drug

therapies that are often associated with unwantgide effect (26).

Role of honey in blood sugagulation

Increased oxidative stress is an early symptom preceding the development of insigtanmes and
type 2 diabetes(67). Administration of honey has showm increase levels of -@eptide associated
with insulin resistance, thought to be through stimulationeéells of the pancrea8). Co
administration of honey improves effectivess of hypoglycaemic therapeutics. Metformin reduces
glycemia, glycosylated haemoglobin concentration and insulin resistance in patients voigedia

(24). Studies have show®3)honey works synergistically with metformin, fuethrelieving
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oxidative stress in the kidneys of diabetats, which metformin failed to achieve when administered

alone.

Anti-tumour properties

Manukahoney inhibitsumour growth, and improves chemotherapy treatedost survival rate$69).
These effectsittributed to the antioxidant properties of phenolic acjdscludingvanillic acid44)
andchrysin(70). Antioxidant therapy has been used as an adjunct to chemotherapy drugs to prevent
treatment-induced cognitive decline caused by oxidative st(@43 The mechanism of reducing risk

of cancer through reduction in ROS generation repreas a novel therapeutic in arttimour

therapy, particularly in combination witother cancer therapied-or instance, bneyQ synergistic
activitywhen used in conjunction with metformidditionallyinhibits ROSandreducesdamage to

DNA(53)andsomatic celmutations(72).

Gene expression

Oxidative stress and ROS are associated with chromatin remodsliiciy as histone acetylation
through activation of transcription facto(§0). Treatmentof cells with the flavonoid, chrysin,
increasel gene eyressionof Bax protein and reduced gene expressibiBct2, leading to apoptosis
of lung cancer cell&0). Nrf2 induction regulates expressiaf genes encoding for key components
of antioxidant systems involving glutathione and thioredofd). Polyphenolsproduce an indirect
antioxidantseffect by increasing Nrf2 activif9). Keratinocytes treated with honey prevemt¢he
translocation of nuclear factor kappa FKN\b )to the nucleuq73)and inhbited the expression of
inflammatory cytokines, nitric oxide synthaaed cyclooxygenase (COX2) and PGEZ73)in
response tdJ\:B. The presence of particular antioxidant compounds in hofeeg.Catechin
contribute to protectve effects aginst freeradical inducedNA strand scission and degradation
vitro (46). Oxidative damageausng degradation of DNAy hydroxyl radica was reducedn
plasmidDNAtreated with honey(46).

Benefitsto the nervous system

The abundancef polyunsaturated fatty acids, low antioxidacapacity and high oxygen

consumption othe central nervous system (CNS) increatsaaulnerahlity to oxidative stres¢71).

Free radica damagesusceptibleneurons glid cells and mitochondrial DNhichcan lead to
neurodegeneratior(4). The accumulation of ROS observethiain hypoxig74)and! f T KSA YSND &
diseasehas beerinked tothe down-regulation of tigh junction proteinsin brain tissug75).

Changes to thdight junctions compromises thiategrity ofthe BBBincreasng permeability(74)
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and promogs neuroinflanmation. Antioxidantsplay a role irreversng cerebral amyloid angiopathy
geneated ROS75). This highlights the importane# exogenous antioxidant supplementation as a

neuroprotectant in oxidative stres®lated neurological disorders.

Levels of honey required for therapeutic effect

Phenolics from mondloral honeys were shown to protect human erythrocyte membranes against
oxidative damageat concentrations between IB0ug/mL (8). Antioxidants inManukahoney

inhibited cancer cell growtin cells cultured containintylanukaat final concentrations of 8:2.5%
(69). Protocatechuic acid, implicated for its properties in reducing diabetes, was detectable in
plasma following consumptio®10mLof honey(44). A pilot study investigated the antioxidant
effectsof oral administration of honey on human plaspfiallowing consumption of bney between
0.75g/kg to 1.5g/kg body weigl(¥6), observingncreased total phenolic content and antioxidant
activity, coupled witltreduced MDA and ROS levelpiasma of blood samplesZ hourslater. The
occurrence of increased total phenolic contén plasma in human subjects was no{@d)in other
studies, following consumption of 1.5 g of honey/kg body weight. The levels of honey required to
accomplish therapeutic benefitependson theroute of administrationintravenous administration
requires lower doseswhile the amount of honey required to reduce oxidative stress by
consumption and digestive absorption is largdépendenton the bioavailabilityof antioxidant

compound within each sample.

2.8 Bioavailability of antioxidants in honey

Bioavailability of pheolics and flavonoids

Flavonoids are among polyphenols absorbed into the bloodstream through the intestinal epithelium,
where they undergo phase Il and phase 11l metaioo(24). Thecomplexmetabolism of ingested
polyphenolic compoundsan occur through several mechanisms during passage through the Gl
tract. Glycosidases present in the bee salivary glandsert phenolics tanaglyconic form, where

they can be readily absorbed through the intestinal &) deavage and modification of
moleculesnto metabolites and cataboliteallow entry from the small intestinento the circulatay

system where some ndergophase |l metabolisr(i77). Chlorogenic acid is hyalysed to caffeic acid

in the small intestine, where it protects against cerebral ischemic reperfusion injury in tfE8jat

Many polyphenols arenodified by microbiota in thdarge intestine intdow-molecularweight

phenolic acidswhich can be readily absorbed into the circulatory sys{éif). Lowmolecularweight
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phenolic catabolites were shown to be more likely to passBB&to protect human neuronal cells
from oxidative stress than parent compounds with a molecular weight of more than 400pahe
implications of delivery adintioxidantcompounds into the CNS could be abstantial therapeutic
benefit to neurological disorders and brain injuri@ecently, antioxidants have been packaged in
solid lipid nanoparticlg, protectingthem from enzymatic degradation, reding clearance,
increasng permeability across intestinal @mbranes and allowng penetration across the BBB5).
Nanoparticles synthesized to target delivery of antioxidants to the brain are a current fodhe for
treatment of AlzheimblD & R78\THé ndethd of liposomal encapsulation cbmpound found
in honey,includingcarotenoids(79)and quercetin(80), has already been appliedshowing

promigngresults in the effectiveness of increasing bioavailabdftgntioxidants (80).

2.9 Properties of Australian honey

Australian native plargtare known for their therapeutic propertig81), their use in taditional
medicine is legendarynvestigations of haeologicakvidence(82) hassuggestedongterm
sugainablehoney production by indigenous Australians jle@es European settlemenEconomic,
social, and symboliignificanceamong indigenous communitidegs been placed on honey
produced bythe Australian native stingless bé&2). Popular Ausalian monaofloral honeys include
a variety of eucalyptus species, each with a distinctive chemical profile unique to each native
species. Types of mostoral eucalypt honey include Jarrah, Yellow Box, GreyBiae, Gum, River
Red Gum, Stringybark, Mesate and various ironbark speciésnique biochemical characteristics

of a botanical species amdten processed int@orrespondingnonco-floral honey.

Antioxidant properties of Australianonofloral honey

Many gecies of Australian plants have antioxil@roperties.Euphorbia drummondéxtracts have
DPPH free radical scavenging activity and reducing p(8@rExtracts from Australian native wattle
species including.cacia kempeanandAcacia ligulateshow significant free radal scavenging
activity (83). Tasmanian pepper le@drimyslanceolat§ was found to perform well in ORAC assays.
This plant species contains derivatives of chlorogenic acid and quef8gjirinise myrtleand

lemon myrtle contain ellagic acid and flavonoids such as catechin, myricetin, hesperetin, and

j dZSNOSGAYyd® Cf I @2¢BAREG K ¥ O&hgdkyiy Q Tyn&30xyehdcone,

H -Bilmydroxyo - methoxychalcone, 5, pinobanksiraBetat and 5,7dihydroxy6-methoxy-2,3-
dihydroflavonol 3acetate have been identified iscacia paradoxaropolis, extracted from bee

hives(84). Distinct compounds from plant pollen or nectar can be transferred into the honeyisAcac
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honey is generally composed of lower phenolic content and higher flavonoid content, by comparison
to other types othoney(37), consistent with thdimited phenolics and abundant flavonoids found in
pollen derivative484). Acacia melferahoney has shown to have a flavonoid, cated3in)

equivalent of §10mgkg(19), variances wee related to gographic origir{19). Australian

leatherwood Eucryphia lucidahoney is known to contain 0.65 mg traalsscisic acid per 100g
honey(85). Novel honey types such Cheesely (Cyathodes juniperifaexist among private honey
producers However, he antioxidant capacity of unique species of Australian raitm@l honey is

currently lacking.

Geographical influence on biochemical characteristics of Australian honey

It has bea established that environmental influences relating to geographical lmeanf hives

including sunlight, moisture, soil composition and species of bee native to a (@gipmfluence

the composition of honey. The plant species from which pollen is colléaeddepends on the
preferenceof the species of local honey bee populations. Species of honey beeasiglis

melliferavar ligustic F2dzy R 2y ! dzZAGNJI f Al Q& Yl y3aFNRB2 LatlyRX
Acacia paradoxaThe abundance of flavonoids 2 ,3rimethoxychalcone, 2ydroxy-3,4-
dimethoxychalcone, 2:dihydroxy3-methoxychalcone, 5;dihydrox-2,3-dihydroflavonol 3acetate
(pinobanksin dacetate) and 5,«ihydroxy6-methoxy-2,3-dihydroflavonol 3acetate inAcacia
paradoxa(84), result inhoney rich irflavonoids derived from this regionThe wide range of climate

and environmental characteristics found beten regions of Australia creates a platform for

production of a diverse rage of honey with unique chemical profiles. The growth of specific plant
species can vary between ecosystems within the same region of Australia. Proliferation of Cooktown
ironwood (Erythrophleum chlorostachysassociated with wild hong{82), occurs irEucalyptus
tetradontawoodland ecosystems and not coastal or mangrove af@2of the Cape York

Peninsular region of Australia. This region has a unique environment, composed of aluminous
bauxite graveplateaus(82) with high annual rainfalhtnd humid conditions. The range of

environmental conditions in Australia provides an excellent platform for comparing the effect of

geographical location on the phenolic composition of honey from the same botanical origin.

Audralian honey has high neperoxide antibacterial activity compared to honey from other
countries(34). Nonperoxide activity is attributed to the presence of phytochemical components
(34). The highest notperoxide actiity was found irnLeptospermunmoneys from Northern Rivers,
New South Wales and the southeast coast of QueengladidInaddition, high peroxide activity is

found inJarrah Eucalyptus marginadeand Marri Corymbia calophyl)ahoneys, native to Western
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Australia(34). The influence of factors such as high osmolarity, low pH and presence of hydrogen
peroxide and methylglyoxal contribute to antibacterial properties of sam{@é}¥ Therefore, the
results for antibacterial activity in Australian honey samples is difficult to use as an indication of

phenolic content.

The mineral contehand antioxidant properties of eucalyptus honey is influenced by the

geographical origif87). Volatile compounds used to distinguish eucalyptus honey vary, depending

on geographical origins. Eucalyptus samfie¥ 9 dzNB LJS O2y il Ay wMnhOGSyS3I n:
I OSG2AyS RALFOSUBESE HZomlISYyidl ySRA2Yy ST RAYSUGKEf RAZ
KeRNRPEenmpnYSGKet nunmKSEIy2yS YIN]J SN O2YLRdzyRaz O3z
phenethyl alcohol, used to distijush eucalyptushoney from Turkey86). Existing literature has

indicated gallic acid, coumaric acid and ellagic acids as major phenolic compounds present in

selected Australian eucalypt honef@8). The presence of minor quantities of chlorogenic acid,

caffeic acid and ferulic acids werls@found among samples. Flavonoid profiles of Australian

eucalyptus honeys contain quercetin, luteolin, kaempferol and trig@#) It has been reported

that Australian Eucalyptus honeys contains smaller quantities of pik@ra pinocembrin and

chrysin flavonoid$17), and larger quantities of ellagic acid and gallic &b&Jcompared to

Eucalyptus honey produced in Europe.

