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Abstract

Indigenous medicine is a common form of healthcare in the rural parts of Africa, South Africa
not excluded. Traditional healers have ethnomedicinal reports documented or passed from
one generation to another by word of mouth. This knowledge is used fatitng diverse
ailments in their communities. Some of the medicinal plants used by South African rural
dwellers areRhynchosia minim@.) DCvar prostrata(FabaceagandPhragmites mauritianus
Kunth (Poaceag This study sought to identify, isolate andachcterize potential bioactive
compounds from the leaves d?. minimaand the culm ofP. mauritianusprovided by a

traditional healer.

The leaves dRhynchosia minimaere extracted sequentially with hexane, dichloromethane,
ethyl acetate and methanol. Ptochemical study of the dichloromethane, ethyl acetate and
methanol extracts led to the isolation of eight compounds, including six flavonoids, a
norisoprenoid and a cyclitol. The werevitexin, isovitexin, isoorientin, pinitol, loliolide,
tectorigenin, ganin and quercetinThe structures of the compoundsere elucidated on the
basis of their 1D and 2D NMR and HRESIM& The observed data were also compared to
values reported in literature. Seven of the eight isolated compounds were reported for the
first time in this plant.The extracts obtained had activities ranging from weak to moderate
antifungal activity. The hexanextract with an MIC of 312.50y/mL had the best activity
againstC. albicansvhile the hexane, dichloromethane and methanol extracts had similar
moderate activities again€. neoformanwvith an MIC value of 625.Q@y/mL.The antifungal
assay revealedhiat the minimum concentration gbinitol, loliolide, ayanin and quercetio
inhibit the growth ofCandida albicansere 125.00, 6.25, 62.50, and 6 28/mL, respectively.

Loliolide and quercetihad similar activities to the positive control, amphoteri@nAgainst
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Cryptococcus neoformanbliolide and quercetinwith minimum inhibitory concentration
(MIQ of 6.25ug/mL hadmore potent activities than amphotericin BAC= 12.50ug/mL).

Pinitol and ayanifiMIC = 125.0Qug/mL) exhibited weak activities agairdt neoformans

The dichloromethane and ethyl acetate extractofminimawere chemically profiled with
UPLGQTORMS. This led to the identification of thifairee compounds, includgflavonoids,
glycosides, nosoprenoids, fatty acids and polyols, in thesitive and negativelectrospray
ionization modes. The chemical constituents were identified by their exact masses,

fragmentation patterns and comparison using online natural product databases.

The phytochemisy of Phragmites mauritianusvas investigated for the first timeand this
yielded six phenolic compoundsansp-coumaric acid, vanillic acig;hydroxybenzaldehyde,
syringaldehyde, cip-coumaric acidyvanillin and a lignan 4-ketopinoresinol Four of te
isolated compounds have never been isolated from fleragmitesgenus. The isolated
compounds could not be screened biologically due to the quantity isolated or rapid
decomposition. More compounds need to be isolated from this plant and screened for

bioactivity.

The biological activitiegddisplayed by the isolated compounds, alongsidesth reported in

literature, warrant further investigatiomto their development as bioactive agents.
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Chapter 1 Background and project overview
1.1  Introduction

Humans have used plansince time immemorial for various ailmefis Some parts of the
world still depend on traditional medicines sourced from plants foaltieare purposes
Approximately 250,000 species of higher plants exist on earth; about 10% have been
phytochemically investigated. Studies of previously investigated plants still lead to

identifying and isolating novel bioactive compounds that might possessliteigotential.

China has been one of the world leaders in the use of natural rezsddi healin§ One of

the welkknown Chinese folk remedies used in treating diseases is the r&arax ginseng
Theextract ofGinkgo bilobas another popular folk drug among the Chinese, which they claim
improves memory and sharpens mental alertne&tudies have revealed thginkgolides are
some of the major constituents and possess plateletivating factor antagonistic effeéts
Some of the earliest plasderived substances, which are still in use today, are poppy juice
from Papaver somiferum, liquorice (root extract ofGlycyrrhiza glabrg myrrh resin from
Commiphoraspecies (myrrh), the oils @edrusspecies (cedar) anGupressus sempevirens
(cypress) % They are used to treat illnesses ranging from parasitic infections and
inflammation to cough and cold. Pharmacological studies of medicinal plants used by early
traditional healers yielded some of the early drugs such as asfiry, (morphine (.2),

codeine (.3), digitoxin {..4) and quinine 1.5); some of which are still in use (Figuré % 12



1.4 1.5

Figurel-1: Structures of some popular early drugs

In the early 19 century, morphine 1.2) was isolated as the active agent in opium poppy, and
this spurred the developmerdf etorphine (.6) (Figure 12), codeine 1.3) and other potent
analgesicsyiaderivatization. It also inspired the synthesis of analogues such as morphinanes
and benzomorphanes. Quinin&.%) was isolated from the bark of th@€inchonaspecies in
1820, even though the local people of the Amazon region had long used it to treat'fever
Quinine (.5) inspired the synthesis of popular antimalarial drugs like chloroquir® and

mefloquine (.8) (Figure 12).
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Figurel-2: Structures of some popular drugs from natural and synthetic origins

A thorough search for plariased natural compounds with antimalarial activitythe 1960s

led to the discovery of artemisinii.Q) (Figure 13). Artemisinin was isolated by the Chinese
phytochemist Tu from the planArtemiga annua Tu and her group relied on the reports of
Chinese traditional healers to guide them in their quesbbtain a bioactive extracShe had
difficulties initially but made a breakthrough when a diethyl ether extract showed 100%

efficacy against malaria in animal modéls

Figurel-3: Structure of artemisinin, isolated froMrtemisia annua

About 80% of drug substances were either natural products or inspired by a natural product
before technology led to the development of higfiroughput screenindy. A recent review
by Newman and Cra$fyevealed that 32.6% of the 1881 new smalblecule drugs approved

between January 1981 to Septemi#019 were either natural products or natural product
3



derivatives obtained by sersiynthesis. Furthermore, 14.2% of the new drugs were made by
total synthesis with a natural product as the pharmacophore and others were made to mimic
natural products. Thisral many more serve to underscore the great influence of natural

products on drug discovery.

Natural productsexhibit diverse biological activity, making them a potent source of drug

leads® 1. Natural productspossess features that haween optimized by evolution to serve

biological functions, such as binding to specific target proteins or biomolecules; this could be
because they are produced by nattffteln contrast to synthetic compoundsatural products

offer unique properties that confer benefits and limitations in drug discov&tyuctural
complexities and a great diversity in their scaffold and chensitattures are the defining
peculiarities of mtural products According to Atanasoet all®s d y' I G dzNJ £ LINR RdzO 0 .
have a higher molecular mass, a larger number éfcagpbon atoms and oxygen atoms but

fewer nitrogen andhalogen atoms, higher numbers of hydrogeond acceptors and donors,

lower calculated octanelvater partition coefficients (cLogP values, indicating higher
KERNRLIKAETAOAGERY YR 3ANBFGSNI Y2t SOdzf I NJ NAIARA
Furthemore, compared to synthetic compoundsataral productshave more stereogenic

centres and fused rings with fewer aromatic rings and rotatable b¥ndese confer them

with a rigid, norflat and threedimensional structure that could increase their chance of

clinical success as drug candiddteMany ratural productsR2 y 204 O2y F2N¥Y G2 [ .
of five; however, this is similar to what is observed in drugs, as evidenced by the increase of

approved high molecular vight candidate® 23

Despite the challenges posed by natural products chemistry, some of which have been

remedied by the advances in separation techniques and structure elucidatioyal
4



products are an obvious place to start in the questdasearch for novel drugs to treat
infectious disease4 Isolation and characterization of bioactive compounds from medicinal

plants continue to date and will continue to be relevant in drug discovery.

Rhynchosias native to both tropical and subtropical regions, with many species found in
Southern Afric#. Rhynchosia minimé..) DC.Rabaceagis used in treating skin diseases in
Zambi&® and as a herbal drug for curingperrespiratory iliness, swelling and joint aches in
Chin&’. Ethnomedicinal reports of a South African traditional healer revealed that the leaves
are used to treat chest or heart paiklence this study aimed to validate the claims of its
traditional usage by investigatirige leaf extracts and bioactive constituents agai@andida
albicansand Cryptaoccus neoformandgwo fungal isolates that have been identified résk
factors in respiratory ailment$revious phytochemical investigation revealed that the genus
is abundant in flavonoids and flavonoid glycosfde$his study also seeks to identify and

isolate phytochemicals from the leaves

The genusPhragmitesis found in the tropics and Southern Africa, wiBhragmites
mauritianusKunth Poaceagbeing one of the three species found in Affitalhe genus is
reportedly used to treat cold and its symptoms in CRinend diabetes in Banglade®h
Ethnomedicinal report of a South African medicinal healer claims the culm (stem) is potent in
treating cancer. Phytochemical studié® of the genus have yielded phenolic compounds,
alkaloids, lignans and flavonoids, but no studies were found in the literatureP.on
mauritianus Hence, this study aims to isolate and characterize bioactive secondary

metabolites from the plant



1.2 Research aim and objectives

The aim of this study was to identify, isolate and characterize potential bioactive compounds

from Rhynchosia minimear prostrataand Phragmites mauritianuplants.

The objectives of the study were to:

a. Extract secondary metabolites frofR. minimaand P. mauritianususing solvent
extraction techniques;

b. Isolate the compounds with the aid of appropriate separation techniques;

c. Characterize the isolated compounds using analytical techniques; and

d. Screen the cmpounds for bioactivity.

1.3 Thesis outline

The thesis is divided into four chapter€hapter 1provides the background, aim and
objectives of the studyChapter 2provides a literature review oR. minima results and
discussion, experimental sections, carstbn and referencehapter 3provides a literature
review of P. mauritianus results and discussion, experimental sections, conclusion and
references Chapter 4provides the general conclusions and recommendations of the study.
In conclusion, the suppteentary data, consisting of the NMR and HRMS spectra of the

isolated compounds and a copy of the published article, are provided in the Appendices.
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Chapter 2 Identification and isolation of bioactive compounds from
Rhynchosia minimaar prostrata

2.1 Rhynchosiggenusand its geographical distribution

The genuRkRhynchosiabelonging to the family Fabacedeas about 230 species, wittearly
half of them found in Afca and about 73 species are native to Southern Af¢ikigure 21)"
2. It is the largest genus in the subtribe Cajaniraed it is distributed in the tropics and
subtropics$. The genus is used as pasture plants and for ornamental purpBsgschosia
species have played a significant role in traditional medicine among the plahtskabaceae

family?. Several species in the genus have been used@®medy against diverse ailments.

Figure 2-1: A map of the world showing the distribution oRhynchosia Source:
http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:1197938

2.2  Ethnomedicinal uses dRhynchosiagenus

The Adivasi tribe of the Eastern Ghats in Indisstise leaves oRhynchosisdbeddomeiBaker

to treat wounds, cuts, boijsind rheumatic pairts The fresh leaves are ground, made iato

12



paste and applied astreatment for skin diseasésln South Western Uganda, the people of
Nyakayoja orally administer a macerated mixtureRbfynchosiaviscosaDC.leaves,Cajanus
cajan(L.) Drusdeaves and milk to treat splenomegaly diarrhé€e. viscoséeavesare also
used to indue labour and as an abortifaciéhfhynchosiaufescengWilld.) DCknown by
the Mannan people of Kerala, Indias ramachempu is made into a leaf decoction and

administered as an abortifacieht

The inhabitants of North JeolRrovince, Korea, make an infusion soup by boiling the seeds
of RhynchosianulubilisLoureiro (Yak#ong)with the fleshy fruit olLagenaria leucanthRusby,

the hull of Diospyros kakiThunb.,leavesof Sasa borealigHack.) Makinopulb of Allium
fistulosumL.and the stem oL onicera japonicd@hunb.,and it isadministeredorally to treat
common cold® The Kagera traditional healers of Tanzania use a decoction made by boiling
the aerial parts oRhynchosiaecinosalA. Rich.) Bakthe stembarks ofOzoroa insigni®el.,
Maytenus senegalensi@.am) Excell.Entada abyssinicéteud. ex A. Richand Lannea
schimperi{Hochst.) Engin peptic ulcer treatmerit. The Mayo people of Sonora, Mexiase

the roots and seeds oRhynchosiaprecatoria (Humb. & Bonpl. ex Willd.) D@ treat

bronchitis, asthma, arthritis, conjunctivitiand migraine headache

2.3  Pharmacologyf Rhynchosiagenus

The extracts oR. beddomeat concentrations ranging from 500 to 10000 ppm were tested
against seven microorganisms using the disc diffusion methad the alcohol extracts
exhibited no inhibitory properties against them. The petroleum ether and ethyl acetate
extracts were activagainst two granpositive and two grarmegative bacteria and a fungus

The acetone and methanol extracts of the flowersRf beddomeexhibited substantial
13



antimicrobial properties against selected bacterial and fungal strawhgreas the hexane
extract demonstrated inconsistent results A broad spectrum of antimicrobial activity was
displayed by the essential oil 8hynchosiaheyneiWight & Arn.against selected bacterial
and fungal isolatéd. This was evidenin the zone of inhibition andninimum inhibitory
concentration MIC) values of the oil. Of theodvent extracts oR. precatoriaoots prepared
by CoronadeAceveset al, hexane exhibited the best activity againstycobacterium

tuberculosigH37Rv with a MIC of 15.6 pginwhile others ranged from 31.25 to 125 ugif

Air-dried root of Rhynchosiasublobata(Schumach. & Thonn.) Meikigas defatted with
hexane, extracted with 80% methanand assayed for bioactivity againBlasmodium
falciparum The extract was active agairt falciparumwith a MIC value of 62.5 pghand
an 1Gop value of 31.2662.5 ug/n!8 The80% methanol extract dR. sublobataoot wasalso
screened against Human Immunodegéncy Virus Type 1 (HIV Ik strain) and Type 2 (HHV

2, ROD strain) with observeds$@alues of 15.2 pg/thand >70.7 ug/rarespectivelypb.

The ethanolic extract ofRhynchosia nolubiis seeds exhibited aninflammatory and
antinociceptive activities using the arachidonic aiciduced ear edema, carrageenan
induced paw edema, formakimduced paw lickingand acetic aciinduced writhing assays

The study revealed that the extract inhibited ear edema, paw edema, pain and writhes in
mice. Analgesic activity was observed from the methanol extract of the gesid$ of
Rhynchosiacapitata (B.Heyne ex Roth) D&t 100, 200and 300 mg/kg dosé% Abdominal
pains induced by acetiadd in the mice models were notably reduced compared to the
control drug used in the studylhe ethyl acetate and methanol extracts Rf beddomei
administered at 100 and 200 mg/kg for 14 dagsifficiently inhibited Ehrlich Ascites

Carcinoma (EAC) tumours3wiss albino mice. Ethyl acetate extract at 200 mg/kg exhibited
14



the best antitumor activity as evidenced by the increase in mean survival time, life span
increase, decrease in tumour volusi@nd increase in viable cells of the tumanauced

animalg®.

Fermented aqueous extract ofRhynchosia nulubilis demonstrated significant
antihyperglycemic and antihyperlipidemic activities in allokauced diabetic raf¥. The
ethanol extract offhynchosiasuaveolengL. f.) DCsignificantly lowered the blood glucose
level in steptozotocininduced diabetic rat8. The study revealed #t normal blood glucose
level was achieved at 100 and 200 mg/kg of the extratlthe lethal dose was higher than
2000 mg/kg.The residualaqueous fraction after sequentially extractifgynchosigpseudo
cajan Cambesswith dichloromethane, ethyl acetateand butanol, was found to possess

I OG A @A G &gludosidask;yie (activity was even better than acarbose, the standard
reference useéf. Theethyl acetate fraction was equally potent against lipoxygenasd all

studied fractions exhibited little toxicity.

