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ABSTRACT

South Africa has immensely rich naturarth diversity with more than 20 0@pecies of higher
plants. Asteraceae is one of the biggest families of floweringtphath about 246 genera and
2,300 species in southern Africa. South Africa being home to more th&a 8bthe world's
Helichrysumspecies (c.a. 244) of which many are used in traditional medicine, and can be

considered as a potential resource for new iachemical entities.

Chemical studies on the total extract of the South Afritelichrysunspecies vizH. teretifolium
H. niveumandH. rutilansresulted in the isolation of twenty eight [14 flavonoi@4{C10; C22-
C25), 10 phloroglucinols ©11-C20) and 4 terpenoidsd21, C26-C28)] pure compounds. The
chemical structures of the newly isolated compounds were eluciolatbe basis of their 1D and
2D-NMR, HRMS, IR and UV spectroscopic data as heliteretifalith)( 1-benzoyt3-(3-methyt
2-butenylacetat)-phloroglucinol (elinivene A, C11), 1-benzoyi3-(2-hydroxyl3-methyt3-
butenel-yl)-phloroglucinol felinivene B, C12) and 8&(2-methytl-propanone,5,*
trinydroxyl-2,2-dimethoxychromone helinivene = C, C13), 'while occurrence of 7-
methoxyisoglabranin@6), 4-methoxyquercetin&8), 4 -methoxykaempferol9), mosloflavone
(C10) , -24&dihydroxyterexerld-ene (C21), 5,7,8trihydroxy-3,6-dimethoxyflavone8-O-2-
methyl2-butanoate©22) and15-b-hydroxy-(-)-kaur16-en-19-oic acid(C28), fromHelichrysum

genus were reported for the first time.

In vitro inhibition of oxidative stress by the isolated compounds were measured as total antioxidant
capacity using the FRAP, TEAC, ORAC (hydroxyl and peroxyl radicals) as welPasnBaced

microsomal lipid peroxidation assays. Inhibitory activities againstdis@ases related enzymes



were evaluated in a tyrosinase amethstase nobiological system, whildn vitro prooxidart

behavior of the compounds walso investigated ithe presence of copper (ll).

CompoundsC7, C8, C11 and C12 in comparison with the commercial antioxiddBGCG
demonstrated TEAC (4529.01 + 2.44; 4170.66 + 6.72; 19545.00 + 10.25; 43615.73 ¥s6.66;
11545.40+1728 M TE/ g T €S P € ChldrbxyMada(7y265 * 8.7106.7TOR: B.49%.85

+10.95;94.97 +5.80/s3.91 +465) X16e M TE/ g capacities, fespect
induced microsomal lipid peroxidation demonstratedCi@yC8, C11 andC12 expressed as Ko

values included: 2.93% 0.64; 6.449 + 3.165.115+ 0.9Q 3.553+ 1.92 ug/mL respectively.
Additionally, the total antioxidant capacities measured as FRAP (4816.31 + 78421 3% 0.54)

UMAAE/g, and ORAGeroxyl radical (17.836 +2.90; 12.545 + 5.07) X AQMTE/g were also

observed for compound37 & C8, respectively.

CompoundC7 demonstrated potent aityirosinase activity with 165 8.092 + 7.14, while mild
antityrosinase activities were demonstrated by compo@®jsC11, C12, C22and C23 and
expressed as Kovalues (IGo = 27.573 £ 3.11; 35.625 * 4.67; 26.719 + 5.05; 25.735 + 9.62;
24.062 £ 0.61) pg/mL respectively. Arglastase activity with I§gvalues of 25.313 + 7.85 pg/mL

was observed faCl13.

This is the firg scientific report to be carried out on the chemical and biological profiles of
teretifoliumH. niveumandH. rutilans. The results suggest that these isolated compounds might
become natural agents to inhibit oxidative stress and skin disdassd enzymes, with the
prospect of being utilized in cosmetic products formulation upon further biolagicatlinical
investigdions.

KEYWORDS: H. teretifolium H. niveum H. rutilans; Flavonoids; Phloroglucinols;
Terpenoids; Oxidative stres&ntioxidants;Skin antiaging;Cosmetics.
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CHAPTER ONE: INTRODUCTION

CHAPTER ONE

INTRODUCTION

Why Natural Product Research in Cosmetics?

Aln general, people want to appear you
result i n better meSpataighetana nd physi c

1.1 Natural products as drugs

The ethnemedicinal approach to drug discovery represents one of the most important sources of
new and safe therapeutic agents to the challenges confronting modern medicine and daily life.
Many of thetraditionally important medicinal plants contain active compounds or ones that serve
as precursors to biosynthesized secondary metabolites to which the biological activity could be
attributed(Karthikeyan & Balasubramanian, 201#atural products derived from plant sources
have assumed greater importance in recent days, due to the tremendous potential they offer in
formulating new drugs whichmay protecthumankind against many diseas@alunas &
Kinghorn, 2005 Khalid, et al.,2013. Further evidence of the importance of natural products is
provided by the fact that close to half of the ksdting pharmaceuticals in 1991 were either
natural products or their derivative analog@ashour, et al., 2013)Herbal products today is
majorly important tothe world population, mainlthosein the developing countries for primary

health caredue to a better cultural acceptability, better compatibility whshuman body, and
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less side effestwhencomparedo the synthetics that are regarded as unsafe to anaithe

environmen{Vinha, et al., 2012; Nag, et al., 2013; Popoola, et al., 2013)
1.2 Skin aging

The skin is the largest organ of the hurbady, both in terms of surface area (covering about 1.8
m?in an average adult) and weightserves as an important environmental interface providing a
protective envelope that is crucial for homeost@Sompo, et al., 2012The structure of the skin

is made pmarily of two layers The outer layer is the epidermispnsisting mainly of
keratinocytes responsible fprotecting thebody against environmental damage, while the inner
part, the dermis constitutes connective tissu structural components such as collagen
(responsible for the skin firmness), elasiiers (responsible for skin elasticity), and extracellular
matrix (ECM) also known as structural compong(8paravigna, et al., 2013)

The process of aging in hunwis complexwith underling multiple influencesncluding the
probable involvement afheritable and various environmental fact@isang, et al., 2014Aging

is attributed tobut not limitedto, theexcessive accumulation of free radicals and other forms of
reactive oxygen species (ROS) ‘including hydrosadliicals peroxyl radicals and hydrogen
peroxide, which are primarily generated in the body as a result of physiological and biochemical
processegAiyegoro & Okoh, 201Q)Other notable ways of accumulating ROS in the body, is
through continuous body contact watseries of environmental cues (such as UV radiation and
pollution), and lifestyle choices includingut limited to)the diet, smoking, status of concurrent
diseases (e.g. diabetes), exercise and alcohol consur{fpgiammon & Faux, 20QChompo, et al.,
2012. The free radicadccumulationwhen above threshold level in the bpdgncause oxidative
damage(Fig. 1.1)to importantmacromoleculesuch as proteins, lipids and DNAventually

leading to many chronic diseases such as cancer, diabetes, aging, atherqgsclerosis

2| 238



CHAPTER ONE: INTRODUCTION

neurodegenerative disorddidiki, et al., 2005 Tepe, et al., 206; Evgenia & Zouboulis2007;
Carocho & Ferreira, 20)3and other degenerative diseases in hur(@igegoro & Okoh, 201Q)

Other significant pathological implications of ROS in the body is the activation oéskiz ysme 0
degenerative actions, resulting in early or premature skin aging pessess as pigmentation
(Corstjens, et al., 200 Ndlovu, et al., 2013 sagging and wrinkle formatiofiPorcheron, et al.,

2014) Melanin which plays amportant role in protecting human skin from the harmful effects

of UV radiation from the sun, also causes the formation of pigmented patches (hyperpigmentation)
on the skin surface as a result of the accumulation of an abnormal amount of melanin productio
(Chang, 2009) UV- exposed human skin may be an accessible model system in which to
characterize the role of oxidative damage in both internal and external tissue, given the compelling

evidence for the role of ROS agdiators of photoagin@/NVatson, et al., 2014)
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Killing of pathogens Inducing Treating disorders
on the skin vitamin D synthesis such as psoriasis vulgaris
Sunburn :
Suntan B a— uv ——  Skin aging (photoaging)
Epidermal hyperplasia
Immune suppression « DNA damage

—p Cell-cycle arrest,
DNA repair

—p ApOoplosis

v

Abnormal cell proliferation Genetic mutations

(e.g. in p53, p16/p19, patched, ras)

A

v

Carcinogenesis

Summary of the effects of UV irradiation on skin

Figure 1.1 Effects of UV radiation on skin. *sourgenvw.healthyfellow.com

1.3Oxidative stress

The formation of free radicals is a continuous process and adaptation which occurred through
evolution. These moleculeplay vital rolesin cell signaling, controlling vascular tone, defense
against microorganisms, cell generation and degeneration, and basal regulation of homeostasis
(Basu, 2010)However,when in excesRROSarealso involved in the pathogenesis of diseases

by damamgto DNA (deoxyribonucleic acidandproteinscausinggene modificatioaresulting

in altered protein structureand functiors, while glycoxidative damage and oxidative degradation

of lipids in cell membranesan also be a resuliCarocho & Ferreira, 2013Thebodyd defense

mechanism generally declines with age, and can be compromised by various forms of oxidative
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stress resulting from environmental factors tancer, diabetes, atherosclerosis, and
neurodegenerative disorders. All these conditions, as well as the aging process, are associated with
oxidative stress due to elevation of ROS or insufficient ROS detoxificftioron-Pacheco &
Gonsebatt, 2009gwe & Echeme, 2014 Oxidative stress therefore occurs when the formation of
bioactive oxidative products such as oxidizing agents, free radicals and reactive oxygen species,
greatly overwhelms the capacity tife endogenous cellular antioxidant defense systiins

leading to potential damage of the cells and organs, and to the progression of degenerative diseases

in humangSchrader & Fahimi, 200@asu, 201

1.4Skin enzymes

1.4.1 Tyrosinase

Tyrosinase is a coppeontaining enzyme which catalyzes the first stages during the process

of melanogenesi@€hang 2009) Melanin playsa vital role asphoto protectiveagent against the
harmful effecs of UV radiation, and also determines our phenotypic outlook. However, over
accumulation of melanin in specific padf the skin result in undesirable and abnormal secretion

of dark macromolecular pigment called skin hyperpigmenta{angthong, et al., 2007
Chompo, et al., 2032 Since the accumulation of excessive epidermal pigmentation leads to
variousdermatological disorders, tyrosinase inhibitorscfsas phenolic compounds, Fiy2)

have become increasingly important in medication and in cosmetics to prevent hyperpigmentation
through the inhibition of enzymatic oxidationa its direct chelation tthe central metal (copper

ion) in tyrosinaséMoon, et al., 2010)
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Phenolic compound

R. R
/ 2H'+0, N o H,0,
2| cut < Major reaction path for R = Me
7 -
o] y N, o}
2 R R d.s.

3+2H
+H,0, OH N -
R R
R\N/R g R N,R - R\ ,R 5 \N/ )
+ 0,
cL"< >Cu"/ - 7o : ey
[} N\
N\ 8 R
R R
2CIO
1(R=:v|a) $R=EY

+ 1/n{[Cu(OH,)(DTBC))(CIO;),},

Maijor reaction path for R = Et

Figure 1.2: Chemistry of metal chelation between tyrosinase and polyphenols
*source:www.pub.rsc.org

1.4.2 Elastase

Elastase is a proteolytic enzyme involved in the degradation of elastin, leading to skin aging.
(Ndlovu, et al.,, 2013)In normal condition,skins produceenzymes such as elastase at
indistinguishable rate as aging process occurs and age increases. However, with overexposure to
UV radiation and the presence of excessive ROS, the enzymes are produced at a rapid rate,
resulting in early degradation of elas{@hompo, et al., 2012; Kammeyer & Luiten, 2015)

Degradation of elastin is a major part of what caugsble signs of aging (wrinkles, saggiray)d
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tissue injury in the skirfCastelletto, etl., 2014) Several studies have demonstrated that both
skin-aging and amntwrinkle effects are significantly correlated with decreased elastase activity

(Moon, et al., 2010)

1.4.3 Hyaluronidase

Hyaluronic acid plays aole in retaining the moisture of the skin, as well as its structure and
elasticity. It facilitates the exchange of nutrients and waste products and is involved in rapid tissue
proliferation, regeneration and repair. This compound is also involved imipatjan and
structural maintenance of the EQMdlovu, et al., 2013)Hyaluronidase plays a crucial role in
degradation of ECM leading to bacterial invasion, envenomation of various toxins including
honeybee toxins, snake tasi promote tumor growth and angiogenesis. The potent hyaluronidase
inhibitors are useful as contraceptives, antitumor agents and have antibacteriali-setant

propertieqSatardekar & Deodhar, 2010)

Other enzymes that are pathologically implicated as a result of excessive accumulation of ROS in
the bodyinclude collagenase . 5 U ' r gedponsible ferenair lossind acetylcholinesterase

among others.
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Y—— UV radiation from the sun

Epidermis
T
=
>
~ JR\ N ’ Dermis
s JPUN = S b

>4

Figure 1.3 Damage caused by UV to the structural elements of the skin
*source:www.leadinginstanteyelift.com

1.5General overview of the use of fants as source of medicines

The use oplans as a source of medicine has been inherited from the onset of human civilization

and is an important component of the healthcare sygtemnell, et al., 2004Medicinalfoods

and plants have been widely used as foods, dietary supplements, or medicines to visiting western

health care in South Africa due to its large cultural and floral biodiversity healtfitbemi¢h a

long history. Over @,000 species dfigher plants are present, out of which 10 % of these species

have been found to be used in traditional medicine across the country to treat disease ailments

(Thring & Weitz, 2006)

In South Africa, most of the population in urban as well as smaller rural communities is dependent

on plant remedies for their medical requirements. Herbal remedies, apart from their traditional and
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cultural significance, are generally more accessibleaffioddable. Therefore the trend to integrate
traditional Western medicine, especially in the primary health care setting, is becoming
increasingly importan{Meissner, 2004)Medicinal plants have curative properties due to the
presence of various important bioactive constituents (such as plsefievonoids, alkaloids,
tannins, and terpenoids) known as secondary metabolites that have a definite physiological action

in thehuman bodyShaukat, et al.,@.3).

Since time immemorial and in the present day traditional medicine as practiced in many countries,
medicinal plants are taken in as their crude forms and prepared in the form of decoctions, infusions
or powders. The isolation of plant metabolisésrted in the nineteenth centufyt.the beginning,
structural elucidation of isolated compounds were limited by the technology available at that time
in which case, it was done by classical and exhaustive degradative methods and the structures
emanatedrom such were confirmed through synthesis and in most cases followed by biological

activity determinations.

Currently, with advent of technology, the structural elucidations of chemical compounds is done
with only a few milligrams of pure material usiagphisticated instruments such as HPNMR

(1D and 2D), HRMS with many new compounds generated each year. Some of these compounds
are antimalarial, antaging, anticancer enzyme inhibitors and some are known to bind to specific
receptors of pharmacologicaterest. However, there are some compounds isolated through

chemically guided isolation that have proved to be biologically active.
1.6 Why investigate the genusielichrysum?
Helichrysum(Mill.) is classified in the tribéGnaphalieaend as current circumscribed contains

500600 species which are mainly found in Africa and Madagascar, but also in Europe, Asia and
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Australia (Hilliard, 1983) The approximately 258outhern African species are widespread and

display enormous morphological diversity. Among such medicinal yaue the treatment of

wounds. Also in Angola, the aromatic fruiting head is used for cosmetic purposes. The leaf of
Helichrysums peci e i s regar ded aigginahe dedired lady fihdythe phi | 1
man irresistible, by applying an ointment from the dried leaf to the body

(www.herbafrica.co.za/herbahelichrysjin®ther notable economic importance Hélichrysum

speciesarehighlighted in the comprehensive literature review presented in the next Chapter.

1.7 Natural products as inhibitors against oxidative stress and skin aging

Plants have been used in the cosmetic industry as amongst others, skin lighttsarsareen
agents.In vitro scientific evidencehas shown that plants possess antioxidant capacity by
converting free radicalto stable products, and inhiioity thedegenerative activitgf certainskin
enzyme (Ndlovu, et al., 2013)The skin antioxidant system has an extensive area exposed to the
environment to protect and, as a consequence, highly exposed to exogenous radical attack
resulting inthe defense systemo be constantly challengedhcorpordion of plant secondary
metabolites with effective natural antioxidant and skin-agiing activities into cosmetic products
therefore has significant role in the prevention of skin agi(ibavares da Mota, et al., 2014)
Polyphenoic substances possassny biochemical properties, but the best described property of
almost every group of phencs is their capacity to act asantioxidant. The antioxidant activity

of phenols depends upon the arrangement of functional gezapndthe nuclear structure. The
configuration, substitution, and total number of hydroxyl groups substantially influbece
differentmechanism of antioxidant activity such as ratligcavenging and metal chetatability

(Kumar & Pandey, 2013)
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1.8 Rationale for the study

The process of skin aging due to free radical attankl exposure to unavoidable and irreversible
ultra-violet radiation is the cause of major concern for human health. In particular, damages related
to the skin have great relevanda maintain the youthful appearance of the skin, there are two

methods viz:

1. To promote the synthesis of matrix proteins in the akid /or
2. To inhibit matrix protein degrading enzymes like elastase, collagetassinase and

hyaluronidase

Therefore, there ianeed to overcome the problem associated with skin degenerative processes,
caused by involvement of exogenous radical atankl other oxidative species, through the study

of isolated secondary metabo#ittom natural origin with effective antioxidant and skin -agfing
activities.People living on the African continent are exposed to the harsh sun and rarely use skin
protective agents as they are not affordable. It is for this reason that South Afeiceimysum
species, widely distributed and readily available for human explordtiortheir potential

application as antioxidant and skin aatjing sourcewere selected for this study.

Helichrysumspecies are wide spread witlell documented chemistry, but scant biological and
pharmacological information to support their varying ethmexdicinal uses. It is an established

fact that this genus contaimsore phenolic compounds which are found to possess antioxidant
characteistics Figure 1.3 illustratethe activation othe degenerative effesbf skin enzymes as

a result of over accumulation of free radicals in the body. Propositions were therefore made to
investigate South AfricamHelichrysumspecies forpossible antioxidangctivity, in order to

complement théodyd s n antioxidaatdefensemechanismsgainsideleterious effestposed
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by free radicals. Further hypothesis was made to investigate the degree of chelation of the phenolic
compounds present iHelichrysumwith copper (the central metal of tyrosinase enzyme) and
determine their possible applications as skin depigmentation producssth&brem therefore
underpins th@eedto formulate cosmetic products with skin aaging propertiesisingbioactive

secondry meabolites isolated frorBouth AfricanHelichrysumspecieselected for this study

1.9 Aims of this study

The main aim of this projed directed towardghe chemical studies on threelichrysunspecies
(H. teretifolium H. nevium andH. rutilans) to isolate the main chemical constituents, as well as
the biological profiling of the total extracts and the isolated compounds for their potential anti

oxidative stress and their inhibitory activity against some-aging enzyme.

1.100bjectives of this study
The main objectives of the study are:

+ Collection of samples ofl. teretifolium H. niveumandH. rutilans from their natural
habitats, documentation and identification.

+ Preparation of methanolic extracts from -each species awidtion of secondary
constituents in pure form.

+ Elucidation of chemical structures of bioactivenstituents isolated from theelected
species ofHelichrysumusing different spectroscopidechniques(e.g. 1D, 2D-NMR,
HRMS, UV, and IR) as well as Polarimeter.

+ Investigation of total antioxidant capacities of the isolated chemical constituents.
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Exploration of the inhibitory action of each of the identified constituents against skin
diseases related enzymesnrvitro system.

Investigation of the structwactivity relationship of the isolated compounds with their
respective biological specificity.

Conduct comparative phytochemical and biological analyses on the isolateccahemi
constituents present in thselected Helichrysum specieto the existing chemical
compounds isolated from the genus.

Recommendations of all bioactive constituents so far isolated and identified from the

selectedHelichrysumspecies, for further biological characterizatians! clinical studies
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CHAPTER TWO
CHEMISTRY OF HELICHRYSUM - LITERATURE REVIEW

2.1 Aim of this chapter

This chapter summarizes existing data from SciFinder and the dictionary of natural products on
phytochemistry of notable constituentsHélichrysumspecies. Ethno medicinal uses as applied
to some geographic locations are briefly described. The biological importance of some of these

notable chemical constituents as applicable to this study is also described.

2.2 Asteraceae family

Asteraceads thelargest family of flowering in the world, comprising 23 600 species assigned to
1620 genera and have a cosmopolitan distribution, but is especially diverse in the tropical and
subtropical regions of southern Africa, the Mediterranean region, central segitlywestern

China, and AustraligFunk, et al., 2009)Although vegetatively varied, it is recognisable by
capitulate and involucrate inflorescences in which numerous small flowers open first on the outside
and only sometimesubtended by bracts. The anthers are fused and form a tube through which the
style extends before the two stigmatic lobes separate and become recurved, while tseesilegle

fruit usually have a plumose pappi@albanycasals, eal., 2014)

The family is divided into 13 subfamili¢Banero, et al., 2014f which the Asteroideae contains
more than 706 of the species currently recognised. Recent molecular studies revealed three main

lineages withn the Asteroideae that have been recognised at the supertrib@Rievielson, 2004)
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2.3 Helichrysumgenus

Helichrysum(Mill.) is classified in the tribe Gnaphalieae and as currently circumscribed contains
500600 species which are mainly found in Africa and Madagascar, but also in Europe, Asia and
Australia (Hilliard, 1983; Manning & Goldatt, 2012) Approximately 250 southern African
species are widespread and display enormous morphological divelslitghrysumspecies are
generally regarded as aromatic perennial herbs with dense hair or woolly leaves and persistent
flower heads oflifferent varietiegWyk, et al., 2009)Among such, the medicinal value of South
African Helichrysumspeciess in the treatment of conditions associated with infections of the
skin, such as circumcised wounds and wound dresglmmsens, et al., 2008Helichrysum
species are generally enriched with constituents naturally presehe iplant as secondary
met abolites, 't ke phenol'ics (phl or ogranei nol
derivatives, and acetophenones derivatitesirens, et al., 2008which give them a veritable

icon for globalacceptability and large application in the cosmetic and pharmaceutical fields as
antrinflammatory(Viegas, et al., 2014antibacterial and antioxidant age(€slayli, et al., 2010;

Mari, et al., 2014; Rigano, et al., 2014)

2.4 Traditional uses ofHelichrysumgenera

Helichrysumspecies have been used in traditional medicine globally and were already known in
the GreekRoman periodRuberto, et al., 2002Pants havéeen used since time immemorial in
folk medicine in Europe, Egypt, North America, China, and Aust(di&upovic, et al., 1989a;
Lwande, et al., 1993They are welknown in South African traditional medicine, anéitrusage

is often linked to their geographical location. Detailed information about the traditional uses of
South AfricanHelichrysumspecies has been documentedurens, et al., 2008)Effort was

therefore directed towards the global ethnomedicinal uses and chemisigliatfrysumspecies
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from 3 majorocations: South African, Australian and European species as presented in Tables 1.1
and 1.2

In the Mediterranean region for instankkslichrysumis known as aromatic plant widely used in
traditional medicine as skin repair, due to its effectiveness in the treatment df\spagsention

of bleeding and the formation of scar tissune all kinds of cutéKladar,et al., 2015)The genus

is described to possess ainflammatory, antimicrobial, and antioxidant properties and find large
application as food supplement as well as in cosmetic and pharmaceutic§Caeght, et al.,

2015) Commercially, he drug derived from this genis widely used as a liver stimulant and
diuretic. The antinflammatory and tissueegenerating properties as well as the health benefits in
the treatment of some cardiovascular conditions are confififladar, et al., 2015)

H. microphyllumgrowingin Sardinia, Corsica and Balearic Islands is used traditionally to nurse
cough, burns and as antirheumatic and analgesic. It is found to contain antispasmodic, antioxidant,

antibacterial and antiallerg{©rnano, et al., 2015)

Table 2.1:Traditional uses of somdelichrysumspecies

Plant source Location Traditional uses References
H. pedunculatum South Africa Antioxidant, antibacterial, wounigealing Aiyegoro & Okdh,
2009; Aiyegoro, et al.,
2010
H. aureonitens South Africa Antiviral, antifungal and antibacterial Ziaratnia, et al., 2009
H. petiolare South Africa Coughs, colds, catarrh, headache, fever, menstrual Lourens, et al., 2008
disorders, urinary trad@hfections, Antiseptic wound
dressing
H. longifolium South Africa Treatment of circumcised wound; antioxidant Aiyegoro & Okoh, 2010
H. splendinum Southern Fuel source and for the treatment of various conditior Mashigo, ¢al., 2015
African associatedvith rheumatism, combat colds, flu and

pneumonia, and as a general antiseptic as a perfume
amongst rural communities
H. italicum Mediterranean Skin diseaseantieczematic, bronchial mucus Melito, et al., 2013;

expectoration, antimicrobial, TaglialatelaScafati, et
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H. microphyllum

H. devium

H. obconicum

H. devium;H.
melaleucumH.
obconicumH.
monizii

H. stoechas

H. zivojinii

H. arenarium

H. graveolens
H. plicatum
H. chasmolycicum

H. arenarium; H.
armenium; H.
plicatum

H. tuberosus

H. cameroonense

H. foetidum

H. italicum

H. oligocephalum

Mediterranean

Portugal

Portugal

Portugal

Portugal
Yugoslav

Poland,China,

Japan

Turkey
Turkey
Turkey
Turkey
Turkey
Cameroon

Cameroon

Italy

Iran
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cough, antirheumatic

respiratory diseases, such as bronchitis and pharyng

Stomach and intestinal pain relieve

Herbal tea & salads, bronchitis & pharyngitis,
cardiotonic and cough religRespiratory diseases,

cough relieve

Cold, bronchitis and fever, antioxidant potential of
extracts

Cough relief and Antibacterial

prevention of ageelated diseases, heart, cardiovascu

ailments, gastrintestinal disorders, rheumatism and

respiratory infection, as food additivesytibacterial and
antioxidant, choleretic, diuretic, and detoxify function
antitumor, choleretic, hepatoprotective, and detoxical

Jaundice, for wountiealing and as a diuretic
Diabetes disease, hepatits, kidney stones
Antimicrobial

Antioxidant and antimicrobiaastric and hepatic
disorders

Antimicrobial

Antihypertensive, diabetes disease

Antibacterial

influenza, infected wounds, herpes, eye problems,
menstrual pain and to induce trance
Antioxidant

Antibacterial

al., 2013 Mai, et al.,
2014; Kladar, ¢ al.,
2015

Cavar, et al., 2015
Gouveia& Castilho,
2012

GouveiaFigueira, et al.,
2014

GouveiaFigueira, et al.,
2014

Barroso, et al., 2014

Aljancic, et al., 2014
Morikawa, ¢ al., 2009a,
2009b;Wang, et al.,
2009 Yong, et al.,
2011 Jarzycka, et al.,
2013

Suntar, et al., 2013
Polat, et al., 2013
SuezgeeSelcuk &
Birteksoez, 2011
Demir, et al., 2009
Albayrak, et al., 2010

Polat, et al., 2013
Antoine, et al., 2010
2011

Zanetsie Kakam, et al.,
2011

Rosa, et al., 2011
Ebrahim Sajjadi, et al.,
2009
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2.5: CHEMISTRY OF HELICHRYSUM

The chemistry oHelichrysumgenus is complex with occurrence of variety of organic compounds
identified by previous work as flavonoids, phloroglucinol derivatives, terpenoids among others by
two major researchers (Bohlmann and Jakupo$cjne of the major compounds, categorized in
accordance to their respective carbon skeletal backbones are summarized in Talile&s2 P11
Detailed phytochemical investigation of South Africatelichrysum species have been
documented(Lourens, et al., 2008)This chager therefore focus on chemistry of selected
Helichrysum species widely used in traditional medicine from three different geographical

locations viz: South Africa, Mediterranean region and Australia.