Leptospermumcommonly referred to as tea tree belongs to the Myrtacdamily and encompasses

83 unique species, found in New Zealand, Southeast Asia and Ausiepliaspermunspecies that

are a source of Australian honeys includgolygalifolium L. liversidgeand L whitei,found

predominantly in NSW and Queenslahdscopariumis native to NSW, Victoria, Tasmania and New

Zealand. New ZealariManukahoney, obtained from bees foragjronL. scopariumis currently

considered the gold standard ahti-microbial(44)and antioxidantioney (26, 44) Comparisons of

Australian and New Zealahgptospermunni2 y S8 &8 aK2 SR aAYAT I NI bl @2y 2AR
luteolin and quercetin 3nethylether (85). Gallic acid and abscisic acid.irscopariumand chrysin

levels inL. polygalifoliumwere dominant in honeys originating from New Zealand. It is yet to be

investigated how the antixidant properties of Australiah scopariumhoneys compare to its New

Zealand counterpart.
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2.10 Future directions

It has been well established that honey has demonstrated therapeutic health benefits in numerous
cell types and organ systems, attributixthe presence of multiple phetic constituentsPhenolic
and flavonoid compounds are responsible for the antioxidant properties of hatinpughthe
presence and quantity of these compounds varies extensively between honey sammgles.
relationship béween antioxidantactivity and he botanicalbriginof a range of Australian honey
typesis necessaryo determine which mondloral species are suitable for use as a potential
antioxidant supplementDue to the variations in phenolic compounds between honeys from the
same floral sourcdurther investigation isequired to determine the influence of gemphical
origins on the antioxidant activity of honey from the same floral origixtensive research on the
composition of different varieties of monttoral honey has been performed théar. However, the
antioxidant activity of individual phenolic ané¥onoid constituents, unique to each spegies
requires further investigation to better understand the mechanisesponsible fothe antioxidant

activity of honey samples.

Implicationsfor honey industry

In Australia, pproximately 10000 beekeepersith around 500,000 hivegroduce25,000to 30,000
tonnes of honeyevery year(89). Of the honey produced in Australehouta third is exported
worldwide, predominantly to the USA, UK and A88). The Australian honey industgenerates
around60 million AUD annuallB9), andidentification offloral saircesand geographical origin
responsible for producing honey wittigh antioxidant propertiesouldincrease the value of
Australan honey. The comparison of Australidvianukawith its New Zealand counterpart could
have major implications if registyielding honey with compaableor higher levels ofmajor active
compoundsare identified as thisadds significant value to the price @honey sampleThe
identification of novel antioxidant constituents in honeguld lead to the discovery of potentiya
unique, potent or bioactive compounds, valuabidreatmentor prevention of diseases and

disorders related to oxidative stress.
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The aims of this study were:

1) To compare the antioxidant activity of Australian meftaral honey from a rangefo
botanical origins and determine which moffloral species have greatest therapeutic
potential for treatment of preoxidantdisease states.

2) To determine the influence of geographical origin on the antioxidant activity of samples
from the same botanicairigin.

3) To compare total antioxidant activity and total phenolic content of honey samples and
determine if samples withigh phenolic content will have greater antioxidant activity than
those with lower phenolic content.

4) To isolate chemical conatiénts of Australian honey samples and test their individual

antioxidant bioactivities.

The format of this thesifollowstraditional thesisformatting. The introduction is combined with the

literature review
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3. Materials andMethods

3.1 Honey samples

A diverse range of monftoral honeys consisting of Jarrah, Cheeseberry, Leatherwood, Eucalyptus

and Leptospermum species were selected for analysis. Where possible, triplicateflorahboney

samples sourced from different regions ofs&alia were selected to obtain comparison of

geographical influence on composition. Honey samples vgepplied by Capilano Honey Pty Ltd,

Blue Hills Honey, Chemcenii@hemisty Centre Wand small private honey producers. Samples

were stored in a darlairtight container at room temperature for theudation of the study. A total

of 56 samples (Tablg1) provided an overview for compositional comparison between Australian

honey varieties.

Table3.1: Honey samples selected for analysisluding botargal and geographical origin

Honey
Cheeseberry
Bluetop Ironbark

Caleg Ironbark

Coolibah
Grey Ironbark

Hillgum

Jarrah
Messmate

Mugga Ironbark

Narrowleaf Ironbark

Peppermint

Plant-derived gecies
Cyathodeglauca
Eucalyptudibrosa

Eualyptuscaleyi

Eucalyptusnicrotheca
Eucalyptugpaniculata

Eucalptusfasciculosa

Eucalyptusnarginata
Eucalyptusbliqua

Eucdyptussideroxylon

Eucalyptusrebra

Eucalyptusadiata

Harvest bcation
Triabunna, TAS
Cecil Plains, QLD
Warwick, QLD
Miles, QLD
Inverell, NSW
Glen Innes, NSW
Bundarra, NSW
Moree, NSW
Imbil, QLD
Warwick, QLD
Grafton, NSW
Warwick, QLD
Gundagai, NSW
Tumut, NSW
Western Australia
Torrington, NSW
Torrington, NSW
Cooma, NSW
Narrabri, NSW
Narrabri, NSW
Wee Waa, NSW
Cecil Plains, QLD
Cecil Plains, QLD
Dinmore, QLD
Tumbraumba, NSW

Identifier
CB
177134
177010
177832
177575
180796
175650
176944
183017
174622
175799
182699
181449
182506
Jarrah
183389
177740
177890
180911
179430
176943
177135
177131
177260
183493
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Sydney South, NSW 182502

Marulan, NSW 175055
River Red Gum Eucalyptusamaldulensis Warwick, QLD 181338
Dalby, QLD 181841
Cootamundra, NSW 182160
White box Eucalyptugjuadrangulata Glen Innes, NSW 177835
Wauchope, NSW 178082
Manilla, NSV 177735
Yellow box Eucalyptusnelliodora Wauchope, NSW 181711
Tamworth, NSW 180668
Inverell, NSW 180467
Leatherwood Eucryphiducida Mawbanng TAS 1827
Mawbanna TAS 1829
Mawbanng TAS 1839
Mawbanna TAS Teepo3
Mawbanng TAS Collingwoa
Olive tea-tree Leptospermunfiversidgeii Northern Rivers, NSW 333

Northern Rivers, NSW 334
Northern Rivers, NSW @ 338
Northern Rivers, NSW 339
Jelly bush Leptospermunpolygalifolium = Northern Rivers, NSW = 377A
Northern Rivers, NSW 378
Northern Rvers, NSW | 380
Northern Rivers, NSW 382
Whitei Leptospermumvhitei Northern Rivers, NSW 311B
Northern Rivers, NSW 313
Northern Rivers, NSW @S2

Manuka Leptospermunscoparium Mawbanng TAS 1806
Mawbanna TAS 1815
Mawbanng TAS 1818
Mawbanma, TAS 1822
Mawbanna TAS Fl:2

3.2 Analysis ofuinfractionatedhoney samples

ReversePhaseHigh Performanceliquid Chromatographyof phenolics and flavonoids

Honeysampleswere diluted with 9 times weight of honeysing deionized D (dHO)to obtain
1.0:9.0 honey: water solutionThe mixturewas vortexed until completelgomogenized. Analytical

RRHPLC with UV detection and reveqdgase column of the honeys was used to idgnéind
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guantitate constituents present in the samplésalytical RFHPLC of honeys utilized Agilent 1290
Infinity 1l quaternary pump, autosampler column and diode array detector. The column was a
Synergi Fusion RP (50mm x 4.6mm %)pcolumn. Mobile phas (MPA) consisted of 94.95%M

5% acetonitrile (ACNInd 0.05% formic acid. The mobile phase (MPB) was composed of 99.95% ACN
and 0.05% formiecid The flow rate was 0.5mL/min, and injection volume wagl20Detection
wavelengths were set to 220, 260, 290 &@8#0Onm. The mobile phase program began at 10094 MP
isocratic for 2.0min, grading to 53:47 MPA: MPB from 20.0min, grading to 20:80 MPA: MPB at
20.5min, holding isocratic to 21.5min, grading back to 180PA at 22.0min, and isocratic to

23.0min.

The retention times and UV spectra fradpenLAB CDS Chentfdta Editiongenerated

chromatograms were used fguantitate phenolicsand flavonoids. The five highest peak areas above
aminimum20 milli-Absorbance Uits (mAU) were recorded, excluding peak areas observed before
2.0min elution time. The phenolic comptish was compared between samples using
chromatograms. The peak areas were used to select honeys with the highest phenolic content of

each monefloral species with unique composition for further analysis.

Reverse Phagdigh Performance Liquid Chromatagiyof Leptosperin and lepteridine

Analysis of 16 samples @eptospermumhoney was performed to determin¢ghe presence of
leptosperin and lepteridineApproximately3-4g of each of theLeptospermunhoney samples (Table
3.1) were weighed intodst tubes Each samplevasdiluted (10:9.0) with R | Q andvortexed untilthe
honey wascompletely dissolved. Samples were runaarHALC (Agilent Technologies 1260 Infinity 1l
guaternary pump auto-sampler) equipped with diodarray detector (DAD) Inline Fluorescence
Detector and SynergiusionRP 4um (3 x 4.6mm) column. The two mobile phases consisted of 90%
I i hk MEMPA)EN®100%ACN (MPB)at a flow rate of 1.5mL/miand injection volume of 20uL
The mobile phase program started at 100% MPA, isocratic for 3.0min, graded to 9AOMIPB at
5.0mirs, graded to 50:50 MPA: MPB at 6.0min, isocratic until 7.0min, grading back to 100% MPA at
7.7min, isocratic until 8.5min.The chromatograms were analysed to identify lepteridine by
fluorescence aB30/'475nmexcitation/emission, and etection of leptospem by UV a262nmDAD

absorption
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2,2-diphenytl1-picrylhydrazyl (DPPH)unfractionated honey

Free radical scavenging activity was measured to determine antioxidant activity of all honey
samples. The presence of antioxidants in honeyamneutralize dep violetDPPHadicals,

resulting in a loss of colour absorbancesagnm.

Approximately 0.40.3g of each honey sample wadissolved irdH O (1g/mL)A control was included
to replicate the sugar content of honey. The control samplatained40.2% frietose, 33% glucose,

7.5% maltose, 1.3% sucrose and 18%.H

Gallic acid monohydrate (Sigrdddrich) (0.2M in methanol) was use&mlprepare gallic acid

standards (methanol solvent) rangifrgm 1.5150uM. L-Ascorbic acid (2.5mM) arxlutylated
hydroxytoluere (BHT) (1.0mM), both prepared using methanol, were included as positive controls. A
total volume of 10QL of ascorbic acid, BHT and gallic acid standard solutions were aliquoted into
1.5mL Eppendorf tubesloney solutions (ImglL) were aliquoted into Eppelorf tubes at volumes

of 3uL, 1QuL, 3QuL, 5QL and 7%L. Methanol was added to obtain a volume of lDOA negative

control consisting of 1QfL methanol served as a reagent blank.

To each sample/standardbntrol, 40QL of DPPHolution (117.5M, in methanol) was added to

obtain 50QuL of DPPH at 94uM. The final concentrations of gallic acid standardpweren n Emn q bl G 2
2.258x10 3Positive controls of ascorbic acid and BHT were fxifa | Y R respemtiely.wa =

Mixtures contained final concentratiortd honey ranging from ¥5mg for each sample. Tubes were

mixed using a vortex and immediately incubated in the dark for 30 minutesx@t PBe presence of

antioxidants resulted in a loss of deep violet colour.

Reaction mixtures (n=3) were added in duplic20€uL aliquots into a 96 well plate and the plate

was read ab18nm using a Enspire multimode plate reader (Perkin Elmer).

Theantioxidant activity was expressed as percentage inhibition of DPPH rafieatentage
inhibition of DPPH oxidation usinguegion 1.
Equation 1:

Percentage inhibition = [(Abs. contimabs. sample)/abs. control] x 100

The amount of honey that caused 50% inhibition of DPPH oxidation was determined and expressed

asmicromoles é gallic acicequivalents per gram of honeAHEg of honey)
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Oxygen Radical Absorbance Capacity (ORAGractionated honey

Samples of mondloral honey (Tabl@.2) containing high phenolic content (RFPLC analysis) or
high antioxidant activity (DPP4$says) were selected for further analysis usimegORAC assay.

Table3.2: Honey samples selected for the ORAC assay

Honey Identifier Honey Identifier
Cheeseberry CB1 River Red gum 182160
Bluetop Ironbark 177134 Whitebox 177835
177010 178082
Caley’s Ironbark 177575 Yellowbox 181711
175650 180467
Coolibah 176944 L. liversidgeii 333
Grey Ironbark 183017 339
174622 L. polygalifolium 377A
175799 378
Hillgum 182699 L. whitei 3118
182506 313
Messmate 177740 L. scoparium (Manuka) 1806
177890 1815
Mugga Ironbark 180911 1818
176943 1822
Narrowleaf Ironbark 177135 FI:2
Peppermint 183493 Leatherwood 1829
182502 Leatherwood Teepo3
River Red Gum 181338 Leatherwood Collingwood
181841 NZ Manuka 1804
Phosphate buffer solutiorPB$was prepared from8gN&L n®dH 3 Y/ € X2 mPdnn3a bl iltt

YIithj RA&Zaz2t PSR AYy ynnY[ 2F RlIihod ¢RSEibl 2F (KS
added to a total volume of.@OL.All other materals required for ORAC assays including assay diluent

and free radical initiatowere provided inthd EA { St SOlun hw! / | OQGA@GAGE ! &aa&l

A 1.0:9.0 ratio of honey to 1x assay diluent was made by lgemsing approximately 0-Q.2g of
each honey sample with 1x assay diluent to a concentration of 100mg/mL. Samgpiesentrifuged
for five minutes atLl50 x g.The samples (3L) were diluted 2dold with 1x assay diluent to obtain a

5mg/mLfinal concentration of honey.
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Trolox is a vitamin E analogue, and due to its water solubility, it is a commonly used antioxid
standard. A 0.2mM Trolox solution was prepared by combinipd. 6 5mM Trolox stock solution
with 384uL 1x assay diluent. dlox standards (2QfL) in concentrations ranging from 28 to

50uM were prepared by dilution of Trolox solution (0.2mM) withaksay diluent. Assay diluent
served as the blank control. To examine the possible interference by the sugar component of the
honeys, additional 30M Trolox standard was prepared containing the sugar solution at a ratio of
1:100 and 1:200.

