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ABSTRACT

Bwankwot, M. T. Determination of Isoorientin in Asphodelus Ramosus Lby
High-Performance Liquid Chromatography. Near East University, Institute of
Health Sciences, Analytical Chemistry Program, Master of Science Thesis,
Nicosia, 2017.

Reverseephase higkperformance liquid chromagraphy with a photaliode array

detector (RFHPLC-DAD) was used for the determination of isoorientin in
Asphodelus ramosus .LFour similar flavonoids[i.e., (+)catechin, isovitexin,

luteolin and apigenin] which are commonly found in sohsphodeluspedes were

also separated within the same run. Optimum chromatographic conditions were
achieved on a Zorbax SBg column (4.6 mm 150 mm, 5 Om), a | i1
system starting with 5:95 to 90:10 (v/v) ACN/®Iin 12 min, at a flow rate of 1.0

mL min®, 25A C, and a sample injection vol ume ¢
at 280 nm maximum wavelength. Ultrasotassisted soliiquid extraction was

performed using 1.0 g of the dried leave samples with 10.0 mL of 50/50 (v/v)
MeOH/H,O within 20 min. The ex#ct was filtered and diluted three times with

45/55 (v/iv) ACN/HO before being injected into the HPLC. Isoorientin could be
quantified while the other four flavonoids were not found in the studied plant leaves
Calculations showed that the sample contaih@d 0.05% of isoorientin. Limit of

detection (LOD) and limit of quantitation (LOQ) were found as 0.10 and 0.34%,
respectively. The calibration curve was linear over the dynamic range #6034,

%RSD € x) was lower than 3.3 and coefficient of determinatiof) (s 0.9974.

The method was proven to be fast, cheap, inexhaustible and efficient for the

extraction of isoorientin fromsphodelus ramosus L.

Keywords: Asphodelus ramosus ,LGradent elution High-performance liquid

chromatography, Isoorientin.
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¥ZET
Bwankwot, M. T. Asphodelus Ramosus.L. numunel eri nde | soori e
Performansl|l & Sévé Kromatografisi il e Tay
Bilimleri Enstit¢se, @ Andfpksek Kimgas PT et

2017.

Asphodelus Ramosus bitkisindeki izoorientin d i y ot ser iters fazded e k t
y ¢ ksek perfor mans|(RP-HRLEDAD) iklreomat g gnafeidsiil

Aspholedust ¢ r Il eri nde seéekl ekl a Hblavonoidinade [(th enz er

katekin, il zoviteksin, l uteolin ve apige
ger-eklexktirilmicktir. Opti mum Kkr éAmat ogr &
kolonu (4,6 mm I 150 mm, 5 Om), 12 dak
ACN:H,O oranl aréna dejiken dojrusal gradi er

25AC ve enjeksiyon hacmi 5 OL ol arak be
absorbl adéj e 280 nm dal ga boyunda kayd:
°rnekl eri, b/ MBOHMKD ile520 dakika boyunca sonike edilerek

kagt @v e ekstraksiyon ger-eklexktirilmikti
edi |l meden ©°nce, 0450156 sdedy/lr Rh t¢ciRIC MBikidtl iarn. b
yaprakl aréenda doert en @ooreemtioin kantithtie sayni t ed

yapélabil mi ktir. Hesapl amal ar °rnekte

g°stermektedir. Tekhis sénéeré (LOD) 0, 1
bul unmuxktur . Kal i bia8yder deoj musaili ,%ahb0z:]s6Hn
standart sapma %RSC ( X) cinsinden 3,306ten daha Kk
kat sa$es0e, 9OR 46t ¢r. Geliktirilen metodun
ol duju ispatl anméextér .

Anaht ar sAsphadglds ramosus,lGradent elisyony ¢ Kk ek f or man s |

séveé kromatokrafisi, i zoorientin.
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CHAPTER 1
INTRODUCTION

1.1 Phenolics

Phenolics are compounds possessing one or more aromatic rings with one or
more hydroxyl groups attached to these rirgsvide range of phenolic structures are
presently availdle, over 8000 spanning from light weight molecules to highly
polymerized ones like phenolic acids and tannins respectively. These classes of
substances are mostly used for inhibiting parasites, predators and shield against
ultraviolet radiation or belligence by pathogens, al§or manifesting the colors of
plants. These compounds are prevalent in fruits and vegetables, incorporated in human
diet[1].

Phenolic compounds are ubitpus parts of plant foods likelive, chocolate,
vegetables, legumes, ceredlea, and coffee among othersThey contribute to the
generalorganoleptic propertiesf foods As a major compound found in coffee, caffeic
acid is mostly esterified with chlogenic and quinic acgdin many fruits and vegetables
Ferulic acidesterified to hemicellulose located in the cell,often found in cereals.
Phenolic compounds can be found free, although very commonly in free and/or bound
forms, their corresponding rig/l and ethyl esters and glycosides ocdnrenolic acids
can be categorized as: derivatives of benzoic acid such as gallic acid, and derivatives of

cinnamic acid such as caaric, ferulic and caffeic aci@].

With their abilities to scavenge free radicals, donate hydrogen, chelate,metals
break radical chain reactioasd react with singlet oxygen vitro andin vivo, phenolic
compounds have strong antioxidant activities associated with these pro[gjrti€se
synthetic antioxidants have restricted use in food as they saspcted to be

carcinogenic. Therefore, natural antioxidant sources of plant origin are of great interest



to the food industr{4].