Widespread occurrence of terpenoids of various chemlaabesn Helichrysumgenus is an
indication that characterized the plant from this genus with aromatic fragrance€Asegilin, et

al., 2007; Lourens, et al., 2008esquiterpenes (Table 2.2.2) of close skeletal type chemical
constituents exist in both Australian and South Afrietichrysumspecies with occurrence of
variety of bicyclic derivéives of alcohol and mono ac{@ohlmann, et al., 1978®8ohimann &
Abraham, 1979a; Jakupovic, et al., 1986; Jakupovic, et al., 198830a; 1989

Kaurane diterpenes (ersind nof derivatives) including its acids derivatives (Table 2.2.3) are
widely found in different specidselonging to Asteraceae familyloyd & Fales,1967; Bohlmann

& Zdero, 1980aJakupovic, et al., 1989&puch occurrence is also observeHaiichrysumgenus.
Kaurenoic acid were found to demonstrate antibacterial and moluscicide activities due to their
existence as intermediate compounds in theynibesis of diverse kaurane diterpene including

gibberellins, which make them to acts as plant growth inhibitors.
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The presence of hydroxylated/methoxylated flavonoids (Tables2.3.3) are generally present

in all speciegBohlmann & Abraham1979a; 199¢ Forkmann, 1983; Jakupovic, et al., 1987b;
Jia & Zhao, 2005; Lall, 2006yvhile ring A methoxylated flavonols occurrence is well pronounced
in both European and South AfrickelichrysumspeciegBohimann, et al., 1978b; Bohlmann &
Abraham, 1979¢198(; TomasBarberan, et al 1989. Prenylated an@-prenylated flavonoids
were also common to the genunsespective of locationBohlmann, et al., 19798ohimann &
Misra,1984a; Bohlmann & Ates, 198% & he presence of different class of flavonoids in the genus
gave them significanglobal acceptability and large application in cosmetic and pharmaceutical
field as antinflammatory(Viegas, et al., 2014 antibacterial, andntioxidant agentKolayli, et

al., 2010; Mari, et al., 2014; Rigano, et al., 2014)

H. italicumis found to be rich in phenolic compounds such as flavonoids, coumarins and chemical
composition of volatiles is well documented in the litera(@adar, et al., 20150ccurrence of
Arzanol 05, a novel antiviral lead compound according to literature was found to inhibit HIV
1 replication in T cells made another biological significance for this gé&psendino, et al.,
2007 Rosa, et al., 2031 Other notable heterodimeric acylphloroglucinols of this genus were also
documentedBohimann & Zdero, 1980a; Randriaminahy, et al., 1992; Appendino, et al.,.2007)
Occurrence of unusuabmpounds is also. documented to include thiophe2t&s 286), epoxide

(279 and furan 271) substituted acetylenics with different moieties.

2.6 Antioxidant activities of Helichrysumgenus
Previous data documented on the antioxidant activities ofgihaimis were directed towards
fractions obtained directly from the crude plant materials, nevertheless, the compounds responsible

for the antioxidant activities have been documented only in a few @dbagrak, et al., 2010)
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Somefamous medicinal plant from the Mediterranean region was found to demonstrate good
antioxidant activity using the DPPH assay with agpMalue 106fold higher than that of trolox.

It also has moderate ar#ging properties due to its skin tissegeneration ability and alleviation

of inflammation through its antioxidant properties, protecting the skin from the damaging effects
of free radical{Ornano, et al., 2015 0therHelichrysumspp. investigated for its antioxidant

capacity using the DPPH assawisitalicum (Kladar, et al., 2015)

2.7 Skin antraging properties ofHelichrysumspecies

Few chemistry of metal chelating ability of flavonoids with copper (ll) in tyrosinase have been
investigated with mild inhibitory activities demonstrated by compourids147and148 Other
previous anttyrosinase activity data documented, were carrigdusing extracts obtained from

plant material and therefore, details of the mechanism of chelation between copper (Il) and the

chemical constituents défelichrysumspecies, remain untraceable in the SciFinder database.
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Table 2.2.1: MONOTERPENES
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s/n  Compound Plant source Biological activity Reference

OR H. heterolasium

Bohlmann & Abraham, 1979b

Table 2.2.2: SESQUITERPENES

s/n  Compound Plant source

Biological activity Reference

3 H. heterolasium, H.
nuifolium, H. mimetes

4 H. krausii

5 H. ambiguum
6 H. petiolare

7 H. dasyanthum
8 H. dasyanthum

Jakupovic, et al., 1989a

Jakupovic, et al., 1989b

Jakupovic, et al., 1989a

Antiseptics Jakupovic, et al., 1989b

Jakupovic, et al., 1989b

Jakupowt, et al., 1989b
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11
12
13

14

15

16

17

18

19

R1=R:=H
Ri=H; R2 = OH
R1=H; Re= OAc
R1=0OAc; R=H

OH/

5

"'COOH

L0151

W

%
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H. mimetes

H. nudifolium Antiseptics

H. bilobum

H. chionosphaerum

H. italicum

H. nudifolium

H. nudifolium

H. italicum

Jakupovic, et al., 1986

Bohlmann, etl., 1978a

Jakupovic, et al., 1989a

Jakupovic, et al., 1989b

Jakupovic, et al., 1986

Jakupovic, et al., 198

Jakupovic, et al., 1986

Leimner, et al., 1984
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20
21

22
23
24

25

26

27

28
29

30

Oy

.. OH

O ; ——
7
R

Ri= R2 = CHs
Ri= H; R=CHs
Ri= CHz; Ro= CH.OH

U

=
"'COOH
H

H. davyi

H. albirosulatumH.
chionosphaerum

H. splendidum, H.
tenuifolium, H.
heterolasium

H. glomeratum, H.
drakenbergense

H. chionosphaerum

H. petiolare, H.
chionospaerum, H.
kraussii

H. chionosphaerum

H. dasyanthum

H. dasyanthum

H. dasyanthum

H. splendidum
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Jakupovic, et al., 1987¢c

Bohlmann, et al.]1978a;
Bohlmann & Zdero, 1980a

Bohlmann & Suwita,
1979a; Bolmann & Zdero,
1980c

Jakupovic, et al., 1989b

Bohlmann et al., 1980b

Jakupovic, et al., 1989b

Jakupovic, et al., 1989b

Jakupovic, et al., 1989b

Bohlmann & Suwita, 1979a
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31 0] H. splendidum Bohlmann & Suwita, 1979a
O ?
@]
32 HO H. dasyanthum Jakupovic, et al., 1989b
O
O
33 OH H. splendidum Jakupovic, et al., 1989b
o
(@]
34 O H. splendidum Jakupovic, et al., 1989b
/@
OH
Table 2.2.3: DITERPENES
s/n Compound Plant source Biological Reference
activity
35 H. oreophilum Bohlmann & Zdero,
o) 1980¢ Jakupovic, et
& _ al., 1986
OH
HO _
36 H. oreophilum Bohlmann & Zdero,
H. krebsanum 1980¢ Jakupovic, et
al., 1986
37 H. krebsianumH. Bohlmann &
_ odoratissimum Abraham, 1979d
H. cephalsideum, H. Bohlmann, et al.,
nudifolium 1978a; 1980b
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38

39

40

41

42
43

44

45

46

COOH
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H. chionosphaerum

H. chionosphaerum
H. candolleanum

H. refluxum

H. heterolasium

H. nudifolium; H.
odoratissimum
H. nudifolium

H. nudifolium

H. formosissinum, |

Bohlmann, et al.,
1980a

Bohlmann, et al.,
1980

Bohlmann, et al.,
1985

Bohlmann &
Abraham, 1979b

Jakupovic, et al.,
1986

Bohlmann, et al.,
1978a

Jakupovic, et al.,
1990
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47

48
49
50

51

52

53

54

55

56

57

58
59

"'OH

OH

R1=0
R1=H
R1=b-OH

Ri1= R>= Rs= Rs= Rs= Ry= Re= H; R3= CH; Ro=

COOH

Ri1= R>= Rs= Rs= Rs= Rs= H; Rs= CHy; Rr= OAG;

R¢= COOH

Ri1= Rs= Rs= Re= R7= Re= H; Re= OH; Re= CH; Ri=

COOH

Ri= R= Rs= Rs= Rr= Rg= H; Rs= CHOH; Rs= OH;

Ro= CHs

Ri1= R= Rs= OH, Ri= R5= R= Rg= H' Rs= CHZ,

Ro= COOH

Ri= R2 =H; Rs= CHOH

Ri= OH; R= CHOH; Rs=CHs

OH

)
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H. confertum

H. albirosulatum

H.tenax

H. chionosphaerum

H. chionosphaerum
H..aureum, H.
pallidum, H.
kraussii, H. fulvum
H. chionosphaerum

H. aureum

H. dasyanthum

H. dendroideum

Bohlmann, et al.,
1978a

Bohlmann, et al.,
1978a Bohlmann &
Zdero, 1980c

Drewes, et al., 2006

Jakupovic, et al.,
1989a

Bohlmann, et al.,
1980a

Lloyd & Fales, 1967
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60

61

62

63

64

65

66

67
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H. chionosphaerum

H. aureumandH.
cooperi

H. dendroideum

H. -heterolasium

H. dasyanthum

H. bracteatum

H. foetidum

H. athrixia, Trypanosomici
dal and
antibacterial

Jakupovic, et al.,
1989b

Bohlmann, et al.,
1978a

Bohlmann, et al.,
1978a

Bohlmann &
Abraham, 1979b

Jakupovic, et al.,
1989b

Bohlmann & Zedro,
1973

Barrero, et al., 1998

Bohlmann, et al.,
1978a
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68

69

70

71

72

73

74

75

76
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H. davenportii

H. tenax Antimicrobial

H. diosmifolium

H. setosum

R;= CH,OH Ry = CH3

H. subfalcatum
\
OH

H. kraussij

H. argyrophyllum

(O~

Jakupovic, et al.,
1989a

Drewes, et al., 2006

Lassak & Pinhey,
1968; Jakupovic, et
al., 1987b

Jakupovic, et al.,
1986

Bohlmann & Zdero,
1980c

Bougatsos, et al.,
2003

Jakupovic, et al.,
1989b
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77 H. tenax Drewes, et al., 2006

PERERY
78 H. tenax Drewes, etl., 2006

ul
Table 2.2.4: TRITERPENES
s/n  Compound Plant source Biological Reference
activity
79 H. callicomum Bohlmann &
H. heterolasium Abraham, 1979b

80 H. chrysargyrum Bohlmann &

Abraham, 1979a
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81

82

83

84

CHAPTER TWO : LITERATURE REVIEW

H. mundtii Bohlmann, et al.,
1980b
H. tenuiculum Bohlmann &

Abraham, 1979a

H. panduratum, H. Bohlmann, et al.,
mundtii 1980b
H. chrysargyrum Bohlmann &

Hoffmann, 1979b

H. italicum Exhibits Mezzitti, et al., 1970
spasmolytic
activity
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87 H. arenarium
Glu.
(@)

CHAPTER TWO : LITERATURE REVIEW

GROUP 2: FLAVONOIDS

Table 2.3.1: FLAVONES

s/n Compound Plant source Biological activity Reference
88 H. viscosum Antimutagenic Geissman, et al.,
OH 1967
HO (@) O O/
~o ‘
OH O
89 H. nitens Pesticide, antiviral TomasBarberan,
activity against etal., 1988
/O @) HSV-1. Inhibitor of
O | PGE production.
~
O
o_ O
90 H. mundii Bohlmann, et al.,
1978b
91 H. herbaceum Bohlmann, et al.,
1979c
92 H. herbaceunH. Bohlmann, et al.,

mimetes

1979c
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93 H. nitens Bohlmann, et al.,
1979c
94 H. herbaceum Bohlmann, et al.,
1979c
95 H. herbaceumH. TomasBarberan,
nitens et al., 1988
96 H. mundii Bohlmann, et al.,
1978b
O\ O
Table 2.3.2: FLAVONOLS
s/n  Compound Plant source Biological activity Reference
97 H. melanacme, Anticarcinogenic, antitumour, Lall, 2006; Liu,
OH H. bracteatum Inhibitor of various enzymes, et al., 2007
algaecide, antioxidant, anti
HO @) OH HIV activity; enhances
O | apoptosis.in colon cancer cells
OH
OH O
98 H. Van Puyvelde,
odoratissimum et al.,1989
99 H. picardii De La Puerta,

et al., 1990
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100

101

102

103

104

105

106

H. herbaceum,

H. chrysargyrum

H. nitens

H. italicum H.
picardii

H. decumbens

H. nitens

H. italicum

H.
chrysargyrum

CHAPTER TWO : LITERATURE REVIEW

Bohlmann, et
al., 1979c

Bohlmann, et
al., 1979c

De La Puerta,
et al., 1990

Tomas
Lorente, et al.,
1989

Bohlmann, et
al., 1979c

Wollenweber,
2005

Tomas
Lorente, et al.,
1989
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108

109

110

111
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H.
odoratissimum

H. nitens antifungal

H

ar.gyrophyllum

H. cephaloideum

H. krausii

OH

Van Puyvelde,
et al., 1989

Tomas
Barberan, et
al., 1988

Jakupovic, et
al., 1989b

Bohlmann, et
al., 1980a

Candy, et al.,
1975
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CHAPTER TWO : LITERATURE REVIEW

s/n Compound Plant source Biological activity Reference
112 H. stirlingii Jakupovic, et al.,
1987b
113 H. Iryanthera, H.  Strong antimicrobial and Bohlmann &
HO O. = acutatum, H. antibacterial activity, Abraham, 1979cJia
tenuifolium, H. ketosteroid reductase & Zhao, 2005
cymosum inhibitor
OH O
114 H. Larix Ketosteroid reductase Bohlmann &
OH inhibitor, Abraham, 1979a
O. immunostimulant.
Inhibits murine B16
HO melanoma and
O mushroom tyrosinase
115 OH H. bracteatum Forkmann, 1983
OH
HO O .o
: OH
OH O
116 H. herbaceum Bohlmann, et al.,
HO 0 . 1979c
O\ 0]
117 H. polycladum Inhibits aromatase, Bohlmann, et al.,
Cytotoxic to human 1980b
o O . breast cancer, SE68,
- NCI-H460 cells
OH O
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118 \O H. glaciale Bohimann.et al.,
HO\@ . 1980b

OH O
119 OH © H. mimetes Jakupovic, et al., 198t
/O o .
o
OH O
120 © H. nitens H. Bohlmann, et al.,
herbaceum 1979c
O O
O 0]
/

121 H. thapsus Bohlmann & Zdero,
. 1983

122 H. forskahlii Antibacterial activity Al-Rehalily, et al.,
| againstStaphylococcus 2008

O aureusandBacillus
HO o subtilis

OH O
123 H. arthrixiifolium  Phytoestrogen, cytotoxic Bohlmann & Ates,
| OH antifungal, cancer 198443 Stevens &
chemopreventive, Page, 2004
HO O . . .
' antiosteoporosis,
aromatase inhibitor.
OH O
124 HO H. hypocephalum Bohlmann &
| Abraham, 1979d
HO o ©
OH O
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125 H. hypocephalum Bohlmann &
HO e) © H. polycladumH. Abraham, 1979d;
‘ rugulosumH. Bohlmann, et al.,
= thapsus 1980k Bohimann &
OH O Zdero, 1983
Bohlmann & Misra,
1984a
126 = H. hypocephalum Strong inhibitory effects Bohlmann &
\h\%j onaminopeptidase N Abraham, 1979d
© activity
HO O .
OH O
127 H. thapsus Bohlmann & Zdero,
HO 0 © 1983
= =
OH O

128 H. rugulosum Bohlmann,1984b
HO (@) ©
=
OH O
129 H. rugulosum Bohlmann & Misra,
\K\/om 1984a
O\ (@]
130 H  H. athrixiifolium Bohlmann & Ates,
1984a

o
Y\/O\Qi:j\\n@
OH O
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131 H. athrixiifolium, Bohlmann & Ates,
. H. rugulosum 1984a; Bohlmann &

Misra, 1984a

132 H. rugulosum Bohlmann & Misra,
1984a

133 H. retrorsum Randriaminahy, et al.,
1992

134 H. hypocephalum Bohlmann &
Abraham, 1979d

135 H. lepidissimum Jakupovic, et al., 198¢

136 H. lepidissimum Jakupovic, et al., 198t
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137 H. forskahlii Al-Rehalily, et al.,

| 2008

o} o ©
HO
0 O
138 \O © H. cymosum Bohlmann, et al.,
o) O 1979a
OH O

139 H. thapsus Bohlmann & Zdero,
. 1983

140 OH H. arenarium Yong, et al., 2011
OH
@] (OGRS

141 H. gymnocomum  Antimicrobial activity Drewes & van
Vuuren, 2008

142 OH H. arenarium Yong, et al., 2011
HO 0o ©/

.0 O
Glu
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143 OH H. arenarium Yong, etal., 2011
.0 @]
Glu
144 Glu H. arenarium Morikawa, et al.,
|
(@] 2009a
Q;g |
o) 0]
Glu
145 OH H. arenarium Morikawa, et al.,
2009a
.0 (0]
Lactose”
146 ©/OH H. arenarium Morikawa, et al.,
HO\©1’2 2009a
0] (@]
|
Rhamose
Table 2.3.4:CHALCONES
s/n Compound Plant source Biological activity Reference
147 H. acucatum, H.  antimutagenic, Bohlmann &

HO OH
IIID |

H. bracteatum

T

L
O

T

HO OH
|I:D |

kraussii, H.
oreophilum, H.
cymosum

inhibits recombinant Abraham,1979c
PTP1B, mushroom
tyrosinase

Protein tyrosine Liu, et al., 2007
phosphatase,

antioxidant,

antidepressant,

potent 5

lipoxygenase

inhibitor
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149

150

151

152

153

154

155

0]

0]

H. odoratissimum, Antileishmaniai,

H. heterolasium

H. sutherlandij

H. rugulosum

H. cymosum, H.
tenuiculum

H. athrixiifolium

H. polycladum

H.
umbraculigerum,
H. retrorsum

antiproliferative

Exhibits weak
antineoplastic
activity against
sarcomdl80

Antiviral and
antituberculosis

CHAPTER TWO : LITERATURE REVIEW

VanPuyvelde, et al.,
1989

Bohlmann, et al.,
1978b

Bohlmann & Misra,
1984a

Bohlmann, et al.,
1979a

Bohlmann & Ates,
1984a; Bohimann &
Misra, 1984a

Bohlmann, et al.,
1980b

Bohlmann &
Hoffmann, 198b;
Randriaminahy, et
al., 1992
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156

157

158

159

160

161

162

CHAPTER TWO : LITERATURE REVIEW

O H. rugulosum Bohlmann, 1984b

H. athrixiifolium, Bohlmann & Ates,

H. rugulosum 1984a
)\/\/O OH

H. rugulosum Bohlmann & Misra,

| 1984a
PO Y-
H. krausii H. Jakupovic, et al.,
melanacme 1989b
OH
H. forskahlii Al-Rehalily, et al.,
H 2008

H. aphelexioides Randriaminahy, et
al., 1992

T

O
W

o

T

H. cymosum Bohlmann, et al.,
1979a

\
o
W
o
T
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163 H. aphelexioides Randriaminahy, et
al., 1992
164 | H. teretifolium Popoola, et al., 2015
165 H. glomeratum Bohlmann & Suwita,
0 OH 1979b
—
0] O OH
/O O
166 l_o | H. mundii H. Bohlmann, et al.,
olycladum 1978b
L -
167 H. sutherlandii Bohlmann, éeal.,
1978b;1980b
168 H. gymnocomum Drewes & van
Vuuren, 2008
169 H. bracteatum Rimpler & Haensel,
1965
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T

T

170 (@]
HO OH O
| O
171 O
oo
|

T

H. cooperi

T

H. arenarium

H. bracteatum

CHAPTER TWO : LITERATURE REVIEW

Rimpler & Haensel,
1965

Wright, 1976

Morikawa, et al.,

172 O
2009a
HO ‘ OH
(1) O
Lactose
Table 2.3.5: DIHYDROCHALCONES
s/n Compound Plant source Biological activity  Reference
Bohlmann &

H. tenuifolium

173
HO OH O
174
HO OH
175 O

H. forskahlii

H. argyrolepis

Abraham, 1979a

Al-Rehalily, et al.,
2008

Bohlmann, et al.,
1984a
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176 H. aphelexioides Randriaminahy, et al.,
1992

177 H. monticola Jakupovic, et al.,
1989b

178 H. monticola Bohlmann & Zdero,
1980c

179 H. polycladum Bohlmann, et al.,
1980b

180 H. forskahlii Jakupovic, et al., 199(
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181 H. polycladum, H. (Bohlmann, eal.,
cymosum 1979a; 1980b

182 H. polycladum, H. Bohlmann, eal.,
tenuiculum 1979a; 1984a

183 H. polycladum Bohlmann, et al.,
| 1980b
} ®

184 H. forskahlii Antibacterial Al-Rehalily, et al.,
| activity 2008

/O (0]
185 H..sutherlandii Bohlmann, et al.,
| 1978b
504
(0]
O\ (0]
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Table 2.4.1: PHLOROGLUCINOLS

s/n Compound Plant source Biological Reference
activity
186 H. callicomum Bohlmann & Abraham,
(@) 1979b
HO OH
OH
187 H. candolleanum, H. Jakupovic, et al., 1989t
(o) oreophilum
HO OH
X
OH
188 H. caespititium Antimicrobial Dekker,et al., 1983
@)
HO OH
X
OH
189 H. gymnoconum, H. Bohlmann & Mahanta,
HO OH bellum 1979; Bohlmann &
Zdero, 1979;
_ Bohlmann & Suwita,
1979b; Jakupovic, et
OH O al., 1986
190 H. paronychioides MutanyattaComar,et
| al., 2006
HO 0]
Y&Q;\N
OH O
191 H. gymnocomum Bohlmann & Mahanta,
1979; Drewes & van
O Vuuren, 2008
HO OH
OH
OH
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192

193

194

195

196

197

198

199

0 H. mimetes

HO OH

H. natalitium, H.

H. natalitium, H.

H. caespititium

0]
HO OH
OH X
OAC
H. gymnocomum
KY\/Y
O OH

H. infaustum

\

z
W
¢ 2

H. gymnocomum

Wo OH

Glu Helichrysumsp.