Duplicate 2% aliquots of each sample and standard were dispensed into black 96 well plates. In a
trial experiment, variable absorbance réadgs were obtained in the outenost wells of the plate.
To address this edge effect the outside 36 wells along the borddweqflate were filled with 200L
Hi O for insulation. Fluorescein solution (1:100) was prepared by combinjrigfirescein probe
with 9.405mL 1x assay diluent. Fluorescein solution|fl5&as addetb each well containing
sample or standard. The plate was covered with parafilm and ateabat 3%C for 30 minutes.

Free radical initiator solution (2& of 80mg/mL PBS) was added#mmples and standards using a
multi-channel pipette and mixed thoroughlyn#toxidantsin honeyreacted with the radicals
incubated fromH 1 QI T 2 RA hédhpddzchBridé (XAPRpkeventing oxidative
degeneration of fluoresceimhe extent to whiclthe antioxidants competd with the fluorescent
probe to quench free radicalsasmeasured by fluorescent liglkimissionover time and compared
to the antioxidant standards. Fluorescent readings were measured in triplicate usikmspire
multimode platereader(Perkin EImer)(480/520nm excitation/emission) at 82, every five minutes
for 1-hour. The relative fluorescent value (RFU) for each sample over time was plotted using
Microsoft Excel software and area under the curve (AUC) was determined afteactinig AUC of
the reagent blank. The Trolox equivalent centration of each sample was determined by
comparing the AUC values to the standard curve. The values obtained for each sample were
multiplied by the dilution factor (200) and divided by the cersion factor (1000) to calculafenole

Trolox equivalent () per litre.

Free radical initiaton 2-Azobis(2methylpropionamidine) dihydrochloride (AAPH)

Thermolysisof a single molecule of AAPH produces two hydropfigie radicals. The nature of this
reaction allows identification of antioxidant compounds in honey involved in the reactioryghro

disappearance of compounds froRRHPLC traces of honey that have iteted with free radicals.
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The HPLC results were used to select 15 samples to represent a broad range of active Australian
mono-floral honey, with unique phenolic profiles. The saegphith the highest phenolic content
from each monefloral botanical origirwere selected. Where samples from different botanical origin

showed identical phenolic fingerprints, one mafioral species was selected.

Table 33: Honey samples selected faAPHanalysis

Honey Identifier
Cheeseberry CB1
Caleys lronbark 175650
Coolibah 176944
Grey Ironbark 175799
Hillgum 182506
Messmate 177740
Messmate 183389
Narrowleaf Ironbark 177135
Peppermint 183493
River Red Gum 181338
Yellowbox 180467
L liversdgeii 333

L. plygalifolium 377

L. whitei 311

L. €oparium Manuka) 1818

For each sample (Table3B equal parts of honey solutiodi{uted 1.0:4.0 with dHi O) and AAPH
solution (16mg/mL dHD) were combined. Controls were prepared by substituting AAPH solution

with an equal volume of diD. All samples were incubated fothdurs at 6%C.

RRHPLC was performed on incubated samplegreviously described irPRIPLC (Agilent 1290

Infinity 11) analysis of whole honey phenolic and flavonoid samples. Peak areas observed at 260 and
340nm UV wavelength were examined for presence and quantities of phenolics and flavonoids. Peak
areas of controls and AARKeated sampes were compared to identify congtents which

decreased >20% following AAPH treatment.
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3.3 Isolation of active compounds from whole honey

Extraction of phenolic compound from honey

A range of five mondloral honeys were selected for isolation ofgstolic compounds (Tab&4).

The most active sample for each species was selected basedidRIEE, DPPH and ORAC results.

Table3.4: Honey samples selected for phenolic extraction
Honey sample
Cheeseberry
Coolibah
Grey Ironbark 175799
Messmate 17740
TasmaniarManukal818
L. whitei311

Approximately 6680g of each honey sample was combined withi @0@bsolute ethanol per gram of
honey in a 250mL conical flask. The flask svéigled in a 5%C water bath until the ethanol and

honey formed a homogenous mixture. The solution was gradually cooled to room temperature for
30 minutes prior to dhour refrigeration at 4C and thenr18xC for a minimum of -hours. The
supernatant was ctécted, and theemaining sugar pellet was homogenized axG5vith 25QL
absolute ethanol/g honey. Samples were cooled as described above and the supernatant was
collected. Supernatants collected from both extractions were transferred to a round botémsk fl

and evaporged to a thick consistency using a Rotavapour (Bui® 110 RPM) in a A6 water

bath. The yield was approximately 10% of the original weight of honey. The method was repeated
with the phenolic extract used in place of honey. The volainethanol wasadjusted according to

the mass of extract obtained (8QD/g then250puL/g. The second extractions yielded a product that
was about 1% of original mass of the honey. The extraction process was repeated a third time

yielding approximately 0.1%f the origind honey mass in extracted phenaolics.

Analysis of phenolic extracts

Samples of phenolic extracts were diluted 1.0:99.0 with@EnNdRRHPLC was performed as
previously described in RFPLC (Agilent 1290 Infinity 1) analysis of whole honey phenolic and
flavonoid samplesPeak areas of phenolic extracts were compared to peak areas and retention

times from chromatograms of wholeohey aralysis to compare phenolic fingerprints. New identical
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phenolic fingerprints of whole honey and the phenolic extracts were observed, consistent with

successful phenolic extraction.

DPPH assays were performaa the phenolic extracts (diluted 1.0@with methanol)as previously
described for whole honey samples
ORAC assays were performed on the samples of phenolic extracts as per methods described for

whole honey samples. Each sample of phenolic extract was diluted 1:5000 with 1x assay diluent.

3.4 (Cell-based assays

Whole blood was obtained from the antecubital vein of men and women from the Sunshine Coast

region (HREC approval numbEIREC/16/QPCH/1)1Blood was collected in EFTA tukddaman

peripheral blood mononuclear cells (PBM&Ye isolded andautologous serum prepared from the

blood of abdominal aortic aneurysm patients, as described by Meital et al. (2018). PBMC were

seeded into a 24vell plate at adensity 3x10cells per welln Iscove's Modified Dulbecco's Medium

(IMDM) containing %autologous serunand incubated ira 5% COincubator at 3%C.Following 2

hour and 24hour and 4day incubation periods, the supernatants were replaced with IMDM
O2ydFAYAY3A p» Fdzi2f232dza aSNHzYZ wmnnn-glitamivef LISy A OA
and 50ng/ml macrophage colongtimulating factor (MCSF, Sigma, USA

On *day, PBMCs were treated with Cheeseberry phenolic extractspaf/ii and jig/mL. IMBM,
excluding MCFS was added to each wélklls were incubated inE6 COincubator at 3%Cfor 60
minutes. Following incubation, 412 of water (control) or 1j& interferon gamma (IFN 0 3uly’ R
Escherichia cetierivedlipopolysaccharidel(P$(Serotype 0111: B4; Sigma, UB&Je added to
duplicate wells. Cells were incubated in a 5% i@@bator at 3AC for 24hours. Supernatants were
collected, and cells were lifted from the plate using a cell scraper. Supernatants centrifidg@0(

X g, 5min, 4°Chnd the supernatant was stored ®0xC for later GPx andi8oprostane analysis.

Glutahione peroxidase (GPx) enzyme assay

PBMC cell extracts were thawed and homogenized wlihradheld rotorstator homogenizer
(TissueRuptor). The homogenates were centrifuged (10 000 x g, 15@)nadd the supernatants

collected for protein and glutathite peroxidase enzyme activity determination.
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A dutathione peroxidase assay kfayman Chemical, Ann Arbor, U&A3% usedn cell lysatesin
accordance with manufactur@ specificationsThe &say used NADRrmation to indirectly

measure GPx activithrough reduction of oxidised glutathior®y glutathione reductase anthe
coupledoxidation of NADPHAbsorbance readings were immediately recorded following initiation of
the reaction, then every minute for 6.0min after initiation, at 340nm wavelengte.rate of

decrease of NADPH at 340nm allowed GPx activity of samples to be measured.

A Lowry protein assay was performed on extracted cell supernatant to determine GPx activity in
proportion to total protein content. Cell supernatant (#0), dHO (10QuL) and 2M sodium

hydroxide (5QiL) were combined using a vortex and incubated for 30min. Reagent C was prepared
from 1mL copper sulfate (0.1g/10mL idBj, 1mL potassium sodium titrate (0.2g/mLi @) and

100mL sodium carbonate (2g/100mLi@H. Reagent (mL)was added to each of the mixtures,
combined using a vortex and incubated for 10 minutes. Folins reagedium 1,2naphthoquinone
4-sulfonate diluted 1:2 in dHO (10@QuL) was added, combined using a vortex and incubated for 30
minutes. Following icubation 200uL of each sample were dispensed into wells of a 96 well plate in
duplicate and absorbance was read at 750nm. Microsoft excel software was used to express GPx

activity pert g protein

TNFh | yBRissay$

Cytokine levels in caedupernatantsvere measured to determine the inflammatory response of
PBMC treated with phenolic extracts. Assays were perforosay commercidmmunoassay kits

(Affymetrix eBioscience, San Diego, USAcordance with manufactar® specifications.

8-isoprostane Asga

Levels of8-isoprostane were measurdd cell supernatants to determine if treatment of PBMCs with
phenolic extracts changed the oxidative stress response of cells. Assay was performed using a
commnercial 8isoproganeimmunoassay kit (Cayman Chemical Conyp@&nn Arbor, USA) in

accordance with manufacturerspecifications

The results from the GPx;i€prostane and pranflammatory cytokine assays were analy$sd

Microsoft Excel student t.testo determine stéistical significance.
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3.5 Isolation ofantioxidant compounds from phenolic extracts

Preparative HPLC

Phenolic extracts from Tasmanikanuka(1818),L.whitei (311) and Cheeseberry phenolic were
selected for preparative HPLC. Preparative HPLC was performed on an Agilent 1200 series
guaternarypump, autosampler and diode array detector. Each sample was dissolved in MPA (90%
Hhh ' yR wmE?: -HPLhpiogramsdd &lownrate of25mL/min. The duration of solvent
gradients for MPA and MPB (100% ACN) were adjusted for each sample. Each shutiphevgas
injected onto aSynergi Fusion 50um column 108hm x 21.2mm with UV detection at 220, 260,

290 and 340nmSgnificant peaks at 260 and 340nm were separately collected. Fractions were run
through analytical RIPIPLC using a previously descripeatocol for phenolic extracts. Results of-RP
HPLC for fractions were compared to chromatograms from phenolic extraatianié honey

samples to confirm the identity of each compound. Fractions containing distinguishable significant

peaks at 260nm were ssited.
Selected fractions were distilled in atavapour (Buchi 205, 110 RPNin a50xC water batho
remove ACN. Fations were frozen ai80xCovernight in preparation for freeze drier process

(ThermoSavant, ModulyoD) to remove remainirn®H

Table3.5: Number of separated fractions recoveriedm each of 3 selected phenolic extracts.

Phenolic extract Number ofisolated fractions
Cheeseberry 5
TasmaniariManukal818 5
L. whitei311 7

Analysis ophenolic fraction®f honey

RRHPL®@f extractedhoney fractionsvere performedaspreviously described in RFPLC (Agilent

1290 Infinity 11) analysis of wholt®ney phenolic and flavonoid samples.

The weight of each fraction was obtained and relevainttH g1 & | RRSR (G2 SIF OK ¥FNJI C

2mg/mL cmcentration.DPPH assay was performed on each fraction (2mg/mL), as previously

32



described for samples of whole hey and phenolic extracORAC assays were performed on each
fraction (diluted 0.1 to 0.01mg/mwith assay diluent) as previously described for samples of whole

honey and phenolic extracts.