1.2 Flavonoids

As a class of polyphenol, flavonoidabove 6000 in numbgrave been
discovered. A small group is necessaryha human diet. This class of polyphesdd
identified for involvement in cardiovascular disease protection, hantgxidation (a
mechanism they have proven to exert their health effects, amongst other ways) activities
in vitro. The bioavailability of flavonoids was limited, including their health effects and
metabolic activities, until discovered in present years. €mwly, the bioactive

potental for long has been discovergy].

Flavonoids aresubgrouped, having differences in chemical and biological

propertiesdepending on the stgroup

1.2.1 Chemistry and Classification

Flavonoids constitute two benzene rings, with an attached oxom@#aining
pyrene ring. Flavonoids possessing a hydroxyl group in t#ep@sition of the C ring
are classified as-Bydroxyflavonoids (flavonols, leucoantoyanidins, anthocyanidins
and catechins), and those without it ade3oxyflavonoids (flavanones and flavones
Depending on how additional hydroxyl or methyl groups have been introduced to the
different positions of the molecule, determines the classification within the two families.
Whenthe B ring is bound to € of the C ring instead of €, marks the differece of
isoflavonoids from the other groupSqually, anthocyanidins and catechins, lack the

carbonylgroup on G4 [6].

In plants the aglyconegshe form lackinghe sugar moietieglavonoids are rare,
unlike the glycosidic formsAt leasteight monosatharides or blends with -dor tri-

saccharidedound to the various hydroxyl groups of the aglycone can be fi{jnd



These attachments produce a large number of flavonoids, with the commonest of the

sugar moietiebeingd-glucose and-rhamnose.

1.2.2 Occurrence in Food

Flavonoids are present in most edible fruits and vegetables, but there are
different types of flavonoids obtained from different dietary sources. Intake estimates for
flavonoids on a population level are only available for a few flavonoieckag®s, such

as flavonols, flavanones, and isoflavoitgs

1.2.3 Flavonols

Quercetin, accordingp H2 k k i n e[8] was tfound to be the most prevalent
flavonol, as determined in oniorepples, tea, and berries. Onion contains a high amount
of quercetin, which is also present in a wide variety of vegetables and fruits. Tea and
wine have relatively low content of quercetin thamions, but onioris consumed in

little quantities as compateo high quantities of wine and teanranycountrieq8].

1.2.4 Flavanones

Almost exclusiely, flavanones are present solely in citrus fruits. The fibrous
part having high concentrations, with the jui@e/ing low concentratiofl0]. The chief
flavanones in oranges, mandarin and grapeshasperen-7-rutinoside, naringeni-
rutinoside, naringenii-neohesperoside (70%) and narirutin  (20%d)1]. Fresh
tomatoes, especially tomato skin, also contain naringenin chaldon&snatoes and

tomatebased products, low concentrations of naringenin are also found.

1.2.5 (+)-Catechins

Theesters of gallic acid with aglycones, characterize the occurcéroatechins.



In a widevariety of plant foods(+)-catechin and (+gpicatechin ar@resent in varying
concentrations specially higher in tea and red wine and alfwite and vegetables,

such as apples, peaches, gragrespear$l2].

1.2.6 Flavones

Flavones, popularly known to be in high concentrations in the diegpgenin
and luteolin. The are fourd most predominantly ired pepper and celery, with digta

intake inlow concentrations, having a little variety of plant foadsich contain them

[8].

1.2.7 Anthocyanidins

Theobvious red, violet or blue colors as exhibited by edible fruits such as apples
among other fruits, idue tothe presence anthocyanins (or anthocyanidin glycosides).
Malvidin, pelargonidin, cyanidimnd delphinidinare commonly found anthocyanidins
[13].

1.2.8 Isoflavonoids

Soybean and soy prodscare the major sources of isoflavonoids, wigmigtein
and daidzeinas the prevalensoflavonoidsin legumes. They are in relativelgwer
concentrationsn otherfood products andegumes than in soybean and soy products
[14].

1.2.9 Isoorientin
Isoorientin a Gglycosylflavones (8C-glucosyl luteolin has a wide range of

activity profile, which has made tb attractattenton within the scientific community in

drug discovery and development, and aisothe developnent of new and potent



therapeutic agents. Its discovemas mostly from natural sources, which is paramount,
though there are recent methods to synthesize teanlaboratory{15]. In an in vivo
bioassayguided fractionation study, isoorientin was isolated as mien active
component responsible for the control of blood sugar in Type Il dialjé&s
Isoorientin is a &lucosylflavonoid, and the earlier investigations have revealed that
isoorientin also displayeih vivo and dosedependent analgesic, amtflammatory,
antihyperlipidemic, antioxidant and hepatoprotective activities, in additiontsto
hypoglycemic effectfl7, 18]

1.2.10 Isovitexin

Isovitexin (6C-glucosyl apigenin)which is an isomer of vitexin {8-glucosyl
apigenin) foundalongsde in plants like pigeon pdd9, 20] has antioxidant properties
[21]. It alsopossessnti-inflammatory[22], anti-bacterig23], memory modulatiofi24],
and antipathogert [25] properties. It has been reported that isovitexin has a measurable
interaction with the human serum albumin (which carries a widetyapiedrugs in
blood plasma)26], as alsexperimented on rats, whietereadministered someehbal
plants {.e., santalum album Lleaves extract)27]. There are few reports on the side
effects, metabolic process and tissue distribution of isovitexin in rats, when administered

as a single substanf28].