Agrahariet al. reported the potent wound healing activity of the aqueous and ethanol extract
of R. beddomein albino rat$3. An increase in wound contraction, rise in collagenation of
tissuesandreduced epithelization period, were some of the factors considered in the study
to validate their claimsThe butand extract ofRhynchosiavolubilisLour.exhibited a potent
dosedependent spermicidal activity against human sp&krthis could be whyr. volubiliss

prescribed in China folk medicine as contraceptives.

The leaf ethanol and bean ethanol extractsRof nulubilisand R. volubilisat 50 pg/ni aid
melanin synthesisaind promote intracellular tyrosinase activity. A standardized ethanol

extract of R. volubilismitigated the clinical signs of dry eyes in mice motfel3he

15



observations recorded in the study led Kagig@l. to suggest that the extract could seras a
potential candidatein the treatment of eye ailmentssomething also believed by Kiet al.

after observations from another study

AlthoughRhynchosiaeniformis(Pursh) DC. containgzhenolic compounds, flavonoidand
terpenes, none of its extracts exhibited any insecticidal actiifyhe effective DPPH radical
scavenging ability of the ethanol extraB. beddomeieaves andR. nolubilisseed are
documented® 3° whereas Rhynchosiavenulosa (Hiern) K.Schumroots exhibited weak
antioxidant propertied’. The combined ethanol extracts Ghynchosiarecinosa(A.Rich.)
Baker Ozoroa insigniBelile Maytenus senegalensfsam.) ExelEntada abyssinic&teud. ex
A.RichandLannea schimpefHochst. ex A.Richpyotected rats against ethanéfiCl induced
gastric ulceratiok’. The dosalependent activity exhibited an 81.7% protectiveness at 800
mg/kg of the combined extracts, compared to 87.5% protection provided by 40 mg/kg of the
standard drug, pantoprazole. Individual extracts were also scrbeagminstfour gram

negative bacteria; moderate antibacterial activities were however recorded

The petroleum ether, ethyl acetate andethanol extracts oRhynchosia cané@willd.) DC.
had an antihelmintic activity that increased with a corresponding increase in the
concentration of the extrac#. The results were dosgependent; nethanol extract at 20
mg/mL had the best activity, with a paralysis time of 2.89 minutes and a death time of 5.51
minutes. The antipyretic and hepatoprotective activities of the methanol extra&.afana

were also documented by Yempada and colleaélies
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2.4 Phytochemistry ofRhynchosiagyenus

Phytochemical studies of the genus have revealed tRaAynchosias a rich source of
flavonoids and glycosylated flavonoids. Polyphenolic compounds and a few sterols have also

been reported.

2.4.1 Flavones and flavone glycosides

A novel flavoné-glycoside, 34'-di-O-methylluteolin7-O-glucuronide(2.1) (Figure 22),was
isolated from the methanol extract d®. beddoméf. The investigation also led to the isolation
of four knownGglycosideg vitexin (2.2), isovitexin(2.3), orientin(2.4), and isoorientin(2.5)

¢ and two diGglycosideg; vicenin2 (2.6) and lucenin2 (2.7) ¢ from the acetone extract of
R. beddomeafter repeated chromatographic techniguésCompound<.2 ¢ 2.6 were also
isolated from the leaves dR®. cana®, and luteolin(2.8) was obtained from the leaves &
suaveolen®¥. Rammoharet al. also reported the isolation afompourds2.3and2.5from the
flowers ofR. beddomeiThe flavonoid glycoside 3 exhibited moderateminimum inhibitory
concentrations MIC9 while the G6 glycosylated compound.5 reduced the growth of the
microbial strains and had notable MICs compared toaeycline, the standard drug used in

the study®.
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2.8

2.7

Figure2-2: Structures of flavones and flavone glycosides isolated fRitwynchosigenus

2.4.2 Flavonol and flaenol glycosides

A new 5deoxyflavonol named gnchosin(2.9) (Figure 23) was obtained as yellow crystals
from the acetone extract oR. beddomeieaves’. Chromatographic separation dhin-layer

chromatographyTLQ, followed by recrystallization in ethancdsulted inthe isolation of the

18



compound. Rutir{2.10) and kaempfereB-rutinoside(2.11) were isolated from tle leaves of
RhynchosiacyanospermaBenth. ex Bakéf. Adinarayan and dleagues isolated aovel
prenylated flavonol, rhynchospermi@.12), from the leaves oR cyanosperra 2. The dried
leaves were extracted with hot petrol; the metharsluble portion of the residue was
subjected to preparativdLCand it yielded the yellow amorphous compound. Kaempferol
(2.13) and two mehylated flavonols, isokaempferid@.14) and quercetin 30-methyl ether
(2.15), were isolated fromRhynchosiaufescengWilld.) DC?. Quercetin 70-methyl ether
(2.16), with potent MICs against selected bacterial and fungal straas isolated from the

flowers ofR. beddomé?.

210
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215 2.16

Figure2-3: Structures of flavonols and flavonol glycosides isolated fRltpnchosigenus

2.4.3 Flavanones

Naringenin(2.17) (Figure 24)was isolated from the methanol extract Bf beddomedeaves*.
The flavanoes, lupinifolin(2.18), and lupinifolinol(2.19) were isolated from the roots dR
precatoriat. Compound2.18weakly inhibited the growth df1. tuberculosisvith an IGovalue
of 76.93 uM and was cytotoxic against murine macrophages (RAW 264.7 cells) witg an IC

value of 26.49 M.
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Figure2-4: Structures of flavanones isolated frdRhynchosigenus

2.4.4 |soflavones and Isoflavanones

Ogungbeet al. reported the isolation of four new prenylated isoflavones characterized as
rhynedulin A(2.20) (Figure ), rhynedulin B(2.21), rhynedulin Q2.22) and rhynedulinal
(2.23) from the dichloromethane extract of the bark &hynchosiaedulis Griseb*. The
isolation of four known isoflavones, ulexin B.24), scandenal2.25), cajanin(2.26) and
cajanone(2.27), was reported; cyclochandalon@.28) was also isolated for the firdtme

from a natural source in the study. The isoflavonoids weakly inhibited rhodesain, a cysteine
protease of Trypanosoma bruceihodesiense and exhibited weak proliferative activities
against the breast cancer cell line (MZF. Compound2.25 had the bestrhodesain
inhibitory activity with an 165 value of 16 pMwhile other compounds ranged from 19.9 to
138.3 uM. Coronadé\ceveset al. isolatedtwo new isoflavanones, precatorin (&.29) and

precatorin B(2.30), a new isoflavone, precatorin(€.31) and cajanong2.27) from the roots
21



of R. precatori&'. Theseisolated compounds demonstrated weak antimycobacterial activity
againstM. tuberculosisand Mycobacterium smegmatiwith MIC values between 147.94
149.36 uM.The mmpounds were cytotoxic against murine macrophages (RAW 264.7 cells)

with IGo values ranging from 13.7346.98 puM.

2.22

2.24 2,25
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2.30 2.31

Figure2-5: Structures of some isoflavones and isoflavanones isolated Rbymchosigenus

Rammoharet al. isolated biochanin A2.32) (Figure %), a compound reported to weakly
inhibit microbial strains, from the flowers &. beddomé?. A study oR volubilisseeds, using
centrifugal partition chromatography (CRGgsulted in the isolation of 5 antioxidant
isoflavone4®. The isolated compounds were characterizeddaidzin(2.33), glycitin(2.34),
genistin (2.35), 6'-O-acetyl genistin(2.36) and 6'-O-acetyl daidzin(2.37). Four known
isoflavones, genisteil2.38), sophoraisoflavone A2.39), licoisoflavone A2.40) and 3-O-
methylorobol (2.41), and a novel compound, rhynchovisdip.42), with antrangiogenic
activity were isolated from the methanolic extract Bf viscos#. The isoflavone&.38 and
2.40were more potent with 16 values of 24.2 uM and 16.7 ykespectively, whil€.39and

242 (IGovalues of 50.7 uM and 41.3 uMjere less potentthough anttangiogenic.
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2.42

Figure2-6: Structures of more isoflavones and isoflavanones isolated fRbynchosigenus

Recently, Xiangt al*° (2021) reported the isolation of five novel prenylated isoflavonoids,
rhynchones A, E @.43¢ 2.47) (Figure 27), and other known compounds from the ethanol
extract of the whole plant oR.volubilis The bieguided isolation revealed that compound
2.43 might be able to serve as a contraceptive as it disrupted the activation of the cation

channel of sperm, thereby hindering fertilization.

(0] (0]
) o
NN
e OH O <
RO 0 A
2.44: R=0H
2.45: R = OCH,
OH S
(@] (@) (@]
(@]
OH
OH O OH
2.46 2.47

Figure2-7: Structures of some prenylated isoflavonoids isolated fiehynchosigenus
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2.4.5 Flavanonols

Tirumalin (2.48) (Figure ), a new prenylated dihydroflavanonol was isolated from the
leaves of Rhynchosia cyanospermaBenth. ex Bakéf. Dried leaves were extracted
sequentially with petrolpenzene, acetoneand methanol in a Soxhlet. The acetes@uble
portion of the petrol extract was triturated with petrol and concentrated. It wasligsolved

in methano| and the paleyellow crystals oicompound2.48 crystallized out. A novel-
prenylated dihydroflavanonol, (+)2R:3RB-Gprenyltaxifolin7,3-dimethyl ether(2.49 was
obtained from the methanae$oluble portion of the hexane extract Bf. densiflorgRoth) DC.

leaveds.

2.48 2.49

Figure2-8: Structures of flavanonols isolated fradRhynchosigenus

2.4.6 Isoflavans

Hussein and cworkers’ isolated 7,2dihydroxy4'-methoxy6-(3",3"-dimethylallyl)
isoflavan 2.50) (Figure 29) and 7-hydroxy2',4'-dimethoxy8-(2",3"-dihydroxy3"'-
methylbutyl}5'-(3",3"-dimethylallyl) isoflaxB-ene .51 from the
dichloromethane/methanol root extract dRhynchosia ferrugineA. Rich. Compounds50
and2.51had moderate antibacterial properties agaifstcoliand S. aureusas evident from
the zones of inhibition observed new isoflavan, '5O-methylphaseolinisoflavar2(52), was

isolated from a bieguided study of the whel herb ofR. volubili$.
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2.50

2.51

Figure2-9: Structures of isoflavans isolated frdRihynchosigenus

2.4.7 Phenoliccompounds

Two xanthones, mangiferif2.53) (Figure 210) and isomangiferir{2.54), were isolated from
the leaves of R. suaveoledd4 and a mw benzophenone, -Rydroxy3,4-

dimethoxybenzophenong2.55), was obtained from the flowers of the same pl&htThe
acetone extact, methanol extragtand compound2.55 moderately inhibited free radicals

while the hexane fraction demonstrated weak antioxidant acti¥ity
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Figure2-10: Structures of some phenolic compounds isolated fi@hynchosigenus

Kinjo et al. reported the antiproliferative activity exhibited by the methanol extractRof
volubilisseeds, with a growth inhibition (63) of 25 pg/ni, 30 pg/ni and 8 pg/nL against
human gastric adenocarcinoma (MK human uterus carcinoma (HeLa) and murine
melanana (B16F10)respectively. A biguided fractionation led to the isolation and
identification of gallic acid(2.56) (Figure 211), gallic acid methyl este(2.57), 7-O-
galloylcatechin (2.58), 1,6di-O-galloylglucose (2.59), 1-O-galloylglucose (2.60) and
trigalloylgallic acid2.61)*°. The isolated compounds inhibited B16F10 better than1viad
HeLa cell linessompound2.61 was the most activewith a Gio value of 2.9 uM against
B16F10Compound2.56 and 2.61 had better inhibitory values than other isolatemdthe
researchers suggested that the free carboxyl goupboth compoundmight be one of the

factors responsible for the observation. An antaamt compound, epicatechi(2.62), was
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isolated from R. volubili® &SSRa&a dzaAy3d OSydNRATdzZAEGPC) LI

technique®.
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Figure2-11: Structures of more phenolic compounds isolated frRimynchosigenus

2.4.8 Otherisolated compounds

Pinitol (2.63) (Figure 212) and inositol(2.64) are cyclic polyalcoholic compounds isolated
from the leaves oR. cyanospermaR. beddomeand R. suaveolert$ 36 38 Khan and Shoeb
reported the isolation ofl-(3-methylbut-2-enyl}5-methoxy(1,1-biphenyl}3-ol (2.65) and 2
carboxy4-(3-methylbut-2-enyl}5-methoxy(1,1-biphenyl}3-ol (2.66), two novel biphenyls

with antibacterial activities from the benzene fraction of the ethanol extract of thelaad

29
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whole plant ofR. suaveoler’& Compound<2.65 and 2.66 displayedactivity againsBacillus

subtilisand Staphylococcus auremgth minimum inhibitory concentratios(MICs) of 15.625

and 31.25 ug/m, respectively. The investigation Bfiynchosiaalbiflora (Sims) Alstomed to

GKS Aazftl A yhtanylFeptides?-L-gfuimyth imethylenei -aminopropionic

acid(2.67), ! -L-glutamytethyl -aminoisobutyratg2.68) and -L-glutamyb -aminoisobutyric

acid(2.69)°L
~o OH R  OH
HO OH HO OH
HO OH HO OH 5
OH OH /
2.65: R=H
2.63 2.66: R=COOH
Rs3

2.67:R;=R,=H,R; =H
2.68: R, = Me, R, = H, R; = Et
2.69: R, =Me,R,=H,R; = H

Figure2-12: Structures of other compounds isolated frdRiynchosigenus

2.4.9 Essential Oils

Hydrodistillation ofR. beddomédeaves to obtain essential oil, followed by analysis with a Gas

Chromatograph (GCled to the identification of thirteen compounds with phytol (47.77%)

propionic acid (28.8%and pentanoic acid (6.86%) being the majompmnent$2. A study of

R. heynefor its essential oil resulted in the identification of 12 known compounds with 1



pentanol (71.98%), camphene hydrate (16.37&6)d germacrend (4.07%) as the major

compounds, after characterization with a GC coupled to a Flame lonization Detectét. (FID)

2.5 Rhynchosia minima

R. minima commonly referred to as least snebéan, jumby beapand burrmouth-vine, is

a flowering plant in the legume family. It is a herb that grows onaaltioents, with varying
reports describing it as either annual or perennial. It is a climbing plant with numerous slender
stems. The leaves possdbsgee leaflets, about 3.5 centimetres in length and yellow flowers,
with purple or brown veins and petals mguring up to 8 millimetres londR. minimagrows

in the grasslangl roadsides, woodlargiand riverine fringegFigure 213).