RRPHPLC was performed on known chemical standards (Bad)leto obtain retention time and UV
spectrum for comparison with isolated phenolics-IRPLC followd methods previously described in
RPHPLC (Agilent 1290 Infinity 1) analysis of whole honey phenolic and flavonoid samples. Known
chemical standards @fscorbicacid, gallic acid,-iydroxyphenyllactic acid, lepteridine, chlorogenic
acid, 4Hydroxybenzai acid, leptosperin, vanillic acid, caffeic acidopmaric acid, 4
methoxyphenylLactic acid, trafierulic acid, methyl syringate, quercetin, naringenin, apigen

kaempferol, chrysin, pinocembrin anehZethoxyacetophenonevere used.
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4. Results

4.1 Whole honey

RRHPLC of phenolics and flavonoids

RRHPLC analysis of honey with detection at Z8and 340nm produced chromatograms (Figure
4.1) for analysis of phenolic acids and flavonoids. From the chromatograms, the topdivan@as
over 20mAU were selected to represent total phenolic contentgach honey sample (Taldlel).
Peaks observed prior to 2.0min elution time were not included in results to eliminate readings of

sugar interferences.
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Figure4.1: Example othromatagram of RFHPLC results fadr. polygalifolium378 sample. 260nm
(A),290nm (B)and 340nm(C)wavelengths for phenolic compounds over.@8in elution
time. Several significant peaks representing the presence of phenolic acids were observed at
260 and 290nmand a single flavonoid at 340nm. All 3 wavelengths showed peaks grior t

2.0min elution time, which were regarded as sugar interference and excluded from results.
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Table4.1: The combined peak areas (mAU) of the 5 largest peaks for each sample. Pehlelargas

20mAU were excluded.

Honey sample Top 5peak areagmAU) Honey sample Top 5 peak areas (mAU)
Bluetop Ironbark 177134 349 Peppermint 183493 1741
Bluetop Ironbark 177010 416 Peppermint 175055 484
Bluetop Ironbark 177832 265 L. plygalifolium377 4292
Caleys Ironbark 175650 116 L. plygalifolium378 2260
Caleys Ironbark 177575 1322 L. plygalifolium380 2642
Caleydronbark 180796 643 L. plygalifolium382 3699
Cheeseberry 1063 Rverred gum 181338 1560
Qoolibah 831 River red gim 182160 418
Grey Ironbark 174622 677 Rverred gum 181841 514
Grey Ironbark 175799 2538 Whitebox 177835 658
Grey Ironbark 183017 689 Whitebox 178082 526
Hillgum 182699 510 Whitebox 177735 751
Hillgum 182506 303 L. whitei 311 2630
Hillgum 181449 704 L. whitei 313 1779
L liversidgeB33 1313 L. whitei S2 2023
L liversidgei334 1051 Yellowbox 181711 462
L liversidgei338 1313 Yellowbox 180467 713
L liversidgei339 926 Yellowbox 180668 602
Messnate 177740 576 Leatherwood 1827 805
Messmate 177890 482 Leatherwood 1829 858
Messmate 18389 787 Leatherwood 1839 817
Muggalronbark176943 340 LeatherwoodCollingwood 709
Muggalronbark180911 611 LeatherwoodTeepo 3 902
Mugga Ironbark 179430 237 TasmaniarManukal806 6076
Narrowleaf Ironbark 177135 332 TasmaniarManukal815 4162
Narrowleaf Ironbark 177131 428 TasmaniatManukal818 5434
Narrowleaf Ironbark 177260 476 TasmaniarManukal822 3618
Peppermint 182502 558 TasmaniarManukaFI1:2 1935

Honey samples with the highest phdimcontent include those fror.scoparium(Tasmanian
Manuka), L.polygalifolium L.liversidgeiand Cheeseberry samples (Tablg). The lowest phenolic
content was observed in various eucalyptus samples (HabjeSamples from coastal geographical
origins showed higher phenolic content compared to samples firdamd regions, even between

mono-floral samples from the same botaaicorigin.
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Leptosperin and lepteridine analysis

Chromatograms obtained from RHPLC of alleptospermunihoney samples fand traces of
lepteridine at330/475nmex/emand leptosperimat 262nm wavelengths (Tabde?). AllL.liversidgei
samples and..scopariuml806, 1815, 1818, 1822 contained the highest quantities of leptosperin,
with retention times of approximately 4.7mat 262nm (Figure.2). The highest quantities of
lepteridinewere found inL. polygalifolium377,L.scopariuml806, 1815 and 1818, with a consistent
retention time of around 3.2miB30/475nm ex/em (Figure4.3). The concentration of lepteridine

and leptosgrin in samples were determined using standard curve foreiggine and leptosperin.
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Figure4.2: Detection of leptosperin bPAD absorptior262nm in Tasmaniaklanukal818.
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Figure4.3: Detection of lepteridine by florescence380475nm ex/emin TasmaniarManukal818.
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Table4.2: Relative absqtion units and retention times (RT) f&6 Leptospermunsamples. Peak
area determined usinfluorescerte detection(FLD) ofepteridine 330nm excitation/475nm

emission) and UV absorption at 268m(mAU) for leptosperin shown.

Lepteridne (330475nm) Leptosperin (262nm)
Leptospermm sample Peak area  RT(min) ppm Peak area  RT(min) ppm
(FLD) (MAU)
L. Iversidgeii 333 741 3.180 16.302 265 4.677 180.2
334 782 3.183 17.204 167 4.676 113.56
338 748 3.178 16.456 233 4.674 158.44
339 605 3.182 13.31 112 4.678 76.16
L. polygalifolium 377 600 3.180 13.2 1045 4.670 710.6
378 303 3.184 6.666 442 4.679 300.56
380 302 3.179 6.644 486 4.670 330.48
382 438 3.181 9.636 688 4.673 467.84
L. whitei 311 163 3.178 3.586 99 4.672 67.32
313 239 3.179 5.258 104 4.675 70.72
S2 254 3.189 5.588 289 4.685 196.52
L. €oparium 1806 881 3.209 19.382 1323 4.708 899.64
1815 677 3.204 14.894 967 4.707 657.56
1818 877 3.2 19.294 1335 4.697 907.8
1822 850 3.196 18.7 618 4.693 420.24
Fl:2 160 3.193 3.52 224 4.687 152.32
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Inhibition of 2,2dipheny}1-picrylhydrazyl (DPPH) by unfractionated honey samples

A doseresponse curve of percentage DPPH inhibition vs concentration of honey (mg/ml) was
constructed to determine the concentration of each honey saemgquired for maximal inhibition of
DPPH (Figuré4).
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Figure4.4: Doseresponse curve of DPPH ihition (%) vs increasing concentrations of
TasmaniartManukal818 honey sample.

A standard arve for percentage inhibition of DPPH by gallic acid ircentrations ranging from
5.644x1@ 6R.258x10 Mmg/ml (Figure4.5) wasused to determine gallic acid eiyalents E@¢alues
(concentration of honey required to produce 50% inhibition of the mawininhibitory response),
reported in Tablel.3.
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Figure4.5: Standard curve for inhibitioof DPPH with concentrations of
gallic acid ranging from 5.644x{®R.258x10 img/ml.
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Table4.3: Maximal DPPH percentage inhibitji®n/ rbe

honey samples

Bluetop tonbark 177010
Bluetop Ironbark 177134
Bluetop Ironbark 177832
Caleydronbark 175650
Caleydronbark 177575
Caleys Ironbark 180796
Cheeseberry
Coolibahl76944

Grey Ironbark 174622
Grey Ironbark 175799
Grey Ironbark 183017
Hillgum 181449

Hillgum 182506

Hillgum 182699

Jarrah

L. liversidgeB33

L. liversidge334

L. liversidgeB38

L. liversidgeB39

L. polygalifoliun877

L. polygalifoliun878

L. polygaifoliun880

L. polygalifoliun882

L. whitei311

L.whitei 313

L. whiteiS2

Leatherwood 1827
Leatherwood 1829
Leatherwood 1839
Leatherwood Collingwood
Leatherwmd Teepo3
Messmate 177740
Messmate 177890
Messmate 183389

Mugga Ironbark 176943
Mugga Ironbark 179430
Mugga Ironbark 180911
Narrowlesf Ironbark 177131
Narrowleaf Ironbark 177135
Narrowleaf Ironbark 177260
NZManuka

Peppermin 175055
Peppermint 182502

Max. Effect (%)

70.77+0.59
68.14+0.37
64.27+1.02
54.67+0.51
61.34+1.90
54.83+2.01
70.37+£1.25
70.40+0.86
7430+1.21
71.05+0.51
70.92+0.15
58.32+2.44
49.58+1.13
71.58+0.22
70.89+1.02
28.33+3.36
51.86+0.58
56.15+0.62
64.19+0.76
61.50+0.17
42.85+6.10
46.40+2.57
39.17+1.14
67.30+0.43
60.29+0.46
64.29+0.48
57.32+2.23
59.66+0.33
58.62+0.68
62.27+2.42
59.65+1.52
47.87+2.21
53.17+1.53
26.95+2.45
64.72+1.47
57.27+1.53
67.91+0.26
69.97+1.49
73.94+4.54
71.39+0.74
76.57+1.39
54.33+2.64
66.05+0.57

GAEmg/g honey)

0.035+ 0.001
0.024+ 0.002
0.015+ 0.002
0.014+ 0.001
0.038+ 0.005
0.015+ 0.000
0.091+ 0.007
0.054+ 0.005
0.052+ 0.003
0.074+ 0.005
0.056+ 0.012
0.020+ 0.001
0.033+ 0005
0.045+ 0.006
0.071+ 0.004
0.012+ 0001
0.015% 0.006
0.025+ 0.002
0.039+ 0.003
0.044+ 0.007
0.033+ 0.015
0.025+ 0.004
0.013+ 0.002
0.077+ 0.006
0.039+ 0.003
0.038+ 0.005
0.019+ 0.003
0.023+ 0.002
0.025+ 0001
0.026+ 0.003
0.022+ 0.000
0.035+ 0.003
0.027+0.001
0.023+ 0.005
0.030+ 0.006
0.012+ 0.005
0.033+ 0.004
0.032+ 0.002
0.072+ 0.040
0.049+ 0.009
0.060+0.001
0.019+ 0.003
0.048+ 0.0@

o0 @ and@ ! Magkml honey)for

IC50 (mg/ml honey)

2414+ 2.61
29.63+ 1.36
33.16+ 2.98
40.02+ 2.53
20.49+ 2.29
35.66+ 0.82
1262+ 1.56
18.51+ 2.46
16.53+ 0.79
1497+ 1.93
18.49+ 0.25
20.54+1.39
22.38+ 0.62
18.55+ 0.88
12.76+0.85
32,43+ 2.44
35.28+ 7.01
21.75+1.02
18.51+ 0.44
18.22+0.84
25.13+ 3.45
22.34+ 2.00
32.29+ 4.99
14.48+ 1.58
17.16+ 0.68
17.10+0.23
34.07+ 4.44
24.03+ 1.52
29.74x1.72
27.24x1.70
33.52+ 2.58
25.39+ 3.84
20.64+ 0.85
21.44+1.87
29.17+0.74
44.84+ 3.21
22.63+ 1.53
21.60+ 1.27
23.21+2.41
19.62+ 0.53
17.41+0.48
30.49+ 1.61
24.12+ 4.42
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Peppermint 183493 33.09+0.55 0.013+ 0.003 24.64+ 1.62
Red River Gum 182160 67.01+0.75 0.052+ 0.012 18.92+ 0.21
River Red Gum 181338 70.62+0.80 0.043+ 0001 18.60+ 1.17
River Red Gum 181841 72.12+3.21 0.060+ 0.017 16.98+ 0.82
TasmaniaiManukal806 64.12+1.51 0.031+ 0.002 24.64+ 1.98
TasmaniatManukal815 67.15+0.63 0.030+ 0.002 27.13+ 1.58
TasmaniatManukal818 67.27+1.53 0.071+ 0.011 18.33+ 3.41
TasmaniatManukal822 70.60+2.94 0.063+ 0.019 14.86+ 1.45
Tasmanian mauka FI:2 73.27£2.09 0.051+ 0.007 23.96+ 4.16
Whitebox 177735 63.19+0.90 0.018+ 0.002 34.13+ 4.37
Whitebox 177835 60.69+1.83 0.023+ 0.003 36.86+ 3.00
Whitebox 178082 61.55+0.95 0.018+ 0.006 33.49+ 4.49
Yellowbox 180467 56.46+1.13 0.018+ 0.006 32.01+ 3.03
Yellowbox 180668 56.15+0.33 0.027+ 0.003 23.24+1.44
Yellowbox 181711 64.19+0.73 0.034+ 0.005 23.79+ 1.86

Determiration of OxygenRalicalAbsorbanceCapacityin unfractionated honey samples

Area uner the curveg(AUC) usingormalized fluorescereintensity vs time was calculated in the
absenceor presenceof the antioxidant Figure4.6; A). The resultof ORAC assayTable4.4) using
honey samplesliluted 1:200 showedcomparable activity iTasmaniatManukasamplesand aNew
ZealandMlanukasample. Atvity in the Manukasamples was significantly higher than in all nhon
Manukahoneys LowerORAC valuesere recordedfor eucalyptishoneys in generalyith
Yellowbox 180467 scarglowest(1.84 mole TE/J. Hicalypusspecies such as Caleys Ironbark,
Whitebox, Hillgum, Red river gum, Coolibah, Muggabark and Messmate produced lower scores
compared to Bluetofronbark Greylronbark and PepperminOverallLeptospermunioney
samplegproduced higher ORAC uak than Eucalypts. polygalfoliun{4.054.06umole TE/§, L.
whitei (3.534.28 pmole TE/gand leatherwood(3.95umole TE/g species produced higher values
than L liversidgei2.77-3.30 pnole TE/g. The highestntioxidant activitywas shown irCheesebrry
(5.45pmole TE/g and JarrahH.35 pmole TE/j samples.