1.2.11 Luteolin

Luteolin (2(3,4-Dihydroxyphenyl}5,7-dihydroxy-4H-chromen4-one), a
member of the flavonoid family, is fod in many vegetables, fruits and herbs. It is
found at high concentrationgn thyme, peppermint, parsley, celery, green pepper, perilla
leaves and chamomile t4a9]. It is well known that luteolin has antioxidant, anti
inflammatory, anticancer, ardilergic, antiplatelet and anticer properties[30].
Luteolin hasalsobeenreported to reduce the neurotoxicity induced by neurotoxic agents

in cell culture systems. In additiont, has beerused for antiviral activities, cataract



prevention, and antithrombotic acti{8i].

1.2.12 Apigenin

Apigenin is a 4,Y-trihydroxy flavone, belonging to a less toxic and hon
mutagenic flavones subclass of flavonoids. It is derived f@wsmos bipinnatuand
many other plants. lhas a variety of pharmacological activities, including antioxidant
[32], antitumor [33], antrinflammatory[34], antbacterial[35], and induced apoptosis
[36]. It has protective effect on radiatiimduced chromosomal damage timee human
lymphocytes [37]. Apigenin is one of the very important secondary metalsolite
produced byC. bipinnatus In traditional herbamedicine C. bipinnatushas been used
as aremedyfor various diseases such as jaundiodintermittent fever38]. Apigenin
was suggested asuaeful anticancer candidate for chemotherapy and cancer prevention
[34]. In another studyanti-proliferative effects of apigenin on human breast canekr
lines have been demonstrated. It strongly inhibited tumor cell invasion in estrogen
insensitive breast tumor cell li{85], reporting that apigenin inhibited the growth of

human cervical carcinoma HelLa sethrough an apoptotic pathway.

1.2.13 (+)-Catechin

The main flavonoids present in green tedude catechinsflavan3-ols). Green
tea also contains phenolic agifbuch as gallic acid, caffeic acid, etcrjdaflavonols
(such as quercetin amdyricetin, etc.). The beneficial effects associated with green tea
have been attributed to its polyphengiarticularly catechins such as epigallocatechin
3-gallate (EGCG) and epigaHmatechin (EGC or (+¢atechin),which arethe first and
second major catechins that amevivo strong antioxidant§39]. It has beenlown that
green tea catechins enhartle liver functiors [40], reduce body faand decrease body
weight after longterm consumption (usually 12 week39]. Green tea catechirexhibit

high-level antioxidant activity, even more than vitash and D[41].



In view of these beneficial effectie development of a simple, inexpensive and
rapid analytich method for the simultaneous separation and determination of such
compounds irplant material sources necessaryThe chemical structureb, | @rdl-
values of the studied analytes, i.e., isoorientin, isovitexin, luteolin, apigenirj+and
catechinare given inTable 1.1.

1.3 Asphodelus ramosus L.

In this study, isoorientin and four other flavonoids (i.e., catechin isovitexin,
luteolin and apigenin) were simultaneously separated using HPLC and their presence i
Asphodelus ramosu@\. ramosuy was investigatedThe genusAsphodelusomprises
187 genera and 2500 species. It is a circoediterranean genus, which includes five
sections and is represented by 16 spddizks

A. ramosuss a robust erect perennial plant which can be 1 m high or more. It is
rhizome compactthe clustered fleshy roots bearing large fusiform tubers, with-strap
shaped leaves; flat, slightly keeled, glabrous, and glaucous abios® 2tn long (or
more), 23 cm wide (or moreJ43]. In February till the end of MarchA. ramosus
flowers during spring and cold times in the eastern Mediterranean. Its flowers open

upwardly, characterizing the ephemeraPhoframosug44].

To the best of our knowledge, scarce data is still available on the determination

of flavonoids inAsphodelus ramosussing HPIC.



Table 1.1: Chemicalstructures of thetudiedanalytes.

Analyte Chemical Structure =l F L, fm-m
Isoorientin -0.35 448.38
Isovitexin -0.05 432.38
Luteolin 2.40 286.24

OH O
Apigenin 2.71 270.24

(+)-Catechin m ) 1.80 290.26

1.4  Sample Preparation and Characterization

1.4.1 Extraction

The first stefo get bioactive compounds for the making of dietary nutraceuticals
or supplements, cosmetics, arttley industrial consumables, isdmtractthemfrom the
plant materialsThe plant materials are milled, ground and homogeniédh is also
accompanied by alrying or freezedrying before extraction. Care needs to be made on

the conditions for drying, not to cause undesiratilange of the plantonstituents



Thereforethe physicochemicaproperties of theanalytesmust be considergd5].

A widely used methotb prepare plant material extractghich is efficient and
easyto perform,is solvent extractionalso known as $id-liquid extraction (SLE) The
polarities of different types of solvents are consideextactiontemperaturesample
to-solvent quantitieand extractioime. Thesgarametergenerally determinthe yield
of the analyteobtainedafter extraction. Tle polarity of the solvents useals well aghe
physicahemical nature of th@nalyte such as itssolubility in the given extraction
solvent determine howfficient its extractionis. Contained in different quantities are
phenolics varying from simple (e,gphenolic acids, anthocyanins) to highly
polymerized substances (e.g., tannins) in plant mate8alsie phenolics may Weund
in their associated form witlether components in thelant like carbohydrates and
proteins [46] which changes their polaritie$n addition, phenolics and other ron
phenolic substances with similar polarities may be extracted with the same solvent.
Thus, SLE can be considered as a generalspegific method, whicmakeshydrolysis,
sample cleanup proceduresand/or more specific extraction protocols necessary to

handle these situatios some case

Popularly, solvents, such as acetonitrile, ethyl acetate, ethanol, acetone,
methanol, and their combinations in the same or different volunae® been used for
the extraction of phenolics from plant materials, usually with different proportions of
water. Selecting the right solvent plays a major role iryible of polyphenols extracted
and extractionrate [47]. Of thesesolvents methanol, ethanokcetonitrile and acetone
were generally foundfficient for extraction ofphenoliccompoundg$48, 49] Numerous
factorsmustbe consideredvhile selectingthe appropriate extraction conditions, which
include extractiorsolvent, extraction temperature, stirring/agitation raexicity, cost

and solubilityof the target analytes in the extractiatvent

Generally, extraction efficiency increases with extraction time and temperature.