An géhnomedicinal report provided by a South African traditional healer revealed that the
leaves are used to treat and prevent heart pains and diseases. It is used locally in Zimbabwe
to treat skin conditions, specifically against sl A herbal medicine known localin
Southern China as Yi Tiao Gen, made from the rod®& ofinimais used in the treatment of
swelling, joint painsand upper respiratory ailment$ The seed extract has been reported to
possess agglutinating activity against specific human red blood aetlshe leaves are used

as an abortifacier®t. The presence of bacterial nodules in the root émeithe soil while the

whole plant serves as fodder for caftte
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Figure 2-13: Pictures of Rhynchosia minima Source:
http://www.plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names: 1197938

2.6  Phytochemistry ancpharmacology oRhynchosia minima

Besson and cworkers obtained theGglycosylated flavonoids, schaftosi{z70) (Figure 2
14), vicenin2 (2.6), vicenin3 (2.71), and isovitexin2.3) from the aqueous methanol extract
of the leave®. Isovitexin(2.3) isolated from the leaves inhibited cytokinesis and cell plate
formation®’. The ageous and ethanol extractsouldscavenge for free radicails vitro using
the DPPH and ABTS as$&yEhe antinociceptive and aritiflammatory abilites were also
investigated as the ageous and ethanolxracts at 200 and 400 mg/kg significantly inhibited
abdominal writhing using the hot plate and acetic ariduced writhing methoga decrease

in the paw edema volume wadsoevidenf?,
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2,70 2.7

Figure2-14: Structures of some compounds isolated fréthynchosia minima

The ethyl acetatét 2 f dzot S FNI OliAzy 2F (GKS SI@SaQ
glucoside(2.72) (Figure 215), stigmasterol(2.73), lupeol (2.74), and ergosterol peroxide
(2.75)°°. A study of the ethesoluble portion of the alcoholic extract of the pericarp and seed
led to the isolation of hydroquinone diaceta.76), sitosterol(2.77), gallic acid2.56), and

protocatechuic aciq2.78)°.

oH N\ \
HO o
HO (@) HO
OH
2.72 2.73
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Figure2-15: Structures of more compounds isolated fraRimynchosia minima

2'.4' 5, 7-Tetrahydroxyisoflavon€2.79) (Figure 216), genistein2.80), genistein8-Gglucoside
(2.81), daidzein2.82), and tricin(2.83g were tentatively identified in the ethanol root extract
by comparing the mass spectra with known datalsased published litemture®®. The
flavonoidrich fraction demonstrated potent anthflammatory properties against LPS
induced RAW 264.7 cells. The investigationsRofminimafor essential oils led to the
ARSY (AT ADAzE S 2 Yaii®IF caryophyllene oxide, tramsiryophylene, 2allyks-
tert-butylhydroquinone, isopropyl toluene, camphene, ar@cymene as the major
compounds§® % The essential oils obtained demonstrated allelopathic behaviour by
significantly inhibiting the growth ofhe weedsDactyloctenium aegyptiungL.) Willd.and
Rumex dentatud. Reports of polysaccharides being isolated fr&n minimaare also

documented-64,
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Figure2-16: Structures of other compounds isolated frdRihynchosia minima

2.7 Results and discussion
2.7.1 Chemical profiling of selected extracts

Chemical profiling (also known as metabolic profiling) is a powerful techniquevéduating
the chemical composition of complex matri€eslt is an essential tool for identifying

chemotypes and helps discover bioactive compounds that are yet to be discovered or
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adequately characterized in natural sour®%. Chemical profiling has greatly developed due
to the advent of technology, and scientists see this process as less labarndua quick way

of discovering bioactive compourfids

This studycombined the high chromatographic resolution and separation abilitidgjofd
chromatography coupled with quadrupole tinwg-flight mass spectrometry to identify
distinctchemical compounds of the plant. URQTORMS is a high throughput strategy that
has been reported to possess efficient separation properties and the identification of

chemical components due to its high accuracy, resolution and sensttivity

The DCM and EtOAc extracts were solubilized and analyzed using theQUEUS for
tentative identification of tle compounds presentn analytical method was developed to
enable a nortargeted analysis of the components of the extraétigures 217and 218 show

the base peak chromatograms of the DCM and EtOAc extracts, respectively-tfieiety
compounds were tetatively identified in the electrospray ionization (ESI) positive and
negative ion chromatograms of the dichloromethane and ethyl acetate extracts; seven of
them were isolated in this study. The molecular ions, fragmentation patterns, literature data,
andonline databases were used for identificatiofhe identified compounds were classified
into norisoprenoids, flavanones, flavones, isoflavor@glycosides, polyols and fatty acids.
The tentatively identified compounds, along with other data such as tetenime, chemical

formulas, ppm error and mass fragments, are listedables 21 and 22.
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Figure2-17: UPLEGHRMS base peak ion (BPI) chromatogram of DCM extract in A) positive

ionization mode and B) negative ionization mode
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ionization mode and B) negative ionization mode
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2.7.1.1DCM Profiing
2.7.1.1.1 Tentative identification of norisoprenoids

The compound2.84b (Figure 230) at a retention time (rt) of 4.95 min(Table2-1) was
tentatively identified as loliolide from its precursor ionratz 197.1185, which rendered the
molecular formula GHisO3. Obvious MS/MS fragments detected wems/z 161.0995
[M+HL2HOT" and 133.1027 [M+bRHOLCOT (Plate 9) The compound was confirmed after
isolation based on its NMR data and comparison with literatline peakgluting at 4.51 and
4.99 min(Table2-1) were identified as isomers of loliolid@.84ac) because of the similar
fragmentation patterns and molet¢ar formula. Loliolideor its isomer vasalso identified in

the EtOAc extract, eluting &t 5.00 min(Table 22).

2.7.1.1.2 Tentative identification of flavanones

Five flavanones (Tabk1) that included the isomers of dihydroxydimethoxyflavanone and
trinydroxydimethoxyflavanone were tentatively identified. The first flavanof285a)
appeared at rt 7.00 min in the positive ionization mode. It showed a protonated molecular
ion atm/z 317.1019 [M+H] which corroborated with the molecular formula of/8160s. The
compound was tentatively classified as a dihydroxydimethoxyflavanone using online
databasesand evident fragments such as the loss of water and methyl graeps observed
Other possible isomers afihydroxydimethoxyflavanon€.85b,c) were identifiedat rt 7.03

and 7.08 mir(Table2-1) due to similar MS and MS/MS spectigpeakeluted at rt 7.4QTable

2-1) in the positive ionization mode with a precursor iom@f 303.0872M+H]" andgavea
molecular formula of GH140s. The fragments discovered andhdings by Wang and €o
workers led to its identification as',B',7-trihydroxy-5-methoxyflawanore (2.86) (Figure 2

19Y°,
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A peakat rt 12.07 min (Tabl@-1) showed a precursor ion ah/z 437.1939[M+H], giving a
molecular formula 0GeHz:00s. The data wre compared with online databases and literature,

leading to it being tentatively assignediaskurarinone 2.94)"*.,

HO
HO l o)
0 ©
2.86 2.94

Figure2-19: Structures of some tentatively identified flavanongsokurarinone an®',6',7-
trinydroxy-5-methoxyflavanone

2.7.1.1.3 Tentative identification of flavones

The compound eluting at rt 7.83 min (Talflel) in the positive ionization mode had a
molecular ion atm/z 331.0823 [M+i and was consistent with the formula#1407. The
fragmerts [M+HO]" and [M+H:CGHoO;]* observed in the positive mod@late 10)and the
fragment [MbHL2CH]® in the negative mode was the basis ftgtentative identificationas

the flavone, tricin(2.83a)"2. A tricin isomer(2.83b) was identifiedat rt 9.15 min(Table2-1).

2.83a 2,92 2.95

Figure2-20: Structures of some tentatively identified flavonedricin, 7-hydroxy5,6,8,4*
tetramethoxyflavone and artocarpin
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A peak atrt 10.52min (Table2-1) showed a molecular ion ah/z 359.1130 [M+H]with a
molecular formula of @HisO7. It exhibited fragment losses characteristic of
polymethoxylated flavones such aM+H-CH]® and [M+Hb2CH]*. It was therefore
tentatively identified as shydroxy5,6,8,4-tetramethoxyflavone(2.92) (Figure 20)3. The

loss of methyl radida and neutral loss of carbon monoxide are peculiar fragments observed

in methoxylated flavoned 7>

A compoundwith a molecular formula &Hs0s (M/z 437.1964[M+H]) was detected at rt
12.36 min (Table2-1) in the positive ionization mode. The fragmemtsserved and the
proposed fragmentation pattern reported by Jiang andwmarkers led to it being tentatively

identified as artocarpirg2.95)’®.

2.7.1.2EtOAc profiling
2.7.1.2.1 Tentative identification of polyols

A peak at rt 0.73 miirable2-2) with a precursor ion ah/z217.0699 [M+Na]was tentatively
identified as pinitol(2.63) (Figure 231) bycomparing with literature and further confirmed
viaisolation.A compouncdeluting at rt 0.75 min (Table-2) was identified as a disaccharide
(2.97) due to its molecular ion an/z 341.1078 (&H22011) and was compared with literature
and online databased. The retention time also supports the class of compound being

proposed.

2.7.1.2.2 Tentative identification of flavonoidGglycosides

A precursor ion amn/z 593.1514 [MbH]> with molecular formula &HscO1s (Table2-2) eluting
at rt 4.67 min in the negative ionization mode was tentatively identified as vice{@bR2 The
loss of GHsOs (90 Da) and £Ek0Os (120 Da) is charadtistic of Gglycosides. The MS/MS
fragments [MsHL90TP and [MbHL120F from the crossing cleavage of th€&hexosyl moiety
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peculiar to flavonoiddi-Gglycosides were observéd % The fragment [NshexosybHOF

indicating the loss of a sugar molecule, followed by the loss of water was also observed.

FiveCGglycosides (Tabf22) eluting at rts 5.01, 5.15, 5.31, 5.50 and 5.82 mins, with molecular
formulas GsHogOr4, G1H20011, G1H20011, G1H20010 and G1H20010, and precursor ions amn/z
563.139MbLHP, 447.091IMbLH]F, 447.0909MbHT, 431.0969 [NsHPand 431.0966MbHT

in the negative ionization mode, respectively were tentatively identified as schaft@ida,
orientin (2.4), isoorientin(2.5), vitexin(2.2), and isovitexin2.3). Three of theseGglycosides
that were tentatively identifiedvere further confirmedvia isolation, NMR characterization
and MS/MS fragment comparison. TheSglycosides also exhibited 90 and 120 Da loss in
their MS/MS fragments, similar to the identified@iglycoside Z2.6). The relative abundances
of the ions®3"> and P3X*LHOF were higher incompound?2.5 than in compound?2.4,
thereby aiding the identification of the isoméfs The fragment abundance of the
intraglycoside iong3"> and P-3%"bH,OF were used to distinguish between vitexin and

isovitexin; lower intensities were detected dompound2.2 compared tocompound2.38,

2.7.1.2.3 Tentative identification of isoflavones

A peakeluted at rt 7.12 min(Table 22) with precursor ios at m/z 475.1237 [MH]*and
473.1084 [MH]®in the positive and negative ionization modesspectively, corresporetl
to GsH2011. It was tentatively identified as the isoflavong-6-acetyl genistin2.36). The
compound showed the loss of a neutral glycone fragment exhibited ByHE#62F and
[M+HL162]" in both ionization modes and the loss of the acetylated glycoside, evident by the
fragment [MbHL42L162F81 (Plate 12) It has been isolated from the gerfdsfurther lending

credence to our hypothesis.
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A peakeluting at rt 7.76 min Table 2-2) had a molecular formula 1620s and was
characterized by a molecular ion at 301.0721 [M+H]was tentatively identified as another
isoflavone named tectorigeniri2.88b) (Figure 225) and confirmedvia isolation of the
compound. Fragments such as the rettielsalder fn/z 168.0083) ad loss of methyl group
[M+HL15]" were detected in the positive ionization mo#e The fragment [MHL15] was

also detected in the negative ionization mode. The peaks eluting at rt 7.82 and 7.89 mins
(Table 22) were tentatively identified as isomers of tectorigerzc88c,d). In the DCM extract,

the peakseluting at rt 7.69 and 7.75 min2.88a,b) (Table 21) also have a similar molecular

formula and fragmentation patterns with tectorigenin.

2.7.1.2.4 Tentative identification of flavones

Two peaks (Table-2) detected atm/z 303.0510[M+H]" (GisHioO7), and 345.097TM+H]"
(GsHi60y) eluted at rt 7.44 and 9.84 mins. Characteristic fragments such as the loss of methyl
and methoxy groups were observed in the MS/MS speatithese compounds, which were
tentatively identified as mori2.99) (Figure 21)andayanin(2.91)83 84 Ayanin wassolated

and confirmed using the NMR data and comparison with literature values.

Figure2-21: Structure of the tentatively identified flavone, mari
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2.7.1.25 Tentative identification of fatty acids

Two unsaturated fatty acids were tentatively identified at rts 8.71 and 9.16 mins (T&)le 2
They exhibitedm/z 327.2156 [MH]P (GisHs20s), and m/z 329.2319 [MH] (CisHs4Os),
respectively, and their deprotonated molecular ions showed a mass difference of 2 amu. The
molecular formula and obvious mass difference appear to imply additional unsaturation. The
fatty acid at rt 9.16 min exhibited fragment ionsratz 311.0538 and 28.0826 because of
[MbHEH,OF and [MbHL2HOP, respectively. Other fragmentation ions observed were
171.0990, 183.0093, 211.1322 and 229.1365 and hence, tentatively identified as
trihydroxyoctadecenoic aci®©0) (Figure 22> 8 The one at rt 8.71 min with a precursor

ion 327.2156 [MHJ]P exhibited mass fragments at 171.0966 and was proposed as

trihydroxyoctadecadienoic aci@.g9).

Figure2-22: Structures of trihydroxyoctadecenoic acid and trihydroxyoctadecadienoic acid,
some tentatively identified fatty acids

2.7.1.2.6 Tentative identification of unclassified compounds

A peak eluting at rt 6.30 mi(Table2-2) showed a macular ion at 395.2042 [M+Na]A
product ion that resulted from the loss of a neutral hexose moiety was identified; it was

tentatively identified as blumendl-glucoside(2.98) (Figure 23f7 88
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Figure2-23: Structure of the tentatively identified blumeng@lglucoside
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Table2-1: Tentatively identified compounds from the positive and negative ionization modRs minimeDCM extract