40



Trolox Concymole/L)

Control 0
—s—Trolox 2.5
——Trolox 5
—e—Trolox 10
—a—Trolox 20
—o—Trolox 30
—o—Trolox 40
—o— Trolox 50

[EnY

0.8 A

0.6 -

0.4 -

Normalized Flourescence Intensh":'(>

0 0 o 0 0O 0O O O O O 0 ©
Time (min)
8.0 - _
B y = 0.0001%+ 0.1308x
R2 = 0.9931 ..
o 801 e
= e ¢
@ 4.0 4 e
z e
c
204 e
LR
0.2
0.0 &= T T T . )
0 10 20 30 40 50
Trolox conc.|{mole/L)
C 1 & Grey Ironbark 175799 net AUC

0.8 0 Control AUC

0.6

0.4

0.2

0 T T T

0O 5 10 15 20 25 30 35 40 45 50 55 60

Normalized flourescent Intensity

Time (min)

Figure4.6: Determination of Oxygen Radical Absorbance Capacity (ORAC) afahiblmoney
sample. Normalized fluorescence intensity in the absence (control) and presénce
increasing concentrations of Trolox (A). Area under the curve for control was subtracted
from AUC for Trolox sample. Net AUC was plotted against Trolox cortg@m{{a). ORAC
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converted to Trolox equivalent using the standard curve (B; Taljje 4
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Table4 4: Sampes selected for ORZ(Trolox equivalent

Honey sample

Bluetop Ironbark 177010
Bluetop Ironbark 177134
Caleys Ironbark 175650
Caleys Ironbark 177575
Cheeseberry
CollingwoodLeaherwood)
Coolibah 176944

Grey Ironbark 17822
Grey Ironbark 175799
Grey Ironbark 183017
Hillgum 182506

Hillgum 182699

Jarrah

Leatherwood 1829

L. liversidgeB833

L. liversidgeB39
Messmate 177740
Messmate 177890
Mugga Ironbark 176943
Mugga Ironbark 180911
Narrowleaf Ironbark 177135
NZManuka

Peppermint 182502
Peppermint 183493
L.polygalifolium377

L. polygalifoliun878
Redriver Gum 181338
Redriver Gum 181841
RedriverGum 182160
TasmaniaManukal806
TasmaniarManukal815
TasmaniatManukal813
TasmaniarManukaF|:2
Tasmanian Mauka 1822
Teepo JLeatherwood)
Whitebox 177838
Whitebox 178082

L. whitei311

umole TE/g
2.56 +0.91
2.42 +0.91
1.88 +0.68
2.68 +0.92
5.45 +0.81
2.34 +0.53
2.27 + 042
2.50 £ 057
3.72 10.62
2.73 10.81
2.19 +0.64
2.10 £0.67
5.35+0.38
3.95+ 061
2.77 +0.64
3.30 + 037
2.56 +0.76
3.12 +0.96
2.31+0.88
2.48 £ 051
2.37 £0.70
4.46 +0.81
3.25+0.73
2.65 10.23
4.05 +0.78
4.06 £1.75
2.28 +0.54
2.18 +0.70
2.41 +0.69
3.40+1.11
3.57 £ 25
3.82 +0.88
4.89 +0.89
3.52+0.91
2.87 +0.80
2.72 +0.99
2.21 +0.73
4.28 10.91
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L. whitei313 3.53 +1.16
Yellowbox 180467 1.84 + 046
Yellowbox 181711 2.57 10.81

Trolox standards had a steep rate of decline in AUC in comparison to the shallow curves (low rate of

decline) for the honey samples (Figur&).
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FHgure4.7: Antioxidant kinetics of Trolox standards and TasmaklanukaFl:2 honey sample.

Unlike honey, which comprises of approximately 82% sugars, the Trolox standards comprises of no
sugars. To determine whether sugars affect the kinetics of the @GR#4y, anixture of 82% sugars

(40.2% fructose, 33% glucose, 7.5% il 2 4 ST M ® 02 & JgzOINBRrSIHO (R0 ang"> | i h
1:200) was tested in the ORAC assay alone (Bail@r in combination with Trolox (Tables). The

findings showed rightward shifta curve compared to theontrol (Figure4.8). The slope dhe

curves reduced with increasing ratios of suga®@Hsimilar to that observed for honey alone. When

added to Trolox, the sugars caused a rightward shift in the Trolox curve and reduced thefdlop

Trolox curve (lGure4.8).
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Figure4.8: Antioxidcant reaction kineticgor net AUC over 60 minuteBilutions (1:100 and 1:200¥
sugar solution alonand combined with Trolox 3@mole included.Trolox standards and

control included for comparison.

Table4.5: ORAC adétity for three dilutions of 82% sar solution.

Dilution Factor pmole TE/g
1:200 0.255
1:150 1.021
1:100 1.650

Table4.6: ORAC results for Trolox 30uM TE/L wbembined with

Increasing dilutions asugar solution.

Sugar solution dilution factor umole TEQ
0 30
1:200 36
1:100 42
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To determine if high concentrations of sugars in honey impact ORAC activity, selected honey
samples were diluted 1:100 for the ORAC assay. ORAC activity was corrected for the dilution of

honey sample to Trolox gtdard to give a final estimate ohtoxidant activity (Tablet.7).

Table4.7: Activity for honeys diluted 1:100 determined using the ORAC assay

Sample umole TE/g
Sugar solution 1.7
Jarrah 4.2
Red river Gum 182160 35
TasmaniarManukal815 34
NZManuka 4.6

Antioxidant actity of honey constituents 02,2-azobis(2-amidinopropane dihydrochlorigle

Although DPPH and ORAMalysis report total antioxidant activigf whole honey samples, they do
not provide information about antioxidd activity of indvidual constituents whin the whole honey.
HPLC allows separation of individual phenolics from whole honey. Addition of AAPH to honey
samples resulted in the disappearance of antioxidant compounds which had interacted with AAPH
radicals By comparing HELtraces from honey sastes in the presence and absence of AAPH, it was

possible to determine the retention times of individual antioxidant compounds in each sample.

Retention times (RT) were used to identify major peak area declines\@abat 260nm an840nm
wavelengthsfrom i h G2 1t 1 G NBKS). She decrleasgd fir 8aih sigrifitant ek is
represented Table4.8).

45



Table4.8: HPLC analysis of peak area (mAU) for phenolics and flavonoids, identified at 260 and
340nm, for honey samples@ndzo I G SR & A ol or RAPH.The dnéylil Gf the decline of

peak area is indicative of antioxidant activity.

Honey sample Wavelength RT (min) I i h AAPH AAPH pak area
(nm) (mAU) (mAU) (%of control)
Cheeseberry 260 5.4 32 17 53
260 6.97.2 90 52 58
260 8.4 163 128 79
260 224 30 21 70
Coolibahl76944 260 2.22.4 385 192 50
260 6.2 30 0 0
340 14.7 15 0 0
260 16.6 124 97 78
340 16.5 27 12 44
Caleys Ironbarkd 75650 260 2.22.3 60 7 12
260 6.2 20 0 0
260 14.5 32 16 50
Grey Ironkark 175799 260 5.4 38 18 47
260 9.8 24 15 63
260 145 414 297 72
260 16.6 32 24 75
Hillgum 182506 260 2324 159 67 42
260 5.4 16 0 0
260 9.8 21 0 0
260 14.5 28 0 0
L. liversidgeB33 260 9.7 35 24 69
260 10.8 28 18 64
260 11.9 180 84 47
260 12.7 24 14 58
260 14.6 156 0 0
L. polygalifolium377 260 3.9 117 37 32
260 5.4 32 23 72
L. whitei311 260 3 302 199 66
260 3.9 141 81 57
260 5.5 21 0 0
260 12 37 0 0
260 13.3 12 7 58
260 13.4 22 0 0
260 141 77 19 25
260 14.5 12% 1133 70
260 15.6 16 0 0
Messmatel77740 260 2.22.3 51 5 10
260 5.4 34 25 74
260 7.98 32 10 31
260 12.2 30 20 67
260 16 109 84 77
260 17.3 24 0 0
Messmate183389 260 2.325 229 89 39
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260
260
260
260
260
260
260
260
260
Narrowleaf Ironbark177131 260
260
260
260
260
340
Peppermint 183493 260
260
260
260
260
260
260
260
260
River redgum 181338 260
260
260
260
260
260
TasnanianManuka 1818 260
260
340
260
260
260
260
Yellowbox180467 260
260
260
260
260

* AAPH concentration and duration of incubation would affect the magnitude of response

7.7

8.4
9.6
12.2
131
14.6
154
16
2.22.6
331
54
6.2
16.6
16.6
23

5.1:5.2
7.6
7.9
8.4
9.2
154
18.5
2.4
54
9.7
10.1
10.4
10.9
2.42.6
5.5
8.6
14.2
14.6
18
22.4
2.8
145
14.9
15.6
16.6

34
30
70
50
37
94
22
90
138
20
61
19
18
32
16
35
37
88
54
40
130
20
29
32
88
27
29
37
42
42
33
16
57
126
468
40
20
102
16
14
35
25

18
0
25
18
9
66
0
49
48
8
49
0
0
21
0
18
26
44
37
32
46
14
20
17
18
0
13
16
29
34
16
0
0
94
153
25
0
63
0
0
15
18

53
0
36
36
24
70
0
54
35
40
80
0
0
66
0
51
70
50
69
80
35
70
69
53
20
0
45
43
69
81
48
0
0
75
31
63
0
62
0
0
43
72
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Compounds that had antioxidant activity were identified by reduced peak areavfoly incubation

of horey with AAPH (Tablé.8). HPLC trace shows antioxidant activity of a compouihd limersidgei
333, peak at 11.9 min RT decreased with exposure to ARigtre4.9). The UV spectra obtained by
diode array detection of compoundsinth | Yy R | | t IplediviNdgilly GoSpared tb d6nfirm
compounds were identical. Identical UV spectra shown for antioxidant compound (11.9min RT) in
| i h | y ReatedLtliiersidgeB33(Figure4.9).

Pt

[£) DAD1, 11.916 (261 mAU,BIn) Ref=0.003 of 20J-2201.D [} DAD1, 11,936 (276 mAU, Bin) Ref=0.002 of 2DK-2301.D

[ *DAD1, 11.916 (261 mAU Bin) Ref=0.003 of 2D0J-2201.D | “DAD1, 11.936 (276 mAU,Bin) Ref=0.002 of 2DK-2301.D

260

230 240 260 280 200 20 240 220 240 2680 280 300 320 340

Figure4.9: Chromatogram and UV spectra ofrgmound at 11.9 min RT L. liversidge833. AAPH
treated sampleK I & 26 SNJ ljdzZt yGAGASAE 2F O2YLRdzyR 6.0 0O2Y

spectrum are identical in both samples.

Thetotal phenolic content of samples was compared to antioxidant actiétgrmined by ORAC

(Figire 4.10) and DPPH inhibition (Figutma M0 @ t S NA2y Qa O2NNBf I GA2y 028
was a positive association between the total phenolic content@RAC antioxidant activity of

honey samples (6:5318. No correlation \vas found between totgbhenolic content and the DPPH

antioxidant activity in honey samples.
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4.2 Phenolic extracts

The first step in the process of isolating individual phenolics from yxgaeples requires the
separation of phenolic compounds from the sugar and water components. Phenolic extracts require
HPLC, DPPH and ORAC analysis to determine if the antioxidatituears from honey were

retained in the extract.

The results from HEL, DPPH and ORAC anralifsppendix 1) were used to select six honey samples
for extraction of phenolic compound€heeseberry, Coolibah, Grey Ironbark 175799, Messmate
177740, Tasmaan Manukal818 and.. whitei311, were representative of a range of mafioral

honey species ith different phenolic content and antioxidant activity.

AnalyticaRRHPLC

Chromatograms from Tasmanidanukal818 demonstrate that peaks observed in whbtiney
(Figure4.12) were retained following extraction of the phenol{€sgure4.13). Similaobservations

were made with the other five honey samples.
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Figure4.12: Chromatogram from RRPLC of unfractionated Tasmanianukal818 at 260nm
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Determinationof OxygenRadicalAbsorbanceCapacity (ORAC) phenolic extracts of honey

The results using ORAC assays on 6 phenolic extracts {gtdbowed.. whitei 311 as the sample
with the highest antioxidant activity, followed by Cheberry, TasmaniaManuka 1818, Grey
Ironbark 799 Coolibah and Messmate 740.