However, atra care must be taken in order to avbiydrolysis of the polyphenolst
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prolongedextraction time and high temperaturésr example, mthocyanins hae been
shownto degrade at temperatures above Z0and that20i 50 C to be an optimum
temperature for the extraction [48]. Hence selecting an efficient extraction

procedure/method is critical, so as to maintaeghbility of phenolic compounds.

Microwaveassisted extractionMAE) [50], pressurized fluid extraction (PFE)
[51], supercritical fluid extraction (SFHE»2], subcritical water extraction (SWHE»3]
andaccelerated solvent extraction (ASB)] have recently beeproven o be efficient
techniques for thextractionof phenolic compounds. Althoughoghlet extraction is
commonly used for this purpo$g5-57], theformer have the advantage of using lower

solventvolumesand providinga good yield within a shortextraction time

Ultrasoundassisted extraction (UAE) has recently gained a wide acceptance
among scientists as an efficient extraction technique of different compounds from a
variety of sampless it offers many advantagegen conventional extraction techniques.
These advantages include higher extraction efficiency at a significantly reduced time,
energy, chemicals consumethus less cost and chemical waste producebthe
mechanisra for ultrasonic enhancement involtee shar force created by the collapse
of cavitation bubbles upon the propagation of the acoustic waves in the kHZ%8hge
Bubbles collapse can produdaeterestingchemical, physical and mechanical effects
[59]. Surface peééeng, erosion, particle breakdown and fragmentation of the matrix
during irradiation and an enhanced hydration of the matrix due to ultrasound are among
the mechanisms proposed to explain better extraction efficiencies through the use of
ultrasound[60]. The extraction of various phenolic compounds from different parts of
plants such as leaves, stalks, fruits and plant seeds has been widely achieved through the
use of UAE[48, 61]

Homogeniation of plant material into finely divided particles has the ability to
improve extraction yield due to langsurface area. Als@ffecting theextractionyield is
the volumeof solvent used for extracting a weighed amount of sample wiasto be
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optimized[62, 63]

1.4.2 Analysis and Quantification of Phenolics

Various analytical techniqueshave been attempted for the determination of
flavonoids. Capillary electrophoresiCE) with its different modes[64] and gas
chromatography (GCJ65] havebeen utilized, but the challenge with using GGhis
need for derivatization of the flavonoids torn them into a volatile form which is
compactable with the instrumeituclear magnetic resonance (NMJBP] hasalso been
used Thin-layer chromatography (TLC) chemical screening is fast, simple, and of low
cost in identification othemical ingredient from plant extracts. Many papers about TLC
chemical screening have been published in recent {@aksMore recently, the use of
countercurrent separation techniques such as countercurrent chromatograph{68FCC)
and centfugal partition chromatography (CPC) found application primarily as

purification methods for natural products including phenolic compolg8]s

Owing to its suitability with many detectors (e.g., WS, MS, fluorescence,
electrochemical, etc.), high reproducibility, high accuracy, suitability with volatile,
semivolatile and norvolatile analytes, suitability for thermally fragile analytes and
applicability to substances of prime interest in indysgttPLC remains the first choice
for the determination of phenolic compoundBhe hyphenation of HPLC with
fluorescencg¢70], MS[71] and electrochemical detectdiR].

DAD is the most commonly used one among these hypretetaniquesor the
determination of phenolic compoung&3-75] due to its lower price and availability i

many analytical laboratories.

In this study, gradient elutiofrHPLC with a DADdetectorwas used tseparée

five common flavonoids and tetemine isoorientirin Asphodelus ramosus.
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1.4.3 Chromatography

Chromatography, first described by Tswettlin 1986a method in which the
components of a mixture are separated on an adsoragetial filled incolumnmaking
use ofafiflowing systend. The adsorbent material (basicallgaid), or stationary phase
has transformed over the yeairs;luding paperthin layers of solids attachdd glass
plates,immobilized liquids, gelsand solid particlepacked in columnsHuids, either a
liquid or a gas are the flowing componenf the system, or mobile phase. Concurrent
with development of the different adsorbent materials has been the development of
methods more specific to particular classes of analytes. In generayémuhe trend in
development of chromatography has been toward faster, more efficiedt
environmenthy friendly system$76].