ballum, H. stoechas

ballum, H. stoechas

CHAPTER TWO : LITERATURE REVIEW

Jakupwic, et al., 1986

Bohlmann &Zdero,
1979; Rios, et al., 1991

Anti-
inflammatory

Bohlmann & Zdero,
1979; Bohimann, eil.,
1980b; Rios, et al.,
1991

Jakupovic, et al., 185

Bohlmann & Mahanta,
1979

Bohlmann & Suwita,
1979b

Drewes & van Vuuren,
2008
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200 | H. triplinerve Randriaminahy, et al.,
‘ (@] O OH 1992
O OH
201 H. spathulatum Cytotoxic Randriaminahy, et al.,
O HO O OW 1992
O OH
202 H. triplinerve Randriaminahy, et al.,
: HO ! OVY\/Y 1992
o o
203 H. monticola Bohlmann & Suwita,

1979b; Bohimann &
Zdero, 1980c

204 H. arenarium H. Appendino, et al., 2007
italicum
205 H. arenarium H. Anti-HIV-1, TadialatelaScafati,et
italicumvar. antibacterial anti  al., 2013
microphyllum inflammatory,
antioxidant,
206 H. auriceps Bohlmann & Zdeo,
H. odoratissimum 1980a; Haensel, et al.,

1980
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207 OH OH H. decumbens Antifungal TomasLorente, et al.,
activity and fairly  1989; TomaslLorente,
weak activity et al., 1990

against Gram

positivebacteria

208 OH OH Antifungal TomasLorente, et al.,
H. decumbens 1989; TomasLorente,

et al., 1990
(0]
209 H. cameroonense Antialgae Antoine, et al., 2010
0]
/()/\)‘\O,O OGlu
(0] OH
| OH
OH OH H. decumbens Antifungal TomasLorente, et al
1989;1990
210
(e}
211 H. monticola Bohlmann & Zdero,
NS O O OH 1980c
OH O
212 H. plicatum H. Shows Haensel, et al., 1980;
OH (0) OH stoechas antibacterial Rios, et al., 1991
activity
HO = |
o OHOo™ Y0
213 H. diosmifolium Jakupovic, et al., 1987}
OH
OH
ﬁ@[o
(@) (@) O
214 H. cephaloideum Jakupovic, et al., 1986
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215 O H. auriceps Bohlmann & Zdero,
/[S 1980a
0 o~
| N
O O AcO
216 H. italicum
Haensel, et al., 1980
Table 2.5: BENZOPYRONE
s/n Compound Plant source Biological Reference
activity
217 H. stoechas Garcia de Quesda, et al.,
O 1972
OH
(e}
218 0] H: platypterum Jakupuwic, et al., 1986
OH
HO O
219 0] H. platypterum Jakupwic, et al., 1986
OH

@] O

/
220 OH H. platypterum Jakupwic, et al., 1986

HO 0
0]
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221

222

223

224

225

226

HO

—0

OH

OH

H. platypterum

H. platypterum

H. cerastioides

H. mixtum

H. mixtum

H. auriceps

CHAPTER TWO : LITERATURE REVIEW

Jakupwic, et al., 1986

Jakupovic, et al., 1989b

Bohlmann, et al., 1984a

Jakupovic, et al., 1986

Jakupovic, et al1986

Bohlmann & Zdero, 1980a
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Table 2.6: COUMARINS

s/n  Compound Plant source Biological activity Reference
227 H. zeyheri Jakupovic, et al., 1986
| X
(@] (6]
228 OH H. italicum var. microphyllum Appendino, et al., 2007
0] | A
. (@] @]
229 H. arenarium; H. stoechas Antibacterial Vrkoc, et al., 1975
OH OH
AN X
(@) (@] (@) O
230 H. italicum; H.stoechas Haensel, et al., 1980
OH OH
X X
O O O (@]
231 H. arenarium; H. stoechas Vrkoc, et al., 1975
OH OH
X X
O (@] (@] O
232 COOH OH H. arenarium Rios, et al., 1970
X X
O O O O
233 H. diosmifolium Bohlmann & Zder, 1980kt
@) (@] (@]
NN
Uﬁ;[o]\f
O
~ OH
234 H. diosmifolium Bohlmann & Zder, 1980kt
o o o
N
m Oj\f
O\ \O
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235 H. serpyllifolium Bohlmann &Zder, 1980b

Table 2.7: BENZOFURAN

s/n Compound Plant source Biological Reference
activity
236 H. arenarium Antibacterial and Vrkoc, et al., 1973
OH antk
e} inflammatory
agent
O oH
237 H. arenarium H. TadialatelaScafati, et
| polyphyllum al., 2013

Y

O oH
238 | H. italicum TaglialatelaScafati, et
(@] al., 2013
O';
(e}
0
239 H. stoechas Insecticidal Rios, et al., 1991; El
Dahmy, 1993
o y
O
_0
240 H. argrophyllum Bohlmann, et al.,
OH 1984a
>/~-|I / O
O OH
241 H. italicum Haensel, et al., 1980
O OH
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242

243

244

245

246

247

248

249
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H. acuminatum

H. italicumandH.
stoechas

H. platypterum

Benzofurane part, mov

H. italicum Antioxidant
H. italicum Ant
inflammation

H. arenarium

H. arenarium

H. arenarium

Jakupovic, et al.,
1987b

Sala, et al., 2001

Jakupovic, et al., 1987

Rigano, et al., 2014

Sala, efal., 2001;
Daniel, et al., 2014

Lv, etal., 2009; Zhang,
et al., 2009

Eshbakova & Aisa,
2009

Eshbakova & Aisa,
2009
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250 H. arenarium Eshbakova & Aisa,
Lactose 2009
o o
O
0]
I
Table 2.8:CHROMONES
s/n Compound Plant source Biological Reference
activity
251 H. paronychioides MutanyattaComar,
O OH et al., 2006
@] OH
252 H. spp. Bohlmann, et al.,
1984a
O OH
O OH
253 Helichrysum spp. Bohlmann, et al.,
H
@) o OH 1984a
@] OH
254 H: italicum, H. Antibacterial Haensel, et al., BD;
stoechas Rios, et al., 1991
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CHAPTER TWO : LITERATURE REVIEW

s/n Compound Plant source Biological Reference
activity
255 H. vestitum Bohlmann & Zder,
/, e 1980b
256 H. aureonitens Ziaratnia, et al.,
OH 2009
/ \ ————
Cl
257 | H. coriaceum Bohlmann, et al.,
O 1984
/ \ ——— —
Cl
258 Bohlmann &
cl O H. bracteatum Zedro, 1973
— —
259 H. vestitum Bohlmann & Zder,
O 1980b
Hofiﬂ“ é
/
/
o0 X
260 H. Bohlmann, et al.,
O\ adenocarpum 1980b
04/ -
261 OMe H. panduratum Bohimann &
7/ | HO cl Abraham, 1979a
S
AN |
(@)
Table 2.10: QUINONES
s/n Compound Plant source Biological Reference
activity
262 H. paronychioides MutanyattaComar,
HO O et al., 2006
OH O
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263 H. nudifolium Jakupovic, et al.,
1986
264 H. nudifolium Jakupovic, et al.,
O O 1986
AN
=
o
(@]
265 H. nudifolium Jakupovic, et al.,
1986
Table 2.11: MISCELLANEOUS
s/n Compound Plant source Biological activity Reference
266 H. italicum, Antifungal,
\O antiseptic, dental
HO analgesic.
X
267 H. arenarium Zhang, et al., 2009
O OH
T
~
(@]
OH
268 H. mundii Bohlmann, et al.,
1978b
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269

270

271

272

273

274

275

276

HOOC

COOH
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H.
umbraculigerum

H.
umbraculigerum

H. aureonitens

H. acuminatum

H. bracteatum

H. bracteatum

H. bracteatum

H.
umbraculigerum

Bohlmann &
Hoffmann, 1979b

Bohlmann &
Hoffmann, 1979b

Bohlmann &
Ziesche, 1979

Jakupovic, et al.,
1987b

Bohlmann &
Zedro, 1973

Powell, et al., 1965

Conacher &
Gunstone, 1970

Bohlmann &
Hoffmann, 1979b
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277

278

279

280

281
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H.
umbraculigerum

H.
umbraculigerum

H.
umbraculigerum

H.
umbraculigerum

H.
umbraculigerum

Bohlmann &
Hoffmann, 1979b

Bohlmann &
Hoffmann, 1979b

Bohlmann &
Hoffmann, 1979b

(Bohlmann &
Hoffmann, 1979b)

(Bohlmann &
Hoffmann, 1979b)
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282

283

284

285

286

287

288

289
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H. splendidum Jakupovic, et al.,
1989b
cameroonense Antoine, et al.,
HOIC19H40CH3 2010
O NH OH
HO (CHy) \
2)6
OH T\ CHpacHs
H. italicum Antoine, et al.,
O 2010
\X/Y\O)J\CGHlZCZCCBH17
HO H. tenuifolium Bohlmann &
Abraham, 1979a
A\
o S
Cl
HO H. tenuifolium Bohlmann &
Abraham, 1979a
(0] / \
S
Cl
H. acuminatum Jakupovic, et al.,
OH 1987c

(@)
OH H. arenarium Morikawa, et al.,
@ 2009b
O

Glu

H. arenarium

Glu.
(@)
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290 o H. italicum Sala, et al., 2001
u
(@)

.0
Gl
291 H. platypterum Jakupovic, et al.,
1987a
O
oH ©O
292 Hansel, et al., 1960
HO o 4!” b
OH
o\
Glu ;
293 )\A o H. arenarium Wang,et al., 2009
Glu
OH
HO OH
294 /Q\/ H. arenarium Morikawa, et al.,
A__O 2009b
?
Lactose
295 H. arenarium Morikawa, et al.,
COOH 2009b
O OH
HO
296 H. arenarium Morikawa, et al.,
©\IOH 2009b
Lactose
297 H. arenarium Morikawa, et al.,

2009b

<

O
O)Y\
L actos
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298 H. arenarium
OH
HO O
HO
||
(0] (]
O
O—Glu/ _
299 H. arenarium
OH
i)/l::::J//ﬂ\\//l\\
300 OGlc OH H. zivojinii
? (]
o)
III OGilc
OH B -,
N / OH
o
HO
HO
301 OGIc O H. zivojinii
LT
HO OH OH
CH»
HO OH OH
SONg
OGIc O
H. italicum
O0._0_.0R
O | X UOH
o] OH
@]
R = 3-hydroxy-3-methyl)glutaryl
302
303 R = malonyl
304 H. italicum
MeO
manonw
O

HO'™

CHAPTER TWO : LITERATURE REVIEW

Wang, et al., 2009

Morikawa, et al.,
2009b

Anticancer Aljancic, et al.,
2014

Anticancer Aljancic, et al.,
2014

Anti-biofilm D'Abrosca, et al.,
2013

Anti-biofilm D'Abrosca, et al.,

2013
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305 Me H. italicum Anti-biofilm D'Abrosca, et al.,
2013
O
Glu* OH
306 H. italicum Tadialatela
OH Scafati, et al., 2013
_ ¢} O\ﬂ/clons
0 (@]
307 H. italicum Tadialatela
OH Scafati, et al., 2013
\)\H/OQ\/O X
e} O
308 H. italicum Tadialatela
OC11H23 Scafati, et al., 2013
\)ﬁ.‘/oy\/o N
e} (@]
309 H. italicum Tadialatela
J\ Scafati, et al., 2013
Q" CpiH23

O 'O

0
*H: Helichrysum Glu/Glc: glucose Me: methyl} Ac: acetate
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CHAPTER THREE

CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF
HELICHRYSUM TERETIFOLIUM CONSTITUENTS

3.1 Abstract

Ten (10) flavonoierelated structurewiz heliteretifolin (Cl), isoxanthohumol(C2), 2°,4°,6-

trinydroxy-3*-prenylchalcone @3), isoglabranin C4), glabranin(C5), 7-methoxyisoglabranin
(C6), quercetin C7), 4-methoxyquercetin@8), 4 -methoxykaempferol@9) and mosloflavone
(C10) were isolated and identified frohh. teretifoliummethanol extract. One of ther@1) was
reported for the first time from a natusmurce, while compounds6, C8-C10 were isolated for

the first time fromHelichrysumgenus.

CompoundC3 possess moderate biological activity comparedC® when tested for total
antioxidant capacity, displaying some of the highest TEAC values (4529.01 + 2.44; 4170.66 +
6.72) UM/TEg, respectively. Compoun@3§ & C8 demonstrated the highest inhibitory activities
against F&-induced lipid peroxidation (I&= 2.931; 6.449mg/mL); tyrosinase (8.092; 27.573
ng/mL) and elastase (43.342; 86.548/mL). Additionally, the total antioxidant capacities
measured as FRAP (4816.31 + 7.42; 3584.17 + 0.54) uMAAE/g, and ORAC for hydroxyl radical
(7.265 + 0.71; 6.779 + 3.40) X0° and peroxyl radical (17.836 + 2.90; 12.545 + 5.07) X 10

MMTE/g were also observed for compour@is& C8, respectively.

The H. teretifolium total extract presents a rich source of bioactive constituents with potent
antioxidant and moderate ayrosinase and antlastase activities that can help to avert

accumulation of free radicals in the body, and could therefore be good candidates for the
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prevention and/or treatment of skielated conditions, such as aging. This is the first scientific

report onthe chemical and biological profile bf. teretifolium

Keywords: Helichrysum teretifoliumFlavonoid; Antioxidant; AnttyrosinaseSkin aging.

3.2 Background information onHelichrysum teretifolium

Plants have long been used in the cosmetastry, as amongst others as tyrosinase inhibitors
which have become increasingly important to prevent hyperpigmentation through the inhibition of
enzymatic oxidationChang, 2009; Moon, et al., 201(9ince natralization of free radicals
usually comes from phenolic compounds such as flavonoids, plants rich in phenolic like

Helichrysumgenus can also contribute.

Helichrysum teretifoliuniL.) D. Don (Asteraceae$ a straggling subshrub up to 300 mm tall with

cream colored bracts, occasionally tinged pink flowers, widely distributed along the coast of South
Africa, often on sandflats and mountain slopes from western Cape todkteen Cape, thence to
Kwazulu-Natal (Goldblatt & Manning, 20000T he pl ants are <call ed AEve
flowers dry well and retain their shape and color for many ydaelitionally, many people

believe that this shrub has magical properties and can be used to protect a house from lighting
strikes. Apart from the fAmagi cal power o of th
medicinal value unlike other plants of the sdiamily. Our initial motivation for the medicinal
possibilities of this plant was attributed to the biological and pharmacological importance of other
South AfricanHelichrysumspecies of the same family. Among such is the extensive usage of
Helichrysum species in the treatment of respiratory diseases and wound dressing, anti

inflammatory, antbacterial, antidiuretic, antidiabetic, and other skin conditions. Hence, the genus
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generally finds large application in the cosmetic and pharmaceutica(lf@ldens, et al., 2008;

Kolayli, et al., 2010; Tirillini, et al., 2013; Viegas, et al., 2014; Mari, et al., 2014)

30 |-+

Western \X_
Cape \‘()

region

« - w B 2 2 il % 2 0 R
Figure 3.1 H. teretifoliumdescription(A), and distribution along South African Coastal iR}
http://keys.lucidcentral.org

This chaptedescribes the:

1 Isolation of bioactive constituents present in.a methanol extradt wretifolium,using
chromatographic methods.

1 Identification of isolated constituents using different spectroscopic techniques.

1 Investigation of total antioxidant capacities of ib@latedconstituents.

1 Determination of inhibitory activities of thel. teretifolium constituents against skin
diseases related enzymes.

9 Structureactivity relationship (mechanism of action) of the teretifolium bioactive

constituents responsible for specific biological activity.
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CHEMICAL CHARACTERIZATION OF HELICHRYSUM
TERETIFOLIUM CONSTITUENTS

3.3 General experimental procedures

3.3.1 Reagents and solvents

Organic solvents of methanolacetonitrile (HPLC graded), ethanol, ethyl acetate,
dichloromethane, -hexane (redistilled), vanillin, deuterated chloroform and acetone were
supplied by Merck (Darmstadt, Germany). Sulphuric acid and acetic acid were secured from Kimix

(Cape Town, South fAica).

3.3.2 Chromatography

3.3.2.1Thin layer chromatography (TLC)

Precoated plates of silica gel 60sk-(Merck, Germany) was used for TLC analysis. Visualization

of TLC plates was done by observing the bands
and 2366 nm using uv | amp ( CAMAG, Switzerl
vanillin/sulphuric acid regent (Wagner, et al.,, 1984 Chemical profiles of the fractions were

identified based on the colour produced- afiewing under UV and thespraying with the spray

detecting reagent (vanillin/sulphuric).

Unless otherwise stated, the solvent systems generally used for the TLC developident of
teretifoliumfractions are indicated in Table 3.1
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Solvent system Ratio Assigned code
Hexane- ethylacetate 9:1 A
Hexane ethylacetate 7:3 B
DCM - methanol 95:5 C
DCM - methanol 90:10 D

3.3.2.2 Column chromatography

Col umn

chromat ography

wer e

perfor med

u

S

ng

Merck, South Africa) and sephadex 120 (SigmaAldrich, South Africa) as stationary phases,

supported with glass column of different diameters.

3.3.2.3High Pressure Liquid Chromatography (HPLC)

Sample purification was carried out using Agilent Technologies 1200 series, equipped with UV
detector, manual injector, quaternary pump (G1311A), vacuum degasser (G1322A), column

compartment (G1316A) (all experiments weree@ahroom temperature) and reversed phase C18

column SUPELCO

3.3.3 Spectroscopy

3.3.3.1 Nuclear magnetic resonance (NMR) spectroscopy

NMR spectra were recorded at 25, using deuterated chloroform and acetone as solvents, on a

(25

low ra2e.was set at 1.5 AL/manm) .

The

f

Bruker Avance 400 MHz NMR spectrometer (Germany). Chemical shiftd ofi) @nd*C ) U

in ppm were determined relative to tetramethylsilane as internal reference.

86| 238

S



CHAPTER THREE : HELICHRYSUM TERETIFOLIUM

3.3.3.2 Mass spectroscopy (B)
High resolution mass spectroscopy (HRMS) analysis was conducted on a Dionex Ultimate
(Sunnyvale, CA) 3000 LC coupled to Bruker QTOF with electrospray ionization (ESI) irgerfac

working in the positive mode.

3.3.3.3 Infrared (IR) spectroscopy

Attenuated total internal reflectance FTIR measurements were carried out using Spectrum 100
(Perkin EI mer Corp.). Spectra recording were

Dicholoromethane was used to dissolve the samples.

3.3.3.4 Ultra violet UV) spectroscopy

UV Nicolet Evolution (EM100 ver. 4.60) spectrophotometer (Therma Electron Corporation,
Madison, USA) was used for measurement of absorbance maxima between the wavelenghts 200

450 nm.

3.4 Collection and identification of plant material

The plant materialHelichrysum- teretifoliuthwas collected in October 2012, from Jonkershoek
(about 9 km SE Stellenbosch) nature reserve, Western Cape, South Africa. The voucher specie
was identified by Dr. Christopher Cupid8ANBI, Kirstenbosch)and a copy has been deposited
at the Compton Herbariungouth African National Biodiversity Institute, Kirstenbosch, South

Africa, with herbarium number NBG145880.
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3.5 Extraction and fractionation of total extract

The plant material (stem, leave andafer; 450 g) was air dried at room temperature, blended and
extracted with methanol (2.5 L) at room temperature®@5or 48 hours. Methanol extract was

then evaporated till dryness using a rotary evaporator 4 4@ yield 16 g (3.556 %).

A portion d the total extract of H. teretifoliurfl5 g)was applied to a silica gel column (30 x 18
cm) and eluted using a gradient of hexane and ethyl acetate in the following order of increasing
polarity as indicated in Table 3.2e#enty four (74) fractions (250leach)werecollectedduring

the procesand numbered 174.

88| 238



CHAPTER THREE : HELICHRYSUM TERETIFOLIUM

Table 3.2:Fractionation of the methanol extracthbfteretifolium

Solvent system Solvent volume Fraction collected
Hexane 1L 1-4
Hexane ethylacetate 95:5 1L 5-8
Hexane ethylacetate 90:10 1 L 9-12
Hexane ethylacetate 85:15 1 L 1316
Hexanel ethylacetate 80:20 1 L 17-20
Hexanel ethylacetate 75:25 1 L 21-24
Hexanel ethylacetate 70:30 1 L 25-28
Hexanel ethylacetate 65:35 1 L 29-32
Hexanel ethylacetate 60:40 1 L 33-36
Hexanel ethylacetate 585 1L 37-40
Hexanel ethylacetate 50:50 1 L 41-44
Hexanel ethylacetate 40:60 1 L 4548
Hexanel ethylacetate 20:80 1 L 4952
Hexanel ethylacetate 10:90 1 L 5356
Ethylacetate 1L 57-60
Ethylacetate methanol 95:5 1L 61-64
Ethylacetaté methanol 90:1C 1 L 65-68
Ethylacetaté methanol 50:5C 1 L 69-72
Methanol 500 mL 73,74
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The collected fractions {I4) were concentrated in vacuo and combined according to their TLC
(using solvent systems AD) profiles toyield 28 main factions (Fig. 3.2). Thenain fractions
obtained were coded by roman numbeiisXXVIII) and the results ae summarized in Table 3.3.

The general schemé the fractionation of the totaxtract is given in Scheme 3.1.

Table 3.3:Main fractions obtained upon fractionation of the total extraét.@géretifolium

Combined Designated  Combined Designated  Combined Designated

fraction number fraction number fraction number
3-6 I 22 X1 42,43 XXI
7,8 Il 2326 Xl 44 XXII
9,10 1l 27-29 Xl 45, 46 XX
11 v 30, 31 XV 47-51 XXIV
12 \% 32 XV 52-57 XXV
13 VI 33 XVI 5862 XXVI
14 VIl 34 XV 63 XXVII
15 VIl 35, 36 XVII 64-74 XXVIII
16-18 IX 37 XIX - -
1921 X 3841 XX - -
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I VIV VID IX X X X X XV EV XV VI XVID XK XX 300 350 EXID 33IV O35V VI XVID 350V

C

‘a‘.'

tee e
| wd ,m

I II VI Vi il IX X XI XI XO XIV XV XV NI XVIO XX XX X0 XXO X0 XXV 35N 300V XV XXVID
Figure 3.2: TLC profile of the main fractions under UV (254 nm; A & B), and after spraying
with H2SO4/vanillin and then heated (C & D).

*TLC plate (A & C) of main fractions (I-XVI) was developed using solvent system A
*TLC plate (B & D) of main fractions (XVII-XXVIII) was developed using solvent system C

3.6 Isolation ofconstituents(pure compound9

3.6.1 Isolation of compound C9 Column chromatography of main fraction XX

Main fraction XX (1.4 g) was rechromatographed on silica gel using gradigimn ofhex/EtOAc
(AL 92;1L, 7:3; &1L, 100%). 100 mL each of the fraction weskected, and evaporated
using rotary evaporator. Fractions obtained were developed on TLC (using solvent system C) and

fraction displayed same profiles were combined as indicated in Table 3.4.
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Table 3.4 Fractions grouped from the column

Fraction Weight Assigned number
3-6 211 mg XXA
7-16 309 mg XXB
17-24 34 mg XXC
25-30 97 mg XXD

The chromatography of sub fraction XXD (85 mg) on sephadex column (5 % ageuous ethanol,
TLC solvent system C) afforded a pure compound labelled XX33 32 mg, 0.0071 %Fig.

3.3A). The purity ofC9 was further confirmed by direct injection to the HPLC, and eluted using
gradient solvent system of ACN and-idaized water (90:10 to 100% ACN in 30 mins), as

indicated in Figure 3.3B.

mal | o
| A M00% A calbated @52l un Cusion Calbretion |
o [Han+20 - A:haueous Brhqueous urealbial 7|
[MEOH
] B 307 25—
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Figure 3.3 TLC chromatogram of XXD3 (Fig. 3.3A) and HPLC spectrunCéf(Fig. 3.3B)
*Conditions

XXA XXB XXC XXD FR

Solvent | ACN:DIW 90:10 to 100 % in 30 mil
Column | SUPELCO, RP18 (25 X 2.1 cm)
Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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3.6.2 Isolation of compounds C1 & C4 Column chromatography of main fraction Il

Main fraction 11l (466 mg) was chromatographed on silica gel using graeligian ofhex/EtOAc

(2 L, 95:5; 500 mL, 90:10; 500 mL, 1:1; & 500 mL, 10@hylacetate). 100 mL each of the
fraction were collected, and evaporated using rotary evaporator. Fractions obtained were
developed on TLC (using solvent system A) and fraction displayed same profiles were combined

as indicated in Table 3.5.

Table 3.5 Sub fractions from Ill

Fraction Weight Designated number
6-8 68 mg [HA
1921 53 mg B
22-30 64 mg lHc

Injection of sub fraction IlIA (60 mg) to thdPLC and eluted using gradient solvent system of
ACN and deionized water (90:10 to 100% ACN in 30 mins) afforded two prominent f&adxs
not shown) collected and labelled as INAPLC-2 (C4, Rt 15 min, 19 mg, 0.0042 %), and [HA

HPLC-5 (C1, Rt 23 min, 15 mg, 0.0033 %).