Table4.9: ORAC scoresxpressed agmole TE/g for phenolic extracts of 6 honey samjfies3).

Phenolic extract sample Mean pmole TE/g
Cheeseberry 93.4+12.8
Coolibah 449 + 48
Grey Ironbarkl 75799 64.5+ 8.6
Messmatel 77740 32947
TasmaniatManukal818 687+4.3

L. whitei311 120.0+11.5

Inhibition of 2,2dipheny}1-picrylhydrazyl (DPPH) plienolic extract ohoney samples

DPPH activity was investigated foetB phenolic extractsThe maximal free radical scavenging
activity was similar for all extracts (Taldld0). Themaximal inhibitory response (Figudel4)of 6
phenolic extractsvere used to determin® / wakies(concentration ofphenolic extractequired to

produce 50% inhibition of the aximuminhibitory response)expressed agallic acid equivalent
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Figure4.14: Percentage DPPH inhibition for increasing concentratafrthe

phenolic extracof Cheegberryhoney.

51



Table4.10: Results fomaximal DPPH inhibitory responfeg samples of phenolic

extract(n=3).

Phenolic Sample Max effect (%)
Cheeseberry 80.6+0.8
TasmaniarManukal818 84.4+0.44
L. whitei311 81.2+2.2
Messmate 177740 84.3+0.4
Coolibah 83.8+£0.2
Grey Ironbark 175799 82.8+0.2

4.3 Cell based assays

HPLC analysis showed honey samples contained many phenolic constituentg (Malbich were
retained in phenolic extracts (Figue2,4.3). The findings from ORAGdDPPH assays showed that
antioxidant activity from the honey samples (Appendix 1) wemnacentrated in subsidiary phenolic
extracts (Tabld.9,4.10).The activity was mostly dependant on the meiharal origin of a samples.
Celtbased assays were usagltest if the antioxidant properties of honey observed in ¢ede

assays could be effectiwe vitro.

Unstimulated blooedderived human macrophagesigire4.15, A) do not exhibit excessive oxidation,
therefore determining the effects of antioxidant #ment such as phenolic extract on these cells
(Figure4.15, C) is difficult. As LPS has-pxidant effects on human macrophages (Figdiib, B),

the increased oxidation in the cells allows the inhibitory effect of treatment (Figl®, D) to be
determined. Therefore, LPS stimulation was used to increase levels of oxidative stress in blood
derived human macrophages, to determine the protective effec¢tgshenolic extracts of honey.
Cheeseberry phenolic extracf10ug/ml) was selected to treat blood dedg human macrophages for
effect on Glutathione peroxidase (GPx) activity angdprostane levels prior to stimulation with LPS

or media (control).
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Figure4.15: Phase contrast microscopy of blood derived monocytes. Control (A)y; lP& (I 3 K
stimulated (B, D) and treated with i§/ml Cheeseberry phenolic extract (C, D).

Glutathione peroxidase (GPx)

Glutathione peroxidase (GPis an enzymatic antioxidant found in human cells. The role of this
enzyme is to protect cells from oxidativeeesss byredudngfree radicals. Elevated levels of

intracellular ROS increase GPx activity in cells, to protect from oxidative damage. GBxveasi
measured to determine if the phenolics in honey prevented an increase of ROS and corresponding
GPx actiity upon LPS stimulation. The results from GPx assay and Lowry protein assayd(E&ure

allowed relative GPx activity (pmol/min/ml/ug protgito be calculated (Tabi11).
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Figure4.16: Standard curve fahe Lowry protein assay

Although a slighreduction in GPactivity was observed in cells treated with phenolic extracts
(10ug/ml) compared to control cells treated with media, differences in GPx activity was not

significant. This occurred in the presence and absence of LPS stimulatiord(Taple

Table4.11: Comparison of phenolic extrast Cheeseberry honey (u§/ml) on GPx activity in cells,

with and without LPS stimulation

GPx activity (pmol/miniml/pg protein)

Treatment No stimulation LPS
Control(media) n=4 2.16+£0.39 2.28+0.62
Phenolics {0pg/ml) n=4 1.97+0.47 1.97+0.34

Levels of 8soprostane detected in bloedkerived macrophages

Macrophages releasei8oprostane in response foeroxidation of fatty acidby free radicals.
Elevated levels of-Boprostane are linked tthe pathology of many disease states related to
oxidative stress. The extent to which antioxidants in honey protect cells from oxidative damage was

able to be determined from-8&oprostane lgels released by bloederived human macrophages.

The resultdrom &isoprostane assay (Tablel2) shoved higher levelof 8-isoprostanein LPS
stimulated bloodderived macrophages, compared to contrdife results for the student t.test

(paired 2tailed) showed théreatment with Cheeseberry phenolic extract inased levels 08-
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isoprostanein nonstimulated cells (p=0.019), and significartcreased 8soprostane in LPS

stimulated cells (p9.008, compared to cells treated with media.

Table4.12: Levels o8-isoprostane in supernatant of bloedkrived macrophges in the preence and

absence of Cheeseberry phenolic extragung/mL, with and without LPS stimulation

Cell supernatant 8soprostane levels (pg/ml)

Treatment Non-stimulated LPS
Control(media) 18.31+1.74 425.75+ 39.28
Phenolics 10ug/ml) 34.34+2.15 182.96+44.4°F

*P=<0.05, compared to nestimulated cells

Cytokine assays

Proinflammatory cytokine such asnterleukin6 (11-6) and tumour necrosis factor alpha (FNRean
stimulate excessive ROS production and lead to oxidative streseffEbts of antbxidants on the
inflammatory response in human macrophages may assist in understanding of the links between

oxidativestress and inflammatory diseases.

The concentration of t6 andTNF" (Table4.13)in supernatants obtained frorhumanblood-

derived macophages were measured. LPS stimulation increased production dfiffamatory
cytokines in all samples. Results foest (paired, 2tailed) showed treatment with a phenolic extract
of Cheeseberry significantly increased the concergravf TNF' compaed to mediatreated cells
(p=0.0006) without LPS stimulation. The concentrationTdfF" in LPStimulated cells, vih and
without treatment with phenolic extract, were not significantly different. The concentration-6f IL

in cells wih and without LPSstimulation were not significantly when treated with phenolic extract.

Table4.13: Concentrations of.-6 and TNF" in bloodderived human macrophages.

IL-6 concentration (pgml) TNFh concentration(pg/ml)
Treatment Non-stimulated LPS Non-stimulated LRS
Control(media) n=4 1.4+07 2543.4 £514.4 6.8 £42 674008 + 53168
Phenolics (1ag/ml) n=4 175+ 143 19364 + 7277 545+3.7 696573+ 7916.5
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4.4  |solated factionsfrom phenolic extracts of honey

RRHPL®f isolated phenoliconstituents

Isolation of phenolic compound from honey enables the antioxidant activity of each constituent to
be measured. Thelentification of compounds with high antioxidant propertides the presence

of targeted compounds to be measured as ariégatbrofad I YLI $Q& | YGA2EARI Y

Antioxidant compounds in phenolic extracts of TasmaiM@amukal818, Cheeseberry arid whitei

311 were separated by preparative RIPLC. The analytical-RIPLC results showed that each of the

isolated fractiongontained pedominantly one compoundeveralfractions Cheeseberry fraction

4, TasmaniamManukal818fraction 1 and 5¢ontained more thamne compounds (Tabk 4.14).

Table4.14: Analytical RIPIPLC retention times (RT) and quantity of extracted camgs for

fractions from the 3 most active phenolic extracts of honey.

Sample UV Wavelength RT (min) Compound identity | Extractmass(mg)
(nm)

Tasmanian

Manuka 1818

Fraction 1 340 8.0 14
260 8.5
260 9.9

Fraction 2 260 10.3 Lepteridine 1.7

Fraction 3 260 11.9 4-methoxy 1.3

phenylactic acid

Fraction 4 260 14.6 Methyl syringate 5.0

Fraction 5 260 17.3 Quercitin 1.3
340 16.6

Cheesebegr

Fraction 1 260 2.8 14

Fraction 2 260 25 0.6

Fraction 3 340 1.6 0.3

Fraction 4 260 13.4 0.8
340 134

Fraction 5 260 15.6 0.5
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L. whitei 311

Fraction 1 260 3.8 0.8
Fraction 2 340 7.7 Lepteridine <0.1
Fraction 3 340 7.7 Lepterdine 0.3
Fraction 4 260 8.8 0.4
Fraction 5 260 9.9 Leptosperim 0.6
Fraction 6 260 100 0.3
Fractian 7 260 14.6 Methyl syringate 13

Chemical standards of known antioxidant compounds were run on tHdfRF program used for
honey samples and fractis. UV spectra and RT were used to compare phenolic compounds
isolated from honey to known antioxidan{Bigure4.17, A). Lepteridine4-methoxyphenylactic acid
guercitin and methyl syringate were identified as compounds in Tasmaéarukal818.L. whitki
311 contained Lepteridine, leptosperin and methyl syringate. The five fractions isolated from
Cheesebrry honey vere unable to be identiéd (Tabled.14).

‘ E “DAD1, 14.604 (313 mAU,Bin) Ref=0.004 of 2AE-0501.D *DAD1, 14.618 (1077 mAU.Bin) Ref=0.004 of 1BG-0801.D
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Figured.17: UV spectra atdlémin RT fomethylsyringat from HPLC of cimeical standard (A) and

240 20 20 00 320 340 %0

fraction4 of TasmaniaiManukal818 (B).

Inhibition of2,2-dipheny}1-picrylhydrazyl (DPPHYy fractionaed compound of honey

Inhibition of DPPH free radicals using isolated fractiorotentrationaup to 0.04mg/ml were
unableto reach maximumeffect due to insufficient quantity to establish a full dessponse curve
(Figuredmy 0 @ ¢vlues veeretieeefore unable to be obtained through DPPH assay method of

antioxidant analysis.
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Figure4.18: DPPH analysis of 5 framis of TasmaniaManukal818 at concentrations of
0.004mg/ml to0.4mg/ml. Amaximal response could not be attainedwthis

coneentration range

Oxygen Radical Absorbance Capacity (ORAC) of fractionated honey compounds

The antioxidant reaction kinetideom ORAC showed fast reacting honey constituents (Figyus.
From all compounds extracted fronk.. whitei311, TasranianManukal818 and Cheeseberry
isolated fractions, each constituent showed antioxidant activity (n=3). Tasmilaaoka(Fraction
4), heeseberry (Fraction 3) and whitei311 (Fraction 5 and 7) showed signifitig higher

antioxidant activity than theemaining factions (Tabl&.15).

! —e— Control
—— Trolox (30pMole)
0.8 ---m--- CB fraction 1 (0.1mg/mL)
---A--- CB Fraction 2 (0.1mg/mL)
0.6 - ---0--- CB Fraction 4 (0.1mg/mL)
8 ---A--- CB Fraction 5 (0.1mg/mL)
f. 04 ---@--- CB Fraction 3 (0.01mg/mL
)
Z
0.2 - .
0
0 10 20 30 40 50 60

Time (min)
Figure4.19: Antioxidant reaction kinetics for constituents extracted from Cheeseberry honey,
compaed to control and Trolox. Fraction 1, 2, 4, 5 (0.1mg/ml) and fraction 3
(0.0Img/ml).
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Table4.15: Trolox equivalenvalues forindividual constituents isolated from honey phenolic extract

Sample

Fraction

Mean umole TEg

Manukal818

Fraction 1 (0.1mfgnl)

530.74 £ 166.12

Fraction 2 (0.1mgnl)

91.71 + 25.84

Fraction 30.1mgimnl)

505.10 + 153.14

Fraction 4 (0.01iy ml)

4617.8 £ 711.27

Fraction 5 (0.1mgnl)

215.99 £ 38.55

Cheeseberry

Fraction 1 (0.1mgnl)

310.26 £ 98.5

Fraction 2 (0.1mgnl)

38276 +139.97

Fraction 3 (0.01mgnl)

5873.27 + 2082.24

Fraction 4 (0.1mgnl)

470.07 + 154.96

Fraction 5 (0.1mgnl)

385.44 + 05.82

L. whitei311

Fraction 1 (0.1mgnl)

783.83 £ 94.87

Fraction 2 (0.1mgnl)

432.69 +117.73

Fraction 3 (0.1mgnl)

91142 + 332.04

Fraction 4 (0.1mgnl)

408.46 + 151. 03

Fraction 5 (0.01manl)

3869.24 + 1758.54

Fraction 6 (0.1mgnl)

929.38 +35.41

Fraction 7 (0.01mgnl)

5697.24 + 3601.85
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5. Discussion

5.1 RPRPHPLGnalysis of unfractionated honey

The antioxidant properties of honey are associated with the presence of phenolic acids and
flavonoids(44). The phenolic content of honey samples is thought to be representative of their
potential antioxidant activitf{17). To determine the total phenolic content of various meftaral
honey samples from eound Australia, RPHPLC was used to detect the presence and quantities of
active constituents in each sane. The chromatogras of honey samples showed several major
peaks (Figurd.l), the five highest peaks (>20mAU) at 260, 290 and B40are selecteda
represent total phenolic content (Tablel) and expressed as mAThe sugars in the honey caused
interference in the polamobile phase, therefore peaks detected with an early retention time

(<2min) were not included in the results.