1.4.4 Liquid Chromatography

The principle for the separation of analytes in liquid chromatography is based on
the mechanism of retention of the analytes in the column. This mechanism classified
into adsorption, partition, ieexchange and size excios defines the different types
modes of liquid chromatography bearing the same principle. Two beaslesthat are
generally recognized for the elution of analytes from the colamisocratic and
gradient elutionlsocratic elution keeps a constahite®n composition of the mobile
phase, while the gradient elution has a changing composition of the mobile phase with
time; this is mostly utilized for the partition chromatography (in the redgrhase
mode), with analytes having varying retention fact@ues

Chromatographic conditions have to be optimized for a better separation of the
analytes in the columrand also to avoid peak braathg, with thecolumnbeingable
to retain the analytdsy varying strength. The factors that dictaebetter reolution are
the efficiency of the column)(), selectivity factor|() andthe retention facto@. The

sel ect i vicanybeaftesed byahangindJthe column amdmobile phase type,
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which can completely changte interaction of analytes indhcolumn, due to great
differences in polarity. The retention fact® is influenced by the pH and composition
of the mobile phasehe presence oh modifierin the mobile phase and the column
temperatureThe higher® the better the resolutiotowever, @etween2 and 10 is
generally considereidieal for resolutionThe efficiency of the columny, is affected by
physical properties such a®mlumn length, diameter and particle size, and also the
mobile phasdlow rate.Resolution defined aghe measure of a method to separate two
adjacentcomponents,can be achieved as a result of optimization of the different
chromatographicparameters. A resolution greater tharb Ibaseline resolutionjs

generallyrequiredfor good quantitatiofi76].

1.4.5 High-Performance Liquid Chromatography (HPLC)

HPLC is based upomhe principle of distribution or partitioning of the sample
mixture between two phases in the chromatographic bed. The stationary phase is the
column which is packed with a solid, porous, surface active material in aEn@ile
nature. While, the mobile phase is a liquidhich is used to elute the sample miaiter
with different interaction that can k#etected and quanfi with the detectorEach

sample componemrippeas asa peak signaas it passes throughe detector.

Quialitatively, under similar chromatographic conditions, the retention time of a
compaent is always almost constant. These chromatographic conditions are sample
size/volume, mobile phase composition, flow ragparatioriemperature, column type,
among others. Aetime interval required by a componenttravel through the column

from injection to theappearancef the signal is the retention tinfe ).

Quantitatively, a graph called calibration graph is drawn from various
concentrations to obtautifferent peak areas or heightéscomparison otheu n k nown 6 s
peakheight/ areacan be used for determining the concentratiomroénalyte with an
unknownconcentration in theample77].
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15 Modes of HPLC

With frequency inuse of partition chiromatographymakesit popular amongst
the different procedures of liquid chromatograplpmcedures.Base on relative
polarities between the stationary phase and the mobile phase, partition chromatography
operates in two modes. Initially used wdme thomalphase chromatography (NP)
characterized byhe usage of highly polar columns, with packing material materials
such as silica and alumina, with a relatively non polar elution solvent like helxane
reversegphase chromatography (RP), the stationargsphis nospolar, often a €18
hydrocarbon, and the mobile phase is relatively polar (such as water, methanol,
acetonitrileor tetrahydrofuran The least polar componendf the sampleare eluted
first, beingthe most soluble in theon-polarmobile phasgincreasing the polarity of the
mobile phase has the effectiotreasingthe retentiontime of the polar components in
normatphase chromatography. In contrast, in the revepbedechromatographythe
most polar componesitof the samplare elutedirst, and increasing the mobile phase
polarity decreasetheretentiontime of these componenfg8].

Adsorption chromatagphy has a similar principle to nornjahase
chromatography. Adsorptidodisplacement process characterizes the retention. The
adsorption characteristiege basedon the polarity of the molecules, the active sites o
the stationary phase interaeith the solute molecules. The more polar analyte displaces
the other in the stationary phase, the adsorption characteristics of the two solute
molecules parallel one another. The two stationary phases normally used are silica and
alumina. Silica has a higher saegapacity, which makes it the most preferoste
[79].

lon-exchange chromatogphy utilizes charged surfaces (stationary phase) to
separate charged species. There are two modes e#xebange chromatography

suppressebased and singleond iorexchange chromatography.
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Size-exclusion chromatography is applied for the separatfamgi-molecular
weight species like proteins and fats in biological samples. Silipalgmer particles of
smallsizes( ~ 1 0 are us@d athe packing material, with a network of uniform pores,
through whichthe mobile phase and solute can diff[iz#].

1.6  Method Development in RRHPLC

Often in choosing a column for a partition chromatographic separation, the
polarity of the stationary phase rigughly matched with that of the analytes; a mobile
phase of a considerably different polarity is then used for elution. In choosing the mobile
phase polarity, UV transparency, purity, inegsstoward the sample components
toxicity and priceare considered. In a liquid mobile phase, the sample components
interact with both the mobile phasand the stationary phasenaking method
developmento be more complex in liquid chromatography tiragas chromatography
Figure 1.1 describeghe steps towards systemati@appoach for developingraefficient
and fasHPLC method.
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Carry out an initial separation

Determine k', for the critical pair

25k, <10 25k'gpor > 10

Fit k' 5y into the range

Via optimizing:
*  MP compasition
pH

+  Buffer conc.
+  Column
temperature

A better chromatogram

Vi optimizing:

Increase « Increase N (R Flowrte

Final chromatogram

Figure 1.1: Systematic HPLC method development.

Improving the resolution of a chromatographic column is based upon varying
one or more of the thre parameters , E @and) . Equations(1.1) through (1.4) in
Table 1.2 are used to calculate each of these parameters fronchttoenatogram

obtained.
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Equation Term | Meaning EquationNo.
‘ "Q | Retention (capacity) factor
.. 0 0
Q 5 0 Retention time (1.1
0 Dead time
0 0 Number of theoretical plate (efficiency)
0 po— . . (1.2)
w W Peak width
0 3 0 ° 9 Selectivity factor 1.3)
Q ) ) y '
. Y Resolution
Y v TQQ 0 Averagel of two adjacent peaks (1.4)
T .
o) AverageQ of two adjacent peaks

1.7  Components of HPLC System

There are different components of the HPLC instrument that work as a single
unit for the separation detectionand quantitation of various components. Having a

general principle of operatiarf the maincomponerg, the instrument used for this study

has the elements as descrilbetbw.