No Rt m/z [Adduct] Calc mass Mass error Fragments Name Chemical Ref
(ppm) formula
2.84a 451 197.1775 [M+HT 197.1178 -1.5 91.0569,132.9051, 137.0602  Loliolideisomer 1 Ci1Hi1603 89
284b 4.95 197.1185 [M+H] 197.1178 3.6 105.0709, 107. 0868, 133.102 Loliolide Ci1Hi1603 8991
135.0857, 161.0995
2.84c 4.99 197.118gM+HT 197.1178 4.1 105.0707, 133.1002, 137.098: Loliolideisomer 2 Ci1Hi1603 8991
161.0976
2.85a 7.00 317.1019M+HJ" 317.1025 -1.9 115.0538, 131.0520, 153.071 A dihydroxydimethoxy Gi7H160s
165.0721, 185.0644 flavanone
6.98 315.084gMbLH] 315.0869 -7.3 149.0214, 165.0510, 175.036:
195.0657, 297.0455, 301.0767
2.85b 7.03 317.1028M+HY 317.1025 0.9 77.0391, 115.0577, 153.072: A dihydroxydimethoxy CG7H160s
165.0670,179.0844 flavanone isomelfl
7.02 315.0852AMbH] 315.0869 5.4 165.0500, 166.8601, 175.034
195.0611, 225.0751
2.85¢c 7.08 315.0861MbH] 315.0869 -2.5 153.0048, 165.0509, 175.040 A dihydroxydimethoxy G7H160s
225.0737, 255.0670 flavanone isomeP
286 7.40 303.0872AM+H]J* 303.0869 1.0 107.0889, 152.0651, 167.070 2',6',7-trihydroxy-5- Ci6H140s 0
183.0840, 213.0476 methoxyflavanone
7.41 301.0694MbLHP 301.0712 -6.0 165.0498, 175.0417, 195.065
211.1426, 285.0392
287 7.53 333.097gM+H]J* 333.0974 1.2 115.0551, 169.0727, 165.0718 A trinydroxydimethoxy G7H1e07
flavanone
7.53 331.0799MbLHP 331.0818 5.7 195.0712, 205.0526, 223.0616
2.83a 7.69 301.0716M+HT 301.0712 1.3 140.0115, 285.0411, 286.0474 Tectorigeninsomer 1 Ci6H120s 82,9294
7.68 299.0541[MLHP 299.0556 -5.0 211.0390, 212.0461, 255.0241
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2.88b 7.75 301.0713M+HJ* 301.0712 0.3 140.0140, 212.0406, 285.042 Tectorigeniri CieH1206 82,9294
286.0503
7.74 299.0549MbHP 299.0556 -2.3 211.0439, 212.0394, 255.0266
283a 7.83 331.0823M+HJ" 331.0818 15 242.0568, 315.0429 Tricin Gi7H1407 72,9507
7.86 329.0669MbHP 329.0661 2.4 199.0354, 227.0347, 299.018
313.1129, 329.0972
28 8.71 351.2143M+Ng*  351.2147 -1.1 91.0555, 128.0627, 315.0504  Trihydroxyoctadecadienoit GisHs2Os &
acid
8.71 327.216GMbHT 327.2171 -1.5 122.7619, 171.0452
290 9.14 329.2319MbLHT 329.2328 -0.9 155.0521, 171.0409, 183.0127 Trihydroxyoctadecenoic  CisHz4Os 85.86,98
acid
283b 9.15 331.0836M+HT" 331.0818 5.4 242.0623, 300.0267, 273.042' Tricinisomer Gi7H1407 2,01
315.0541
291 9.85 345.0983M+HT" 345.0974 2.6 231.0662, 259.0616, 287.057' Ayanirt CisHi607 84
330.0728
9.83 343.0814MbHP 343.0818 -1.2
242.0189, 285.0433, 313.0334
292 10.52  359.1130M+H] 359.1131 -0.3 344.0898, 329.0681, 177.0202 7-hydroxy5,6,8,4- CGioH1807 &
tetramethoxyflavone
293 11.78  491.243QMbLHP 491.2434 -0.8 261.1450, 183.0087, 417.1713 Prenylated flavonoid GooH3606
294 12.07 437.1939MbLHP 437.1964 -5.7 149.0943, 163.0009, 219.064: Isokurarinone GoeH3006 n
243.1064, 261.1473, 287.125
313.1438, 405.1647
295 12.36  437.1964M+HT 437.1964 0 311.0544, 325.0705, 381.1333 Artocarpin GoeHs06 &
12.35 435.1801[MLHP 435.1808 -1.6 175.0713, 243.0675, 255.227
325.1857, 351.1176
296 1520 663.4542AM+H] 663.4531 1.7 439.2037495.2673, 551.3293 Unknown flavonoid GiHseOr4
glycoside.

*Compounds confirmed through isolation asttucture elucidation
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Table2-2: Tentatively identified compounds from the positive and negative ionization modRBs winimaEtOAc extract

Entry Rt m/z [Adduct] Calc mass Mass Fragments Name Chemical Ref
error formula
(ppm)
2.63 0.73 217.0699M+Nd* 217.0688 5.1 71.0513, 102.9515, 111.9615 Pinitok CrH1406 "
149.0132, 195.9828
297 0.75 341.107gMbHP 341.1084 -1.8 113.9364, 119.0298 A disacharide GioH22011 77
2.6 4.66 595.165QM+H]"  595.1663 2.2 295.0632, 307.0639, 325.0699 Vicenin 2 GoH3oO15 7879, 99102
4.67 593.1514MbHP 593.1506 1.3 593.1499, 503.1207473.1045,
459.1032, 413.0998, 383.075!
353.0653, 311.0567
284b 5.00 197.1194M+H]*  197.1178 8.1 105.0734, 161.0597 Loliolider GuiHigOs 8990
2.70 5.01 563.1391MbLHP 563.1401 -1.8 125.0250, 353.0660, 383.078 Shaftoside GoeHogOrg 101,103,204
409.0884, 443.0945, 465.996.
473.1020, 475.1129, 50B188
2.4 5.16 449.1089M+H]*  449.1084 0.2 299.0566, 329.0647, 339.089. Orientin GuHzo011 80105106
353.0670, 413.0853, 449.1043
5.15 447.091MbHP 447.0927 -3.6 285.0365, 297.0387, 327.049
357.0599
25 5.30 449.1082M+H]*  449.1084 -0.4 287.0540, 299.0561, 325.070 Isoorientirt GuHz0011 80,107,108
329.0675, 339.0873, 353.066:
365.0635, 377.0739
5.31 447.0909MbHP 447.0927 -4.0 133.0262, 285.0354, 297.037.
327.0493, 339.0444, 357.0592
2.2 5.52 433.113M+H}*  433.1135 -0.7 283.0607, 313.0703, 323.049 Vitexirt GiHeOr0 80105
337.0699, 397.0875, 433.1136
5.50 431.0969MbLHP 431.0978 2.1 268.0337, 283.0591, 311.054
323.0517, 341.0620
2.3 5.84 433.1127[M+H]"  433.1135 -1.8 283.0609, 313.0684 Isovitexirt GuH20010 80 106,107
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5.82 431.096MbLHP  431.0978 2.8 117.0316, 269.0428, 281.043.
283.0580, 311.0538, 323.053
341.0622
298  6.30 395.2042lM+Ng* 395.2046 -1.0 163.0551, 175.0401, 179.085. Blumenol @lucoside GoHs207 8788
211.0873,
236 7.2 475.1237IM+H]"  475.1240 0.6 152.0619, 242.0671, 313.0683 6@0-acetyl genistin GsHz20n 81109
7.13 473.1084MbLHP  473.1084 0.0 268.0368, 269.0364, 311.055.
323.0948, 341.0665, 473.1176
2.9 7.44 303.0510M+H]"  303.0505 1.6 303.0536, 285.0390, 229.055 Morin GisHhoOr 83, 116112
153.0204,
7.42 301.033§MbLHP  301.0348 -3.3 300.0245, 282.0532, 256.027.
229.0465, 151.0029, 149.020
109.0276, 107.0131, 83.0121
2.88b 7.76 301.0721M+H]"  301.0712 3.0 102.0489, 140.0121, 168.008: Tectorigeniri CieH1206 82 9294
212.0564, 258.0485, 285.040
286.0474
7.76 299.0539MbLHF  299.0556 5.7 133.0262, 211.0379, 255.027:
284.0322
2.88c 7.82 299.0534MbLHF  299.0556 7.4 133.0307, 211.0353, 240.044: Tectorigenirisomer 2 GeHi20s %4
255.0265, 284.0267
2.88d 7.89 301.071gM+H["  301.0712 2.0 140.0102, 168.0057, 285.040' Tectorigenirisomer 3 CieH1206 82,92, 93
286.0509
2.89 8.71 351.2152M+Ng* 351.2147 14 91.0558, 105.0713, 165.0714 Trihydroxyoctadecadienoit CisHs2Os &
acid
8.72 327.215MbLHP  327.2171 -4.6 171.0966, 249.1059, 297.1642
290 9.18 353.2303M+Ng* 353.2304 0.3 91.0559, 137.0255, 273.042( Trihydroxyoctadecenoic  CsHsOs 858698
315.0510 acid
9.16 329.2319MbLHP  329.2328 2.7 171.0990, 183.0093, 211.132

229.1365, 293.0826311.0538
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291 9.84 345.0977MM+H]"  345.0974 0.9 231.0658, 259.0606, 287.056: Ayanirt CisH1607 8
315.0515, 330.0773
9.82 343.081§MLHP  343.0818 0 329.9807, 328.0432, 313.0342
2.100a 11.21  311.167AMbLHP  311.1647 8.0 133.0534, 175.0384 Broussonin C CooH2405 13
2.100b 11.61 311.1667MbLH 311.1647 6.4 57.0365, 295.2207, 312.1699 Broussonin C CooH2405 13
2101 12.01 559.312MbLHP  559.3118 1.8 183.0102, 295.2249, 311.1638 A dipentoside glycoside  GasHsOn1
2102 12.43 579.337gM+H]*  579.3381 -0.5 183.0106, 255.2313, 397.1329 Alpha, alphatrehalose 6 CGsHs2012
palmitate
2103 14.69 383.3509MbLHJ 383.3525 -4.2 337.3443, 365.3400, 383.3519 Hydroxytetracosanoic acic G4HasOs

*Compounds confirmed through isolation and structure elucidation
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2.7.2 lIsolation and characterization of compounds

The dichloromethane, ethyl acetate and methanol extract®ofminimawere subjected to
repeated chromatographic techniques. Six flavonoids, a norisoprenoid and a cyclitol were
isolated and the structure elucidation was achieved with the aid of HRESINMSJd D NMR
data. The NMR data of the flavonoids is provided in Tall&sto 26 and that of the

norisoprenoid and cyclitol in Tabl@s7 and 28.

2.7.2.1Flavonoids

Compound2.91 was isolated as a yellow solid. The molecular formula was established as
CisthsO7 based on'H and®3C spectra and the HRESIM®Z 345.0974 [M+H) data. The
HRESIMS showed a molecular ion peaknat 345.0983 [M+Hj (calculated forCigHi7Oy,
345.0974 [M+H). The proton NMR showed the presence of an AB spin systen6a84 (1H,
d,J=2.2Hz,H 0 wg.4& (1H, dJ= 2.2 Hz, HB), consistent with the meta doublets on

ring A. The chemical shifts 7.68 (1H, dJ=2.1 Hz, kb 4 p&96(1H, d,J= 8.6 Hz, ') and
1y7.72 (1H, ddJ= 8.6, 2.1 Hz, 48" of the Bring protons were consistent with the ABX spin
system. Furthermore, compourti91LJ2 8 8 Saa SR (i KNB S13B6@BH 9,B8.87 I NER dzl
(3H, s) and 3.98 (3H, s), which were assigned to positi@n&€ and &', respectively, based

on their HMBC correlation$n addition, the HMBC experiment revealed correlations between

0 KS K& RNER EH5.7200R G A \F 1456} GH U c 16445) and @ U c14818) (Figure
2-24). Compound2.91 was identified as ayanin, with the data consistent with literature

valueg14 115
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Figure2-24: Structure of compoun@.91showing some HMBC (black arrows) and COSY (thick
black line) correlations

Compound2.88b, a colourless solid, was assigned a molecular formyltd£Os, determined

by the HRESIM$(z 301.0713 [M+Hj calculated for gHi30s, 301.0712 [M+H). ThelH

NMR spectrum displayed signals characteristic of a flavonoid mdigigrasubstituted ring

B, evident by 17.40 (2H, dJ=8.5Hz, Wi U = c{B®1 (RH/ d&J= 8.5 Hz, I3, 5') sowed

GKS LINBaSyoOS 27F |y ! ! U.,7.86waslchasactedigiciotipfovar ¢ KS 2
Aaz2 Tt Jr6//A3 was htyltRted to H8 based on the HMBC correlation. In addition, a

methoxy group and a phenolic hydroxy group signals were obséni@g4.03 (OCk6) and

1y 13.10 (s, BOH), respectivelyThe position of the methoxy group was confirmed & C
oldaSR 2y GKS la./ O2NNBtlI A2y 0SG6SSyc 6GKS Y

130.5 (Figure 225). Compound2.88bwas established as tectorigenify 117

Figure2-25: Structure of compoun®.88b showing some HMBC (black arrows) and COSY
(thick black line) correlations

Compound2.104was obtained as a yellow amorphous powder. The molecular formula was

assigned as 1&ho07 based on the HRESIMS data/4 303.0508 [M+H] calculated for
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CisH1107, 308.0505 [M+HY). The proton NMR spectrum showed signals resulting from a-meta
coupled aromatic proton atn6.18 (1H, dJ=1.9Hz, K 0 |4 §.F8(1H, dJ= 1.9 Hz, 1),
attributed to the Aring. The proton NMR also revealed the presence of an ABX spin pattern
I (n7.%3 (1H, dJ= 2.0 Hz, 2, 7.63 (1H, dd]= 8.5, 2.0 Hz,4d 4 0 Hl6.§BX1H} dJ=8.5

Hz, H5"). Compound.104was elucidated aquercetin (Figure 226), and it is consistent with

known dat&?8.

Figure2-26: Structure of compound®.104 showing some HMBC (black arrows) and COSY
(thick black line) correlations

Compound2.3 was obtained as a yellow solid. The molecular formula was determined as
G1H20010 by HRESIMS measurement with the molecular ion peak/at433.1134 [M+H]
(calculatedor G1H21010,433.1135 [M+H). A pair of doublets at46.91 (2H, dJ= 8.4 Hz, H

0UI pHU7B2RH/ ®=84Hz,HHUZ c U0 | yuR.49(1HAHB)YWENE sBéh ot (1 ¢

the proton NMR spectrum. A signal characteristic eé8 Havones was observed &t 6.58

(1H, s, FB). The anomeric proton of the hexose sugar was observed; 4t91, and other
LINPG2Y aA3dylfta 2F (GKS 3@ w27 ThitSabhohBsignal® SG 6 S
FGGNROdzi SR (2 GKS KSE2&$ D \caiH? TN shidaillitkagblBaR 06 S (i «
identified as position ® because HMBC correlation was observed between the anomeric

LINE § 244.91with &c  cd09.2), @ cd82.0), & cA65.0)and & U §72.6)(Figure
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2-27).Compound2.3was identified as isovitexin, and the observed data was consistent with

literature valueg!®: 120

Figure2-27: Structure of compoun@.3showing some HMBC (black arrows) and COSY (thick
black line) correlations

Compound2.2 was purified as a yellow amorphous solid with the molecular formula
G1Hx0010,the same as compourl3, which was deduced by HRES(W& 433.1137 [M+Hj

calculated for €iH»1010, 433.1135 [M+H) data. Two doublet signals at6.89 (2H, dJ= 8.4

Hz, Ho 4 £ p 4802 (BH, &= 8.4 Hz, k2', 6, characteristic of AA'BB' splitting pattern

on the Bring of flavonoidswere observedon the proton NMR. Two singlet signals were
observed ati 4 6.77 andi 1 6.26 and were assigned to positions3Hand H6, respectively,

based on HMBC and HSQC correlations. The-d®teneric proton of the sugar unit was
detected att 4.68 (= 9.8 Hz), wi 2 G KSNJ & dz3a | NJ LINE (dydd ol LIS 4 NX
3.83. Compoun@.2, a Gglycoside had six carbon signals belonging to the sugar moiety that

I LILIS I NIBR2 (Eciid H10S5 (Gn Y G708 (G4 U ¢ 183 (Gm Y ¢85 (Go U U O¢c | YR 4
81.8 (G5"). The HMBC spectrum revealed correlations betwean HH4.68)/Gy cA404.6),

GT cd62.6), @ cAd%6.0), & Y &70.8)! The hydroxy proton (Gpi0 18.161also
correlated to @ cd60.3), & c®8.1), andGm n ¢ i®D4.0) (Figure 28). Compound2.2

was established as vitexin, and the spectral data agreed with previously reportettois
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Figure2-28: Structure of compoun@.2 showing some HMBC (black arrows) and COSY (thick
black line) correlations

Compoun?25¢Fa Aaz2ftlFdSR +ta | fA3IKG &Stt2¢ &adzoadl
was indicated a€1H>0011 by its positive HRESIMS wittiz 449.1089 [M+H](calculated for