The honey samplewith the highest total phenolic content were frobeptospermunsamplesL.
scoparium, L whiteandL. poygalifoliumshowed ggnificantly larger phenolic content than nen
Leptospermunmoneys (Tabld.1). Leptospermuntoney has been fountb contain atotal phenolic
acidcontent ofup to 14.0mg/100 g honeyyith gallic acicasthe predominant phenolicomponen
(85). Several samples of Eucalyptus honey had phenolic content above 1000mAU, these included
Caleydronbark 177575, Grelronbark 174799, Peppermint 183493 and RiRed Gum 181338,
compared to the remaining eucalyptus hongyshich were all belw 1000mAU (Tablé.1). The
phytochemical compositionf Eucalyptus honeyis known to be specific to each spex{g8).

However the significant differerce between samples from the same moffloral source, such as
Greylronbark 174622 (677mAU), 1757Z%HB8mAU) and 183017 (689mAU) indicated that specific
factors such as the geographical origin, may relsesignficantly influened the composition

between sample$47).

RRHPLC was able to detect and quantitate phenoligsfiavonoids in samplesiPLC equipped
diode arraydetector andfluorescenceletector enabled the pesence of leteridine and lepbsperin
to be quantified inLeptospermunmoney samples. The highest levels of leptosperin (ppm) were
found inL. liversidgeand L. scopariumwheread.. polygalifoliunB877,L. scopariuni806, 1815 and
1818 contained the higést quantitiesof lepteridine(ppm) detected inLeptospermunsamples
(Table4.2).
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5.2 Antioxidant activity of unfractionated honey

To investigate if the totgbhenolic content of honey samples were reflectivelhad antioxidant
activity, supporting evidence from préaus studieg22), the samples were tested for their ability
reduce free radicals. DPPH is a rekaibkthod to measure fee radical scavenging activity in honey
andprovides similar results tantioxidant assays, sucls Berric ReducingAbility of Fasma (FRAP)
(51). As DPPH issociated with fewer colour interference issu®4), it was selected to test the
antioxidant activity of honey sampleBhe inhibitory effets of honey of DPPH dtcreasing
concentrations (Figure.4) was assessed to determine the maximal inhibitory respdmseach
sample. Th® / rbles @oncentration of honey required to produce 50% inhibition of the
maximum inhibitory responseyyas repored as gallic acid equivalents. Honey samples with the
highest DPPH free radical scavenging activity were Cheesebewkiteiand Greylronbark 175799
(Table4.3). Leptospermunioneys, which had high total phenolic content and performed well in the
ORAGssaywere comparable to thantioxidant activityin Eucalyptus honey species in the DPPH

assay (Appendix 1).

DPPHs acommonly usednethod for detection of free radical scavenging activity of food samples
(51), however thereactivity of IPPH with oxidants such hydrogen peroxadsocontribute to

antioxidant activity of sample@®). Further limitations of this assay inckidhe preference ofsteric
accesdiility over chemical characteristics in reactionserestimaton of polyphenols and
underestimaton of small phenol¢50). Due to limitations of tke DPPHssay, a comhentary

method used to measure free radical scavenging was required to ensure the antioxidant activity of
honey samples was accuratelypresented(32). TheORAGssaywasselectedio compare

antioxidant activityusing a differentnechanism to DPP{0). Samples from each moritoral
speciesvere selected for ORAC analysis based ondsigtotal phenolic contenbr DPPH inhibiting
activity (Appendix 1)The free radical scavegingactivity of antioxidarg in honeywere measured

over time, allowing the kinetics of the reaction to be obser(edure4.7).

Trolox equivalent antioxidant activity of honey samples, provided by the ORAC assay djable
found Eucalyptus honey spees had lower antioxidant activity, compared to honey species such as
Cheeseberry aneptospermunscopariumL. whieiandL. polygalifoliumThe increased free

radical scavenging activity of these honey samples can be attributed to high quantitielé/afual
phenolics and flavonoids within sampk&8), as determined byhe total phenolic conten{Table

4.1). L scoparium(Manukg honey contains higher levels of catechirgqumaric acid andaffeic

acid thanother varietieg(22). Kojic acid, 4nethoxyphenyllactic, -inethoxybenzoic acid and methy!l
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syringate(38)are antioxidant compounds founchiguely inManukahoneys that may contribute to
high antioxidant capacity. New Zealakidnukahoney has been used as the goldradard for
investigating medicinal propertig®6, 90) due to the abundance of theraptic compounds it
contains. The ORAC score for New Zealadukawas slightly higher than most Tasmanian
ManukasamplegTable4 4), interestingly TasmaniakanukaFI:2 produced the highest ORAC score
of allManukavarieties The findinghat samplesof TasmaniatManukacould outrankthe
antioxidant potency oNew Zealand Manukeould implicate it as a valuable source of therafpeu
honey.Jarrah honey was highly active (5.35 pumole THEAg)antioxidantactivity of whichmay be
due to its composition gbhenolic acids and flavonoids, which correlate to foeéent antimicrobial
propertiesof this honey(34). Cheesebrry honey is a unique Tasmanian honey, derived from
Leptecophylla juniperindormerly Cyathodes juniperinapecies. AlthougiCheeseber produced
the highest ORAC value (5dfole TE/g, veriittle is known d the compositional properties of the
L. junipering and no literature currently exison this honey variety. The potent antioxidant
properties of Jarrah and Cheeseberrg derivedfrom the unique species of plants and
environments fromwhich they are sourcedyhich mayaccount forthe presence ohovel

antioxidantconstituents in te sample

Antioxidant activity varied between honey thfe samebotanicalspecies, this ibkely dwe to the
geographical origin of the honéy6, 47) Honeys sourced from cdasareas generally produced

higher ORAC values than their inland counterparts. Grey Ironbark and Peppermint species produced
higher ORAGcores for coastaligerived samples than inland sampléwcreased phenol and

flavonoid content observed in areas Wwiprecipitation(45)may account fothe increased

antioxidant capacity observed in honeys derived from coastal areas. Tasmania produced the most
active honeys, althugh thesewere collected from coastal locations, nminlandbasedManukaor
Cheeseberry honewere availabldor comparison irthis study Therefore, the species of Tasmanian
honey may have contributed more substantially to the content of antioxidantpmmds than the

geographical location@2).

The results from ORAC assays showed a fast rate ofagrdoti Trdox standards compared to the
slowreacting honey samples (Figut€). As honey contains a high centration of sugas, which
were found to influence ORAC resy4.), asugar mix was used to determiifeany irterference
was caused (Table5, Figure4.8). The addition of sugar solutido 3Qumole Trolox standard
resulted in aslower rate of reaction (Figu#8). When data kinetics @ve observed, the rate of

reaction for 4Qumole Trolox was clearly merefficacbus than all Trolox 3@mole/g combined with
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sugar solutior(Figure4.8). Theresulting data for Trolox 3fnole/g combined withsugar solution
displayedcomparableORAGralues tothe 40umole Trolox than the 3@mole Trolox equivalent

(Tabled.6). Observationof the kineticsindicatedthe increased values were attributed to the

improved duration of fluorescese protection inTrolox samples containing sugar solution. The

results suggest the presence of carbohydrates in samples chémgswichiometic factorof

antioxidant reaction kietics.Higher initial concentrations of honey were used to further investigate

the interference of sugar in the ORAC assay. The increased dilution (1:100) was accounted for in the
dilution factor used to determine TE @R valuegTable4.7). The honeys &ed had ORAC values

within the standard deviation of mean ORAC values for 1:200 dilutfenfiiiding may implicate a
limitation of sugar interference in the assayherefore, ORAC assay may not be ideal for measuring

the antioxdant activity of unfractioated honey samples.

ORAC scoregifiole TE/g honegr sugar solutioly obtained from sampke (Tablet.2) were

consistent with literaturg8, 36) Although some studies reportehigher OR& score$23, 35, 56)
comparison of ORAC data obtained from different lahsproveninconsistentdue to a lack of
standard proceduref9). Several procedurasere applial to minimise methoebased error in data

(92). The ORAC method was origigaleveloped to measure the consumption of AAdRHived

peroxyl radical$¢93). Recenkevidence idlicates that ORAC values are influenced by the interaction
of antioxidants with both peroxyl radicals and azerivedalkoxyl radical§93, 94) The fuorescein
probe employed in the use of ORAC ass$mssa greateaffinity for alkoxyl radicals than peroxyl
radicals(93), whereasTrolox tas been suggested to efficiently trap both alkoxyl radicals and peroxyl
radicals equally94). Anioxidants with more inflence in alkoxyl radicals trapping could produce a

higher ORAC score compared to Trolox, rdlgas of peroxyl quenching capabilities.

ORAC assays have been shown to produce higher values for complex combinatiditxinfaans,
suitable for testing hoay (91). When accurate ORAC methods are followetleomechanisms
contributing to antioxidant activity is n@ssesseth assay results'hefocus on free radical
scavenging aotity as thebasis for antioxidant capacity testing does fettor the contribution of
other mechanismso the activity (92), nor the synergistic effect of these mechanisiiany
antioxidant mechaisms such as hydgen atom tansfer, electron transfeand metal chelation play
an important role in the overall antioxidant activity of a substa(®2). Currently no individual
analytical method reflectthe diverse range of aixidant metanisms produced by hon€$2),
highlighting the importance of using severahtioxidant testing methods, as was employedtist

study.
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5.3 Correlation of phenolic content to antioxidant activity

Theleptospermum samples displaying the highest total phenolic content also showed high
antioxidant activity when analysed in ORAEags. Statistical analysis showed ORAC activity was
correlatedto phenolic content (r=0.53183upporingfindings from previoustadies(22).

Although no correlation was found between total phenolic content and DPPH antioxidantyact
the mrrelation between ORAC activity and total phenolic content proved ORAC may be a more

accurate method to determinantioxidant activity.

5.4  Justification for selection of samples for further analysis

CheeseberryTasmaniatanukal818,L. whiei311and Qey Ironbark 17579%vere among the top
performing honegin DPPH an@RAC assayAppendix 1)Additionally, hese samplepossessed

high phenolics content (Appendix, Bnd thuswere selected for further analysi€oolibah and
Messmatel77740were alsosdected for phenolic extraction as they would allow Australian honeys
with a range ofantioxidant activity to B comparedo provide useful information for the honey

industry.

5.5 Analysis of phenolic extracts of honey

The compounds in tracesoin RRHPLC dlfioneys were retainednd concentratedn each of the six
phenolic extractsThe similarity in traces fromhole honey and phenolic extract die same sample
(Figured4.11,4.12)were observed. The maximum inhibitory concentration for thepsignolic
extracts (Tablet.10) were more potent than the corresponding unfractionated honey (T43le
This indicatedhat the presence of sugar in unfractionated honey samples limitedattimxidant
activity. When samplewere comprised of concentraté phenolics, tle maximal effect of honeys
such as Messmate 177740 (47,7%able4.3) was markedly increased (84.3%able4.10). TheORAC
assaywas performed on phenolic extracts as per methased for honeys. The sensitive nature of
ORAC assays requirads-fold (1:500) dilution of extracts compared to the 1:200 used for honey.
The concentrations of the extracts were aaated for with dilutions factorsA 1:9 dilution of extract
was requied to obtainvalues for DPPH inhibitido compare to 1:1 honegilution used é6r DPPH
assaysThe results for ORAC and DPPH provided an overview of the antioxidant actplignofic
extracts ofhoney. To determine if antioxidant activity found in ec&ke assaysould be related ton

vitro results, bloodderivedhuman macrophags were treated with phenolic extract eissesshe
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effects. Cheeseberry honey is a unique, uncharacteérssanple with high phenolic content and
antioxidant activity. The powerful conceation of phenolics and flavonoids in the phenolitragt

of Cheesberry was therefore selected to use in eefised assays.