1.7.1 Quaternary Pump

The fourchannel gradient pump comprises a kegleed proportioning valve and

a pump assembly. It provides gradient generation bypi@ssure mixing.

A two chamel system describes the quaternary pump, giving a gradient elution
by low pressure mixingt comprises either a pump or four pumps, giving high pressure

which can beup t0400 bar to elute components from the column with less retention

time.
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In this type of pumps, a process consisting of aspiration, compression and
discharge of the mobile phasecsntinuouslyrepeated. The operation of the step motor
is converted, through a cam, to reciprocating motion of the plunger (piston). A material
such as sapphi@ a special ceramis iusually used for the plunger.

The eluent is aspirated and discharged by the motion of this plunger. The benefit
of having a reciprocating pump is that; it has small internal volume4@850L),
therefore, low dead volume. It alsdfers high output pressure (up to 10,000 psi). It is
readily adaptableto gradient elution andprovides aconstant flow rate that is

independent of damn backpressure and solveniscosity.

1.7.2 Degasser

Degassing comprises acthannel vacuum container,cinding 4 tubular plastic
membranes, and a vacuum pump. As e¢heent passs through the vacuum tubes as
pumped from the solventeservoirs, the dissolved gas wdlmost be completely

removed, upoieaving thevacuum degasser.

Bubble formationwhile mixing the solvents can lead to a number of problems in
HPLC analysis, which can be prevented by degassinthe@imobile phase. These
problems includeunstable and noisy baselines, air bubbles passingighrdetectors
lead to fakgpeaks, and excessive pregsaan develop which cdead to eventual pump

failure.

1.7.3 Autosampler

The autosampler ensures that the specified sample is injected onto the column,
and that themixing unit andinjection needle are always free froamy sample residuse
before the next samph sequence begins. All the injection valves have different stator

heads and different rotor seals. Thewwoé of each valve is different.
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The major advantage of the autosampler entails accurate injedtade;needle
clean up after injection to preveoarry over The software regulatethe sequence of
samplesan the autosampler for injectifigom the vials according to arranged positions
However, feeding the vial number correctly thie autosampler rack and listing out the

sequence correctly in tisaftwareis very important.

1.7.4 Thermostated Column Compartment

The emperaturef the column can beontrolled toobtaina more robustethod
With the control or regulation of the temperature of the colutigh separation
temperature can be applied which gain general, caugbe analyteso beeluted faster
As temperature kreases viscosity decreases, which also decrease -paegsure,
becausdliffusion coefficientincreases, leading toigher theoretical plate number (N).
Notwithstanding, temperatureust be controlled to avoid deterioration of the column

with temperatures used betwethto 60 C.

1.7.5 Diode-Array Detector (DAD)

Its illumination source is a combination of a deuteraradischarge lamp for
the ultraviolet (UV) wavelength range and a tuegslamp for the visible () and
shortwave neaiinfrared (SWNIR) wavelength rangéhe achromat (source lens) forms
a single, focused beaat light through the flow cell.

Using DAD, light from the lamps is she directly onto the flow cellight that
passes through the flow cell is dispersed by the diffraction grating, and the amount of the
dispersed light is estimated for each wavelemhgtthe photodiode arrays.
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1.8 Benefitsof This Study

Over the years,determination and characterization of many poomds
including flavonoids have improvedh the past, UV/VIS spectrophotometry and thin
layer chromatography (TLC) were the main techniques used for their characterization.
However, with the advent of more sophisticated techniques like DAD detectors,
infrared, mass spectroscopy and nuclear magnetic resonance, more detailed information

can be obtained to better characterize these organic compounds.

Some analftical methodshave been carried buto determineisoorientin,
isovitexin, luteolin, apigeninand (+)-catechinin specis of Asphodeluplant materials
(+)-catechin,isoorientin and isovitexiwere determinedn A. aestivug80, 81] while
luteolin and apigenin ivere determined iA. tenuifoliug82]. It was speculated that the
development o&n efficientHPLC methodby which the five commonly found analytes
in species oAsphodelusimultaneouslyseparated would be benefici&luch a method
would offer several advantages such as-effsctiveness, rapidnesgdudion of toxic

chemicals, timglaborand energy

1.9 Objectives of This Work

The aim of thé research is to determine is@miin and investigatéour other
flavonoids (isovitexin, luteolin, apigenin and catechiin Asphodelus ramosukeaf

extract.The aims can be listed as follows:

To separate some flavonoids commonly foundsphodeluseaf extract.
To determine isoorientiin A. ramosudeaf extract.
To establish an fecient and robust methods for determining these

compounds within the shortest possible time.
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CHAPTER 2
EXPERIMENTAL

2.1 Instrumentation

An Agilent 1200 series HPLC system (Agilentechnologies Co., USA),
compacted with G1311A quaternary pump, G1316A column temperature controller,
G1329B ALS, G1322A oiline degasser and G1315 B photodi@deay detector,
controlled by Agilent ChemStation for LC 3D systems software (Rev. B. 03.01) was
used. Separation was ipAgr fcoorl nnemdnh W s4é n6g xa 12500
from (Agilent Technologies Co., USA).