3.6.3 Isolation of compounds C5 & C6 Column chromatography of main fraction X

Main fraction X (450 mg) was chromatographed on sephadex colusmy(isocratic elution of
5 % ageuous ethanol). Fractions of 100 mL eachocatescted from the column.The TLC
(using solvent system B) profile of the fractions resulted into four sub fractiorX4Xand the

result is indicated in Table 3.6 below.
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Table 3.6 Sub fractions from X

Fraction Weight Designated number
4-9 19 mg X1
11-15 26 mg X2
17-21 52 mg X3
22-29 33.2 mg X4

Sub fraction X3 (35 mg) was injected to the HPLC and eluted using gradient solvent system of
ACN and deionized water (70:30 to 90 % ACN in 20 min, then 100 % for 20 min). One prominent
peak wagollected and labelled as X3PLC-3 (C5, Rt 27 min, 15 mg, 0.0033 %). Sub fraction

X4 (30 mg) was injected to the HPLC and eluted using gradient solvent system of ACN and de
ionized water (70:30 to 90 % ACN in 20 min, then 100 % for 20 min). The prompeak

collected was labelled as X4PLC-2 (C6, Rt 32 min, 17 mg, 0.0038 %).

3.6.4 Isolation of compounds C2 & C16 Column chromatography of main fraction XII

Main fraction XlIl (505 mg) was chromatographed on sephadex column (5 % ageuous ethanol).
Subfractions (50 mL) collected were combined as indicatecdainld 3.7, and developed on TLC

usingsolvent system C as indicated in Figure 3.4
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Table 3.7 Sub fractions from XllI

Fraction Weight Designated number
10-16 34 mg XIIA
17-20 115 mg XIIB
21-26 87 mg XIIC
27-29 36 mg XIID
30 24 mg XIIE
XlC

.

XIIA XIIB XlIIC XID XIE

Figure 3.4 Chromatogram of sub fraction XII

Sub fraction XIIC (73 mg) was injected to the HPLC and eluted using gradient solvent system of
ACN anddeionized water (80:20 to 95% ACN in 30 min, then 100 % for 20 min). Two promient
peaks were collected, labelled as XHPLC-1 (C10, Rt 16, 13 mg, 0.0028 %), and XHAPLC-

2 (C2, Rt 30.5, 14.8 mg, 0.0033 %).
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3.6.5 Isolation of compounds C7 & C8 Column chromatography of main fraction XXIlI
Fraction XXIIl (170 mg) was chromatographed on sephadex using isocratic 10 % aqueous ethanol,
the collected fractions (50 mL each) were combined according to their TLC (using solvent system

C & D) characteristis to yield sub fractions XXIIIA XXIIC (Table 3.8).

Table 3.8 Sub fractions from XXIII

Fraction Weight Designated number
9-20 83 mg XXIIIA
21-48 25 mg XXIB
49-58 34 mg XXIIIC

The precipitate (73 mg) of sub fraction XXIIA was dissolvedriaethanol, injected to the HPLC
and eluted using gradient solvent system of ACN anmbiiged water (50:50 to 60% ACN in 5
min, then 60 % for 20 min, followed by 100 % for 3 min). Two prominent peaks (Fig. 3.5) were
collected and labelled as XXIIp-HPLC-1 (C7, Rt 22, 24 mg, 0.0053 %), and XXII}HPLC-

2 (C8, Rt 24.5, 19 mg, 0.0042 %).
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Figure 3.5 HPLC spectrum of compounds’ @nd G
*conditions

Solvent | ACN:DIW 50:50 to 60 % in 25 min, then to 100 % in 3 n
Column | SUPELCO, RP18 (25 X 2.1 cm)
Flow rate| 1.5 mL/min

Detection| UV at 254 nm

3.6.6 Isolation of compound C3 Column chromatography of main fraction XVIII
Fraction XVIII (270 mg) was chromatographed on sephadex using isocratic 5 % aqueous ethanol,
the collected fractions (50 mL each) were combined according to their TLC (using solvent system

C) profiles to yield 5 sub fractions (Table 3.9).

Table 3.9 Sub factions from XVIIi

Fraction Weight Designated number
1925 14.8 mg XVIIA
26-30 27 mg XVIIIB
31-36 44 mg XVIIC
37-44 74 mg XVIID
45-48 20.2 mg XVIIE
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Sub fraction XVIIID (63 mg) was injected to the HPLC and eluted using gradient selxstam
of ACN and deonized water (90:10 to 100% ACN in 30 min)]. One prominent peak (Fig. 3.6)

was collected and labelled as XVIHBPLC-2 (C3, Rt 15, 21 mg, 0.0047 %).
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maAL ] 1 non]  anao Insert__|
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Figure 3.6 HPLC spectrum of compound3C
*conditions

Solvent | ACN:DIW 90:10:to 100 % in 30 mil
Column | SUPELCO, RP18 (25 X 2.1 cm)
Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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HELICHRYSUM TERETIFOLIUM! METHANOL EXTRACT I(HT) )

U
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Scheme 3.1A flow diagram of experimental procedufor the isolation of constituenft®m H. teretifolium
*All silica gel column fractionations were done using gradient solvent system of hex/EtOAc/MeOH. * All sephadex column fractionationsevesind
isocratic elution of aq. EtOH. * Compounds derived from samefrsuitions are indicated with same color box.
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BIOLOGICAL CHARACTERIZATION OF HELICHRYSUM
TERETIFOLIUM CONSTITUENTS

3.7 General experimental procedure for biological assays

3.7.1 Reagents

Standards (purity > 99.0%) for antioxidant, inhibition of‘Feduced lipid peroxidation, anti

elastase and artyrosinase assays such as kojic acid, oleanolic acid, EGCG, treleyd{@®xyl-

2, 5,7,8tetramethylchroma?-c ar boxyl i ¢ acid), and ot-Azier r eage
bis (3ethylbenzo thiazoling-sulfonic acid) diammonium salt), potassium peroxodisulphate,
fluorescein s odi u-Azobis a2methylpropidmarhiding) aihydro2hioride,

perchloric acid, TPTZ (2,4;8i[2-pyridyl]-s-triazine, Iron (111) chloride hexahydrate, sepharose

(wet beaddiameter, 6200 um), copper sulphate, hydrogen peroxidasuldc(Ala)3-nitroanilide

(SANA) were secured from Sigr#sldrich, Inc. (St. Louis, MO, USA). All antioxidant assays

including FRAP, TEAC, lipid peroxidation, and enzyme inhibition (tyrosinase lastbse) were

measured by Multiskan spectrum plate reader, while automated ORAC assays were determined by

Floroskan spectrum plate reader.

3.7.2 Antioxidant assays

3.7.2.1 Ferricion reducing antioxidant power (FRAP) assay

Working FRAP reagent was prepdrin accordance to the method described previdB&yzie

& Strain, 1996)Ina9%we |l | cl ear micropl ate (visible range
w/v) of the isolateccompoundgC1-C10) and amnet han o | extract (HT) wer ¢
FRAP reagentThe FRAP reagent was a mixture (10:1:1, v/v/v) of acetate buffer (300 mM, pH

3.6), tripyridyl triazine (TPTZ) (10 mM in 40 mM HCI) and Fe®H.O (20 mM). After
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incubation at room temperature 180 min, the plate was read at a wavelength of 593 nm in a
Multiskan Spectrum plate reader (Thermo Fisher Scientifiedscorbic acid (Sigma Aldrich,

South Africa) was used as a standar d Fwtharh ¢ onc
dilutionswere done to the samplésat were highly concentrated asdch dilution factors were

recorded and used for calculatiooisthe affected sample$ he results were exp

ascorbic acid equivalents per mmpldsi gram dry w

3.7.2.2Automated oxygen radicals absorbance capacity (ORAC) assay

ORAC was done according to the previous mettixtbr, et al., 2003)vith some modifications

(Cao et al, 1997; 1998)Y.he method measures the antioxidant scavenging capacity of thermal
decomposition gener at e-dzolisy2anfirerpropane)dibydrgchloridea d i c a |
(AAPH; ORACRroo assay), (b) hydroxyl radical (ORAG assay), generated by®b-Cu?* (H202,

0.3%; Cd* [as CuS@), 18 uM, or (c) Cé*[as CuSQ], 18 uM as a transition metal oxidant at 37

°C. Fluorescein was used as the fluorescent probe. The loss of fluorescence of fluorescein was an
indication of the extent of its oxidation through reactiorhwtiite peroxyl or the hydroxyl radical.

The protective effect of an antioxidant was measured by assessing the fluorescence area under the
curve (AUC) plot relative to that of a blank in which no antioxidant was present. The analyzer
was programmed to reabthe fluorescence of fluorescein every 2 minutes after AAPS,H

Cu?*, or C#* was added. The fluorescein solution and sample were added in the wells of an
illuminated 96 well phte, 12 pL of each of ousample(in stock solution of 1 mg/mLjvas
combinedwith 138 L of a fluorescein working solution followed by addition of 50 pL of 150 mg

of AAPH prepared irsitu in 6 mL Phosphate buffer. Absorbance wassuesal with Fluoroskan

spectrum plateeader with the excitation wavelength set at 485 nm and thesiemiwavelength
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at 530 nm. A calibration curve was used, using a Trolox stock solution of concentrations in the
range of 83 417 uM (R = 0.9514). The ORAC values were calculated using a regression equation
(Y = a + bX + c¥) between Trolox concentratiof¥ in uM) and the net area under the
fluorescence decay curve (X). ORAC values were expressed as micromoles of Trolox equivalents
(TE) per milligram of test sample, except wherf Quithout H:O,) was used as an oxidant in the
assay. In the presence of Lwithout HO,, test samples acted as a prooxidant rather than
antioxidants in the ORAC assay. The coppérated prooxidant activity was calculated using
[(Areagiank I Areasampid/Areasiank] X 100 and expressed as prooxidant units where one unit equals
the prooxidant activity that reduces the area under the fluorescein decay curve by 1% in the ORAC
assaySamples without perfect curve were further diluted and the dilution factors were used for

the calculation of such samples.

3.7.2.3 Trolox equivalentabsorbance capacity (TEAC) assay

The total antioxidant activity of the test sample was measured using previously described methods
(Pellegrini, et al., 1999; Re, et al., 1998he stock solutionghich contains 7 mM BTS and 140

mM potassiurperoxodisulfate (KS:Og) (Merck, South Africawas preparednd kept at2 °C.

The working solution wa s;S®skotutiontp 5 mLpABTSeaution.y a d d |
The two solutions were mixed well and allowed to react for 24 hours at room temperature in the
dark. Trolox (6hydrox2,5,7,8tetramethylchroma®-carboxylic acid) was used as the standard

with concentrations ranging betwee 0 a n d After@®48 hogrdylte ABTS mix solution was

diluted with ethanol to read a staip absorbance (control) of approximately 2.0 (£ 0.1). The stock
solution(1 mg/mL)of a methanol extragHT)and puri fi ed compounds (25

rea¢c with 300 €L AB Teénparaturefoh3® mid.l@Erabksortmance was read at
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734 nm at 25 AC in the plate reader. The res

milligram dryweightt e M TE/ g) of the test sampl es.

3.7.2.4 Inhibition of Fe (II)-Induced Microsomal Lipid Peroxidation Assay

Rat liver microsomes were first isolated from an S9 liver fraction using a sepharose column with
0.01M potassium phosphate buffer; pH 7dpgemented with 1.15 % KCI. The isolation of
microsomes wasahe at-5 °C. A glass column (220) was parked with sepharos® @m) and

eluted with phosphate buffer as described above. Microsomes obtained were homogenized and
distributed into 2 mL eppendorf tube and kept8&t°C prior experimentThe proteincontent of

the homogenized microsome was determinesitu.

A method described Bnijman, et al., 2009yith a few modifications was adoptécde reaction
mixture contained microsomes (1 mg of protein/mL in 0.01M potassium phodpiféae pH

7.4, supplemented with 1.15 % KCI). The positive control included microsomes, buffer and ferrous
sulphate, in the absence of the samples to be tested.

The sample stock solutiorfslT andC1-C10) were prepared in methanol (1 mg/mL, w/v). The
working sample solutions-were prepareth 0.01M  potassium phosphateuffer; PH 7.4,
supplemented with 1.15 % KCI diluted to 26.750, 13.375, 6.688, 3.344, 1.67Q.8&6dug/mL
concentations. 100 uL of each sample (working solutionsje dissolved in potassium phosphate
buffer and preéncubated with 500 pL microsomes at%7for 30 minutes in a shaking water bath.
200 pL of KClkbuffer were added to the mixture,ltmlved by 200 uL of a 2.5 mM ferrous sulphate
solution and incubated at 8T for 1 hour in a shaking water bath. The reaction was terminated
with 10% trichloroacetic acid (TCA) solution (1 mL) containing 125 pL butylated hydroxytoluene
(BHT, 0.01%) and 1nM ethylenediaminetetraacetic acid (EDTA). Samples were centrifuged at

2000 rpm for 15 minutes, 1 mL of supernatant was mixed with 1 mL of 0.6 7o¥%atbituric acid
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(TBA) solution. The reactiormixture wasthenincubated in a water bath at 80 for 20 mirnutes
and the absorbance were measured at 532i18Iny plate readeiThe percentage inhibition of

TBARS formation relative to the positive control was calculated by:

[(Acontrol TA sample) /Acontrol] X100 1)

3.7.3 Skin enzymes inhibitory assays

3.7.3.1 Tyrosinase enzyme assay

This assay was performed using the method describé@hmympo, et al., 2012; Vardhan, et al.,
2014)with slight modifications. Samples were dissolved in DMSO (dimethyl sulphoxida) to
stock solution of 1 mg/ml(w/v). Further dilutiors were done with 50 mM sodium phosphate
buffer (pH 6.5) for all working solutions to the concentrations of 100.00, 50.00, 25.00, 12.50, 6.25,
3.12, and 1.56 pg/mL. Kojic acid was used as a control drug. In the wells eivall9glate, 70

pL of each sample working solution was combined with 30 uL ofsipase (from mushroom,

500 Units/mL in sodium phosphate buffer) in triplicate. After.incubation at room temperature for
5 minutes, 110 pL of substrate (2 mMyrosine) was added to each well. Final concentrations of
the crude extract, isolated compounasd positive control ranged from 1-@00 pg/mL.The
sample controlvasmade up of eackamplewith sodium phosphate buffefhe reacting mixture

was then incubated for 30 minutes at room temperaiilne enzyme activity was determined by
measuring the aorbance at 490 nmmsing plate readeiThe percentage of tyrosinase inhibition

was calculated as follows:

[(A7 B)i (Ci D)/ (AT B)X 100 )
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Where A is the absorbance of the control with the enzyme, B is the absorbance of the control
without theenzyme, C is the absorbance of the test sample with the enzyme and D is the

absorbance of the test sample without the enzyme.

3.7.3.2 Elastase inhibition assay

Inhibition of elastase by the test samples was assayed ussugd{Ala)3-nitroanilide (SANA)

as the substrate, monitoring the releasg-troanilide by the method describ@hompo, et al.,
2012) with little adjustment. e inhibitory activity determined the intensity of color released
during cleavage of SANA by the action of elastase. The working reagent falastise assay
was prepared in line with literaturehd@ preparationnvolved 1 mM SANA in 0.1 M trisHCI
buffer pH 8.0.The sample stock solutions were prepared as 1 mg in 1 mL mett20|iL of
already prepared SANAvas added to the 20 puL of sample solution (diluted to 100.00, 50.00,
25.00, 12.50, 6.25, and 3.12 pg/mL concentrations irH@$ buffer as working solutiog) in a
96-Well plate. The mixtures were vortexed and preincubated for 10 minuteS$@iz@%l then 40

uL of elastase from porcine pancrease (0.03 Units/mL) was added. The mixtures were further
incubated for 10 minutes and the absodeawas measured at 410 nm. THi€l buffer was used

as control, while oleanolic acid used as a positive corftiled.sample control involved the smple

and SANA (uninhibited sample)he percentage of elastase inhibition was calculated as follows:

(17 B/A) X 100 ©)

Elastase inhibition (%), where A is the enzyme activity without sample and B is the antthigy

presence of the sample.
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3.8 Statistical analysis

All skin enzyme inhibitory assays and ?Fenduced lipid peroxidation assay calculations,
expressed as percentage inhibitions + SD, were performed using MS Excel 2013, while the final
values expressed asstwere determined using GraphPad prism Bt data presented are means

+ SD obtained from 96 well plateaderdfor all in vitro experiments in triplicate. Differences

between the means were considered to be significankif 0. 05 accorahewag t o P

ANOVA. ORAC, FRAP, and TEAC values were determinehgisheir respective templates.

3.9 Chemical evaluations: Results andiscussion

3.9.1 Summary of the isolated compounds

Chromatographic purification of a methanaol extracHoteretifoliumusing different techniques
including semiprep HPLC yielded ten pure compounds categorized into the following class of
flavonoids: prenylated chalconesi(C C3), prenylated flavanones 4G C6), and flavones (Ti

C10). CompoundC1 was isolated as a nesompound and its occurrence is hereby reported for

the first time from nature.

3.9.2 Spectroscopic data of isolated compound C1

CompoundClwas i sol ated as yel IngWeCGHMmMonr3g0mm;uRs(KBp)o wd er
cml: 3450, 1800, 1600, 1410, and 115(RMS nvz 391.1889M + 1]*, (calcd: 390.1831)\H-
and*C-NMR data, see Table 3.10Qther spectra data obtained for compo@idwere attached

as Annexure I.
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3.9.3 Analysis of prenylated chalcones

3.9.3.1 Analysis otompound C1 O-prenylated chalcone)

CompoundC1 was isolated as an amorphous yellow powtther HRMS ofC1 showed a [M + 1]

peak atm/z 391.1889 corresponding to the molecular formulasid>¢04. Absorption in the IR

(KBr) spectrum were attributed to the hydroxyl functions (3453)¢18=0 of ketone (1800 cm

1y, conjugated C=C (1600 cHy aromatic ring (1410 cr), as well as € ether (1150 crh). UV

dmax (MeOH) nm: 340 nm. The NMR spectra (Annexure |, Figl)ldemonstrated chalcone
skeleton features with an substituted ring BtH NMR showed singlet at 6.03 ¢}l aromatic
multiplet of monesubstituted phenyl group 7.38.35 (n, Hx>-He); transcouplel protons at 8.11,

7.72 @ each,J = 15.6 Hz), in addition to signals of two prenyl groups, one of them-&j) C
forming a pyrane ring with 60H and contains signals of tvais olefinic protons at 6.58, 5.45

(d, J=9.6 Hz) and two methyls at 1.52. Toter prenyl group forming ether bond with@H

and showed signals of a methylene group at 4.53d, 84 Hz), a proton at 5.56,J = 6.4 Hz)

and two methyls at 1.77 s, 1.72 s. TA@ NMR with DEPF135 confirmed the above data and
showed 25 carbond45 of them belong to the main chalcone skeleton and the other 10 carbons
belong to the two prenyl groups (Table 3.10). 2D NMR spectra established struc@tdrof
particular HMBC correlations spectrum (Annexure |, Fig. 4) which showed cross peaks between
H1/Cs, Ce, Cs; H1/Cs; 5-OH/Cyr, Cp, Cs; H3/Co, Cs, C1o, Cs-among others and confirmed the
structure given in Figure 3.7 &hydroxy-5',6-(2,2-dimethylpyrano} - (O-prenyl)}chalconeand

given the name heliteretifolin€().
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Heliteretifoline (C1)

Figure 3.7: Chemical structure of heliteretifoline.

To the best of our knowledge and Scifinder database, compdumsl only described once as

synthetic products but not isolated before from natwatce(Xia, et al., 201Q)

3.9.3.2 Analysis of compounds C2 & C3 (prenylated chalcones)

Isoxanthohumol (€) and 2°,4",6-trihydroxy-3 -prenylchalcong(C3) were isolated previously

from H. polycladumijdentification of @ andC3 were done by correlating our spectral data to the
existing datgdBohlmann, et al., 1978)soxanthohumol (€) was also isolated and identified (Fig.

3.8) alongside witl2",4",6-trihydroxy-3 -prenylchalcone (B, Fig. 3.9),and glabranin (6) from

H. cymosuniBohlmann, et al.; 1979; Jakupovic, et al.; 1989} of interest to note that the NMR

of compound @ showed duplication of some signals (Table 3.10) because of the free rotation of
the single bonds around the carbonyl. This duplication is not observed for the other prenylated

chalcones (Cand G3).

2°,6"-dihydroxy-4"-methoxy-3" prenylchalcone (C2)
Figure 3.8: Chemicalstructure of 2°,6dihydro-4 -methoxy3-prenylchalcone
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2°,4°,6 -trihydroxy-3-prenylchalcone (C3)

Figure 3.9: Chemical structure of 2°,4",6éfrihydroxy-3 -prenylchalcone

3.9.4 Analysis of compounds C4, C5 and C6 (prenylated flavanones)

7-methoxyisoglabranifC6) demonstrated very similar NMR spectra to thalsofjlabranin (@)
and glabranin @5), however, the distinction between struct@é (Fig. 3.10)and C6 were
confirmed by HMBC through H and 50H cross peaks withsand G, while G5 (Fig. 3.11)
showed shift of some signal {@nd G-) from C4 (Table 3.10). The structure @f6 (Fig. 3.12)

was finally confirmed from the previous ddBraz, et al., 1975)

OH O

isoglabranin (C4)
Figure 3.10:Chemical structure of isoglabranin

OH O
glabranin (C5)

Figure 3.11:Chemical structure of glabranin
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OH O

7-methoxyisoglabranin (C6)

Figure 3.12:Chemical structure of-iethoxyisoglabranin

3.9.5 Analysis of compounds C7, C8, C9 ar@10 (flavones)

The spectroscopy properties of isolated flavones such as Quefeétihig. 3.13) isolated form
H. arenariumwas correlated with previous daf@rokopenko, et al., 1972)hile that of4'-

methoxyquercetin (& Fig. 3.14) was confirmed frorBervettaz, et al., 1984Dther flavones
isolated and identified based on previous work inclue@dthoxykaempferol (& Fig. 3.15), and
mosloflavone (@O, Fig. 3.16) identified fronfGowsala & Uvais, 1975nd(Donald, et al., 1988)
respectively. It is worthy to indicate the isolation of compoun@s@-C10 from Helichrysum

species for the very first time.

OH O

guercetin (C7)

Figure 3.13:Chemical structure of quercetin
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OH O

4-methoxyquercetin (C8)

Figure 3.14:Chemical structure of-fhethoxyquercetin

OH O

4'-methoxykaempferol (C9)

Figure 3.15:Chemical structure of 4nethoxykaempferol

OH " O

mosloflavone (C10)

Figure 3.16:Chemical structure of mosloflavone
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Table 3.10:*H (400 MHz: m,J Hz) and'3C (100 MHz) NMR spectral data of isolated compou@ds C6in CDCl

No. Ci1 C2 C3 C4 C5 C6
13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H
1 135.6 136.6 135.6
2 128.2 7.58dd, 7.6, 129.23 7.55d, 6.2 128.3 7.53dd, 1.6, 79.07 5.37dd, 3.2,13.2 79.1 5.30dd, 2.5,13.1 79.3  5.38dd3.0,13.2
1.6 7.2
3 128.9 129.88 128.6 7.31m 43.44  3.05dd, 13.2, 43.4 3.05dd, 3.1, 17.2 435  3.05dd13.2,17.1
17.2 2.71dd, 13.3, 2.78dd 3.0, 17.1
7.37m 7.29m 2.79dd, 3.2, 17.2 17.2
4 130.0 131.0 129.7 7.31m 1959 - 195.5 195.8
5 128.9 129.9 128.6 7.31m 161.2 161.1 161.3
6 128.2 7.58dd, 7.6, 129.2 7.55d, 6.2 128.3 7.53dd, 1.6, 107.0 108.6 110.1
1.6 7.2
7 163.8 164.2 165.5
8 955  5.99s 94.8 5.93s 91.0  6.07s
9 161.0 160.6 160.3 -
10 102.9 102.3 1029 -
16 106.2 - 106.2 105.2 1385 1385 1385 -
26 167.3 - 164.7/164.6 163.4 126.1 126.1 126.1
36 955  6.03s 109.2/109.1 106.7
40 160.6 - 160.9 162.0 7.30m 7.42m 128.9 7.37m
50 103.3 - 91.6 6.05s 94.4 . 5.80s 128.8 128.7
66 155.7 - 164.3/163.9 160.0 126.1 126.1 126.1
U 1275 8.11d15.6 128.7/128.8 8.10/8.12d, 127.9 8.07d15.6
15.7
) 1421 7.72d15.6 142.8/142.7 7.65d, 15.7 1417 7.68d,15.6
co 1928 - 193.8 192.9
1 117.0 6.58d,9.6Hz  22.0 3.22d, 6.9 211 3.33d,7.2 20.9 3.21d, 6.9 21.0 3.24d,68
R 124.4 545d,9.6 Hz  124.0 5.09t, 6.9 1214 5.28t,7.2 122.1 5.17t, 6.9 1222 5161t 6.8, 1.4
3" 77.9 136.6 1357 132.4 1317 -
4 279 152s 26.0 1.48s 258 1.74s 25.6 1.63s 258  1.65s
5% 279 152s 17.9 1.60s 179  1.79s 17.7 1.72s 177  175s
(RN 65.5 4.53d,6.4
o 118.8 4.56t, 6.4
3 1386 -
4 258 1.77s
5 183 1.72s
5-OH - 14.19s 13.61 13.30 12.36 12.03
7-OMe 56.6 3.70s 55.8  3.81s

*C1Ca isolated compounds-f
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3.10 Biological evaluations: Results and discussion

In this study, ann vitro investigation was carried out to determine the antioxidant capacity
of a methanol extract dfl. teretifoliumand itsten isolatedconstituent§C1-C10). The
ORAC (peroxyl and hydroxyl), FRAP, TEAC, and?~induced lipid peroxidation assays
were used taetermine the antioxidant and oxidative damage modulatory capacities of the

extract, while trolox, ascorbic acid and EGCG were used as references.