5.6 Cellbased assays

Under homeostatic contions, macrophages do ngiroduce excessiveadical speciedn the
pathological statesf oxidative stress, macrophages are activatettengingtheir morphology and
behavioural characteristicgcluding the formation of ROS for chemical signalléi). For the
purposes of investigating the effects of antioxidants in honey on preventing exe&¥3i8 in
macrghages, the cells required proxidant stimulatiorto mimic pathologicain vivoconditions
Bacterial LPS is known to leapro-oxidant effects on human macrophages, therefore LPS were

selected to stimulate macrophageallowing the effects foantioxidanttreatment to be evaluated

Glutathione peroxidase irells treated with extracts of honey

GPx recycles glutathione in tleell, increased GPx activity is indicative of an increased demand of
intracellular antioxidants and hence an elevafgédsence of RO&9). To determine the levels of
intracelular antioxidants, th&sPxenzyme activity wameasured in cell$5Px activity was measured
to showif the phenolicsn honey preventedhe need for endogenous antioxidants to be produced
The(pmol/min/ml/ug protein) results(Table4.11) were deternmed by GPx activityrelative tothe
protein cantent of samples. &duced GPx activity wagecordedin cells treated with penolic

extracts (10ug/ml) compared to control cells treated with medidh and without LPStimulation

(Table4.11). Statistical aalyss determined that the reduction in GRsasnot significant.

Oxidative stress in human macrophages treated with phemxtract

The levels of 8soprostane are a reliable marker for oxidative stress in human ophaged6) and
allowed the oxidative stress to be measured in cells treated with phenolic extract of honey
comparedto controls. The results (Tabdel2) showed 8soprostane was present in low levels in
unstimulated cellsandtreatment with phenolc extractsincreasedheselevels(0.019). The phenolic
extracts of honeynay havelisturbed the cellular redox state irafour of reductionpossibly causing
cells tocompensatawith 8-isoprostane to restore homeostat conditions In LPSstimulated cells
the 8isoprostane was increased, aptenolic extracs of honey significantly reduceitie elevated

8-isoprostandevels(p=0008). The protectivesffects ofhoneyphenolicson oxidative stress in
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humanmacrophages igeflectiveof the bioavailability ofhese compounds. As increased levels -of 8
isoprostane is linked taumerousdiseases and disorde(6, 54) these resultdndicate he use of
honey maycontribute to prevention decreasd severity or slowed progression of oxidative stress

related disease states.

Proinflammatory cytokines

Proinflammatory cytokines such as Interlemé (11-6) and tumour necrosis factor dp (TNF* @an
stimulatethe excessive ROS producti{#6), required to incite an immune response. To investigate
underlying mechanisssurrounding the increased chemigabduction ofmediators such as ROS in
pathological conditions, the inflammatory response in human macrophages was st8djedican
increases in the concentration of TRF 6 LJI'  wekp found ia ¢ells treated with honey extract,
compared to medidreated cells Theincreasewas consistent witta previousstudy which found
TNF were significantlyelevatedin macroptagestreatedwith honey, promoting inflammation
throughindependentmechanismgo the LPSinducedtoll-like receptor4 inflammatorypathway

(95). As expected, LPSimulation increased the production of prinflammaory cytokines,
however, the concentration of TNFwere not significantly different in LBSEmulated cells, with or
without treatment with phenolic extract (Tabke13).No significant increase in-8.occurredin cells

treated with phenolic etractin the presence or absence of LH&ble4.13).

5.7 Evaluation of fractionated phenolic extracts of honey

To identify if the antioxidant activity of individual constituents atiteir contribution to the total
antioxidant activityof samples varig, compainds were isolated and testedivi fractions were
isolated from Cheeseberry and Tasmanidanukal818 honey saples, seven were extracted from

L. whitei HPLC analysis showambst fractions contained single,pure compoundTable4.14).

DPPH wsa selectd to determine the antioxidant activity of fractions, however the mass of individual
compound producedquantities too low toexerta maximal response inhibition with DPPH (Figure
4.18).In contrast, he ORAC assay was able to determine antioxidativiy as it requires low

guantities of antioxidants.
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TheORAC assay results (TablEs) showed two compounds Inwhitei, (fraction 5 and 7) ad a
single compound iboth Cheeseberryfraction 3)and TasmaniaManuka(fraction 4)produced
considernblyhigher antioxidant activity than the remaining fractioflBable4.15). These findings
suggesthe presenceafew constituents in honey are responsible for most of the antioxidant
activity. To identifysuch key compounds of intereshe UV spectra anRT foreach compound were
compared to known chemical standards. The chemical standards inchsdedbic acid, gallic agid
4-hydroxyphenyllactic acidepteridine,chlorogenicacid, 4Hydroxybenzoic acid, leptosperin, vanillic
acid, caffeic acid,-poumaic acid 4-methoxyphenylLactic acid, trafisrulic acid, methyl syringate,

guercetin,naringenin apigenin,kaempferol, dirysin, pinocembrin and 2nethoxyacetophenone

From extracts of Tasmanian Manuka 18&®téridine, 4methoxyphenylactic acid, queztin and
methyl syringate were identifiedand only one fraction was unable to be identified (€abl4).
Lepteridine, leposperin and methyl syringateere found inL. whitei311, the remaining fractions 1,
4 and 6 were unidentifiable (Tabliel4). The dentification of specific compounds in honey with high
antioxidant activity assists with develoygi chemical markers for ¢hantioxidant capacity of samples
in a similar way in which methoglygoxal is used to measure antibacterial actikitsratfkahoney

(38). The highantioxidant activity of mthyl syringate (4617 and 5697 umole TE/g) and leptosperin
(3869umole TE/Yyin the isolated fraction of honey indicate these composicduldbe used to

measure the antioxidant activity déptospermunmhoney samples.

Noneof the phenoliccompounds irtheeseberrywere able to be identified as thedid not match
any ofthe known chemical standard# single key compound in Cheeseberma¢kon 3) showed
potent antioxidant activity3873.27 pumole TEJgmost likelyresponsibleor the reduced oxidative
stress observed in blooderived human macrophages (Tall42). The use oNuclear Magnetic
Resomance MR in future studies i& recommendedmeans ofdeterminingthe chemical identity of

thesecompounddor therapeutic use.
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6. Conclusion

The antixidant activity of honey derived from different botanical sources sholgatospermum
and Cheseberry honegto possessigh a free radidascavenging capacity. Although several
Eucalyptus species showed elevated antioxidant &gtivhis activity was notonsistent across
samples from the same botanical origin and is therefore attributed taofaatvhich are not

associated with the mondloral species.

Antioxidant activity and geographical origin of honey samples were cordpgargetermine if a
correltion existed. Samples of the same botanical origin expressed differing acpiaring to

be correlaedto the proximity of hives to astal regions. Samples from inland locations expressed
lower antioxidant activity to coaat counterpartseven when originating from the same botanical
source. All Tasmanian honeys showed highaaidiant activity, highligting the ideal environmental
chaacteristics of this region for honey production. There are several factors includinglcoas
proximity, dimate, soil composition, bee species and altituddichmay contribute to the preferred

conditionsfor production ofhigh-quality honey in Tasmania.

The isolation and identification of several significant antioxidant compounds weressiat
Leptospein and methylkyringate were extracted and positively identified as the major constituents
responsible for the antiggant activity observedéh LeptespermumsamplesThe combination of RP
HPLC, ORAC, DPPH andbasded nethodshave proverefficacious andobust for determination of
antioxidant potential of a sampl&lovelcompounds irCheeseberryresponsible foits arntioxidant
activity were unabled be identifiedby knownchemical standard€Dne compound showed

significant antioxidant @ivity and itsbioavailability was evidenhicellbased assays, implicating this

novelcompound ashowing potent activityor potential therapeuticinterest
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8. Appendix

Appendix L CombinecdRRPRHPLC, DPPH and OR@&gLilts of Australiaimono-floral honey

HPLC peak areas (Top 5) mAU DPPH 9/ me D! 9 6Y3Iki ORAC pumole TE/g
Tasmanian Manuka 1806 6076 Cheesebay 0.091 Cheeseberry 5.45
Tasmanian Manuka 1818 5434 L.whitei 311 0.077 Tasmanian Manuka FI:2 4.89
L. polygalifoliunB77 4292 Grey Ironbark 175799 0.074 NZ Manuk 4.46
Tasmanian Manuka 1815 4162 Narrowleaf Ironbark 177135 0.072 L. whitei311 4.28
L. mlygalifolium382 3699 Tasmanian Manuka 1818 0.071 L. polygalifoliunB78 4.06
Tasmanian Manuka 1822 3618 Jarrah 0.071 L. polygalifoliunB77 4.05
L. polygalifolimn 380 2642 Tasmanian Manuka 1822 0.063 Leatherwood 1829 3.95
L. whitei311 2630 River Red Gurh81841 0.060 Tasmanian Manuka 1818 3.82
Grey Ironbark 175799 2538 NZ Manuka 0.060 Grey Ironbark 175799 3.72
L. polygalifoliunB78 2260 Grey Ironbark 183017 0.056 Tasmanian Manuka 1815 3.57
L. whiteiS2 2023 Coolibah 176944 0.054 L. whtei 313 3.53
Tasmanian Manuka FI:2 1935 Red RiveGum 182160 0.052 Tasmanian Manuka 1822 3.52
L. whitei313 1779 Grey Ironbark 174622 0.052 Tasmanian Manuka 1806 3.4
Peppemint 183493 1741 Tasmanian mauka Fl:2 0.051 L. liversidge839 3.3
River Red Gurh81338 1560 Narrowleaf Ironbark 177260 0.049 Peppermint 182502 3.25
Caleys Ironbark 177575 1322 Peppermint 182502 0.048 Messmate 177890 3.12
L. liversidge833 1313 Hillgum 182699 0.045 Leatherwood Teepo 3 2.87
L. liversidgeB38 1313 L. polygalifolion 377 0.044 L. liversidgeB833 2.77
Cheeseberry 1063 River Red Gum 181338 0.043 Grey Ironbark 183017 2.73
L. liversidgeB34 1051 L. liversidgeB839 0.039 Whitebox 177838 2.72
L. liversidgeB39 926 L. whitei313 0.039 Caleys Ironbark 177575 2.68
Leaherwood Teep@3 902 Caleydronbark 177575 0.038 Peppermint 183493 2.65
Leatherwood 1829 858 L. whiteiS2 0.038 Yellowbox 181711 2.57
Coolibah 176944 831 Messmate 177740 0.035 Messmate 177740 2.56
Leatherwood 1839 817 Bluetop Ironbark 177010 0.035 Bluetop Ironbark177010 2.56
Leatherwood 1827 805 Yellowbox 181711 0.034 Grey Ironbark 174622 25
Messmate 183389 787 L. polygalifoliunB78 0.033 Mugga Ironbark 180911 2.48
Whitebox 177735 751 Hillgum 182506 0.033 Bluetop Ironbark 177134 2.42
Yellowbox180467 713 Mugga Ironbark 180911 0.033 Redriver Gum 182160 2.41
Leatherwood Collingwood 709 Narrowleaf Ironbark 177131 0.032 Narrowleaf Ironbark 135 2.37
Hillgum 181449 704 Tasmanian Manuka 1806 0.031 Leatherwood Collingwood 2.34
Greylronbark 1830T 689 Mugga tonbark 176943 0.030 Mugga Ironbark 176943 2.31
Grey Ironbark 174622 677 Tasmanian Manuka 1815 0.030 River Red Gum 181338 2.28
Whitebox 177835 658 Yellowbox 80668 0.027 Coolibah 176944 2.27
Caleydronbark 180796 643 Messmate 177890 0.027 Whitebox 78082 2.21
Mugga Ironbark 180911 611 Leatherwood Collingwood 0.026 Hillgum 182506 2.19
Yellowbox 180668 602 L. polygaifoliun880 0.025 River Red Gum 181841 2.18
Messmate 177740 576 L.liversidgei338 0.025 Hillgum 182699 2.1
Peppermintl82502 558 Leatherwood 1839 0.025 Caleys Ironbark 175650 1.88
Whitebox 178082 526 Bluetop Ironbark 177134 0.024 Yellowbox 180467 1.84
River Red Gum 181841 514 Messmate 18389 0.023
Hillgum 182699 510 Whitebox 177835 0.023
Peppermint 175055 484 Leatherwood 829 0.023
Messmate 177890 482 Leatherwood Teepo3 0.022
Narrowleaf Ironbark 177260 476 Hillgum 181449 0.020
Yellowbox 181711 462 Leatherwood 1827 0.019
Narrowleaf Ironbark 177131 428 Peppermint 175055 0.019
River Red Gum 1880 418 Whitebox 178082 0.018
Bluetop Ironbark 177010 416 Yellowbox 180467 0.018
Bluetop Ironbark 177134 349 Whitebox 177735 0.018
Mugga Ironbark 176943 340 L.liversidgei334 0.015
Narrowleaf Ironbark 177135 332 Bluetop Ironbark 177832 0.015
Hillgum182506 303 Caleys Ironbark 180796 0.015
Bluetop Ironbark 177832 265 Caleys Ironbark 175650 0.014
Mugga Ironbark 179430 237 Peppermint 183493 0.013
Caeys Ironbark 175650 116 L. polygalifoliunB882 0.013

Mugga Ironbark 179430 0.012

L.liversidgei333 0.012
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