2.2 Reagents and Solutions

MethanoICHROMASOL\lEgradient gr ade, for HPLC C

from SigmaAldrich (St. Louis, USA). Acetonitie CHROMASOLVrE gradient grade,

for HPLC O 99. 9% was from Honeywell (Seel .
(18.20 &b 9§ was obtained using a water purification system at Near East University
Hospital (Nicosia, TRNC). The five authentic standar@senkindly provided by Prof.

Dr . Khsan ¢ ALI k previously extracted, p u
(unpublished work).

2.3  Equipment
The centrifuge machine used for centrifugation was from Hettich Zentrifuge D

78532 {Tuttlingen, Germany A Schwabaclvortex with REAX top Walpersdorfer Str.,

Germany was used for shaking and mixiny.Bandelin Sonorex Digitealtrasonicator
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(Germany) was used for ultrasonication. The weighing balance used was from Mettler
Toledo classic plus AB204 S/FACT (GreifenseeSwitzerland). The oven used for
drying the samples was from Binder (Germany). A kitchen blender with stainless steel
blades used for homogenization of the sample into fine particles was from Sinbo (SCM
2927) (P.R.C).

2.4  Sampling and Sample Prereatment

The season foA. ramosusin Northern Cyprus is between January and April.
The samples were collected ofi @f April 2017. The fresh plant o. ramosugboth

leaves and tubers) was collected on campus behindethieEast University Hospital.

The fresh fant material was washed with distilled water several times, cut with a
stainless steel knife into small sizes and dried in the laboratory at room temperature for
two days, then transferred into the oven for 48 hours aC3% was then blended into
finely homogenized particles using the blender, put into glass bottles, sealed tightly and

stored in a dry place at room temperature till analysis.
2.5 Preparation of Standards

To prepare stock solutions of the analytes, the solid standards were dissolved in
mehanol to make 1000 mgLeach of the various standards. A 50 mg rixed
workingstandr d sol ution of the five analytes we
stock solution into an HPLC vi al458n(d makir
v/v) of ACN/H,0. Individual standard solutions were also prepared at 50 fig the
same wayBoth individual standard and mixture solutions were injected to the HPLC

instrument.
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2.6 Procedure

1.0 g of the dry sample was accurately weighed using an electronic balance into
a 50mL beaker and 10 mL of methanol/water (50:50, % v/v) were added tmlide s
material. The mixture was ultrasonicated for 10 min. The extract was filtered with a
cotton wool into a 10 mL volumetric flask and the filtrate was completed to the mark
with the same extraction solvent. The sample solution was transferred intorattdie
and centrifuged for 3 min at 6000 rpm. 50
five or ten times with 45:55 (v/v) of the mobile phase aneéd@d into the HPLC

instrument.
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 SystematicMethod Development

The choice of chromatographic method and procedure were done considering the
chemistry of the analytes and sample to be analyzed. The following were put into

consideration to decide on the chromatograpiethod to determine these compouynds

f  For molecules with M < 10" adsorption, partition or ieexchange
chromatography are preferable.
For molecules with M> 10* sizeexclusian chromatography is preferable.
For waterinsoluble analyte, adsorption or paon chromatography is
preferred.

1 For watersoluble analytes that are also ionic,-exchamge chromatography
is preferred.

1 For watersoluble analytes that are also nonionic, partition-(HPRR)

chromatography is preferred.

If one of the solvents isater and the other is a npolar solvent, then thie € "Q0
value is a measure of lipophilicity or hydrophobicity of the analyte distributed in the
solvents. The partition coefficieni, is defined as the ratio of the concentrations of a
solute between two immiscible solvents, and the logarithm of #tis is thusx £ Q0
This value is defined ifcquation (3.1) for the common biphasisystem of roctanol

and water.

logPow = log [analytedciano/[analytelvater (3.1
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Consideing that for the analytes M 1¢%, sizeexclusion is not appropriate and
since the analytes are wataluble, adsorption chromatography is not appropriate." Q0
values for (Hcatechin, isoorientin, isovitexin, luteolin and apigenin are 1-8@5, -

0.05, 2.40 and 2.71, respectively, showing high and intermediate polarity. These values
indicate that isovitexin and isoorientin are highly polar, while the others have an
intermediate polarity. Thus, they may all be extracted into an aqueous solui®alsbh
proposes that the analytes would favor the aqueous mobile phase more than a-reversed

phase column. Thus, the separation can be dsing partition chromatography.

Looking at its microspecies distribution as shown inrthe graph inFigure
3.1, isoorientin can be considered as ionizable (with decrease in pH, the hydroxyl groups
start to ionize after about pH 3.2) and would be completely in its ionic form at all pH
range aftewards. Therefore, icexchange chromatography may also be appropriate.
Other species also have similar patterns of ionization of the hydroxyl groups based on
their similar structures angl 0 graphs as shown iAppendix 1. This can be observed
betterfor (+)-catechin Appendix 1). An example for possible ionization at different pH

values is given i\ppendix 2 for (+)-catechin.

Based on these criteria, the most appropriate chromatographic mode for
separating these analytes is partition (reve®k¢ chromatography. Since they are

polar compounds, a ngwolar stationary phase was used.
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Macrospecies distribution (%)
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Figure 3.1: Plot of microspecies distribution versus pH i&orientin

3.1.1 Initial Chromatographic Conditions

According to Zeraik, M.. et al.[83] separation ofsoorientin, isovitexin and
similar flavonoidscan be achieved using a gradient system with the elution program

shown inTable 3.1.

Table 3.1: Gradient elution progra83].