3.10.1 Evaluating the ORAC activities of the isolated compounds

Accelerated skin aging is a consequenceraictlcontinuous contact with the environment due to
accumulation of reactive oxygen species (RCE)ce aging is becoming a major concern, it is
important to focus on the causes and its cure. Although a wide range of factors contribute to skin
aging, enronmental factors are majorly involved in inducing the stress and enhancing the effect
of internal factors in causing aging. Natural antioxidants being cost effectivesadadare
proposed as good alternatives towards modulating the stress induceddeyahigens. Plant
extracts or compounds thus offer new effective treatment options to minimize the effects of UV
stress and harmful compounds. Bimspecting of natural resources for antioxidants has hence
intensified, as a great deal of research iadpearried out to identify plants with potent antioxidant

activity to act against skin aging.

Table 3.11 indicate the ORAC for both hydroxyl and peroxyl radicals demonstrated by the isolated
compounds and total extract (HT). Compou@ds& C8 were isolated as active constituents with
significant peroxyl (17.836 + 2.90; 12.545 + 5.07) X 40d hydroxyl (7.26 + 0.71; 6.779 + 3.40)

X 10° uM TE/g radical absorbance capacities. In general, a hydroxyl on-thegBire the most

important active gnop, for donation of hydrogen to hydroxyl and peroxyl radicals, thereby
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stabilizing them and giving rise to a relatively stable flavonoid ragWalfe & Liu, 2008) Our

result istherefore an indication th&7 andC8 have the capacities of donating hydrogen atom(s)
from B-hydroxyl groups to stablilize free radicals.

The result we obtainedin Table 3.11 indicated that the coppeitiated prooxidant activity,
expressed as arbitrary units, were very low when compatedive peroxyl and hydroxyl radical
absorbance capacities expressed ihafl 16, respectively. This result suggests none of the
compounds possessed prooxidant activity, possibly due to thexmgiance of pyrogallol groups

in their respective rin@ substitution (Heim, et al., 2002)This finding seemed exciting to us
because many of the antioxidants have been reported to have adverse effect through their
antioxidantprooxidant behavior during absorption, metabolism and excréhiguedt, et al.,

2001; Caocho & Ferreira, 2013)
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Automated oxygen radical absorbance capacity

Sample ( ORAC £ MTE/ g )

- ROO (¢ M/ g3 X OH ( ¢ M/ g% .  Prooxidant
HT 1.313 +7.54 3.016 + 5.90 4.163 + 0.83
C1 2.833 + 3.88 2.998 + 1.67 2.036 + 2.98
C2 3.113+17.59 2.910 + 6.00 3.601 +2.23
C3 5.025 + 6.16 3.771+ 3.02 4.704 + 0.27
C4 1.063 * 33.50 2.918 +4.13 3.947 +0.29
C5 0.856 + 17.35 2.997 +0.36 2.971+1.10
C6 3.854 + 5.14 2.955+ 3.41 3.799 + 0.60
C7 17.836 + 2.90 7.265+0.71 4.361 +0.78
C8 12.545 + 5.07 6.779 + 3.40 8.963 + 2.79
C9 10.491 + 0.97 3.675+ 1.40 3.790 + 1.15
C10 2.403 + 2.50 2.909 + 8.41 6.482 + 1.55

EGCG 14.970 + 5.53 3.911 + 4.65 7.281+1.42

of

EGCG: Epigallocatechingallate; Isolated compou@disC10; HT: methanol crude extract

3.10.2 Evaluating the FRAP and TEAC activity of the isolated compounds

The FRAP

assay

m afaliyy to reduse the intenses umferliceTBTZ complex to

its ferrous form in acidic medium, thereby changing its absorb@w®ie & Strain, 1996)The

FRAP activity demonstrated I&7andC8( 4 8 1 6

N 7. 42;

3AK/§, despiciivelly 0. 5 4

with almost a similar activity when compared to the commercial antioxidant derived from green
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tea, EGCG (Table 3.12). Compou@@ demonstrated highest FRAP valiige to the presence of

3, 4-dihydroxy group in the Bing. Further explaation to validate ouresult was documented
that greater radical stability was due to an increased electron delocalization and intramolecular
hydrogen bonding between the @hd 4-hydroxyls(Wolfe & Liu, 2008) Replacememf one of

the hydroxyl groups by a methoxyl group8) alsocontributed to the significant value recorded,
possibly due to the presence of a lone pair of electranathoxyl(OMe) groupwhich can keep
intramolecular hydrogen bond withe@H. The reducingapacity of compound€7 and C8
could be used as an important indicatibpassible antioxidant activity in acidic conditions.

On the other hand;2 andC3 demonstrated the highest TEAC value (Table 3.12). The significance
of the hydroxyl configurations in rirg for such TEAC activity observed f&€€2 & C3 is less
clear to us, except asupporting evidence that Sg#di/tri-hydroxyl arrangement in ring

increases TEAC, but such mechanism was not fully expldidetn, et al., 2002)
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constituents.
Sample FRAP TEAC
- eM AAE/ eM TE/ ¢

HT 511.89 £+ 4.61 1179.60 + 8.20
C1 nd nd
Cc2 619.91 +1.97 4170.66 +6.72
C3 817.94 + 4.26 4529.01 + 2.44
C4 7.052 + 3.76 43.17 + 6.26
C5 67.79 + 14.27 204.15+2.04
C6 104.09 + 4.64 519.25 + 3.66
C7 4816.31 + 7.42 1361.70 £ 1.98
C8 3584.17 £ 0.54 1009.01 +1.98
C9 191.47 + 1.39 261.30 £ 4.02
C10 544.60 = 6.98 699.66 + 2.28

EGCG 3326.45 +5.76 11545.4 + 17.28

* nd: not detectedEGCG: EpigallocatechingallatddT: methanol crude extradf;1-C10: Isolated compounds-10

3.10.3 Evaluating the F&" induced anti-lipid peroxidation activity of the
isolated compounds

Oxidative degradation of lipids is a common consequence of oxidative stress, a process whereby
polyunsaturated lipids of the membranes are susceptible to oxidative damage via the reaction of
free radicals, which can lead to lipid peroxidation. Productdipad peroxidation such as

malondialdehyde (MDA), -hydroxyl 2nonenal, and some other alkanals react with cell
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macromolecules to form adducts with significant irreversible effects on cellular functions, and
could also promote the aging proceédte observd CompoundsC7 - C10 (IC50=2.931; 6.449;

10. 520, 1 Oespe@ivkly, &ig. B.4¥) tp be good inhibitafslipid peroxidation. Their
significant(p<0.05)values recorded were due to the presence ofufisaturated double bond in
conjunction with4-keto function in their respége structures. An existing literatuestablished

the significance of these features through delocalization of the electron on the keto group which
resulted in resonance stabilization energy (ring current) in both ring8Asgabilizing them and

giving rise to relatively stable flavonoid radicals formed after the transfer of hydrogen and/or

electron(Kumar & Pandey, 2013)
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Figure 3.17:Effects ofH. teretifoliumconstituents on inhibition of Eeinduced microsomal
lipid peroxidation. (p<0.05)

*Data are expressed asstQvith isolated compounds and a methanol extract (HT) screened at 26.750 pg/mL

118| 238



CHAPTER THREE: HELICHRYSUM TERETIFOLIUM

3.10.4 Evaluating the antityrosinaseactivity of the isolated compounds

The skin disease®lated enzyme assays revealed that comp@Urtths strong activity in among
of isolated compoundgsted Recently, tyrosinase inhibitors have received special attention, due
to its alleviating propey to deliver skin lightening and ardaging benefits, caused by undesirable
skin hyperpigmentatio(Narayanaswamy, et al., 2011)

Our findingsdemonstrated antyrosinase activity in order @87>C8>C9>C10 for our samples
From the previous skin enzymes assays investigated on flavoniogdsyrosinase inhibitory
activities of flavones werascribed to their ability to chelate copper in the enz{@iang, 2009)
Since the partial structure (3;dthydroxy-4-keto moiety) which is responsible for the ability to
form chelation can be found in our isolated compouds C10, it appears very likely that the
copper chelation is the main inhibition mechanism of fl@gas long as their 3;dBhydroxyl

groups are freé(Kumar & Pandey, 2013)
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Figure 3.18: Effects of H. teretifolium constituents on inhibition of antyrosinase activity
(p<0.05)

*Data are expressed assb@vith isolated compounds screened at 50 pg/mL while the methanol extract (HT) screened at 100.00
pg/mL

In addition to the above features exhibited by flavones, the results (Fig. 3.18) further €ibwed
bearing catechol group at therilBg was the moseffective inhibitor of tyrosinase and lipid
peroxidation. Other compounds§€ C10), not bearing a catechol group, were not significantly
active under the condition assessé&d. exhibited potent(p<0.05) antityrosinase inhibitory

activity as shown in Figre 3.18n accordance with reported dgtdeim, et al., 2002; Masuda, et

al., 2009; Zheng, et al., 2013)
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3.10.5 Evaluating the antielastase activity of the isolated compounds

No significant IGo value was observed by the tested samples when compared to oleanolic
acidexcept Compoun@?7 thatdemonstratednti-elastase (though weak but significant afol€

43.342 pg/mL, Fig. 3.1%activity. No previous study has been reported the activity of flavones to
exhibit antielastase and our findings cannot be used to establish that com@@ubekaring

catechol group at the-Bng was responsible for such aetastase activity.
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Figure 3.19:Effects ofH. teretifoliumconstituents on inhibition of angélastase activity (p<0.05)

*Data are expressed asshvith isolated compounds screened at 50 pg/mL while the methanol extract (HT) screened at 100.00
pg/mL
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3.11 Conclusion

Ten flavonoid related structures were isolatesd constituent$rom a methanol extract dl.
teretifolium(HT). Thedeterminations of the structures weaaried out by 1D and 2DIMR as

well HRMS.

There are many assumptions with regards to structunaitpatlationship of flavonoids. The
numbering, positioning and substituting patterns displayed by phenyl rings A & B in the isolated
compounds resulted in different biological activities. It-may be collectively stated that most of the
H. teretifoliumconstituents exert efficient hydroxyl and peroxyl radical absorbance capacities,
inhibiting lipid peroxdation as welkerve as a good source with amtiosinase activity in tha

vitro systemsThis could be attributed to its good quality flavonoids ittaored which may also
contribute to its biomedical applicatianBhe present works the first scientific report o.
teretifoliumand the results suggesting that the extract of this plant or its constituents might become
natural agents to inhibit oxida# stress and tyrosinase activity, both playing an important role in

skin aging.
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CHAPTER FOUR

CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF
HELICHRYSUM NIVEUM CONSTITUENTS

4.1 Abstract

Phytochemical investigation of aerial amf Helichrysum niveum (HF) using different
chromatographic methods including sepneparativeHPLC afforded thre@mew C11-C13) and
six known C14-C20) acylphloroglucinols alongside a known dialcohol triterpe@21j. The
structures of the isolated compounds were characterized accorasngbenzoyt3 (3-methybut-
2-enylacetatephloroglucinol fHelinivene A, Cl11), l-benoyl-3 (25hydroxy-3-methybut-3-
enyl)}-phloroglucinol [elinivene B, C12), 8-(2-methypropanoneBS5,7-trihydroxyl-2,2-
dimethoxychromae (elinivene C, C13), 1-(2-methylbutanone}-O-prenytphloroglucinol
(C14), 1-(2-methylpropanoned-O-prennytphloroglucinol C15), 1-(butanoney3-prenyt
phloroglucinol C16), 1-(2-methylbutanoneB-prenytphloroglucinol C17), 1-butanone3-(3-
methylbut2-enylacetatephloroglucinol 'C18), . 1-(2-methylpropanone3-prenylphloroglucinol
(C19), caespitate ¢20) a n24-dirg/droxyterexerld-ene C21). Excellent total antioxidant
capacities were demonstrated hlinivenes A and BG11 & C12) whenmeasureds ORAC,
FRAP, TEACandincludingtheinhibition of F&*-induced lipid peroxidation (1= 5.115 + 0.90;
3.553 £ 1.92) pg/mL, while antyrosinase activity at 1§5=35.625 + 4.67 & 26.719 £ 5.05 pug/mL
were also observed f@11 & C12 respectively. This is the first chemical andvitro biological

study orH. niveum Thesedindings underpinnew perspectives for the exploitation of theaeural
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phenoliccompounds in applications such astlim natural cosmeeuticaland pharmaceutical

sectos.

Keywords: Helichrysum niveunPhloroglucinols Triterpene Antioxidant Anti-tyrosinase
Skin aging;Cosmetics.

4.2 Background information onHelichrysum niveum

Helichrysum niveun(L.) Less [synonymssnaphalium niveum L., Helichrysum ericifolium Less.

var. metalasioides (DC.) Harv., Helichrysum metalasioides] XCan indigenous plant widely
distributed along the Western Cape coast of South AfFicaure 4.1: A & B) often on dunes and

sandy soil. It has distinguishable acute white bracts where itsmamenori s now whi t eo p

(www.keys.lucidcentral.ong originated: from. From SciFinder and the dictionary of natural

products database, no reports on scientific or ethedicinal value have been recorded. Our
proposition was based on the chemotaxonomic relationghigh may possibly exist betweéh
niveumand otherHelichrysumspecies. Previous findings expanded the knowledge about the
phenolic profile ofHelichrysumto be richly blessed with a large proportion of phloroglucinol
derivativeg Bohlmann & Abraham, 1%&; Haensel, et al., 198Dekker, et al., 1983lakupovic,

et al., 1989; Tomakorente, et al., 198Drewes & van Vuuren, 2008nd terpenoidBohlimann

& Abraham, 1979b)among others. Dimeric phloroglucinols including arzanol with notable
antioxidant, antinflammatory and antibacterial activiti@@ekker, et al., 1983; Rios, et al., 1991,

TaglialatelaScafati, et al., 2013has been documented in sevétalichrysumspecies.

The objective of this chapteras also directed to iegtigate the constituend§a methanol extract

of H. niveumwith a particular focus on the phenolic compounds and investigate them for possible

128| 238


http://www.keys.lucidcentral.org/

CHAPTER FOUR: HELICHYSUM NIVEUM

total antioxidant capacity, as well as the tyrosinase, elastase and cholinesterase inhibitory

activities

‘I f Western Cape region

e ‘ : ‘
t

Figure 4.1: Helichrysum niveum description (A), and distribution along South African coastal
area (B)

http://keys.lucidcentral.org

This chapter describes for the:

1 Isolation of bioactive constituents present in methanol extrattwfzeumusing different
chromatographic methods.
1 Identification of isolated constituents using different spectroscopic techniques.

91 Determination of total antioxidant capacities of the constituents.
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1 Determination of inhibitory activities of thd. niveumconstituents against skin diseases
related enzymes.
1 Structureactivity relationship (mechanism of actions) of thke niveum bioactive

constituents responsible for specific biological activity.

CHEMICAL CHARACTERIZATION OF HELICHRYSUM NIVEUM
CONSTITUENTS

4.3 General experimental procedure

4.3.1Reagents and solvents

All organic solvents described in section 3.3.1 were used.

4.3.2Thin layer chromatography (TLC)

Unless otherwise stated, the solvent systems generally used for the TLC developtnaivenfm

fractions are indicated in Table 4.1

Table 4.1: TLC solvent system

Solvent system Ratio Assigned code
Hexane- ethylacetate 9:1 A
Hexane ethylacetate 7:3 B
Hexane ethylacetate 3:2 C
DCM-methanol 99:1 D
DCM-methanol 95:5 E
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All other chromatographic of TLC, column, and HPLC techniques and procedures described in
section 3.3.2 were followed.

4.3.3 Spectroscopy

All analytical procedure of spectroscopic (NMR, MS, UV, and IR) techniques described in

section 3.3.3 were followed.

4.3.40ptical rotation measurements

Optical activity measurements were conducted using Autupol 11l Polarimeter (Rudolph research

analytical, Hackettstown, MA, USA).

4.4 Collection and identification of plant material

The plant material was collected in OctoBedi2, from Jonkershoek (about 9 km SE Stellenbosch)
nature reserve, Western Cape, South Africa. Voucher specie was identified by Dr. Christopher
Cupido SANBI, Kirstenbosch)and a copy has been deposited at the Compton Herb&auth

African National Bodiversity Institute, Kirstenbosch, South Africajth herbarium number

NBG1458801

4 5 Extraction and fractionation of total extract

The aerial (stem, leave and flower; 400 g) part of the plant was air dried at room temperature,
blended and extracted witinethanol (2.5 L X 2) at room temperature (5 for 48 hours.
Methanol extract was evaporated till dryness with rotary evaporator@ttéQyield 15.7 g (3.925

%).
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Portion of btal extract(15 g) was applied to silica gel column (30 x 18 cm) and elutsidg
gradient of hexane and ethyl acetate in the order of increasing polarity as indicated in Table 4.2.

Forty eight (48) fractions (500 mL each) wedlected and numbered-%48.

Table 4.2:Fractionation of the methanol extracttbfniveum

Solventsystem Solvent volume Fraction collected
Hexane 1L 1,2
Hexane- ethylacetate 90:10 2L 3-6
Hexane ethylacetate 80:20 2L 7-10
Hexane ethylacetate 70:30 3L 11-16
Hexane ethylacetate 60:40 3L 17-22
Hexane ethylacetate 40:60 2L 23-26
Hexane ethylacetate 20:80 2L 27-30
Ethylacetate 6L 31-42
Ethylacetate methanol 90:10 1L 43, 44
Ethylacetate methanol 70:30 ~ 1L 45,46
Methanol 1L 47,48

The collected fractions (1. 48) were concentrated on the retpor and combinedccording to
their TLC profiles (using solvent systemsi /D, Fig. 4.2) Seventeenl(/) main fractions were

and labelled witldesignated roman numbers XVII (Table 4.3).
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Table 4.3:Main fractions obtained upon fractionation of the total extra¢t.afiveum

Combined Designated Combined Designated Combined Designated

fraction number fraction number fraction number
1-5 | 19-22 VIl 32, 33 Xl

6-8 Il 23 VIl 34, 35 XV
9-11 1 24, 25 IX 36, 37 XV
12-14 Y 26, 27 X 3843 XVI

15, 16 \% 28, 29 Xl 44 XVII
17,18 VI 30, 31 Xl - -

123456 7 8 9 10 11 12 13 14 BR617 18 19 20 21 22 23 24 25 26 27 28 29 FR 2930 3132 33 343536 37 38 3940 4 AR 4

Figure 4.2 TLC profile of the collected fractions {44) under UV(254 nm; A-C), and after
spraying with HSQuw/vanillin and then heated (B).

*TLC plate (A & D) of fractions 115 (reference to total extract FR) developed using solvent system A
*TLC plate (B & E) of fractions 189 (reference to total extract FR) dlped using solvent system B

* TLC plate (C & F) of fractions 2814 (reference to total extract FR) developed using solvent system D
*FR refers tathetotal extract oH. niveum.
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4.6 Isolation ofconstituents pure compound9

4.6.1 Isolation of compounds C11, C15 & C16Column chromatography of main fraction
Xl

Main fraction Xl (1.6 g) was applied to silica gel column (24 x 1.4 cm), eluted using gradient of
hexaneethyl acetate in thollowing order of increasing polarity as indicated in Table 4.4, with

fifty (50) fractions (100 mL each) collected and numbere&Q

Table 4.4 Sub fractions from XI

Solvent system Solvent volume Fraction collected
Hexane 500 mL 1-5

Hexane- ethylacetate 95:5 500 mL 6-10

Hexanel ethylacetate 90:10 500 mL 11-15
Hexanel ethylacetate 85:15 © 500 mL 16-20
Hexanel ethylacetate 80:20 500 mL 21-25
Hexanel ethylacetate 75:25 500 mL 26-30
Hexane' ethylacetate 70:30 1L 31-40
Hexanel ethylacetate 60:40 500 mL 41-45
Hexanel ethylacetate 50:50 © 500 mL 46-50

The collected sub fractions (150) wee concentrated in vacand combined according to their
TLC (using solvent systems AD) profiles (Fig. 4.3) to yieldEight 8) sub fractions were

obtained, labelled as XiXI8 (Fig. 4.3 and Table 4.4)
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15 16 17 18 19 20 21 2223 2425 26 27 FR 28 29 3031 52 33 34 35 36 37 38 39 40 FR 40 4] 42 43 44 43 46 47 48 49 N R

Figure 4.3: TLC profile of the collected sub fractions Xl (15-51) after spraying with H.S0s/vanillin and
then heated.

*TLC plate comprised of fractions 15-51 (reference to sub fraction X|) developed using solvent system B

L .

Table 4.5:Sub factions obtained upon fractionation of the main fraction Xl

Combined fraction Designated number Weight
26-31 XI-1 16 mg
32-35 X1-2 19 mg
36, 37 X1-3 34 mg
38 Xl-4 47 mg
3941 X1-5 119 mg
42 X1-6 257 mg
43-48 XI-7 209 mg
4951 XI-8 49 mg

Sub fraction Xi6 (250 mg) was chromatographed on sephadex column (5 % ageuous ethanol).
Fractions (124) collected, were developed on TLC (solvent system B), antinedas indicated

in Figure 4.4
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XA, 189mg

12 3 4 5 6 7 8 9 10 11 12 13 13 14 15 18 1B 20 21 22 23 24 25

Figure 4.4 TLC profile of the collected sub fractions %l (1-24) after spraying with
H.SQu/vanillin and then heated.
*TLC plate comprised of fractions-24, using solvent system B

Sub fraction Xi6A (105 mg) was injected to the HPLC and eluted using gradient salystein

of ACN and deionized water (60:40 to 80 % ACN in 30 min, then 100 % for 10 min). Three (3)
promient peaks were collected, labelled asoAHHPLC-1 (C11, Rt 25, 29 mg, 0.0073 %), XI
6A-HPLC-3 (C15, Rt 34, 31 mg, 0.0075 %), and-BA-HPLC-4 (C16, Rt37, 29 mg, 0.0073 %)

as shown in Figure 4.5

Lo/

‘ Vilo A [~ Tmetabh

AU Time %B _ Flow Max. Press.
3000{ 0.00 E0.0 Insert XI-GA-H PL€3

ETIE
300]_1000 M!
37001000

0] AW XF6A-HPI €l XF6AHPLEA
mn_g ﬂl \ /
5002 ’D—Kl Cancel Help | M /\1\

500

2500

[ R ST R

T T T T T T T T
& 10 16 20 26 20 26 40

Figure 4.5 HPLC spectrum of compoun@l1,C15 & C16

Solvent | ACN:DIW 60:40 to 80 % in 30 min, then to 100 % in 10 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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4.6.2 Isolation of compound C13 Column chromatography of sub fraction XI-7

Sub fraction X47 (180 mg) was chromatographed on sephadex column (5 % ageuous ethanol).
Fractions (130) collected, were devgled on TLC (@sing solvent system B). fracions of same

TLC profile were combined as indicatedFigure 4.6elow.

XF7B, 62 mg

- R | e e

|
|
wd
3

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Figure 4.6: TLC profile of the collected sub fractions-X1(16-30) after spraying with

H>SQu/vanillin and therheated.
*TLC plate comprised of fractions 180, using solvent system B

Sub fraction X47B (52 mg) was injected to the HPLC and eluted using gradient solvent system of
ACN and deionized water (75:25 to 90 % ACN in 30 min, then 100 % for 10 min). A pesak

collected (Fig. 4.7), labelled as-XB-HPLC-1 (C13, Rt 17, 44 mg, 0.011 %).

E N ﬂ ” \.—j,_ ‘
Ti = B Flow Max. Press. XI_7 B_H PL@_
I 3 ;{\ 10 —e \ ima K|
o e
o=
C o ] cwes Hee |
N / .
+
= Change | V Adiust | Ealance |:|g
Figure 4.7 HPLC spectrum of compoundlG

*Conditions

Solvent | ACN:DIW 75:25 to 90 % in 30 min, then to 100 % in 10 n
Column | SUPELCO, RP18 (25 X 2.1cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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4.6.3 Isolation of compound C14 Column chromatography of main fraction IX

Sub fraction IX (305 mg) was chromatographed on sephadex column (5 % ageuous ethanol).