G1H1011, 449.1084 [M+H). The H3 of flavones has a peculiar signal observeda6.55

(1H, s, EB), and the signal atn 6.49 (1H, s, #) was attributed to the proton on ring A. A

signal att 1 7.37 (1H, s, 12') slightly overlapping with a doublet of doubletai7.39 (1H, dd,

J= 8.1, 2.0 HA}-6") was also observed on the protorMR spectrum. In addition, aortho-

doublet was observed aty 6.90 (1H, dJ= 8.1 Hz, Kb'). The anomeric proton of the

3f dzO2 LR NI y2aS Y2A5489,0 Kk 8S 2P aRSIKISRNR @i 2y a | LI
0 ®n ny4.42The NMR and HRESIMS datae used in combination with literatuté? 123

and the compound was identified as isoorientin (Figw292. The MS/MS was compared to

that of isoorientin identified dring chemical profiling, and they possessed similar

fragmentationpatterns.
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Figure2-29: Structure of compoun@.5showing some HMBC (black arrows) correlations

Table2-3:1 baw @n mmulta §ih Hz)] data in CDLand CROD of some of the
flavonoids isolated fronR. minima
Position 2.91 2.88b 2.104
1y(Jin Hz) Lit's 1y Lit 127 Ly Lit'118
(Jin HZ2) (Jin Hz2)
2 7.86, s 8.33 s
3
4
5
6 6.34,d (2.2) 6.29,d (1.9) 6.18,d (1.9) 6.18,d (2.1)
-
8 6.44,d (2.2) 6.58,d (1.6) 6.52, s 6.51 s 6.38,d (1.9) 6.38,d (2.1)
9
10
1
2' 7.68,d (2.1) 7.70,d (1.8) 7.40, d (8.5) 7.36,d (8.7) 7.73,d (2.0) 7.73 d(2.2)
3 6.91, d (8.5) 6.81, d (8.7)
2
5" 6.96, d (8.6) 6.92, d (8.5) 6.91, d (8.5) 6.81,d (8.7) 6.88,d (8.5) 6.88, d (8.5)
6' 7.72,dd  7.63, dd 7.40,d(8.5) 7.36,d(8.7) 7.63, dd 7.63, dd
(8.6,2.1) (8.4,1.8) (8.5,2.0) (8.5,2.2)
OHb5 12.63, s 13.10, s 13.05
OH3 5.72,s
OCH-3 3.86,s 3.81
OCH-6 4.03, s 3.74
OCH-7 3.87,s 3.87
OCH-4" 3.98,s 3.94

NMRexpeiments were acquired if:.CROD,’ (C?).SO
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Table2-4:% baw O0Tp |y Batamn/CBehad CRAD of some of the flavonoids
isolated fromR. minima

Position 291 2.88b 2.104
lc type  Lit"i lg type  Lit"Y7 1c type Lit 118

2 155.7,C 1555C 152.7,CH 154.6 CH 148.0,C 1479 C
3 139.2,C 138.1C 123.3,C 1222C 137.2,C 137.2 C
4 1789,C 17/80C 1814,C 181.Q0C 177.3,C 1773 C
5 162.0,C 160.8C 153.0,C 153.7C 162.5,C 162.5 C
6 98.0,CH 97.7CH 1305, C 131.9C 99.2,CH 99.3 CH
7 1655, C 165.1C 1552,C 153.2C 165.6,C 165.8 C
8 92.2,CH 922 CH 933,CH 943 CH 94.4,CH 94.4 CH
9 156.8,C 156.2C 153.6,C 157.9C 1582,C 158.2 C
10 106.1,C 105.1,C 106.6,C 105.3C 1045,C 104.4 C
1 123.7,C 1221 C 123.1,C 121.77C 124.1,C 124.1 C
2 114.5,CH 115.0 CH 130.5,CH 130.6 CH 115.9,CH 116.0 CH
3 1456,C 146.3C 115.7,CH 115.5CH 146.2,C 146.2 C
4 148.8,C 150.2C 155.9,C 158.0C 148.7,C 148.7, C
5 110.4,CH 111.8 CH 115.7,CH 1155CH 116.2,CH 116.2 CH
6' 121.7, CH 120.3 CH 130.5,CH 130.6 CH 121.6,CH 121.6 CH
OH5

OH3'

OCH-3 60.2,C 59.6C

OCH-6 61.0, C 60.4 C

OCH-7 55.9,C 56.0,C
OCH-4' 56.1,C 556 C
NMR experiments were acquired MCDR),SQ’' CQOD
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Table2-5: 1| baw «nnn gmultiadin Ha)]ldat&in GIOD and (CELSO of other
flavonoids isolated fronR. minima

Position 2.3 2.2 25
1y (Jin Hz) Lit'et19 1y (Jin Hz) Lit 121 1y (Jin Hz) Lit"123

2

3 6.58, s 6.48 6.77, s 6.68, s 6.55, s 6.52, s

4

5

6 6.26, s 6.16, s

7

8 6.49, s 6.57 6.49, s 6.47, s

9

10

1

2 7.82,d(8.4) 7.82 8.02,d (8.4) 7.98,d(7.6) 7.37,s 7.34, m

3 6.91,d (8.4) 6.91 6.89,d (8.4) 6.88,d(8.4)

4

5 6.91,d (8.4) 6.91 6.89,d (8.4) 6.88,d(8.4) 6.90,d (8.1) 6.89, d (8.5)

6' 7.82,d(8.4) 7.82 8.02,d(8.4) 7.98,d(7.6) 7.39,dd (8.1, 2.0) 7.35, dd

(8.5, 1.5)

1" 491 4.89 4.68,d(9.8) 4.74,d(9.8) 4.89, nt 4.90, d (9.0)

2" 417, t 4.16 3.83,1(9.40) 3.85, m 4.17,t(9.1) 4.16, t (9.0)

3" 3.48, M 3.44¢3.52 3.26,n% 3.27, m 3.44, m 3.44, m

4" 3.48, M 3.44¢3.52 3.37,nf% 3.35,d(8.5) 3.47, n{ 3.49, m

5" 343, m 3.38¢3.44 3.23,m 3.27, m 3.46, M 3.49, m

6" 3.74, dd 3.73 3.52, m 3.53, m 3.73, dd (12.0, 3.75, dd
(12.2,5.1) 3.87 3.76, dd 3.75, d 5.2) (12.0, 5.0)
3.86, m (12.32,4.90) (11.2) 3.87 dd (12.0, 2.0 3.89, dd
(12.2,1.9) (12.0, 2.0)

OH5 13.16, s 13.14

2Overlapped with water signal:©dn the same column overlappel] values not reported.
NMR experiments were acquired '€Q0D,’ (C2).SO
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Table2-6: 13/
from R. minima

baw

6 ™ 8 gata i ICDEhnd!CROD of some of the flavonoids isolated

Position 2.3 2.2 2.5
lc type  Lit"11o i type  Lit1 lc type Lit'123

2 166.1,C 163.1,C 1639,C 163.3C 166.2C 166.3C

3 103.8, 102.2 CH 102.4, CH 102.1, CH 103.8 104.Q CH
CH CH

4 184.0,C 182.3C 182.0,C 1815C 1839C 184.1C

5 162.0,C 1570C 160.3,C 161.2C 162.0C 162.1C

6 109.2, 1074 CH 98.1,CH 99.0CH 109.3C 109.2C
CH

7 165.0,C 1645C 162.6,C 161.2C 161.3C 1649C

8 95.2,C 935C 104.6,C 104.7C 953 CH 95.3 CH

9 158.7,C 161.0C 156.0,C 156.1, C 1588C 158.8C

10 105.1,C 1035C 104.0,C 103.1,C 105.7C 105.3C

1 123.0,C 1214C 1216,C 1215C 1234C 12366C

2' 129.4, 127.7, CH 128.9,CH 128.7, CH 114.Q 114.3 CH
CH CH

3 117.0, 115.3 CH 115.8,CH 115.8 CH 147.1, C 147.1, C
CH

4 162.8,C 160.3C 161.1,C 1604C 151.2C 151.1C

5 117.0, 115.3 CH 115.8,CH 115.8 CH 116.8 116.9 CH
CH CH

6' 129.4, 127.7 CH 128.9, CH 128.7 CH 120.3 120.4 CH
CH CH

1" 75.2,CH 736 CH 73.3,CH 722 CH 75.3,CH 754 CH

2" 725, CH 709 CH 708, CH 709CH 725, CH 72.7 CH

3" 80.1,CH 784CH 78.6,CH 787 CH 80.1,CH 80.2 CH

4" 71.7,CH 70.00CH 705,CH 705CH 71.7,CH 71.9 CH

5" 82.6,CH 80.CH 81.8,CH 81.7CH 82.6,CH 82.7 CH

6" 62.8,CH 61.1, CH 61.2,CH 61.3ChH 62.8, 63.0,Ch

Ch

NMR experiments were acquired f€R0OD,’ (CR).SO
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2.7.2.2Norisoprenoid

Compound2.84bwas obtained as a white amorphous powder with the molecular formula of
CiiHie0s as determined by its HRESIMS®/4 197.1182 [M+H] calculated for GHi7Os,
197.1178 [M+H) data. The signals of atefinic proton { 15.68 (1H, s, 83)], two methylene
protons [ 11.97 (1H, dtJ= 14.4, 2.6 Hz,4d " (4 £.524(1H, ddJ=14.4, 3.9 Hz,4d | (4451
(1H, dt,J=14.0,2.6 Hz,4d h 0 h1y7&(1H, dd)= 14.0, 3.9 Hz,4d i], & methine proton

11 4.32 (1H, quintJ= 3.3 Hz, ), a geminal dimethyl group i 1.46 (3H, s, #1 1 (4 1.264
(3H, s, HL1)]and a methyl groupt[x 1.77 (3H, s, H2) were observed on the proton NMR
spectrum The'3C NMR spectrum showed distinctive signals of a lactone carbonyl, olefinic
cabon and hydroxylated carbon atc 172.1 (&), 1c 112.9 (G 0 | ¢/BR.8 (GB),
respectively The COSY spectrum showe®adH-5b and H7a/H-7b/H-6 correlations. Long
range correlations were observed betweeroH 1% .68) and €1, G8, G9, and the carboyl

Ol NBcAA2.1an the HMBC spectrum. The methyl protons at position 10 correlated4o C
and G5 while the methyl group at position 11 had HMBC cross correlation wgthG2, G5

and C6 (Figure 230). Compound2.84bwas characterized as loliolide, and its analytical data

is consistent with those previously reportéé 12°

HO 'e)

Figure2-30: Structure of compoun®.84b showing some HMBC (arrows) and COSY (thick
black line) correlations
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2.7.2.3Cyclitol

Compound2.63was isolated as a white powder. The molecular formula was indicated to be
CG/Hia0s by its positive HRESIMS with/z 217.0678 [M+Nd] (calculated for &4140sNa,
2170688 [M+Naj). The methoxy proton was observediat 3.43, the other protons were
detected ranging from y 2.99 tol 1 3.62 with some of the signals obscured by the solvent
peaks, and the hydroxy protons were visible as doublets frgm/d.34 to1n 4.73. It was
observed thatH2 and C3 and OCEK3 and GC3 hadobvious longrange connections othe
HMBC spectrumCompound2.63was elucidated as pinitol (Figure32) as it had consistent

NMR data with literatur&®. 127

OH OH
HO OH HO OH
6
3 -
HO™> ™z O HO o
OH OH

Figure2-31: Structure of compoun@.63showing some HMBC (black arrows) correlations
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Table 2-7: 1 baw @n awamuld. |(JinzHz)] data in CDChnd (CB):2SO of the
norisoprenoid and cyclitol isolated froR. minima

Position 2.84b 2.63
14 (Jin Hz) Lit'128 1y@inHz)  Lit12°
1 3.62, m 4.01, m
2 3.43 m? 3.77,d
3 5.68, s 5.69, s 2.99,1(9.3) 3.35,t
4 3.34 m? 3.66, d
5 1.97, dt (14.4,2.6) 2.00 (14.4,2.5)  3.50, n? 3.82, dd
1.52, dd (14.4, 3.9) 1.52, dd (14.6, 3.6)
6 4.32, quint (3.3) 433, m 3.62, m 4.01, m
7 2.45, dt (14.0, 2.6) 2.48, dt (13.9, 2.3)
1.78, dd (14.0, 3.9) 1.79, dd(13.9, 3.9)
8
9
10 1.46, s 1.47,s
11 1.26, s 1.27,s
12 1.77,s 1.79, s
OH1 4.34, & (5.7)
OH2 4.48, #(6.4)
OH4 4.53, & (4.7)
OH5 4.65, brg
OH6 4.73, brs
OCH-3 3.43, s

20verlapped withC3).SOsignal PSignals that can be interchange@dMR experiments were
acquired in? CDGJ,’ DO.
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Table2-8:¥ baw O6Tp
cyclitol isolated fronR. minima

I of dRata im £DEhred (AB)2SO of the norisoprenoid and

Position 2.84b 2.63

1 type Lit' 124 i type  Lit129
1 725, CH 745 CH
2 1721, C 172.3 C 70.9,CH 734 CH
3 1129,CH 113.3 CH 83.8,CH 85.6 CH
4 36.0, C 36.3 C 72.6,CH 74.9 CH
5 47.3, CH 47.7,Ch 70.1,CH 72.6 CH
6 66.8, CH 67.2 CH 72.0,CH 73.3 CH
7 45.7, CH 46.0,Ch
8 86.9, C 87.1, C
9 182.7, C 182.8 C
10 30.7, CH 31.1CH
11 26.5, CH 26.9 CH
12 27.1,CH 27.4 ChH
OCH-3 59.7, C 62.5 C

NMR experiments were acquired €DGJ,’ D;0.

This study led to the isolation of six flavonoids, a norisoprenoid and a cyclitol. Previous

phytochemical studies of thRhynchosi@enus revealed that it is a rich source of flavonoids

and flavonoidglycosides. The investigation Rf minimahas also resulted in the isolation of

CGglycosylated flavonoids and sterols. Previous studies notwithstanding, this is the first report

of the isolation of the flavonoids ayanamdtectorigenin and the norisopresid loliolide from

the genusGglycosylated flavonoids such as vitexin and isoorientin have been obtained from

the genus but not irR. minima Only isovitexin, one of the eight compounds isolated in this

study, has been previously reported from this species.
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2.8  Biological studies

Pharmacological studies on the antifungal efficacy of R. minima extracts arexisgiant.
Some species in thRhynchosigenus have been documented to exhibit antifungal actions

againstselected fungal strains to varying degreé3 4

Minimum Inhibitory Concentration (MI@xperiments of the extracts were carried out against
Candida albicanand Cryptococcus neoformangccording to Kuefé®, plant extracts with
MIC values lesser than 1Q@/mL are deemed significantly active, MIC values from 100 to
625 pug/mL are moderately active, while MIC values greater than |GZBL exhibit a weak
activity. The hexane, DCM and EtOAc extracts were moderately active aGaiakiicans
(Table 29), with the hexane (MIC = 312.50/mL) having the best activity while the MeOH
extracts exhibited weak activity. Agairgdtneoformanghe hexane, DCM and MeOH extracts,
with MIC values of 625.0Qg/mL were moderately active, and the EtOAc extract (MIC =

1250.00pg/mL) was weak.