Time/min A% (Acetonitrile) B% (Acetic acid/water)
0-2 10-10 80-30
2-6 10-14 90-86
B-16 14-17 B86-83
16-23 17-19 83-81

23-28 19-23 B1-77
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The relatively wide range af ¢ "@f the studied analytes and similar studies
from the literature led to the preference of gradient elution of these compounds.
Therefore, the initial chromatographic conditions started with a gradient scan with

ACN/H,0 system. Initial chromatograjghconditions were as shown Trable 3.2.

Table 3.2: Initial HPLC Conditions

Physical Column ZORBAX SB-Aq, 4.6 mm ID x 150 mm (§
parameters Om)

Flow Rate 1.0 mL/min

Temperature RT

Detector/wavelength | DAD 225 nm (BW16). Reference: none

Injection volume 5.0 OL
Chemical Mobile phase ACN (C):H:0O (A)
parameters Gradient 90:10 AC from 0 min to 10:9(

A:C within 20min

The resulihg chromatogranis shown inFigure 3.2. It can be observed that all

of the féve anaithwnillemsnuteger e separated

Peak

Rettamn Ti

Figure 3.2: Chromatogram showing the separation of five stand&elsks: 1, (+)

catechin; 2jsoorientin,3, isovitexin, 4, luteolin ands, gigenin
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3.2  Selection of Optimum Wavelength

DAD is an important alternative in the absence of a mass detector as it enables
the simultaneouscanning of a wide range of wavelengths for efficient and fast selection
of the optimum maximum wavelength. From the 3D plots giverfrigure 3.3 and the
UV absorption spectra ifrigure 3.4, it can be seen that the flavonoids absorbed
throughout thewvhole UV region except for isoorientin which absorbapproximately
up to 300 nm. It was also observed that each analyte had three absorption ragima.
wavelengths of 225, 280 and 350 nm were considéiigdie 3.3). Although absorption
at 225 nm was the highest among these values, this value is close to the lowest limit of
the UV region and other interferences could easgorb At 350 nm, on the other hand,
the first peak (i.e., isoorientin) did not absdBlasel on these observatignd80 nm was

chosen as optimum.

Figure 3.3: 3D plot for the maximum wavelengths of the five analytes



29

1500 1200
1250 3 1000
g 2
1000 800 4 \Y o I
v
750 4 § 600 3 o
500 g 400
250 o 200 3
0 T T T T T T
250 300 350 250 300 350
(+)Catechin Isoorientin
600 £ 800
¥ N
800 . E g 500 ~ ?
(]
1 o v 400 4\ 3 &
400 300 3 ¢
200 200 3
] 100 3
| 1 1 | 1 |
250 300 350 250 300 350
Isovitexin Luteolin
1000 ¥
N
200 4 Pl
2 ¢
600 &
400 -
200
1 I |
250 300 250
Apigenin

Figure 3.4: Absorption spectra of the five analytes

3.2.1 Peak Characterization

The aim of peak characterization isdenify each peakin the chromatogram by
matching it with individual standards in terms of retention time and peak spEcta.
chromatograra givenin Figure 3.5 show the m&h of retention time ofndividual
standardpeaksto those in theehromatogram obtained for theixture All of these runs
were done under the same chromatographic condiéismsTable 3.2. In addition, peak
spectrafor each peak in the xiiurealso matchedvith its corresponding individual peak

as shown irFigure 3.6.
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3.3  Optimization of HPLC Conditions

Equation (1.4) is a fundamental relationshipf different parametersn LC,
which guidesthe chromatographep control resolutionZ ) by varyingE -+ . andy,
whereE 7is the average of retention factors of a critical paifs the numberof
theoretical plates (efficiency) andis the selectivity factoiE . andy are virtualy
independent, so that one term can be optimized firsttteeather E | -can bevaried by
changingthe solvent strengthi,e., the ability ofa mobile phase to provide large or small
E y~values.This parameter can be altered by changing the mobile phase composition,
pH of the mobile phase, buffer concentration or the column temperpiune the other
hand, can be changed through change the mobile phase or column typecan
mainly be changed by changirige mobile phase flow rate. However, tlm®lumn
length diameter or particle size may also affseparation78]. Figure 1.1 helps to

systematically change these parameters $0 alstain the best resolution.

Experimental design methodology was used tinupé the conditions. Keeping
all parameters constant, oparametemwas variedat a time to comprehend any change
and account for itAlthough simplethis approachdoes not take into consideratitime
possible interactions between the factors. The exygarial design methodologyrisuch
more economical, effective and faster than a random optimization procddure.
addition, it minimizes the number of experiments performed to reach the final

chromatogram.

3.3.1 Is Isocratic Elution Possible?

Basal on the following mathematical estimationshown Figure 3.7, since
woO0 T& v O, it implies that isocratic elutiomvould not favor the separation of

these analytes.
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Figure 3.7: Calculationgo decide on the elution mode
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3.3.2 Effect of Gradient Time

Having decided that isocratic elution was not possible and gradient elution would
be used, the parameters affectingléteerwere optimized. These parameters include the

gradient timejnitial and final compositions of thaobile phase and the flow rate.

The impact of gradient time was investigated by running the gradient
chromatograms for different intervals of timengingfrom 12 to 22 min.From the
chromatogrars givenin Figure 3.8, it seemedhat the composition of the mobile phase
did not show a significant effectpon the first three analyte€onversely, a significant
effecton0 wasobservedof the two late coming peaks. This shows that the higher the

percentage concentration of ACN in the mobile phase, the shorter the gradient time, 