Fractions (124) collected, were devgbed on TLC @singsolvent system B, Fig. 4.8)

IX-B, 59 mg

1 2 3 45 6 7 8 9 10 11 12 13 14 14 1516 179 1820 21 22 23 24

Figure 4.8 TLC profile of the collected fractions IX {24) after spraying with ;5Qu/vanillin
and then heated.
*TLC plate comprised of fractions24, using solvent system B

Sub fraction IXB (50 mg) was injected to the HPLC and eluted using gradient s@yst&im of
ACN and deionized water (60:40 to 80 % ACN in 30 min, then 100 % for 10 min). A peak was

collected (Fig. 4.9), labelled as{B-HPLC-2 (C14, Rt 35, 23 mg, 0.0058 %).

\» "“: %H M ‘“ Iirnetabl | |
o Tim B Flow Max P —
b - —= | IXBHPLE i
[ — 7\/WDA Absorbance at 264 nm i :ggg 1333 cut y
"'SDUDE 5 4000] 600 o |
E ! Paste
N [T 1
: [ ] Cancel | Help |
— M J\ 1
'Hél Change... | Adjust I Balance |1H
Figure 4.9 HPLC spectrum of compoundl@
*Conditions

Solvent | ACN:DIW 60:40 to 80 % in 30 min, then to 100 % in 10 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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4.6.4 Isolation of compounds C17 & C19 Column chromatography of main fraction VII

Main fraction VIl (2.6 g) was chromatographed on silica gel column (Table #he)collected
sub fractions (I 55, 100 mL ach) were concentrated in vacuo. Sub fractions obtained were
developed andombined according to their TLC (using solvent systembi®. 4.10) profiles to

yield 8 sub fractiongdicated in Figire 4.6

Table 4.6 Chromatographic fractionation of main fractigh

Solvent system Solvent volume Fraction collected
Hexane 500 mL 1-5

Hexane- ethylacetate 95:5 500 mL 6-10

Hexanel ethylacetate 90:10 1L 11-20
Hexanel ethylacetate 85:15' 500 mL 21-25
Hexanel ethylacetate 80:20 1L 26-35
Hexanel ethylacetate 75:25 500 mL 36-40
Hexane ethylacetate 70:30 15L 41-55
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VIL5, 73 mg

2122 23 24 25 26 27 28 29 30 31 32 33 34 35 FR 36 37 38 39 40 414442483 46 47 48 49 FR
Figure 4.1Q TLC profile of the collected fractions IX {24) after spraying with ($Qu/vanillin
and then heated. *TLC plate comprised of fractions-24, using solvent system B
Sub fraction VI5 (72 mg) was injected to the HPLC and eluted using gradient solvent system of
ACN and deionized water (70:30 to 90 %CN in 20 min, then 100 % for 15 min). Two prominent
peaks were collected (Fig. 4.11), labelled as5HPLC-1 (C17, Rt 22, 17 mg, 0.0043%), and

VII-5-HPLC-3 (C19, Rt 25, 24 mg, 0.006 %).
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Figure 4.11 HPLC spectrum ofompounds €7 & C19
*Conditions

Solvent | ACN:DIW 70:30 to 90 % in 20 min, then to 100 % in 15 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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4.6.5 Isolation of compound C18 Column chromatography of mainfraction VI

Main fraction VI (200 mg) was chromatographed on sephadex column (5 % ageuous ethanol).
Fractions collected were developed on TLC (using solvent system B), and combined to form VI
(17 4). Sub fraction VM3 (45 mg) was injected to the HPLC anditel using gradient solvent
system of ACN and d®nized water (80:20 to 90 % ACN in 20 min, then 100 % for 15 min). A

peak was collected, labelled as3C2-HPLC-3 (C18, Rt 23, 21 mg, 0.0053 %).

4.6.6 Isolation of compounds C12 & C20 Column chromatography of main fraction 11|

Main fraction Il (130 mg) was chromatographed on sephadex column (5 % aqgeuous ethanol).
Fractions collected were developed on TLC (using solvent system A), and combined to form IlI
(ATC). Sub fraction IHA (51 mg) wasinjected to the HPLC and eluted using gradient solvent
system of ACN and dmnized water (75:25 to 90 % ACN in 30 min, then 100 % for 10 min). Two
peaks (Fig. 4.12) were collected, labelled as-HRLC-1 (C20, Rt 22, 13 mg, 0.0033 %), and

A -HPLC-3 (C12, Rt 28, 15 mg, 0.0038 %).
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Fi'gure 4.12 HPLC spectfum of compoundﬂE&ACZO
*Conditions

Solvent | ACN:DIW 75:25 to 90 % in 30 min, then to 100 % in 10 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm

141| 238



CHAPTER FOUR: HELICHYSUM NIVEUM

4.6.7 Isolation of compound C21 Column chromatography of main fraction IV

Main fraction IV (155 mg) was chromatographed on sephadex column (5 % ageuous ethanol).
Fractions collected when developed on TLC (using solvent systelfigA4.13) afforded IVC

(C21, 53 mg, 0.0133 %).

123 45678 910 11 12 18 14 1516 17 18 19 20 21 22 23 24 25 2 2 30 31 32

Figure 4.13 TLC profile of thecollected fractions 1V (432) after spraying with :$Qy/vanillin

and then heated.
*TLC plate comprised of fractions32, using solvent system A
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HELICHRYSUM NIVEUM/ ﬁmmmnm RACT (KHR) )

OPEN COLUMN (SILICA GEL)

I VA VI VII IX Xl
SEPHADEX SILICA GEL COLUMN SEPHADEX SILICA GEL COLUMN
A IVC VI-3 VIl -5 IXB SEPHADEX

\ HPLC FRACTIONATION (ACN/DIW) l

XI-6 XI-7

HO.s O\/Y‘,\

\/Hp/ or HPLC FRACTIONATION
O OH
cl4

Scheme 4.1A flow diagram of experimental procedure for the isolationafstituentgrom H. niveum
*All silica gel column fractionations were done using gradient solvent system of Hex/EtOAc

* All sephadex column fractionations were done using isocratic elution of ag. EtOH

* Compounds isolated from same siuction are indicied with same color box
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BIOLOGICAL CHARACTERIZATION OF HELICHRYSUM NIVEUM

4.7 General experimental procedurdor biological assays
4.7.1 Reagents

Standards (purity > 99.0%) for acetylcholinesterase assay as galanthamine, EGCG,
acetyl thiochol i nkithiabid(@-dtebenzoicCatid) )andris-6ICI.5A other

reagents described in section 3.7.1 were secured from Sifgiriah, Inc. (St. Louis, MO, USA).

4.7.2 Antioxidant assays
All experimental procedure for the varwantioxidant capacity assays (FRAP, ORAC, and
TEAC), and inhibition of F&-induced lipid peroxidation as described in section 3.7.2, were

followed.

4.7.3 Skin enzyme inhibitory assays

Skin enzymes inhibitory assays described in section 3.7.3 wereccau.

4.7.4 Acetylcholinesterase inhibition assay

Acetylcholinesterase (AChE) I nhi bitory actiyv
previously describe(Zengin, et al., 2014)ith little modification. AChE catalysis the hydrolysis

of acetythiocholine iodide (ACTI as substrate
reagent (DTNB) to produce-thio-2-nitrobenzoate (yellow colour). In the presence of samples
(inhibitors), the release ofthio-2-nitrobenzoate (yellow colour) reducedand it is monitored by
measuring the absorbance at 450 nm.

The samples (isolated compourikl-C21, and total extract HF) were weighed and dissolved in

DMSO (1 mg/mL, w/v) as stock sdlan. Then the samples were dilutedl500, 250, 100, 50, 10
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and 1 pg/mL concentrations in t#4Cl buffer as working solution Micro molar (UM)
concentrations for the tested sampl€d1-C21 and HF)could not be calculated, since the
molecular weights of the compounds weoe yet known at the time @iarrying out thisassay. In

a 96 Well plate, the reaction mixture contains 50 pL of samplesnpubated with 125 pL of 3

mM  5-Dithidbis-(2-nitrobenzoic acid), and 25 pL AChE (2.0 U/mL), in 50 mM €| buffer

(pH 8.0), with 0.1 % bovine serum albumin (BSA) for 15 minutes &% ubsequently, 25 uL

(15 mM) ACTI was added to the incubation mixture and further incubated for 10 minutes at 25
°C. Sample control was prepared by adding sample solution to all reagents without AChE, blank
contained trifHC| in the presence of AChE, while galanthamine was used as reference.

Absorbance waszcorded at 450 nm. The perc&@hE inhibitory activity is giverby:

[Aoi (BT C)]/AoX 100 @

Where A= full enzymatic reaction;

B = Activity in the presence of sample; C =Activity without sample.

4.8 Statistical analysis

Statistical analyses described in section 3.8 was followed
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4.9 Chemicalevaluations: Results and discussion

4.9.1 Summary of the isolated compounds

The presence of terpenes and high amount of phenolics waeeiognised by preliminary thin
layer chromatographiscreening of a methanol extrgétig. not shown) Ten phloroglucinols
derivatives C11-C20) and a triterpeneQ21) were isolated fronH. niveum Their chemical
structures were elucidated by exdem analyse of spectroscopic dat@ables 4.74.9) as well as
correlations with published data on literature.&énhof the isolated compoundlinivene A-C
(C11-C13) were reported for the first time. The total antioxidant capacities meaasiF&RIAP,
TEAC, ORAC andhe inhibition of Fe (ll}induced microsomal lipid peroxidation ability thfe
total extract and itsonstituents are presented in Tab#el0 & 4.11, and Figure 4.2&hile the
inhibition of agingrelated enzymes measunesingmushroom tyrosinase, elastase from pancreas

porcine and acetylcholinesterame presented in Figures 4.27 & 4.28, and Taldlg 4.

4.9.2 Spectroscopic data of the isolated compounds CC13

CompoundC11,obtained as yellow amorphous powder;&h (MeOH) nm: 300; IR (KBr) cm
13300, 1800, 1680, 1410, 990. HRM®7357.133(qM+1]* (calcd; 356.1260):H- and**C-NMR
data, sedable 4.8. Full NMR spectrdH- and**C-, HSQC and HMB) arattached as Annexure

I, Figures 14.

CompoundC12was obtained as a yellow amorphous powder;ady (MeOH) nm: 220, 280R
(KBr) cml: 3300, 3100, 1800, 1410, 990. HRM#Z 299.1220M+1]* (calcd. 298.1205¥H- and
13C-NMR data, see Table 4.Bull NMR spectra’H- and**C-, HSQC and HMB) arattached as

Annexure lll, Figures 4.
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CompoundC13,obtained as a pale amorphous powdger; =+0.039 (MeOH)UV amax(MeOH)
nm: 314;IR (KBr) cmt: 3300, 1800, 1735, 1330, 990+750. HRMS m/z 279.1596 [MeH]cd.
298.1205)H- and **C-NMR data, see Table 4.Full NMR spectra {H- and*3C-, HSQC and

HMB) areattached as Annexure 1V, Figuregll

Table 4.7:*H (400 MHz: m,J Hz) and'3C (100 MHz) NMR spectral data of compou@di3in

CD:COCDs
13C lH
1 - -
2 27.09 -
3 79.98 3.81brt 6.3
4 69.20 2.87 dd (5.5, 16.6); 2.51 dd (7.4, 16.
5 157.24 -
6 163.43 5.99s
7 167.01 -
8 105.64 -
9 96.55 -
10 100.61 -
11 20.30 1.37s
12 20.20 145s
16 211.13 -
20 40.26 3.92sep 6.7
36 2612
46 2113 } 1.15d 6.7
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Table 4.8:H (400 MHz: m,J Hz) and'*C (100 MHz) NMR spectral data of compour@ikl, C12, C16, C18 &19in CDsCOCD;

Cl1 C12 C1l6 C18 C19
BC H 3C H C H 3C H 5C H
1 104.5s - 104.9s - 105.1s - 105.4s - 104.3s -
2 163.4s - 163.2s - 165.2s - 165.4s - 165.2s -
3 106.4s - 106.5s - 107.9s - 107.0s - 108.0s -
4 163.2s - 161.2s - 160.5s - 162.8s - 162.5s -
5 96.0d 6.07s 96.6d 6.03s 95.0d 6.05s 95.3d - 95.1d 6.06s
6 160.0s - 160.1s - 162.6s - 161.1s - 160.1s -
7 21.91t 3.38d,7.5 28.9t 3.02dd, 15.8, 2.0 22.0t 3.22d, 6.5 22.1t 3.45d,7.6 22.1t 3.23d, 6.8
2.77dd, 15.8, 7.8
8 129.2d 554t,75 77.7d 4.34 brd, 7.8 124.3d 5.20t, 6.5 129.6d 5.51t, 7.6 124.2d 5.21t, 6.8
9 130.4s - 148.8s - 130.8s - 130.4s - 130.8s -
10 63.7t 4.82s 110.8t 4.97s, 4.79s 26.0q 1.61s 64.0t 4.82s 17.9q 1.73s
11 21.6q 1.71s 19.0q 1.81s 17.9q 1.72s 21.8q 1.71* 25.9q 1.62s
1 200.3s - 200.1s - 206.5s - 206.9s - 210.9s -
2 143.0s - 143.4s - 46.5t 3.04t, 7.4 46.8t 3.08t, 7.2 39.7d 3.98sept, 6.8
3 128.4d 7.59m 128.9d 7.49 brd, 7.2 19.0t 1.67sext, 7.4 19.2t 1.71* 19.8q 1.12s
4 129.1d 7.38m 129.6d 7.40 brt, 7.6 14.4q 0.94t, 7.4 14.6q 0.99t, 7.2 19.8q 1.12s
5 131.6d 7.47m 132.4d 7.45brt, 7.6 - - - - - -
6 129.1d 7.38m 129.6d 7.40 brt, 7.6 - - - - - -
7 128.4d 7.59m 128.9d 7.49 brd, 7.2 o = - - - -
CcoO 171.3s - - - - - 171.5s - - -
CH 20.9q 2.02s - - - - 21.1q 2.07s - -
2-OH - 12.27 - - - 14.07s - 14.05 - 14.13s
4-OH - 9.28S - - - 9.31brs - - - 9.50s
6-OH - 8.99 - - - - - - - 5.61

*overlapped signals.
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Table 4.9 H (400 MHz: m,J Hz) and®C (100 MHz) NMR spectral data of isolated compou@dd, C15, C17 & C20n CDCk

C14 C15 C17 Cc20

3C H BC H C H 3C H
1 104.5s - 104.0s - 105.7s - 104.0s -
2 164.6s - 164.7s - 162.6s - 163.5s -
3 95.1d 5.91s 95.1d 5.91s 104.7s = 105.8s -
4 164.6s - 164.7s - 159.9s - 160.7s
5 95.1d 5.91s 95.1d 5.91s 95.4d 5.83s 95.3d 5.88s
6 164.6s - 164.7s - 160.7s - 159.4s -
7 210.1s - 210.2s - 21.6t 3.32d, 7.0 21.0t 3.42d,7.0
8 45.9d 3.70sext, 6.4 39.3d 3.83sept; 6.4 121.6d 5.21t, 7.0 128.9d 5.38t, 7.0
9 26.9t 1.38 m 19.2q 1.59d, 6.4 135.9s - 129.9s -
10 11.9q 1.14d,6.4 19.2q 1.59d, 6.4 25.8q 1.73s 64.1t 4.73s
11 16.6q 0.89t, 7.6 - - 17.9q 1.78s 21.1q 1.70s
1 65.1t 4.47d, 6.7 65.1t 4.47d, 6.7 210.8s = 210.8s -
2 118.7d 5.42t,6.7 118.7d 5.42t, 6.7 45.9d 3.74sex, 6.8 39.2d 3.89 sept, 6.8
3 139.2s - 139.2s - 26.9t 1.37m 19.3q 1.43s
4 18.2q 1.77s 18.2q 1.77s 11.9q 0.88t, 7.2 19.3q 1.43s
5 25.8q 1.71s 25.8q 1.71s 16.9q 1.13d, 6.8 - -
6 - - - - - - - -
7 - - - - - - - -
CcoO - - - - - - 172.6s -
CH3 - - - - - - 21.2q 2.05s
2-OH - - - 9.92s - - - -
4-0H - - - - - - - -
6-OH - - - 9.92s - - - -
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4.9.3 Analysis of compound C11

CompoundC11wasobtained as yellow amorphous powdeshowed UV (MeOH) spectrum
characteristics of PN 0@ NNy, gIR (KBn) spedtrum dskowedv at i v
absorption bands due to hydroxyl (3300%ncarbonyl (1800 cr), isolated C=C (1680 cm

1y, aromatic (1410 ciy, and GH of mrtrisubstituted (990 crl) benzene ring. HRMS indicated
molecular formular of @H200sand [M+1] 357.1330. NMR showed signals corresponding to
phloroglucinol skeleton (e 4.8), benzoyl group and a prenyl group. THENMR is very
similar with Jbenzoyt3-prenyl. phloroglucinol(Bohlmann & Suwita, 1978)The only
differencewe observethetween NMR data df11 to that of previous data is the presence of a
signal at 4.82 (2H, s) and acetyl group which indicate the hydroxylation of a methyl group from
the prenyl side chain &@11. The low field shift of the Cklat 4.82 indicated acetylation. This
fact is supporté by the absence of the second olefinic methyl terminal of the prenyl group.
HMBC correlation showed correlations81C-10, G11, G7, G3 and H11/G9, G10, and C

8. Other 2D NMR spectrattached as Annxure 1, Figuresilsupported the structure given

Figure 4.14 as-benzoyt3 (3 methyl2-butenylacetatephloroglucinol denoted bg11.

Cil1

Figure 4.14 Chemical structure of-benzoyt3 (3-methyl2-butenylacetatephloroglucinol
(heinivene A)
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4.9.4 Analysisof compound C12

Compound C12 was obtained as a yellow amorphous powder, with UV spectrum
characteristics of mfd0, 230 . ItsR ¢KBrip spdctruch showed at i v e
bands of a hydroxyl group (3300 dn terminal C=C (3100 cH), carbonyl(1800 cm'),
aromatic system (1410 ¢y and GH mttrisubstituted (990 cr) benzene ring. HRMS
indicatedthe molecular formula of @H1s0swith [M+1]* 299.1220. The NMR of12is very
similar to compound11 except the presence of signals of terminal olefinic methylene group
atdy 4.97, 4.79 each singled{ 109.6, 147.6).and the absence of signals-8fdtefinic proton

and H10 acetylated methylene group (Table 4.8). The HMBC corremt{énnexure lll,
Figure 4)of C12 supported thetructure as shown in Figure 4.83hd showed correlations
between H11 / G9, G10, G8 andH7/C-3,C-4, G5 (among others). Other 2D spectra
(Annexure lll, Figures4) supported the proposed structure given in Figure 4.15%asoy}

3 (2hydroxyl3-methyl3-butenel-yl)-phloroglucinol, denoted b§12.

C12

Figure 4.15 Structure ofl-benzoyt3 (2-hydroxyl3-methyt3-butenel-yl)-phloroglucinol
(helinivene B)

4.9.5 Analysis of compound C13

CompoundC13 wasobtained as a pale amorphous powdteshowed similar spectroscopic

data of phloroglucinol derivatives like compourtgikl andC12. CompoundC13showed UV
spectra characteri sti C Sax34 nmp AHedR KBr) gmea n o | d
showed bands of a hydroxyl group (3300%ncarbonyl (1800 cn), C-O lactone (1735 cm

1y, aromatic system (1330 cl)) and m-disubstituted (990,750 cth benzae ring. The
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molecular formulaof C13 was determined to be1€H200s by HRMS analysis withm/z
279.1596. The NMR data showed signals -ohdthyt1-propanone side chain (Table 4.7), an
aromatic proton at 5.99 s, and two oxygenated carbons at 80.0, 69.2, one of them showed a
prot wB. 80, Ucyclic me87h2ysl. dheabow daandphe asenca of
olefinic double bond at@® (of C11) indicated the formation of a pyrane ring betwee8 ©f
the prenyl group) and hydroxyl at-& of the phloroglucinol nucleus. Furthermore, the
compound showed similatH-NMR spectra to that of -Benzoyk3,5, %trihydroxy-2,2-
dimethoxychroman isolated fromeontonyx spathulatu@Bohlmann & Suwita, 1978)The
only difference is the nature of the side chain-#& Che HMBC showed correlations between
H-4/C-9, G5, G8, G2, C-3; H-6/C-5, G7, G9 C1 and H2 0 /1. ©ther 2D spectra, thereby
supported the structure o0fC13 as 8(2-methyll-propanonej,5,%trinydroxyl-2,2-
dimethoxychromone (Fig. 4.17All NMR spectral used for structural identification of

compoundC13were attached as Annexure IV, Figured.1

The absolute configuration at&could not be ascertained directly from the data obtained
however, the coupling constant between hydrogens-&fa@d G4 indicated eOH position
accordingly, one of the followintautomer (in Fig. 4.16) can be proposed

o)

H or O
OH L —0H

H

H

C-3a C-3b
Figure 4.16 Possible absolute configurations@f3at G3

Comparing they  (+0.039)value of compoun€13wi t h si mi | ar structur e
identical stereo centr e o0 -aandH4tindieateccSisompel i ng co

of C13(Lim, et al., 2001)
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C13

Figure 4.17 Chemical structure @-(2-methyt1-propanonep3,5, #trinydroxyl-2,2
Dimethoxychromonéhelinivene C)

4.9.6: Analysis of compounds C14 and C15

CompoundsC14 and C15 showed very similar spectrdd NMR showed signals of two
aromati c 5904, and a typecal sighals ©fprenyl group. The only difference
betweenC14 andC15is the side chain at-C, in case of compound14, 'H NMR showed a
typical 2methylbutanone, while compoun@dl5 showed 2methylpropanone (Table 4.9).
CompoundCl4wasidentified as 4(2-methylbutanone}-O-prenylphloroglucinol (Fig. 4.18)
and compound15 as }(2-methylpropanone3-O-prennytphloroglucinol (Fig. 4.19). Both

compoundsC14 and C15 were previously isolated fror. crispum(Bohlmann & Suwita,

HO_ s OV\( P
1 3
AT
1
O OH

Ci4

1979b)

Figure 4.18:Chemical structure df-(2-methylbutanonef-O-prenytphloroglucinol

HO 6 O\/Y 4°
1 3
AT
1
o OH

C15

Figure 4.19 Chemical structure df-(2-methylpropanone3}-O-prenytphloroglucinol
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4.9.7: Analysis of compounds C16 C20

Compound C16 showed a typical NMR signals like that of-(dutanone)3-prenyt
phloroglucinol (Jakupovic, et al., 1989b)while compoundC17 identified as 1(2-
methylbutanoneB-prenytphloroglucinol (Fig. 4.21)Both compoundsd16 andC17) were
isolated previously fromH. gymnoconunm{Bohimann & Mahanta, 1979)CompoundC18
identified as 3ibutanone3-(3-methyl2-butenytacetatephloroglucinol (Jakupovic, et al.,
1989b) CompoundC19 identified as 1(2-methylpropanone}-prenylphloroglucinol and
previously isolated frori. mimetegJakupovic, et al., 198@nd compoun€20identified as
caespitate, was first isolated frdfh caespititium (Jakupovic, et al., 1986)H and3C NMR

spectra data a€16- C20 are shown in Tables 4.8, 4.9.

5

HO

'S
1 3 N
7 9

O . OH 1
C16

Figure 4.2Q Chemical structure df-(butanone3-prenytphloroglucinol

C17

Figure 4.21 Chemical structure df-(2-methylbutanoneg-prenytphloroglucinol
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C18

Figure 4.22 Chemical structure df-butanone3-(3-methyl2-butenylacetate)
phloroglucinol

C19

C20

Figure 4.24 Chemical structure afaespitate

4.9.8: Analysis of compound C21

CompoundC21was obtained as white solid and is the only alcohol triterpene detected in this
study. Previous study indicated the occurrenc&2if in Erythroxylum passeriunidentified

a s -2&ddhydroxyterexerl4-ene(Barreirosa, et al., 2002According to SciFinder and the
dictionary of natural products, occurrence of compd@@d is reported in our findings for

the first time.
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HO

S OH

c21
Figure 4.25 Chemical structure & E4-dihydroxyterexerl4-ene

4.10 Biological evaluations: Results and discussion

4.10.1 Evaluating the ORAC activities of the isolated compounds

Chapter 2stablishedhe occurrence dfielichrysunspecies that amgenerally rich in phenolic
compounds, especially with monand bicyclic aromatic ringé88-216), bearing one or more
hydroxyl groupsper molecule These phenolic compounds were foundetdibit good
antioxidant activities acting as hydrogen donors and or electron donating agents, and metal ion
chelatorsOur findings also noticed thate greater the number of hydroxyl groups insthe
phenolic compoursg] the higher is the antioxidant adty. Hydroxyl radicals are an extremely
reactive oxygen species, capable of modifying almost every molecule in the living cell.
Moreover, hydroxyl radicals are capable of quick initiation of the lipid peroxidation process by

abstracting hydrogen atom®#fn unsaturated fatty acigkang, et al., 2011)

Compound<C11 & C12 in comparisorwith (EGCG), displayed excellent hydroxyl radical
absorbance capacity (64.85 + 10.95; 94.97 + 5.88; 3.862 + 4.6%) WILTE/g, respectively.