Compounds2.91, 2.84b, 2.63 and 2.104 were also screened against both fungal isolates.
Other compounds were not screened due to tlogv yield obtained.Pure compounds with
MIC values lesser than 1@/mL are significantly active, MIC values ranging from 10 to 100
ug/mL are moderately activewhile MIC values greater than 1Q@y/mL are weak.
Compound2.84band?2.104exhibited antifungal activity comparable with the standard drug,
amphotericin B, again€. albicansvith MIC = 6.25ug/mL.Compound<.84band2.104also

had better activity (MIC = 6.3%/mL) than the positive control, amphotericin B (MIC = 12.50
pHg/mL) againsC. neoformansCompound?.63 was the least potent, with an MIC of 125
pg/mL against both fungi, while compou2dd1 had moderate activitfMIC=62.50ug/mL)

againstC. albicans
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Table2-9: Antifungal activity (MIC in pg/mL) of the extracts and selected compounds

Compounds/Extrats Candida albicans  Qyptococcuseoformans

ATCC 10231 ATCC 32045

291 62.50 125.00
2.84b 6.25 6.25

2.63 125.00 125.00
2.104 6.25 6.25

Hexane 312.50 625.00
DCM 625.00 625.00
EtOAC 625.00 1250.00
MeOH 1250.00 625.00
Amphotericin B 6.25 12.50

* Sandarddeviation (SD) was 0.00 in all casbso separate experiments weperformed in
triplicates each.

Flavonoids, a class of secondary metabolites that are widely found in plants, have been
identified for their diverse biological activiti®$'33, The antifungal activities of flavonoids
have also been document&t!3®. Grayer and Harborne posited that flavonoids play a
significantrole in defending plants against microbial att&tk A study carried out by
Sudheeraret al¥®revealed that glycosylated flavonoids possess strong antifungal properties
and serve to protect fruits containing them against fungal attacks. Some glycosylated
flavonoids isolated fronColulsina breggiiwere reported to show good antifungal activities
(MIC values ranging from 16 to 63 pg/mL) against clinical isolat&andidaspecie$®®.
Glycosylated flavonoids isolated frowther medicinal plants also had good antifungal
properties agains€. albican¥'®. Even though th&glycosylated flavonoids in this study were
not screened, Latte and KolodZt€jreported that vitexin, isovitexin and isoorientin were

inactive at concentrations ranging from 1.7 to 2.3 uM aga@hsalbicansnd C. neoformans
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Quercetin isolated in our study exhibited a strong antifungal activity with an MIC of 6.25
pHg/mL againsC. albicansand C. neoformansa better activity was previously reported in
which quercetin isolated fromLeucosidea sericeaad an MIC of 3.9 pug/mL again€t
albicang!® A study conducted by Karioti and -amrkers? revealed that loliolide had
moderate activities against selected fungal isolates with MIC ranging from 3.75 to 10
nmol/mL. Loliolode isolateddm the Chinese liverwoifritomania quinquedentataere not
active (MIGo > 128 pg/mL) against five strains . albican¥®. Loliolide obtained from
Ocotea minarumhad weak antifungal activés (MIC 100 pg/mL) against three strains of
Candida(C. albicanénclusive) andC. neoforman$“. There could b&ariousreasons for the
observed differences in the antifungal activity of loliolidelased from other sources as
against the one reported in this study. Various strain€ oélbicangnd C. neoformansvere

used in the reported studies; hence we could emphasize the differences in the sensitivities of
the strains against loliolide. Pinit@olated fromArtemisiaspecies moderately inhibited the

growth of C. albican.

The cytotoxicity assay of the DCEtOAc and MeOH extracts revealed moderate activity
against the A549 cell line, while all the plant extracts were moderately active against HeLa
cancer cell line. TableT shows thaGsporesults with values ranging from 0.18 mg/mL (DCM)

to 0.79 mg/mL (hexane) against A549 cell line while results obtained against HelLa cells ranged
from 0.24 mg/mL (DCM) to 0.38g/mL (EtOAc). The dichloromethane extract demonstrated

the bestcytotoxic potential against A549 and HelLa cancer cell lineslv@tvalues of 0.18
mg/mL and 0.24 mg/mL, respectively. The hexane and ethyl acetate extracts had the weakest
activity against A549 and HelLa cancer cell lines i values of 0.79 mg/mLra 0.33

mg/mL, respectively.
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Table2-10: In vitro cytotoxicity activity (Lfevalues in mg/mL = SD) of plant extracts against
one normal and two cancerous cell lines

Plant extracts Vero A549 HelLa
Hexane 0.50+0.14 0.79+ 0.52 0.29+0.13
DCM 0.22+0.11 0.18+ 0.08 0.24+0.01
EtOAC 0.27+0.02 0.34+0.18 0.33+0.12
MeOH 0.42+0.02 0.53+0.48 0.31+0.00
Doxorubicin 6.56+ 0.65 3.00+ 0.68 5.82+1.04
hydrochloridepM

2.9 Conclusion

The chemical profiling of the dichloromethane and ethyl acetate extracts resulted in the
tentative identification of thirtythree compounds, which included flavonoids, flavonrGid
glycosides, polyols and fatty acids. Nine of the identified compounds have been previously
isolated or identified in th&Rhynchosigenus; to our knowledge, others are reported for the

first time in the genus.

Eight compounds were isolated and charaaed in this study. Seven of the compourgds
ayanin @.91), tectorigenin 2.83b), loliolide @.84b), pinitol @.63), vitexin 2.2), quercetin
(2.104) and isoorientinZ.5) ¢ are reported fromRhynchosia minimgor the first time, while
isovitexin R.3) hasbeen previously isolated from the species. Four of the isolated compounds
(2.91, 2.84b, 2.63 and 2.104) were screened againstandida albicansand Qyptococcus
neoformans two fungal isolatesCompounds2.84b and 2.104, isolated from the plant,
exhibited better activity than amphotericin B agairGt neoformanswhile their activities
were comparable to amphotericin B agairGt albicansCompound2.91 was moderately
active againstC. albicandut inactive againsC. neformans Compound2.63 was inactive

against both fungiThe plant extracts were also screened for their cytotoxicity against two
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cancerous cell lines. All the extracts were moderately active against HelLa cell line. Against

A549 cell line, only the hexamxtract demonstrated a weak activity.

2.10 Experimental section
2.10.1 General experimental procedure

1D and 2D NMR wemEcquiredat room temperature on either a Bruker Avance 11l 400 MHz

2NJ I . NHzZl SNJ ! @I yOS LLL 15 pnn averéreparteifio i N2 Y S|
parts per million(ppm), relative to the solvent residual peaks (CRGI™ ®H ¢ cFHYIR ¢

MeOLE na ®o M cHHORoOr DMS@is> 1H Pp n cBYSR).The coupling constants))(

were measured in hertz (H&olvents usetb preparethe extracts andor chromatographic
fractionation/purification were purchased from Radchem (Pty) Ltd. (Johannesburg, South
Africa). Formic acid (@S grade) used asn additive during LIS SPE purification and

deionized water were purchased from Microsepy(R-td. (Johannesburg, South Africa).

HPLEMSSPE analyses of the fractions were performed on an Agi®®d Infinity HPLC
coupled to a Bruker AmaZon SL ion trap, MS Bruker Prospect Il SPE Interface and Bruker
Sample Pro Tubsample handlerHRESMS wererecorded on a Waters Acquity UPLC system
(WatersCorp., MA USA) coupled to a QTOF Synapt G2 HDMS using electrospray ionization

(ESI)n the positive and negative mode

Column chromatographic separations were performed using Silica gél.@30.200 mm,
Merck) and Sephadex L2 (Pharmacia)Fractions collected from the columnsere
monitored using thidayer chromatography plates (silica 684~Merck) and observed under

UV light (254 and 366 nm).
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2.10.2 Plant collection and preparation

The pant material, collected at Mabopane, Pretoria North, was supplied by Mr. Monare, a
traditional healer. The plant was authenticated by Ms. Magda N&hschosia minimeaar
prostrata at the H.G.W.J. Schweickerdt Herbarium, University of Pretoria. The etouch

specimen was deposited as PRU 127912.

Finely groundR. minimaleaves (1 kg) supplied by the traditional healeere extracted
sequentially using hexasgedichloromethane, ethyl acetate and methanolX% L each) by
subjecting to percolation for 24 hours at room temperature, with occasional shaking. The
solvents were filtered using a Whatman filter paper (No 1). The crude extracts were obtained
by concentrating to dryness under reduced pressure at@0sing a rotary evaporatoil.he
yields recovered were 21 g (2.1%), 11 g (1.1%), 5 g (0.5%) and 90 g (9%) for3texane
dichloromethane (DCM3B, ethyl acetate (EtOAQC and methanol (MeOH3D extracts

respectivelyThe extracts were stored in glass siat £Cuntil further use.

2.10.3 Isolation and characterization

The DCM extract (9.79 g) was fractionated on a silica gel column chromatography (CC) and
eluted with hexaneg EtOAc (8:2) in an increasing gradient to 100% EtOAc. The column was
then washed with % methanol to afford sixteen fraction8Ato 9P). Fraction 109J 205 mg)

was subjected to CC on silica gel and eluted with RCGletone (9:1) with an increasing
gradient up to 100% acetone, which afforded ten subfractid®@ato 20J Subfraction20D

(17.4 mg) an@0E(4.7 mg) afforded compoun2.91. SubfractiorROH(8.9 mg) was subjected

to LCSPE to afford compouri88b (0.2 mg). Fraction 18I, 290 mg) was loaded on a silica

gel CC and eluted with DGMEtOAC (5:5) with an increasiggadient up to 100% EtOAc. This

gave rise to eight subfraction Ato 21H. Subfraction21G (26.2 mg) was loaded on a
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Sephadex L420 column and eluted with acetoneDCM (1:1) to afford six subfractio@8A

to 23F Subfraction®3D(5.2 mg) an®?3E(5.7mg) afforded compoun@.84h.

The EtOAc extract (3.4 g) was fractionated on a silica gel CC and eluted with 100% DCM with
an increasing gradient of MeOH up to 100%. This yielded fifteen fractg3#st¢ 330.
Fractions33Jto 33Lshowed similar TLC profieand33Jand 33Kwere combined. These
combined fractions afforded a solid precipitate that was insoluble in a MeOH/chloroform
(CHQ@) mixture. The soluble portion was loaded on a sephadef@_eblumn and eluted with
MeOH¢ CHG(7:3) to afford seven sdiactions 85Ato 35G. SubfractiorB5E(23.9 mg) was

further purified on a sephadex k20 column and eluted with 100% MeOH to aff@@Cas
compound2.3 (3.2 mg). Subfractio®5D (125.7 mg) was washed sequentially with DCM,

acetone and MeOH; thereby affdting compound.63(19.9 mg).

The MeOH extract (90 g) was suspended in distilled water in a 2 L separating funnel which
was then partitioned with DCM, EtOAc and butanol (BuOH). This afforded: DCM (3.6 g, 4%),
EtOAc (1.6 g, 1.8%) and BuOH (12.9 g, 14.3%)oins. 802 mg of the EtOAc fraction was
packed on a silica gel CC, eluted with DCMeOH (40:1) with an increasing gradient up to

1:1; six subfractionglpAto 45F were obtained. A solid precipitated out 45C,which gave

rise to compoun®.2 (4.2 mg)after a thorough washing in MeOH. SubfracttsB(82.1 mg)

was loaded on a sephadex-28 column and eluted with 100% MeOH to afford compound

2.104(1.1 mg). The BuOH fraction was subjected te&SPE and yielded compoufb (0.1

mg).

2.10.4 LGSPHsolation

A Phenomenex Lunapn polar column wassed for LESPE purification hirty microlitres of

10 mg/mL solution of subfractioBOH was injected. The mobile phase consisted of 0.1%
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formic acid inmethanol (solvent Cand 0.1% formic acid water (olvent D)at a flow rate

that differs for each sample. To aid trapping, water was continually injected at a 1.5 mL/min
flow rate using the Knauer pump. The peaks eluting from the HPLC were trapped continuously
on the Spark Holland GP SPE cartridges usiagnultitrapping function. The adsorbed
compound was eluted with acetonitrile from the cartridges and evaporated. The sample was
dried under a high vacuum and redissolved in the appropriate deuterated solvent before NMR

analyses.

Compound.88bwas isolatel with an LC flow rate of 0.4 mL/min, using the following method:
linear gradient from 0 to 12 min (£05% C), 120 min (95% C), 2@2 min (95100% C), 22

26 min (100% C), 288 (10@10% C) and 280 (10% C).

Compound2.5 was isolated using the method dghed as follows, with an LC flow rate of

0.7 mL/min: linear gradient from 0 to 6 min D% C), 615 min (40% C), £23 min (4@

50% C), 285 min (5@100% C), 2831 min (100% C), 8 B3 min (10@5% C) and 3385 (5%

C).

2.10.5 Chemical profiling

A Waters Acquit UPLC system (Waters Corp., MA, USA) with a binary solvent delivery system
and an autosampler was used to analyze the extracts. Data acquisition was realized using
MassLynx 4.1 software (Waters Inc., Milford, MA, USA). The chromatography was achieved
using a Phenomenex LunaOmega C18 100A (2. xrh@®mm, 1.6um) column. Water (with

0.1% formic acid) used as solvent A and methanol (with 0.1% formic acid) as solvent B served
as the mobile phase. The gradient elution was programmed as: 3%0R (@in), £100% B
(0.2¢14 min), 100% B (£46 min), 10@3% B (1616.5 min), 3% B (1630 min). The flow

rate was kept at 0.3 mL/min, and the injection volume wgd 5 The peaks from the UPLC
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were detected by a QTOF Synapt G2 HDMS using electrospray ionization asithes @and

negative modes. The compounds were tentatively identified by the accurate masses
generated from MassLynx. The iFit value was considered, and the MS/MS fragmentation
patterns were compared with matching compounds found in Metlin, ChemSpidemiChle

Entities of Biological Interest (ChEBI) and Kyoto Encylopedia of Genes and Genomes (KEGG)

libraries.

2.10.6 Analytical data of isolated compounds

Ayanin 2.91): yellow solid!H-NMR (400 MHz, CQfl: 12.63 (1H, s, OH), 7.72 (1H, dd]=

8.6, 2.1 Hz, 18'), 7.68 (1H, dJ= 2.1 Hz, K2'), 6.96 (1H, d)= 8.6 Hz, "), 6.44 (1H, d]= 2.2

Hz, H8), 6.34 (1H, dJ= 2.2 Hz, ¥), 5.72 (1H, s, OB), 3.98 (3H, s, OGH'), 3.87 (3H, s,
OCH-7), 3.86(3H, s, OC#B).23GNMR (100 MHz, CD; 178.9 (&4, C), 165.5 (Z, C), 162.0
(G5, C), 156.8 (8, C), 155.7 (2, C), 148.8 (@', C), 145.6 (@', C), 139.2 (B, C), 123.7 (C
1', C), 121.7 ®', CH), 114.5 (2, CH), 110.4 (&, CH), 106.1 (10, C), 98.0 (®6, CH), 92.2
(G8, CH), 60.2dCH-3, Ch), 56.1 OCH-4', CH), 55.9 OCH-7, CH). HRMS: 345.0983

[M+H]" (calc for @Hi707, 345.0974).

Tectorigenin 2.88b): colourless solidH-NMR (500 MHz, CREI: 13.10 (1H, s, OH), 7.86
(1H, sH-2), 7.40 (2H, dJ= 8.5 Hz, k', 6'), 6.91 (2H, d]= 8.5 Hz, K3', 5'), 6.52 (1H, s,-B),
4.03 (3H, s, OGH)..3GNMR (125 MHz, CDy0l : 181.4 (&4, C), 155.9 (@, C), 155.2 (@,
C), 153.6 (©, C), 153.0 (6, C), 152.7 (2, CH), 130.5G6, C), 130.5 (&, 6', CH), 123.3 (C
3, C), 123.1 @', C), 115.7 (@', 5', CH), 106.6 (€O, C), 93.3 (&8, CH), 61.0qCH-6, CH).