The same trend of high activity for compour@$l & C12 than EGCG in peroxyl radical
absorbance capacity assay was observed (22671.78 + 26.72; 45095.82 + 31.99; 14693 + 5.53)

MM TE/g respectively, while compoun@i6i C20possess itd peroxyl absorbance capacity
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(range 13544 16735 uM TE/g), and hydroxyl absorbance capacity (range 1&@34&24) X

10°uM TE/g respectively in Table 4.10.

The results of Tablé.10are in support of previous reports on struciacavity relaionshipof
antioxidant activitie®f monomeric phenolic compounds, polyphenols, prenylated coumarins
and phloroglucinol derivatives, where their respective antioxidaeats found todepend on

the degree of hydroxylation and extent of conjugafigang, et al.,, 2005; Jangu, 2012;
Queguineur, et al., 201.2The potential antioxidant activities of compour@kl & C12, as

well as moderate antioxidant activities@i6- C20 may have been attributed to the presence

of hydroxyl groups which can act as good hydrogen donors, thereby forming phenolate ions as
intermediates. These intermediates are stabilized by resonance, when wglpatreds at the

m- positions of the aromatiring aredelocalized Queguineur, et al., 2012)
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Table 4.10 Oxygen radical absorbance capacityHohiveumconstituents

Sample Peroxyl Hydroxyl X 108 Prooxidant
UMTE/g

HF 4553.13+17.77 53.77 £ 8.42 17.298 £ 0.99
Cl1 22671.78 £ 26.72 64.85+10.95 8.921+£1.15
Ci12 45095.82 £ 31.99 94.97 £5.88 756.9 £ 1.98
C13 3937.78 £25.85 5.99+4.52 41.732 + 8.20
C14 5406.65 + 1.39 3.92 + 14.47 7.023 £4.02
C15 6053.87 £18.67.  5.60 + 0.79 12.330 £ 6.62
C1l6 13544.93 +12.13 18.07/+ 3.47 64.376 £ 0.22
C17 14139.74 £5.96 . 23.12+18.94 73.871+£1.10
C18 14218.17 £12.36 . 16.70 £ 1.25 76.591 + 0.27
C19 13639.27 £17.62 2424 +1.71 69.543 £ 0.29
C20 16735.55+21.72 16.26 + 15.39 92.311 £ 1.59
Cc21 1193.10 +1.68 0.895+7.34 31.38 £ 7.00
EGCG 4970.09 + 5.53 0.39 +4.65 6.483 + 1.19

EGCG: Epigallocatechingallate; HF: methanol extradd ohiveum C11-C21. Isolated compounds
from H. niveum

4.10.2 Evaluating the FRAP and TEAC activities ofhe isolated compounds

To further elucidate the mechanism of ation of the isolated compounds, we investigate whether
our compounds can have the ability of transferring electron to free radicals by measuring their
antioxidant capacities on FRAP and TEAThe resuls in Table 4.11 shows as expectiat
phloroglucinols containing aromatic acyl grougill & C12) possessetligher antioxidant

(ORAC, FRAP, TEAC) activities relative to their monocycl&l@d-C20), and bicyclic C13)
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counterparts with aliphatiacyl substitutionsThe observetendencies demonstrated by these

compounds aran accordance with data reported in the literafen, et al., 2014; Roleira, et

al., 2010) It is evident therefore that the isolated compouBd4 and C12 possessed

interesting antioxidant activities, expressed by their trolox (TEAC, ORAC) scatlaic acid

(FRAP) equivalents.

Table 4.11 Ferric ion reducing and trolox equivalent absorbaragacitiesand anti
acetylcholineesterase (AChE) inhibitory capacityHohiveumconstituents

Sample FRAP TEAC Anti-AChE activity
UMAAE/g UMTE/g ICs0 (ug/mL)
HF 437.64 + 6.86 1449.54 + 3.09 257.98+ 4.01
Ci11 2530.54 £ 0.92 19545.00 + 10.25 267.96 + 3.88
C12 4950.08 + 0.65 43615.73 + 6.66 267.96 £1.15
C13 155.65 + 12.02 6001.40 £ 5.63 272.95+4.61
C14 194.27 + 1.78 1629.10 + 2.03 272.95 £ 1.67
C15 446.64 + 8.07 2673.62 +1.68 252,99+ 241
C16 1183.52 + 6.20 4316.61 + 1.06 252.99 £ 2.13
C17 1029.03 + 0.66 9998.71 + 2.66 260.48 £ 5.04
C18 1203.02 £ 2.07 6757.40 £ 4.69 248.00 £ 541
C19 1096.01 £ 1.12 4423.32 + 3.11 25050 £ 2.49
C20 1019.28 + 1.79 8705.14 + 1.83 250.50 £ 2.21
C21 197.99+ 3.90 1323.61 £ 1.76 -
EGCG 3326.45 +5.76 11545.44 +17.28 -
Galanthamine - - 10.981 +1.03

AChE: acetylcholinesterase; HF: methanol crude ext€tt;:C21: Isolated compounds froi.

niveum
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4.10.3 Evaluating the antilipid peroxidation activities of the isolated compounds

Over production of ROS results in an attack of not only DNA, but also other cellular
components including the PUFAs, which are highly sensitive to oxiddtes et al., 2013)
Therefore, unsaturated fatty acids in cell membranes are susceptiblertefimted oxidation.
Compound<C11& C12demonstrated potent inhibitory activity against th&feduced lipid
peroxidation (IGo = 5.115 + 0.90; 3.553 + 129 pg/mL respectivel (Fig. 4.26 in a
competitive manner to that of EGCG §1.044 pg/mL). This result is in agreement with
previous work, where phloroglucinol were found to possess simifdrifiduced inhibition
against l i pi d  per ox i -tbeopherol(hee,tetoal., CAOHQur resdlts B HA
further explainhow the polyhydroxylated ring A ofC11 & C12 can be an active anipid
peroxidation skeleton. However, it is possible that the second aromatic @ig & C12can
enhance the contact of these antioxidants with lipid, and consequently resulting in an efficient

termination of the chain reaction.

50 —

40 —

30

20

IC50 (ug/mL)

10

HF C11 C12 C14 C15 C16 C17 C18 C19 C20 EGCG

Sample

Figure 4.26:Effects ofH. niveumconstituents on inhibition of Beinduced microsomal
lipid peroxidation. (p<0.05)

*Data are expressed assbQvith isolated compounds and a methanol extract (HF) screened at 50.00 pg/mL
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4.10.4 Evaluating the antityrosinase activities of the isolated compounds

Moderate inhibition of tyosinase activity demonstrated by these compounds (most especially,
C11 & C12, Fig. 4.27),might depend on the substitution pattern of the hydroxyl grotjes.
expect sch antityrosinaseactivity, due to the no®xistence of the catechol group, which may
form hydrogen bonds to a chelating site of the enz{fPnasad, et al., 2009; Chang, 2008
therefore madautther attempts were made to correlate the chemistry of pineetall chelation
betweerFe?* (in lipid peroxidation assay) to that of €1in tyrosinase), but the artijyrosinase
result indicated that kojic acid is eight times more active t@ah and C12. We therefoe
proposedhat the mechanism of Fechelation in the lipid peroxidation assaay be totally
different from that of Ctf chelation in the tyrosinase assay, despite both metal iofisa(fre

Cuw?") being bivalent in nature.

100

90

IC50 (pg/mL)

HF C11 c12 C13 EGCG

Sample

Figure 4.27:Effects ofH. niveumconstituents on inhibition of artyrosinase activity (p<0.05)

*Data are expressed asdgnith isolated compounds and methanol extract (HT) screened at 100.00 pg/mL
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4.10.5 Evaluating the antielastase activities of the isolated compounds

Our results in Figure 4.28 demonstrated a less potent inhibition against e(astas€so

ranged 35.469 69.611 pug/mL), in comparison to oleanolic acid sg@0.080 pug/mL). No
scientific report has pointed out the reason for such activity, except previous data indicating a
less potent activity of neprenylated acylphloroglucinol (isobutyropenone) against inhibition

of the release of leukocyte elastéBeisst, et al., 2005)

100 —

80

60 —

40 |

IC50 (ug/mL)

20 4

HF C13 C14 C15 C16 C17 C18 C19 C20 OLEAN.
Sample

Figure 4.28: Effects ofH. niveumconstituents on inhibition of anrélastase activity (p<0.05)

*Data are expressed assbvith isolated compounds and methanol extract (HF) screened at 100.00 pg/mL

None of the compounds demonstrated activity against acetylcholinegtestbbe4.11except
at a high concentration of 250.0 pg/mL, possibly due to the absence of nitrogen atom

containing compounds in our isolated prodi€slovic, et al., 2013)
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4.11 Conclusion

Fractionation of a methanol extract of HF was arried out using standard chromatographic
methods. A total of eleven pure compoun@d$1-C21) were isolatedro which only three (3)

were new. Their chemical structures were established by spectroscopic methods.

Several reports have convincingly shown a close relationship between antioxidant activity and
the structural activity of phenolic compounds. On tasi®of our findingsthe prerequisite for

a strong antioxidant activity assessed in these assays was the presence of an aromatic acyl
substituent, whiclmay be valuable as a potential antioxidant and lipid peroxidation preventer,
in the absence of prooxidant behaviour. However, we had fully established the mode of actions
through which the isolated compounds behave as good source of antioxidant andemodera
antityrosinase and anslastase activities demonstrated by thkelichrysum niveum
constituentsThere is no synergistic effects between the methanol extract (HF) and the isolated
compounds. No significant observation made for-aoétylcholineesterasactivity for all
samples. All results indicated in Figures 4288 are very good dosesponse.

This study is the first report on antioxidant and skin enzyme inhibitory activity of a methanol
extract ofH. niveumand its constituents. The amfiastasectivity demonstrated thereof can

be considered significant and informative as a guide for further studies.
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CHAPTER FIVE

CHEMICAL AND BIOLOGICAL CHARACTERIZATION
OF HELICHRYSUM RUTILANS CONSTITUENTS

5.1 Abstract

Chromatographic fractionation of a methanol extracHofrutilans followed by semiprep
HPLC afforded isolation of four known flavonol derivativ€2@-C25) and 3 known kaurane
diterpene derivatives026-C28). C22is a rare compound and reported once/iptesly, the
structure ofC22 was established by extews analyses of its 1D and 2BMR, HRMS, IR,
UV spectral data as 5, 7#8hydroxy-3,6-dimethoxyflavone8-O-2-methyt2-butanoate, while
the structures of other known compounds were identified by camgpé#reir respective
spectroscopic data with those reported in the literature asdifbydroxy-3,6,8
trimethoxyflavone C23), 5-hydroxy3,6,7,8tetramethoxyflavone G24), 5-hydroxy-3,6,7
trimethoxyflavone C25), entkaurenoic acid ©26), entkauranl8-al (C27), and 15b-

hydroxy-(-)-kaur16-en-19-oic acid C28).

C22-C25 demonstrated highntioxidant capacities on'ORAgdroxyl radical (2.114 + 4.01,
2.413 + 6.20; 1.924 + 16.40; 1.917 + 3.91) X; XORACperoxyl radical (3.523 + 3.22; 2.935
+0.13; 2.431 8.63; 2.814 + 5.20) X FUMTE/g and FRAP (1251.45 + 4.18; 1402.62 + 5.77)
UMAAE/g respectively. Moderate inhibitory activities against'Fieduced lipid peroxidation

were observed fdC22-C25as IGovalues of 13.123 £ 0.34; 16.421 + 0.92; 11.64 + 114290

+ 0.06 pg/mL, respectively, while their respective dptosinase activities as $gvalues of
25.735 £ 9.62; 24.062 + 0.61; 39.03 + 13.12; 37.67 £ 0.98 pg/mL were also observed. All

compounds demonstrated close TEAC values within the range- 1424 uMTE/g.
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The result is an indication that a methanol extradt ofutilans might possibly be a good

source of natural antioxidants against aging related ailments caused by cellular oxidative stress

and as inhibitors against skin depigmentation.

Keywords: Helichrysum rutilansMethoxylated flavonoids; Kaurane diterpenes;
Antioxidant; AntityrosinaseSkin aging.

5.2 Background information onHelichrysum rutilans
Helichrysum rutilans s a dense t wi ggy withchardcteristic lefioc®d 6 00
yellow bractgFig. 5.1A). Itoccurson sandy or stony soils from western &abtern Capand

southern part of Free Stqtég. 5.1B)(www.keys.lucidcentral.ofg No traditional or scistific

information about this plant is documented in the literature according to SciFinder and the

dictionary of natural products database.

| Helchrysum nstns ) Oon
B |
et by b il
| \* .;‘ 4 .r‘v
‘f"-' - 1 “
VN e o, ‘
Sl ) |aA
4 SRS
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Figure 5.1 Helichrysum rutilansglescription (A), and distribudn along South African
mountainand coastal areas (B).
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This chapter provide details on the:

1 Isolation of bioactive constituents present in methanol extrakt. ofitilans, using
chromatographic methods.

1 Identification of isolated constituents using different spectroscopic techniques.

1 Determination of total antioxidant capacities of the constituents.

1 Determination of inhibitory activities of thel. rutilans constituents against skin
diseases related enzgs

1 Structureactivity relationship (mechanism of action) of the rutilans bioactive

constituents responsible for specific biological activity.

CHEMICAL CHARACTERIZATION OF ' HELICHRYSUM RUTILANS
CONSTITUENTS

5.3 General experimental procedurdor biological assays

5.3.1 Reagents and solvents

Organic solvents used were described in section 3.3.1

5.3.2 Chromatography

Unless otherwise stated, the solvent systems generally used for the TLC developkhent of

rutilans fractions are indicated in Table 5.1
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Table 5.1: TLC solvent system

Solvent system Ratio Assigned code
Hexane- ethylacetate 9:1 A
Hexane ethylacetate 7:3 B
Hexane ethylacetate 3:2 C
Hexané ethylacetate 1:1 D
DCM - methanol 99:1 E
DCM - methanol 98:2 F
DCM - methanol 97:3 G

All other chromatographic methods of TLC, column, and HPLC techniques and procedures

described in section 3.3.2 were followed:

5.3.3 Spectroscopy

All analytical procedure of 'spectroscopic (NMR, MS, UV, andtihniques as well as

optical rotation (fJ d) measurement described in sections 3.3.3 and 4.3.4 were followed.

5.4 Collection and identification of plant material

The plant material was collected in October 2012 from Jonkershoek (approx. 9 km SE
Stellenbosch) nature reserve, Western Cape, South Africa. Voucher specie was identified by
Dr. Christopher CupiddSANBI, Kirstenbosch)and a copy has been deposited at the Compton
Herbarium,South African National Biodiversity Institute, KirstenboschutoAfrica, with

herbarium number NBG145882
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5.5 Extraction and fractionation of total extract

The whole plant material (400 g) was air dried at room temperature, blended and extracted with
methanol at room temperature (25) for 48 hours. Methanol extract was evaporated till

dryness with rotary evaporator at 4Dto yield 19 g (4.75 %).

Table 5.2 Fractionation of the methanol extracttbfrutilans

Solvent system Solvent volume Fraction collected
Hexane 2L 1-8

Hexane ethylacetate 90:10 2L 9-16

Hexane ethylacetate 85:15 2L 17-24
Hexane ethylacetate 80:20 2L 25-32
Hexane ethylacetate 70:30 3L 3344
Hexane ethylacetate 60:40 2 L 4552
Hexane ethylacetate 50:50 3L 5363

Total extract was applied silica gel column (30 x 18 cm) and eluted using gradient of hexane
and ethyl acetate in the following order of increasing polarity as indicated in Table 5.2, with

sixty three (63) fractions (250 mL each) collected and numbere8. 1
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Figure 5.2 TLC profile of the collected fractions {33) under UV (254 nm; AE), and after

spraying with HSQs/vanillin and then heated {5.
*TLC plate (A & F) comprised of fractions-15 (ref. to total extract FR) developed using solvent system A
*TLC plate (B & G) comprised of fractions 428 (ref. to total extract FR) developed using solvent system A
* TLC plate (C & H) comprised of fractions 29 (ref. to total extract FR) developed using solvent system B
*TLC plate (D & I) comprised of fractions 392 (ref. to total extract FR) developed using solvent system C
*TLC plate (E & J) comprised of fractions B261 (ref. to total extract FR) developed using solvent system D
*FR refers to methanol total extractidf rutilans

The collected fractions (1L 63, Fig. 5.2) were concentrated on the dpor and combined

according to their TLC (using solvent systeftid) profiles. The combined main fractions (|

XVI, Table 5.3) were developed on TLC (using solvent system E) as indicated in Figure 5.3

Table 5.3:Main fractions obtained upon fractionation of the total extra¢t.atitilans
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Combined fraction Designated number Combined fraction Designated

number

10-14 I 37 IX
15,16 I 38,39 X

17-20 1l 40-43 XI
21-23 v 44-48 XIl
24-26 \% 49-53 Xl
27,28 VI 54-56 XIV
29-32 VI 57-60 XV
3336 VI 61 XVI

4
L v v vE Ve vIIE X X X X XN XV XV XVE T vV SvE VI VI X X XE X XXV XV XV

Figure 5.3: TLC profile of the main fractions-XVI) under UV (254 nm; Fig. 5.3A), and after
spraying with HSQuw/vanillin and gentle heating (Fig. 5.3B).

5.6 Isolation ofconstituents pure compoundg

5.6.1 Isolation of compounds C23 and C28Column chromatography of main fraction
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X
The crystal of main fraction X (411 mg) when washed with DCM, followed by methanol,
afforded XAuystai (C28, 90 mg, 0.0225 %), and other two supernantant agractoons (DCM
supernantarkKB, and MeOH supernantaXC). The sub frations (XB and XC) along with

compound XA were developed on TLC (using solvent systerR€&sult obtained is indicated

Figure 5.4.
4—
XAppt
XA XC XB

Figure 5.4: TLC profile of sub fractions of X after spraying with$/vanillin and then
heated.

Sub fraction XC (70 mg) was rechromatographed on sephadex with isocratic 20 % aqueous
ethanol and developed on TLC (using solvent system F) to give sub fractionXe1) as

indicated in Figure 5.5
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Cl

1 3 456 78 91011121514

Figure 5.5 TLC profile of sub fractions of XC after spraying with$Q«/vanillin and heated

Sub fraction XC1 (25 mg) was injected to thELC, and eluted using gradient solvent system
of ACN and deionized water (55:45 to 65% ACN in 30 mins, then 100 % in 15 minutes). One
prominent peak (Fig. 5.6) was collected and labelled asHRUC-2 (C23, Rt 26 min, 18 mg,

0.0045 %).

WUD A, W avelength=254 nm (BINGAHD-XC1002111.00

XCIHPL@

2z

Figure 5.6 HPLC spectrum of compound2G

*Conditions

Solvent | ACN:DIW 55:45 to 65 % in 30 min, then to 100 % in 15 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm
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5.6.2 Isolation of compound C22 Column chromatography of main fraction VIII

Fraction VIII (291 mg) was chromatographed on sephadex using isocratic 10 % ageuous
ethanol, the collected fractions (50 mL each) were combined in accordance to their TLC (using

solvent system F) proék to yield sulfraction VIIIA as indicated in Figure 5.7

—

VIIIA

Figure 5.7: TLC profile of sub fractions of VIII after spraying with8Qs/vanillin and then
heated.

Sub fraction VIIIA (90 mg) was injected to thEPLC, and eluted using gradient solvent system
of ACN and deionized water (50:50 to. 70 % ACN in 30 mins, then 100 % in 15 minutes). One
prominent peak (Fig. 5.8) was collected and labelled as VHIRA.C-5 (C22, Rt 37 min, 22

mg, 0.0055 %).

176| 238



CHAPTER FIVE : HELICHRYSUM RUTILANS

[ WD A&, W avelength=254 nm (B INGAHD- I LA002 153,00

]

VIIIAHPLGS

1500 — \

1000 —

S00

0o
B

27.183
28984
28841
30575
31485
35989

T T T
fu a2 34 ] min

o

T T T
za 25 23

[
IS

Figure 5.8 HPLC spectrum of compound2@
*Conditions

Solvent | ACN:DIW 50:50 to 70 % in 30 min, then to 100 % in 15 n
Column | SUPELCO, RP18 (25 X 2.1 cm)

Flow rate| 1.5 mL/min

Detection| UV at 254 nm

5.6.3 Isolation of compound C24 and C25Column chromatography of main fraction
\

Fraction VI (192 mg) was chromatographed on silica using isocratic 1 % methanol in DCM
and 20 % hexane, the collected fractions (50 mL each) were conduoedling to their TLC

(using solvent system E) profiles to yield sub fraction VIB (Fig. 5.9).

VIB i

# C——
123 45 67 8 91011 12 13

Figure 5.9 TLC profile of sub fractions of VI after spraying with&Qw/vanillin and then
heated

Sub fraction VIB (70 mg) was injected to tH®LC, and eluted using gradient solvent system

of ACN and deionized water (70:30 to 80 % ACN in 30 mins, then 100 % in 15 minutes). Two
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prominent peaks (Fig. 5.10) were collected #&belled as VIBHPLC-1 (C25, Rt 18 min, 12

mg, 0.003 %), and VIBIPLC-3 (C24, Rt 21 min, 22 mg, 0.0055 %).

DA A Uavelangth=254 nm (BINGAVHD-IBZO002227 D)

Al

250 —

VIBHPLG3

VIBHPLEL ~

00—
50—
- K

-50 —

I T T I T T T
1= 20 2z =28 28 28 =0 =2 min

[T I 1]

Figure 5.1Q0 HPLC spectrum of compound€and @25

*Conditions

Solvent | ACN:DIW 70:30 to 80 % in 30 min, then #®0 % in 15 min
Column | SUPELCO, RP18 (25 X 2.1 cm)
Flow rate| 1.5 mL/min

Detection| UV at 254 nm

5.6.4 Isolation of compounds C26 and C27

Crystals formed from main fractions Il and Il were separately washed with hexane. White
needlelike crystals obtained from main fractions Il antivlere dried and labelled asdktal

(C26, 62 mg, 0.0155 %) and stz (C27, 65 mg, 0.01625 %) respectively.
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HELICHRYSUM RUTILANS METHANOL EXTRACT (HDD)

ﬂ.

OPEN COLUMN (SILICA GEL)

Il Il Vi VIl X

A 4 A\ 4 A

CRYSTALLIZATION SILICA COLUMN SEPHADEX CRYSTALLIZATION
Il crystal 1] crYStaI
| l
A 4

HPLC FRACTIONATION METHANOL
VIIA SUPERNANTAN] : Q

l (LT,

“COOH
c28

“COOH
c26

SEPHADEX/HPLC

HO. O
\
Cc22 ~0 o~

Scheme 5.1A flow diagram of experimental procedure for the isolationarfstituentdrom H. rutilans
*Compounds isolated from same dudiction areindicated with same color box
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BIOLOGICAL CHARACTERIZATION OF HELICHRYSUM
RUTILANS

5.7 General experimental procedure
5.7.1 Reagents and solvents

All reagents and solvents described in section 3.7.1 were used.

5.7.2 Antioxidant assays
All experimental procedure for the various antioxidant capacity assays (FRAP, ORAC, and
TEAC), and inhibition of F&-induced lipid peroxidation as described in section 3.7.2, were

followed.

5.7.3 Skin enzyme inhibitory assays
Skin enzymes inhibitory assaggeasured on tyrosinase, elastase as described in sections 3.7.3

and AChE enzymes described in 4.7.4 were carried out.

5.8 Statistical analysis

Statistical analysis described in section 3.8 was followed.

5.9 Chemical evaluation: Results .and-discussion

5.9.1Summary of the isolated compounds

Chromatographic purification of a methanol extract f ruilans using different
chromatographic techniques including sgarep HPLC resulted in the isolation of seven (7)
pure compounds categorized into methoxyldlaedonols (2271 C25), and kaurane diterpene

derivatives (@61 C28).
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5.9.2 Spectroscopic data of C22
CompoundC22isolated as yellow solid)V &max(MeOH) nm: 280, 360R (KBr) cmt: 3300,
1800, 1600, and 1150. HRMS m/z 413.1201 [M<talcd. 413.1192}H- and®™*C-NMR data,

see Table 5.40ther spectraf C22 are attached as Annexure V, Figure$.1

Table 5.4: H (400 MHz: m,J Hz) and**C (100 MHz) NMR spectral data of isolated
compoundsC22-C25in CDCk

No. Cc22 C23 C24 C25
5C H BC H BC H BC H

2 155.8s 155.8s 156.1s

3 139.2s 139.3s 139.5s

4 179.1s 179.5s 179.5s

5 149.9s 148.9s 153.1s

6 131.2s 130.5s 130.6s

7 149.6s 148.1s 149.2s

8 118.2s 127.2s 136.2s 6.61s

9 144.3s 145.1s 145.1s

10 104.3s 105.2s 107.6s

1 130.1s 128.5s 132.9s

2" 128.1d 7.29brs 128.3d 8.15brs 128.4d  8.17brs 8.19d, 7.2

3 128.4d 8.02brs 128.8d 7.65brs 128.8d 7.56brs 7.45m

4 130.9d 7.29brs 131.1d 7.65brs 131.2d 7.56brs 7.45m

5 128.4d 8.02brs " 128.8d -7.65brs 1128.8d @ 7.56brs 7.45m

6 128.1d 7.29brs 128.3d 8.15brs_ 128.4d 8.17brs 8.19d, 7.2

1 165.5s

2" 126.4s

3" 140.9d 6.36q, 6.8

4 15.8q 2.13d,6.8

57 20.3q 2.16s

OMe-3 60.2q 3.88s 60.4q 3.90s 60.4q 3.91s 3.89s

OMe6 60.6q 4.11s 61.1q 4.09s 61.2q 3.98s 3.92s

OMe-7 62.2q 4.14q 4.06s

OMe-8 61.8q 4.02s 61.7q 3.98s

5-OH 12.65s 12.55s 12.37 11.37

7-OH 6.58br s 6.80br s
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5.9.3 Analysis of compound C22

HRMS established the molecular formulaG#2 as GoH200s (Mm/z 413.1201). UV spectrum
showed ab sx@28@nmiacdrB60armn (MaOH), in addition to dark purple spot color
under short UV (254 nm) as an indication of flavonoids characteriiRc@<Br) spectrum
showed bands of a hydroxyl group (3300%ncarbonyl (1800 crb), conjugated C=C 1600
cmd), and GO side chain substituent (1150 S@nNMR spectra (Table 5.4, and Annexure V
Figures 14) showed 22 carbon signals, 15 of them belong to flavonoid skeleton with
unsubst it wiB.62brs aHN7R,BSs FH{and 7.29br s, 1 44128.11(2XC),
128.4 (X 2C), and 130.9 (nBB83 dnd4.15andBH=sigml o f
at 12.65. Additional signals of a tigloyl side chain esterified with a hydroxyl group of ring A,
[t wo ol ef i m2.e3@dme 6 h & L58BF 216§ & 20.3), and an olefinic proton
at6.39¢, 6 . 814619).;Theabove data indicated the presence of a flavonol skeleton with
two methoxyl and a tigloyl ester groups. The positions of the two methoxyls were evidenced
from HMBC correlations which showedcaoss peaks betweédrme t h y 3.88) (wih G3
(139.1) andO-me t h y4.11)(wilh G6 (131.2). The fact that both-&and C7 containing

free hydroxyl group is evidenced from the OH;signal at 12.66H$ and the € chemical

shift at 149.6. The extrade chain of the tigloyl group was positioned a8 @om high field

shift of G8 to 118.2 ppm. The E geometry of the tigloyl group was supported by the coupling
of the H3™" with methyl 5 § = 6.8 Hz). The above data established the structu@2afas
5,7,8trihydroxy-3,6-dimethoxyflavone8-O-2-methyt2-butanoate (Fig. 5.11), and confirmed

by comparison of the NMR data with the reported valliizua, et al., 1999)Isolation of
compound22 was reported once frolRseudognaphalium cheiranthyfoliucollected from

Chile.
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Figure 5.11 Structure ob,7,8trihydroxy-3,6-dimethoxyflavoneB-O-2-methyl2-butanoate

5.9.4 Analysis of compounds C23, C24 and C25

CompoundsC23 - C25 were identified as methoxylated derivatives of flavonols. Compound
C23showed NMR similar t&€22, with unsubstituted ring B. The only difference is the absence
of the tigloyl group and the presence of extra methoxyl group. The HMBC correlations showed
cross peaks between tieme t h y 8.90; 4009 4.02) with € (139.3); C6 (130.5) and €

8 (127.2) respectively. CompoulP3 showed typicatfH NMR data similar to compounds
reported in literatur@Urzua, et al., 1999; Tomdsrente, et al., 1989; Jakupovic, et al., 1986)
and we established the chemical structure asdiBydroxy3,6,8trimethoxyflavone (as
represented in Figure 5.12) from full analysis.of 2D NMR. To the best of our knaweul
according to SciFinder, there is no any report documented f5i0t8IMR. The compound

was identified previously frord. decumbenéTomasLorente, et al., 1989)

C23

Figure 5.12 Structure ob,7-dihydroxy-3,6,8trimethoxyflavone
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CompoundC24 showed the same NMR pattern of compo@a8, with extra methoxyl group

at G7. The structure was identified based on the analysis of 2D NMR spectra, and comparison
with similar compounds ported in literatur€Jakupovic, et al., 198G omasLorente, et al.,

1989; Urzua, et al., 1999 as 5hydroxy3,6,7,8tetramethoxyflavone (Fig. 5.13). The

compound was reported frolfh cepaloideungJakupovic, et al., 1986)

C24

Figure 5.13 Structure ob-hydroxy-3,6,7,8tetramethoxyflavone

CompoundC25was identified as-hydroxy-3,6;+trimethoxyflavone (Fig. 5.14) from careful
analysis of th¢H NMR and comparison with the previously isolated compouGa$, was

reported fronH. decumbengélTomasLorente, et al., 1989)

C25

Figure 5.14 Structure ob-hydroxy-3,6, “trimethoxyflavone

5.9.5Analysis of compounds C26, C27 and C28

Compound€26-C28showed typical diterpene NMR feature with 20 carbons. CompGaad
showed signals of t wo ca20.0, GL8y r0.92ne d5h7yR03; a't
exomet hyl enendd oG8 8, b 80RE@I659Ss) and alicarboxylic group

(184.6).C26 was identified as eritaurenoic acid (Fig. 5.15) after comparing Eh]a[] value
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(- 0.078) and thé3C NMR data with literatur¢Hutchison, et al., 1984)C26 is a common
diterpene and was reported from madslichrysumspecies e.gd. fulvum(Bohlmann, et al.,

1979)

Figure 5.15 Chemical structure of eikiaurenoic acid

CompoundC27 showed a typical NMR spectra to that of compo@2®b except the presence
of an al de hw9di7clc28b,9)nemd theabsende of the carboxyl groGg7
was identified as erkkaurenl8-al (as indicated in Fig. 5.16), with occurrence reported

previously fromH. pilosellum(Jakupovic, et al., 1986)

Figure 5.16 Chemical structure efntkauranl8-al

CompoundC28 was identified as kaurenoic acid derivative. The compound showed typical

NMR spectrasimilart€26, wi t h addi ti onal o x(8.50¢covedapmedl met h
signal with HO ) ¢ (8103 d). The NMR data was identical with the same compoundedolat

from Mikania vitifolia (Lobitz, et al., 1998)and identified as 16-hydroxy-(-)-kaur16-en19-

oic acid (Fig. 5.17).
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Figure 5.17 Chemical structure df5-b-hydroxy-(-)-kaur16-en-19-oic acid.

5.10 Biological evaluations: Results and discussion

5.10.1 Evaluating the total antioxidant capacities of the isolated compounds

During the last decade, natural antioxidants particularly phenolic compounds, has been under
very close scrutiny as parttial therapeutic agents against a wide range of ailments including
cardiovascular dysfunctions and agi{®pobrattee, et al., 2005)he type of flavonoids, the
degree of methoxylation and the number of hydroxyl groupsaree of the parameters that
determine their antioxidant potentials. In general, the differences in antioxidant activity
between polyhydroxylated and polymethoxylated flavonoids are most likely due to differences

in both hydrophobicity and molecular plangriHeim, et al., 2002)

Flavonoid radical stability is thought to be increased by the creation of a completely conjugated
electron system. This can be accomplished through structural planarity of the flavonoid due to
the presence of a hydroxyl group at the3 Qosition on the @ing, resulting in a flavonol
backbone structure. Replacement édB by a methoxy substituent at this position perturbs
this planarity, due to steric hindrance imparted by the methyl grouprethdsr the flavonoids

less active as antioxidants than their corresponding OH-at([@Qugas, et al., 2000)in
agreement with literature data, the present study corroborate with the view that structural
features of flavonols3(OH) are important moiety for antioxidant effica@urda & Oleszek,

2001; Abdul Karim, et al., 2014; Popoola, et al., 2015)
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Table 5.5 Total antioxidant capacity assay for isolated compounds

Sample FRAP TEAC
UMAAE/g UMTE/g
HD 906.71 +£5.18 765.23 £2.43
C22 1251.45 +4.18 1131.80 £ 6.41
C23 1402.62 £ 5.77 1276.11 +£1.32
C24 1314.42 + 2.42 1378.10 £ 9.06
C25 1119.44 +11.89 1207.11+7.21
C26 19.66 + 8.12 1105.00 £ 3.09
Cc27 29.39+5.84 1361.90 #0.35
C28 60.90 + 7.90 142451 +£0.70
EGCG 3326.45 + 5.76 11545.44 + 17.28

HD: methanol extract frorhl. rutilans EGCG: epigallocatechingallat€22-C29: isolated compounds

The total antioxidant activities (Tables 5.5 and 5.6) nomin@&#HC25 as natural antioxidant

but less active in comparison to their hydroxylated analoguesported in chapter. 30ur

result obtained ontotal antioxidant assays when compare with their corresponding

hydroxylated derivatives therefore descrilneethoxylation of flavonoids obviously weakened

the antioxidant activity as observed by previous {éitao, et al., 2013)

Our results are in agreememith the existing data which demonstrated that the replacement

of the G3 hydroxyl by methoxy group resulted in a reduction of antioxidant activity.
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Table 5.6 Oxygen radical absorbance capacity and-aceitylcholineesterase activity

Sample Peroxyl Hydroxyl X 10® AChE inhibitory assay
UMTE/g ICs0+ STDEV (ug/mb

HD 2935.16 £3.92 1.817+1.72 300.40 + 3.49

C22 3523.51£3.22 2.114+4.01 310.38 £ 6.44

C23 2935.47 £0.13 2.413+6.20 380.24 +0.93

C24 2431.30£8.63 1.924 +16.40 375.25+3.12

C25 2814.51£5.20 1.917+3.91 325.35+14.31

C26 364.44 +6.71 - 0.429+12.00 -380.24 + 5.23

C27 91429 +2.74 0.531+10.24 310.38+11.65

C28 93.10+13.68 0.845+13.34 310.38+7.00

EGCG 14693.09 + 5.5t 3.862+4.65 -

Galanthamine - = 10.981

HD: methanol extract dfl. rutilans EGCG: epigallocatechingallat€22-C29: Isolated compounds

5.10.2 Evaluating the antilipid peroxidation activity of the isolated compounds

The ability of phenolic compounds to inhibit oxidative damagkpids was assessed using
thiobarbituric acid as a model system. Peroxidation was initiated by addition of-EES®@
mixture. It is well known that transition metal like iron may generate highly reactive hydroxyl
or alkoxyl radicals (Fenton reaction). @mesult indicated compoun@22-C25 with mild
inhibitory activities against the Feinduced lipid peroxidation as expressed as i@lues of
13.123 £ 0.34; 16.421 + 0.92; 11.64 £ 1.72; 14.90 = 0.06 pg/mL, respectiliely suggests
that C22-C25 possess a feasible mechanistic pathway for-atuelating and irosstabilizing
capacity due to the presence eD8le and 5 OH in conjugation with 4keto group. It is also
anindicationthat the lone pair of electron on OMentributeso the antioxidanactivities of

compounds investigated. Previous work illustrated the significant role of these features to have
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more potent antioxidants due to the formation of hydrogen bonding betw@enahd 4keto

group, which help to further stabilize flavone radidalsned (Catala, 2006Wolfe & Liu,

2008 Georgiev, et al., 203Xumar & Paney, 2013; Popoola, et al., 201&ompound€22-

C25 may therefore serve as good source of potent antioxidant due to their ability to stabilize
Fe?* thereby reduce the productiof reactive hydroxyl radical (OMHduring Fenton reaction

(Fahran, 2013)
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HD c22 C23 EGCG

Sample

Figure 5.18 Effects ofH. rutilansconstituents on inhibition of Feinduced microsomal
lipid peroxidation. (p<0.05)

*Dataare expressed assgwith isolated compounds and a methanol extract (HD) screened at 50.00 pg/mL

5.10.3 Evaluating the antityrosinase activity of the isolated compounds

Due to everyday growing market of cosmetics, tyrosinase inhibitors have received a special
attention because of alleviating of hyperpigmentation and undesirable browning of food
products. Effort are geared in sourcing for a better option of getting conipdam natural

origin due toexcellent pharmacological properties with commendably high safety margins
demonstrated by tyrosinase inhibitors isolated from nature.

When tyrosinase enzyme activity is inhibited, melanin production is reduced, resulting in a

fairer skin(Abdul Karim, et al., 2014)Amongst theH. rutilans constituents investigated for
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antityrosinase activity in Figure 5.19vhere compound€22-C25 demonstrated moderate
inhibition against tyrosinase (with respeetilCso = 25.735+ 9.62 24.062+ 0.61; 39.03 +
13.12; 37.67 £ 0.98g/mL) enzyme, but remained less potent than kojic acieb 63.511
1.44pg/mL). The presence @onjugation inC22-C25 rings further give rise to a resonance

effect in both ring thereby provides stability to the respective flavone radicals formed

(Georgiev, et al., 2013)
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Figure 5.19 Effects ofH. rutilansconstituents on inhibition of artyrosinase activity (p<0.05)

*Data are expressed asstvith isolated compounds and methanol extract (HT) screened at 100.00 pg/mL

5.10.4 Evaluating the antielastase activity of the isolated compounds

No dgnificant inhibitory activity was recorded by the samples tested against the inhibition of

elastase.
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Figure 5.2Q Effects ofH. rutilans constituents on inhibition of antéilastase activity (p<0.05)

*Data are expressed asstvith isolated compounds and methanol extract (HD) screened at 100.00 pg/mL

5.11 Conclusion

Seven known compounds were isolated and characterized by our previous analytical tools.
Flavonols have been shown to possess good antioxidant activity and have been implicated as
inhibitors of lipid peroxidation. Indeed, the evidence presented herein suggests that a dietary
intake of flavonoidscontaining foods may be of benefit in loweringetrisk of certain
pathophysiologies associated with free radical mediated events. This study revealed that
methanol extract of. rutilans had indicated strong antioxidant and skin depigmentation

activities.

Possible cosmetic product formulation agaptsbtooxidation of skin can be made from the
constituents oH. rutilans, upon the recommendation from clinical trials to ascertain their
probable side effect on the skifhis present the first report to be documentediorutilans

a plant widely spredhin coastal part of western and mountainous part of eastern province of

South Africa.
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CHAPTER SIX

GENERAL DISCUSSION, CONCLUSION AND
RECOMMENDATION S

Flavonoids, a multifunctional compounds are suggested to be potelidators of oxidative

stress and enzymatic oxidations due to their reducing, metal chelating, free radical quenching
ability among others (Kelly, et al., 2008). Therefore, the implication of reactive oxygen species
(ROS) in chronic degenerative and agirelated diseases including skin aging continue to
underpin the search for natural antioxidants with little or no side effects.

Although, an extensive amount of phytochemical research has been done on the genus
Helichrysumspp., only a few have been intigated for their biological and pharmacological
importance, with an integral part of this genus left untapped. Among such are the three (3)
unexplorecHelichrysumspecies selected for this research Mzteretifolium(HT), H. niveum

(HF) and H. rutilans (HD). Their selections weréased on the neavailability of both
scientific and ethnomedicinal information to support their respective traditional uses. This
investigation therefore is the first scientific report on the phytochemical constituents iand the

possible biological application as antioxidants in.cosmetics product formulations.

A preliminary investigation by thin layer chromatography (TLC) revealed that extracts of HT,
HF and HD (result not shown) exhibited yellow/red/purple staining of cedaémical
compounds with vanillin/kBEQs spray. The TLC results of these plant extracts indicated that
they may exhibit an interesting chemical profile similar to those previously investigated.
Repeated chromatographic purification procedures (CC, TLC(HiBh the methanol evects
and extensivetauctural determination of the isolated compounds were carriedisag

spectroscopic (1D and 2BMR, HRMS, IR, UV) data. Optical rotations of the new
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compounds with stereogenic centres were also done to sube@toposed structures. The
results emanated from the extensive chemical analyses of the isolated compounds are

summarized as follows:

Table 6.1 Isolated constituenfsom the three selectddelichrysumspecies

Code Name Source Remark
C1 Heliteretifolin H. teretifolium new
C2  2,6-dihydroxy-4 -methoxy3-prenychalcone H. teretifolium known
C3 2,4 ,6-trihydroxy-3"-prenyhalcone H. teretifolium known
C4 isoglabranin H. teretifolium known
C5 glabranin H. teretifolium known
C6 7-methoxyisoglabranin H. teretifolium known*
Cc7 guercetin H. teretifolium known
C8 4-methoxyquercetin H. teretifolium known*
C9 4’-methoxykaempferol H. teretifolium known*
C10 mosloflavone H. teretifolium known*
Cl1l 1-benzoyi3-(3-methyt2-butenylacetate) H. niveum new
phloroglucinol(helinivene A)
Cl2 1-benzoyt3-(2-hydroxyl3-methyl3-butenel-yl)- H. niveum new
phloroglucinol(helinivene B)
C13 8-(2-methyll-propanone,5, Atrihydroxyl-2,2 H. niveum new
dimethoxychromonghelinivene C)
Cl14 1-(2-methylbutanone}-O-prenytphloroglucinol H. niveum known
C15 1-(2-methylpropanone}-O-prenytphloroglucinol H. niveum known
Cl16 1-(butanoney-prenykphloroglucinol H. niveum known
Cl17 1-(2-methylbutanoneB-prenytphloroglucinol H. niveum known
C18 1-butanone3-(3-methyt2-butenylacetate H. niveum known
C19 1-(2-methylpropanone)}prenylphloroglucinol H. niveum known
C20 caespitate H. niveum known
C21 3 B4-dihydroxyterexerld-ene H. niveum Known*
C22 5,7,8trihydroxy-3,6-dimethoxyflavone8-O-2-methyt  H. rutilans Known*

2-butanoate
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C23 5,7-dihydroxy-3,6,8trimethoxyflavone H. rutilans Known
C24 5-hydroxy-3,6,7,8tetramethoxyflavone H. rutilans known
C25 5-hydroxy-3,6, *trimethoxyflavone H. rutilans known
C26 entkauranoic acid H. rutilans known
C27 entkauranl8-al H. rutilans known
C28 15b-hydroxy(-)-kaur16-en-19-oic acid H. rutilans Known*

*compounds isolated for the first time fraselichrysumgenus

In vitro total antioxidant capacity was determined using FRAP, an automated ORAC (peroxyl
and hydroxyl), TEAC and_inhibition of Feinduced lipid peroxidation assays. The
possibilities of the isolated compounds from HT and HF to possess prooletatiour in

the presence of metal ions were also investigated. Inhibitions of skin diststee enzymes
(tyrosinase and elastase) were carried out while the acetylcholinesterase (AChE) inhibitory
activity was also included (chapters 4 and Mjcro molar concentrations for the isolated
compounds could not be calculated, since the molecular weights of the compounds were not

yet known at the time of performing the biological assays.

The total antioxidant capacity assays measure ability of antioxidaihés gansfer electron

(s) and or hydrogen ion to free radicals thereby, converting them to stable and usable products
as discussed in sections 3.10.1, 3.10.2; 4.10.1, 4.10.2 and 5.10.1. The result of these sections
explained the stability of the compowih act as antioxidants in different medium sugbt-as
Literature pointed out that both FRAP and TEAC assays have the same mechanism of
antioxidants to act as reducing agent (electron tran&felegrini, et al., 1999; Re, et al., 1999;

Prior, et al.,2003) The distinction between the two assays is that the former is acidic, while
the latter is neutral. Compoun@i1 andC12 in comparison with EGCG were found to be
stable in acidic medium with observed FRAP values (2530.54 + 0.92; 4950.08 £ 0.65 Vs

3326.45 + 5.76) respectively, while high TEAC values were observeécfandC3.
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Oxidative degradation of lipids is a commonnsequence of oxidative stress, a process
whereby PUFAs of the membranes are susceptible to oxidative damage via reaction of free
radicals, which can lead to lipid peroxidation (Kumar & Pandey, 2013). In this study, the
hydroxylated flavonoid with catechmoiety (C7) demonstrated highest activity against the
inhibition of the Fé*-induced microsomal lipid peroxidation with3&= 2.931 pg/mL, while
acylphloroglucinol derivatives with phenyl side cha@il & C12) gave activity in the same

manner.

The sywtemic process of aging. in _humans results in an imbalance between synthesis and
degradation of the extracellular matrix. Overproduction of degradative enzymes and oxygen
free radicals during chronological and photduced aging leads to degradation ofribevork

and elastic skin collagen and hyjssmthesis of melanin (Ndlovu, et al., 2013). It is a complex
process underlying with multiple influences including the probable involvement of inheritable
and various environmental factors (Zhang, et al., 2@iat)represents a major burden to the
health care system. Moreover, enzymatic browning in fruit, vegetable, and fungus, which
decreases the commercial value of the product during processing or storage, is undesirable
(Chang, 2009)Compound<C7, C11 & C12 demonstrated significant biological activity as
antityrosinase (16 = 8.092; 35.625; 26.719) pg/mL respectively, while compoG&d(a
methoxylated analogue &7) demonstrated a lower aitgirosinase activity (I6s = 27.573
pg/mL). Other compounds withn absence of structural features highlighted in various

sections of evaluations for aftyirosinase property demonstrated very weak activity.

There are many assumptions with regards to structural activity relationship of flavonoids. The
numbering, psitioning and substituting patterns displayed by side chains in the isolated
compounds resulted in different biological activiti®se of the notablénding proposed Fé

(in case of antlipid peroxidation) and Cii (in case of tyrosinase) undergo different

197 238



CHAPTER SIX: CONCLUSION

mechanistic pathways through which phenatietal ion chelation occurs, despite that they are

bivalent metals in nature.

The presence of structural analogues between the existing data and the isolated compounds
from these findings confirm the assumed chemotaxonomic relationship tdHetiemysum

species. These findings expand the knowledge about the phenolic préfiédiafrysumand

enhance the chemotaxonomic understanding. Interesting observations weresgaadmg
correlations observed between the morphology and traditional uses as well as the
phytochemistry of the South African species:. there are indications that morphological
relationships can serve as a guide towards expected phytochemical composittatieof

species.

The expectedhypotheses of the class of natural flavonoids and acylphloroglucinols of having
potent antioxidant and metal ion chelation properties leen fully established. Different
experimental data which are consonant with previdesature were demonstrated by the
constituents of these selectadlichrysunspecies. Different propositions were therefore made
for the mechanisms of action of the structacéivity relationship between the constituents and

their respective biologicadroperties demonstrated.
From the above, it is recommended that

1- Biological studies of the isolated compounds against other biological target (especially
HIV), to explore their potential as bioactive compounds.

2- Applications of these chemical constituemsosmetics and pharmaceutical industry
will require proof of its antioxidant and skenzyme inhibitory effects in in vivo
models. Further analyses such as cytotoxicity determination in melanoma cell lines as
well as clinical trials are hereby recommetidie order to translate the current findings

into final cosmetieand/or pharmaceutical product formulations.
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ANNEXURE

ANNEXURE I: Spectra of compound C1

Figure 1: 'H NMR spectrum of compoun@dl in CDCls
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ANNEXURE

Figure 3: HSQC NMR spectrum of compoui@ll in CDClz
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Figure 4: HMBC NMR spectrum of compoundl in CDCls

HT-IIIA-MPIC-S 2 1 C:\Rruker\TopSpind.2\data\AM\nmr
| LALJ { I (T T | l 43
IDRCETCPLIND
IRCETCPLIND [DC13 (C:\Bruker\Topepinl.2| AN 20
.
-
-8
&
. # L
. L
g
\ 8|
A . o' -
R TER g
. ‘;‘ . ',' |
-2
.
1 . o
'
] ‘h
a Fa L
T T T T T T T L] T
14 12 10 8 s 4 2 F2 [ppm]

Page201| 238



ANNEXURE

ANNEXURE II: Spectra of compound C11

Figure 1: 'H NMR spectrum of compoun@11 in CDsCOCD;
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Figure 2: *C NMR spectrum of compoun@11 in CD;COCD;
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ANNEXURE

Figure 3: HSQC NMR spectrum of compou@ll in CD3COCDs
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ANNEXURE

ANNEXURE III: Spectra of compound C12

Figure 1: 'H NMR spectrum of compoun@12 in CDsCOCD;
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Figure 2: *C NMR spectrum of compoun@12 in CDsCOCD;
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ANNEXURE

Figure 3: HSQC NMR spectrum of compou@l2 in CDsCOCDs
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ANNEXURE

ANNEXURE IV: Spectra of compound C13

Figure 1: *H NMR spectrum of compoun@13 in CD;COCDs
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Figure 2: *C NMR spectrum of compoun@13 in CD;COCD;
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ANNEXURE

Figure 3: HSQC NMR spectrum of compoui@il3 in CD:COCDs
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ANNEXURE

ANNEXURE V: Spectra of compound C22

Figure 1: *H NMR spectrum of compoun@22in CDCl;
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Figure 3: HSQC NMR spectrum of compou@®2in CDCls
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Figure 4: HMBC NMR spectrum of compoun@d22in CDCls
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