HRMS:301.0713 [M+Hj(calc for GeH130s, 301.0712).

Loliolide R.84b): white amorphous powdetH-NMR (400MHz, CD@)1: 5.68 (1H, s, 1),

4.32 (1H, quint)= 3.3 Hz, K6), 2.45 (1H, dt)= 14.0, 2.6 Hz,4Aa), 1.97 (1H, dt]= 14.4, 2.6
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Hz, H5a), 1.77 (1H, ddl= 14.0, 3.9 Hz,4Ab), 1.52 (1H, dd]= 14.4, 3.9 Hz,Bb), 1.77 (3H,
s, H12), 1.46 (3H,,4+10), 1.26 (3H, s,4#1).3GNMR (75 MHz, CD{Hl : 182.7 (&, C), 172.1
(G2, C), 112.9 (B, CH), 86.9 (8, C), 66.8 (6, CH), 47.3 (6, CH), 45.7 (€7, CH), 36.0 (€
4, C), 30.7 (@, CH), 27.1 (€12, CH), 26.5 (€11, CH). HRMS: 197.1182 [M-H] (calc for

Ci1H170s, 197.1178).

Isovitexin 2.3): yellow solid!H-NMR (400 MHz, GDD)1: 7.82 (2H, dJ= 8.4 Hz, 2, 6",
6.91 (2H, dJ= 8.4 Hz, 8', 5'), 6.58 (1H, s,-B), 6.49 (1H, s,4), 4.91 (1H, overlapped with
water signal, HL"), 4.17 (1H, t, K2"), 3.86¢ 3.89 (1H, mJ= 12.2, 1.9 Hz,-8"b), 3.74 (1H,
dd,J=12.2, 5.1 Hz,H8"a), 3.45¢ 3.49 (2H, m, 8", 4"), 3.42¢ 3.44 (1H, m, K5"). 3 GNMR
(125 MHz, CEDD) : 184.0 (G4, C), 166.1 (2, C), 165.0 (Z, C), 162.8 (&', C), 162.0 (5,
C), 158.7 (®, C), 129.4 (€, 6, CH), 123.0 (T, C), 117.0 (@', 5', CH), 109.2 (6, CH), 105.1
(G10, C), 103.8 (B, CH, 95.2 (€8, CH), 82.6 (&', CH), 80.1 (8", CH), 75.2 (€', CH), 72.5
(G2", CH), 71.7 @', CH), 62.8 (6", CH). HRMS: 433.1134 [M+H] (calc for GiH10u0,

433.1135).

Pinitol @.63): white powder!H-NMR (400 MHz, (GRSO) : 3.60¢ 3.64 (2H, m, H, 6), 347

(3H, s, OC#B),3.30¢ 3.52 (3H, m, 2, 4, 5), 2.991H, t,J= 9.3 Hz, KB), 4.34 (1H, )= 5.6

Hz, OH), 4.48 (1H, &= 6.4 Hz, OH), 4.53 (1HJ& 4.6 Hz, OH), 4.65 (1H, brs, OH), 4.73 (1H,
brs, OH)33GNMR (100 MHz, (GRSO) : 83.8 (G3, CH), 72.6 (&, CH), 72.5 (€, CH), 72.0
(G6, CH), 70.9 (2, CH), 70.1 (6, CH), 59.7QICH-3, CH). HRMS:217.0678 [M+Nd](calc

for GH14OsNa, 217.0688

Vitexin @.2): yellow amorphous solidH-NMR (400 MHz, (GRSO) : 13.16 (1H, s, OH),
8.02 (2H, dJ= 8.4 Hz, k2, 6"), 6.89 (2H, dl= 8.4 Hz, k8", 5'), 6.77 (1H, s,-B)), 6.26 (1H, s,

H-6), 4.68 (1H, d]= 9.8 Hz, H"), 3.83 (1H, tJ= 9.4 Hz, 2"), 3.76 (1H, dd)= 12.3, 4.9 Hz,
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H-6"b), 3.49¢ 3.54 (1H, m, H"a), 3.37¢ 3.40 (1H, m, H"), 3.20¢ 3.29 (2H, m, K", 5").

13GNMR (125 MHz, (GRSO) : 182.0 (&4, C), 163.9 (2, C), 162.6 (C, C), 161.1 (@, C),
160.3 (G5, C), 156.0 (8, C), 128.9 (2, 6', CH), 121.6 (T, C), 115.8 (@', 5', CH), 104.6 (C
8, C), 104.0 (@0, C), 102.4 (8, CH), 98.1 (6, CH)B1.8 (G5", CH), 78.6 (3", CH), 73.3 (C
1", CH), 70.8 (2", CH), 70.5 (&', CH), 61.2 (6", CH). HRMS:433.1137 [M+H(calc for

CGi1H21010, 433.1135).

Quercetin 2.104): yellow amorphous powdetH-NMR (400 MHz, GDD)4: 7.73 (1H, dJ=
2.0 Hz, H2'), 7.63 (1H, dd)= 8.5, 2.0 Hz, "), 6.88 (1H, dj= 8.5 Hz, '), 6.38 (1H, dJ=
1.9 Hz, B), 6.18 (1H, dJ= 1.9 Hz, K).3GNMR (125 MHz, GDD) : 177.3 (&4, C), 165.6
(G7, C), 162.5 (8, C), 158.2 (8, C),148.7 (4, C), 148.0 (2, C), 146.2 (@', C), 137.2 (C
3, C), 124.1 (@, C), 121.6 (€, CH), 116.2 (6, CH), 115.9 (€', CH), 104.5 (0, C), 99.2

(G6, CH), 94.4 (8, CH). HRIS:303.0508 [M+H(calc for @Hu107, 303.0505).

Isoorientin @.5): light yellow solid:H-NMR (500 MHz, GDD): 7.39 (1H, ddJ= 8.1, 2.0 Hz,
H-6"), 7.37 (1H, s, &), 6.90 (1H, d)= 8.1 Hz, '), 6.55 (1H, s,d), 6.49 (1H, s,#H), 4.89
(1H, overlapped with water signal; H), 4.17 (1H, tJ= 9.1 Hz, k2"), 3.87 (1H, ddJ=12.2,
2.0 Hz, H6"b), 3.73 (1H, dd]= 11.9, 5.3 Hz,-A"a), 3.44c 3.48 (3H, m, K", 4", 5").13.CNMR
(125 MHz, CHDD)1 ; 183.9 (&4, C), 166.2 (2, C), 162.0 (6, C), 161.3 (€, C), 158.8 (8,
C), 151.2 (@', C), 147.1 (@', C), 123.4 (@', C), 120.3 (€', CH), 116.8 (6, CH), 114.0 (C
2', CH), 109.3 (6, C), 105.7 (€0, C), 103.8 (8, CH), 95.3 (8, CH), 82.6 (6", CH), 80.1 (C
3", CH), 75.3 (@', CH), 72.5 (2", CH), 71.7 (&', CH), 62.8G6", CH). HRMS:449.1089

[M+H]* (calc for GiHa1010, 449.1084).
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2.10.7 Antifungal assay
2.10.7.1 Fungal test organisms

The fungal isolate€andida albicangATCC 10231) an@ryptococcus neoforman®TCC
32045) were retrieved from the culture collection of the Phytomedicine programme,
Department of Paraclinical Sciences, Faculty of Veterinary Science, University of Pretoria. The

fungi were maintained in Sabouraud Dextrose (SD) agar (Oxoid, Bak&dsto).

2.10.7.2 Quantitative antifungal ativity by minimum inhibitory assay

The antifungal activity of the extracts and isolated compounds were determined using a
previously described methdéf. The crude extracts and compounds were solubilized in
acetone to a concenttion of 10 mg/mL and 1 mg/mL, respectively and a 4wl serial
dilution using sterile distilled water was performed. Overnight culture€andida albicans

and Cryptococcus neoformansappropriately adjusted to 0.5 McFarland standard in
Sabouraud brothwere added to the wells. Amphotericl® was used as the positive control,
while acetone was the negative control. Fogty of 0.2 mg/mL op-iodonitrotetrazolium
violet (INT) dissolved in sterile water was added to each microplate well aglimator of
growth. The plates were incubated for 48 h att@5The minimum inhibitory concentration
(MIC) was recorded as the lowest concentration of the extracts or compounds that inhibited

antifungal growth.

2.10.8 Cytotoxicity assay
The plant extracts wereubjected to cytotoxicity using the-@,5dimethylthiazole2-yl)-2,5

diphenyltetrazolium bromide (MTT) based colorimetric assay. Two human cancer cell lines,
epitheloid cervix carcinoma (HeLa, ATCCGZ}G@Ind lung carcinoma (A549, ATCC-T35l),
maintainedA y 5dzf 6 SO02Q4 az2RAFASR 91 3t Sa aSRAdZY 05

Belgium) supplemented with 0.4 mM -dlutamine, sodium pyruvate, 1%
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penicillin/streptomycin and 10% foetal bovine serum (FBS, HyClone, Thermo Scientific) were
used to assay thanticancer activity of the plant extracts. The Vero African monkey kidney
cell line (ATCC CG8L), maintained in Minimal Essential Medium (MEM) supplemented with
0.1% gentamicin and 5% foetal calf serum (FCS) was used to evaluate the cytotoxicity of the
plant extracts towards normal cells. The cell lines were purchased from the American Type

Culture Collection (ATCC).

A previously described method was utilized in this stdtiells from a sueonfluent culture
were harvested with 3 mL of trypsiEBDTA (HyClon&hermo Scientific) and centrifuged for 5
minutes at 200@. Cell suspensions (10Q) were inoculated at plating densities based on the
growth characteristics of each cell into wells of columns 2 to 11 ofweBmicrotitre plate.
Wells in columns 1 and 12 contained medium alone to counter evaporation. Thetitnéc
plates were incubated in a 5% £&mosphere at 37C overnight until the cells were in the
exponential growth phase. Different concentrations of the test samples |(L)Overe added

to the wells after incubation. Each dilution of the test sampleswested in quadruplicate.
The microtitre plates were incubated again at’@7or 48 h in a 5%Q atmosphere. Cells
treated with doxorubicin hydrochloride (Siga#ddrich, GmBH, Schnelldorf, Germany) and

untreated cells were included as positive and negatontrols, respectively.

After incubation, the medium was removed from the cells and each well washed with
phosphate buffered saline (PBS) before fresh medium (@00was added to each well.
Following this, 3QL of 5 mg/mL MTT (Sigma) in PBS was atlWedch well and the plates
were further incubated for 4 h at 3€. The medium was removed afterwards, and the
formazan crystals formed were dissolved with@0of dimethyl sulfoxide (DMSQO). The MTT

reduction was measured immediately by detecting the absorbance using a microplate reader
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at 570 nm and 630 nm (reference wavelength). The wells in columns 1 and 12 containing the
medium and MTT, but no cells were dst blank the microplate reader and the formula

below was used to calculate the percentage cell viability:

Percentage cell viability = p TITT

The L& values were calculated as therccentration of the test sample that resulted in 50%

reduction of absorbance compared to untreated cells.
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Chapter 3 Identification and isolation of bioactive compounds from
Phragmites mauritianus

3.1  Phragmitesgenus and its distribution

ThePhragmitegyenus is commonly known as reed and abundant in marshes. They belong to
the tribe Molinieae and the family Poaceae. The Poaceae family are best known as'grasses
Clevering and Lissrfereported that the genus has four specjeshereas Chen and €o
workers’ reported the presence of abatien species in the genuBhragmitesspecies are the
most common plants in wetlan@isPhragmitesare distributed in tropical and cold areas
across the Southern and Northern hemispheres, with the speciesndpaonly slight
differences (Figure-2)> & Three pecies of thePhragmitesggenus are found in Africa, one of
which isPhragmites mauritianuKunth’; Lambertiniet al® described it as a tropical African

species.

Figure3-1: A map of the world showing the distribution Bhragmites mauritianusSource:
https://powo.science.kew.org/taxon/urn:Isid:ipni.org:names:415950

3.2  Some uses of th€hragmitesgenus

Phragmites australi@Cav.) Trin. ex &ud. is reported to possess neutraceutical potentald

the rhizomes are a traditional source of starch in Southern Afrités used as food for cattle
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due toits nutritional content®. Phragmites australiss one of the grasses used for thatching
and house constructidfi X The whole plant without the root dP. australiss used as an

antidiarrheal teatment in bovine¥.

The oots and rhizomes d?. australis along with seven other herbare the components of
a known Chinese patent medicine, Sangju Ganmao t&bletis medicine is used to treat cold
and its symptoms in clinical practio& report by Rahmatilah et al.** showed that the whole
plant of P. australigs used in the rural parts of Bangladesh to treat diabebesyever,no in-

vivoor in-vitro study has been reportedly carried out to this efféct

Phragmites rhizoma (PR) is the fresh or dehydrated rhizomes of the Péeagmites
communisTrinius, and it is often used in Chinese traditional mediéirfehragmites rhizoma

is used traditionally by the Chinese as a remedy for tetrodotoxinopang; it is also used to
treat cancer of the oesophagus, lung abscesses, fever and inflamriatfooreans also use
phragmites rhizoma to treat pulmonary tuberculosis, pulmonary oedema and pulmonary

abscessés.

3.3  Pharmacology ofPhragmitesgenus

The ethyl acetate extract oP. australis rhizome was reported to exhibit antidiabetic

properties likely related to the activation of peroxisome proliferatactivated receptors

(PPAR?C. The phytocortituents responsible for the activity and the mechanism of action

are still unknown The cytotoxic potential dP. australisvas reported by Sohaiét al.?* with
40003k Y[ 2F (GKS akKz22iQa SikKlFy2tA0 SEGNI OG SEKA

cell lines aker 48 hours of incubation.
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The methanolic extract d?hragmites karkgRetz.) Trin. ex Steulbaveswas active against
Actinobacterspecies,Salmonella paratyphand Staphylococcus aureuwith the zone of
inhibitions reported as 9.4 itimetre (mm) 10mm and 11 mm, respectivef The findings
further revealed that the diethyl ether extract showed adinagainsiStaphylococcus aureus

and Pseudomonasaeruginosaat 13 and 12.4 mm zoiseof inhibition, respectively. When
phenobarbitone was used to induce sleep in Swiss albino mice, the methanol extact of
karkaexhibited a central nervous system depressant activity by decreasing sleep latency and
increasing the duration of sleép Sultanet al.?3 further reported that he petroleum ether
fraction hadhypoglycemic activity as it reduced the blood sugar of normoglycemic mice by
78% after 30 minutes compared to the standard, glibenclamide, which reduced by 72%. The
antidiarrheal and analgesic properties of the extract and fraction®.okarkawere also

documented in the study.

In another study, the ethanolic leaf extract Bf karkademonstrated antinflammatory
potential with a 50 mg/kg extract dosage exhibiting a 66% inhibition; in contrast, a 25 mg/kg
extract dosage had a 51% inhibition against carem@ninduced paw edentd. The study
compared the extracts with a nesteroidal antiinflammatory compound, phenylbutazone,

which had a 76% at 100 mg/kg.

The ethanol extract of the whole plant &hragmites vallatorigPluk. ex L.) Veldkamp had
poor antiviral activities with Egvalues greater than 10Qlg/mL against the enterovirus,
yellow fever and chikungunya virusé&sJoshiet al.?® also documented the aiplasmodial,
antileishmanial and cytotoxicity against MBell line of the methanol extract of the whole
plant of P. vallatoria A good antimalarial activity with al@o value of 12ug/mL against

Plasmodium falciparumma weakantileishmanial activity wh an 1Go value greater than 128
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pg/mL againsteishmania infantunand a cytotoxicity (Gg) value of 63.9 were recorded in
the study. Krishnat al?” observed that the ethanol extract &. vallatoriainduced wound

healing in streptozockinduced diabeticats.

3.4  Phytochemistryand somebiological studies of compounds isolated froRhragmites
genus

Previous phytochemical and pharmacological studies of the genus resulted in the isolation of

different classes of compounds as described below.

3.4.1 Phenoliccompounds and lignans

Choiet al.?® screened the acetone extract of Phragmiteizome (PRipr its ability to be used
as a natural whitening agent. A bguided isolation led to the isolation of two phenolic
compoundsc methyl gallate(3.1) (Figure ) and p-hydroxycinnant acid(3.2) ¢ and two
lignans ¢ (+)}lyoniresinol (3.3) and (+)lyoniresinot9-O- -glucopyranoside(3.4). These
compounds were found to inhibit tyrosinase activity and melanin syntleesigpared tothe
positive control, kojic acicdand arbutin It was therefore, suggested that the phenolic
compounds could serve as skin whitening cosmetic ag@ihtsphenolic compounds vanillic
acid(3.5), ferulic acid3.6) andp-hydroxybenzaldehyd€.7) were isolated from the rhizome

extracts ofP. communi.

3.1 3.2 3.3: R=H
3.4: R=Glc
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HO HO
I :L OH HO
\O OH OD\/W
3.5 3.6 3.7

Figure3-2: Structures of phenolic compounds and lignans isolated flRlmagmiteggenus

Methyl gallate 8.1) isolated fromRosa gallicaemonstrated potent lipase and hyaluronidase
inhibitory activities with 43.6% and 50.2% inhibition, respectiffelly also had minimal -
glucosidase inhihibn at 3.7%. Compouriél lisolated from mushroonfholiotaadiposawas

found to be a potent antioxidant as it was able to scavenge superoxide anions and inhibit
erythrocyte hemolysi. However, it performed poorly in its ability to scavenge hydroxy
radicals and lipid peroxide inhibition. Wamg al3! also reported methyl gallate3(1) to
possess strong anH IV activities. It prevented the replication of HIMn TZMBL cells that
were infected by a pseudovirus wittn 1Gp value of 11.9uM. A biocguided isolation by
Eltayeb and cavorkers? identified compound3.1as apromising antileishmanial agent with

1Go and IGovalues of 4.6 and Bg/mL, respectively. The artiflammatory and anttumour

activities of methyl gallat€3.1) are also well documenteds®.

An investigation of th&afflower injection, the dried floreif Carthamus tinctoriusyieldedp-
hydroxycinnamic acid3.2) and p-hydroxybenzaldehydg3.7)%. Compounds3.2 and 3.7
exhibited good in vitro anticoagulant activity by prolonging the activated partial
thromboplastin time (APTT) and prothrombin time (PT) against human pfasweght et
al.3” reported thepoor cytotoxicity ofp-hydroxybenzaldehydé3.7) to KB cellsPlasmodium
falciparumclones D6 and W2 with 4§alues of >20000, 7330 and 556§/mL, respectively.

A minimal antimicrobial activity by compoudd7, as evidenced by 8, 7 and 7 mm inhibition
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zones againsBtaphylococcus aureuSandida albicansandCandida tropicalisrespectively,

was reported by Bouaichet al.38, p-Hydroxybenzaldehyd¢3.7) isolated from the rhizomes

of Alpinia galangehad moderate cytotoxicity with Kgvalues of 39.9, 14.8, 12.9, 21.4, 30.9
and 25.7ug/mL against cancer cell lines A549, Galb, A431, NCI H460, BGnd HT29,
respectively®. Wanget al.*°, howe\er, declared thep-hydroxybenzaldehyd¢3.7) isolated

from Kalimeris indicao be inactive against SMMC7721, MGFK562 and A549 human
tumour cell lines. Caparie al*! screened ferulic acid(6) andp-hydroxycinnamic aci(B.2)

for their cytotoxicity against 78® human renal cancer cells via the MTT and CV assays; at
maximum concentrations of 25@M, none of the compounds was cytotoxic against the cell
line. At increased concentrations of 500 and 1Q0®, compound3.2 exhibiteda cytotoxic

effect against the renal cancer cells.

p-Hydroxycinnamic acid3.2) inhibited the root length ofBidenspilosaand reduced the
oA2Ylaa 2F (GKS LXIyiQa FTNBAK aSSREAYy#®AT Al
Vanillic acid(3.5) showed hepatoprotective activity by suppressing hepatic fibrosis in the
chronic liver injury of micE. The nephroprotective ability of compoungl5 against cisplatin

induced nephrotoxicity in Wistar rats was observed by Sirettai**. The report inferred that

the observation might be due to its potent antioxidant and anflammatory activities. The
neuroprotective, cardioprotective, analgesic and anflammatory effects of vanillic acid

(8.5) invitro are also documented, and the mode of actions were establi§téd

(-)-Lyoniresinol, (+lyoniresinol (3.3), ferulic acid(3.6), and vanillic acid3.5) showed no
antibacterial activity againgteliobacter pylorstrain 51 and strain 43504. Their ability to stem
neuroinflammation was also measurga their abilityto inhibit nitric oxide (NO) production

in LP&activated murine microglia B¥ cells;,compound3.3 was more potent than a known
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iNOS inhibitor, INMMA, with an Iy value of 12.3JuM comparedtotb aa! Qa uM¥% T o
(-)-Lyoniresinol inhibited moderately @&value = 21.731M), while compound$.5 and 3.6

had weak activities withGo values of 72.09 and >5@M, respectively. Wanet al.*°reported

the antrinflammaory activity of (+)}lyoniresinol 8.3) based on its ability to inhibit the
production of nitric oxide (NO) in LB&mulated murine macrophage RAW 264.7 cells as

weakly active (14 value = 86.76M).

3.4.2 Alkaloids

A study by Chen and aworkers’led to the isolation ofN-p-coumaroyl serotonin3.8) (Figure
3-3), N-p-coumaroyl tryptamine 3.9) and two novel alkaloids, phranisine A.10) and
phranisine B3.11) from the roots ofP. australisThese alkaloids were screened against HeLa
and MCF/ cancer cell lines with compounds9 to 3.11 exhibiting moderate cytotoxic

activities with 16 values ranging from 13.2 to 18.6/.

OH

HO HO
H H
\©\/\WN \©\/\WN
\ \
0 NH O NH
3.8 3.9
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HO
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NH
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3.10 3.1

Figure3-3: Structures of alkaloids isolated froRhragmitesggenus

N-p-coumaroyl serotonin3.8) was toxic in brine shrimp lethal assay {08 0.032mg/mL)

and also inhibitd the growth of some bacterial strait¥s A study by Hodagt al.5! revealed

that compound3.8 did not inhibit soybean lipoxygenase while using sodium linoleate as the
substrate; however, Seet al.>? observed a potent mushroom tyrosinase inhibition witlsolC

= 8.8uM.

3.4.3 Flavonoids

An investigation of the flowering tops & australisby Fossenand Anderse#f led to the
isolation of three anthocyanins elucidated as cyanidid-@"-O-succiny -glucopyranoside)
(3.12) (Figure 3), cyanidin 30-(6"-O-malonyH -glucopyranosidef3.13) and cyanidin 3 -
glucopyranosid€3.14). These compounds were obtained from the acidified methanol extract
of the flowering tops. AlD-methylated flavone, tricir{3.15), wasisolated from the ears d?.

communisby Woo and colleagues.

104



HO (0] OH

3.12 3.13

3.14 3.15

Figure3-4: Structures of flavonoids isolated froRrhragmitesggenus

Weston et al>® reported that tricin 8.15) acted as an allelochemical by inhibiting the
elongation of the radicle dfepidium sativunat a concentration less than 12&/mL, which
was also corroborated by Kong awd-workers®, who realized that tricin3.15) at low
concentrations intbited the growth of the weedEchinochloa crusgaind Cyperus difformis
Moreno et al*?, however, found that tricin3.15) did not possess phytotoxic activity at
maximum concentration of 250 pg/mL. Compoudd5 decreased lipid accumulation and

was therefore reported as a potent ardilipogenic agert. The anthocyanin, cyanidinG-
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i -glucopyranoside3.14) was reported to induce apoptosis in leukaemia cell linegitro®®

59

3.4.4 Otherisolated compounds

Stigmasta3,5-dien-7-one (3.16) (Figure 3b) isolated from the ethanolic crude extract of
Phragmites rhizoma was found to possess -arftammatory properties in LRiSduced
RAW264.7 celld Li and H& isolated a novel antialgal allelochemical, ethyl 2
methylacetoacetate(3.17), from the ethanol extract ofP. communis The compound
exhibited it allelopathic activity againsthlorella pyrenoidosaand Microcystisaeruginosa

with EGo values of 0.49 and.65 mg/L, respectively.

Sugar ine of themain constituens of P. communisit is primarily found in the rhizome.
PRP2, an acidic polysaccharide isolated from Phragmites rhazoexhibited anti
inflammatory potential by protecting RAW246.7 macrophagesnf lipopolysaccharide

induced cytotoxicity®.

(j;@//? V
O
3.'6

3.17

Figure3-5: Structures of more compounds isolated fréthragmitesgenus
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3.5 Phragmites mauritianus

Fanshaw& described Phragmites mauritianusy dzy 6 K® | & & I Y -agbdjidzl G A O
perennial reed with dng stout creeping rhizomes to 8 m or longer and erect culms 2 to 8 m

high and up to 4 cm diameter often woody and bamdod { S ¢ -6)CTh&lfd=ieBng o

season runs from June until October, and fruits between September and January. The markers
observedin P. mauritianugesulted in Canavaat al* suggesting that the species should be
considered native to Southern AfricBhragmites mauritianusspans across Southern and

tropical Africa (Figure-3), and itis replaced in the Northern and Western parts of Africa by
Phragmites karkaa closely related specf®sP. mauritianush & O tiKfF R ¢ a R OF £ f &
South AfricansAn ethnomedicinal report provided by a South African traditional healer

revealed it is used in cancer treatment.

The literature search prior to this study yielded no previous phytochemical study of the reed,

P. mauritianus
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Figure 3-6: Pictures of Phragmites mauritianus Source:
https://www.inaturalist.org/observations/28995054

3.6  Results and discussion
3.6.1 Isolation and characterization of compounds

Reeds are rich in ligrfi) and themost effective way of sustainably producing phenolics is
from lignirf%. Podgorbunskikiet al®® described the stem (culm) of the common reed as a
lignin-rich material with acidnsoluble lignin accounting for 40% of the stem biomass. Some
studie$%® have reported different methods of obtaining phenolic compounds from lignin. In

like manner, this study led to the isolation of phenolics and other compaunds

3.6.1.1Phenolics

Compound3.18 was isolated as a yellow solid with the molecular formusb60Ds. The

molecular ion peak an/z 183.0650 [M+H] (calculated for &41104, 183.0657) was observed
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on the HRESIMS data. A fragmentrdz m o n ® 1 n /mh ko/adf Indichted the loss of

an hydroxy and a methoxy substituent. An aromatic signal integrating for two protons was
observed at 1 7.15 (2H, s, 2, 6), serving as a pointer that the benzene moisbs tetra

substituted. Furthermore, two identical methoxy protsignald: (in3.97 (6H, s, OGH, 5),

an aldehydic protorsignall (in 982 (1H, s, CHD and a hydroxy protosignall- (i 6.04

(1H, s, OHI) were visible on théH NMR spectrum. The carbyl of the aldehyde was

observed at c190.9 (CHam 0 'y R (GKS YSiK2E &566(QCB2 5).ahel LILIS | N
observed data and literature vali®saided the confirmation of compoun8.18 as 3,5

dimethoxy4-hydroxybenzaldehyde, commonly known as syringaldehyde (Figdye 3

Compound3.2was obtained as white solid.The molecular formula was deduced @03

from the HRESIM®n(z Mm ¢ 0 @ n n cb¢ calcolkatbdl fd 64,0;, 163.0395) and NMR data.

¢ KS wH adductBat m/z 327.0917 was the base peak. A fragment depicting
decarboxylation was seen at/zMm M P n p ¢ k1 AnA'BB spb system, indicative of a
parasubstituted aromatic ring was observed based on the two doublets &t44 (2H, dJ=

8.6 Hz, H = ¢ (4 6.80y(2R, dJ= 8.6 Hz, kB, 5). A pair of doublets attributed to trans

olefinic protons, based on the larg&d I £ dzS = ¢ SUNIS8 (BHSH3/15.D Kz, H) and

146.28 (1H,d)J=159Hz, W0 GAGK (KS O2NNBAEALRZYRANEBAOI ND 2y
FYRMMpPp Py > NBaLISOGAGSted | O NOI/RY@Y). BaSddND 2y 4 |
the spectroscopic data and previously reported resiltsompound3.2 was established as

trans-p-coumaric acid.

Compound3.19 had a!H NMR spectrum similar to compoungl2, suggesting both
compounds had a similar moiety. Its molecular formula was indicate@ldsOs by its

negative HRESIMS witl'z 163.04590 a bb(c8lculated for 6H,0;, 163.03950 a bP). Right

109



differences were observed with the chemical shifts of the dodb( & I LILASBEMNIHY 3 |
d,J=8.6 Hz, Wi T ¢ (46.F2y(2Rl, dJ= 8.6 Hz, KB, 5). The olefinic protons appearing at
146.70 (1H, dJ=12.8 Hz, H 0  I4B.R8 (IH, dJ= 12.8 Hz, ) were assigned a cis
orientation based on the smallelrvalue as opposed to that &.2. The experimental data

were similar to those previously reported by Hashid@ktal.’* and TorresNaranjoet al.”2.

Compound3.19was therefore identified as cjg-coumaric acid.

Compound 3.5 was isolated as a white solid with the chemical form@gsOs A
deprotonated molecular ion peak was observedmatz m¢c T ® n n n'c(caldutated fér

GH;O4, 167.0344). Fragments that could be assigned to loss of the carboxylic acid group and

the methoxy group were observed at/z MH 0 ® 11 p n p 2]°caadumizE137/0300 [M;

| & /,QF, respectively.The 'H NMR spectrum revealed the presence of three aromatic

signd & wl7.65¢¥.56 (2H, m, Hi = c 04 6.83y(1, )= 8.7 Hz, Hp) and a methoxy
AA3AYLFE & k389 B S POGH).rhe'®C NMR spectrum showed six aromatic signals
at1c113.6 (), 115.7 (&), 123.1 (€1), 125.2 (B), 148.6 (B) and 152.6 (@), a methoxy

Ol ND 2363 (@CHo 0> | YR (KS OF ND 2 y¥£70.1 (&7). Radmpodndl LILIS | |
3.5was unambiguously identified asn3ethoxy-4-hydroxybenzoic acid 4 generally called

vanillic acid.

A mixture of compound8.20 and 3.7 was obtained as a white solildhe HRESIMS data of
compound3.20 gave the chemical formul@HsOs, with a protonated molecular ion peak at
m/z 153.0538 [M+Hj](calculated for €HOs, 153.0552) A fragment representing the loss of
29 amu was observed an/z mH N ®hdpp m B this bugésts thé presence of an
aldehyde functional group. Th&i NMR spectrum suggested a 1,3tbubstituted aromatic

ring, as evident by the proton signals observed a7.42¢ 7.43 (2H, m, Hi = ¢ (417.04y R |
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(1H, dJ= 8.5 Hz, k). Additionalsignals belonging to the methoxy and aldehyde groups were
seen at y3.97 (3H,s,0GH U [19.83 (1H, s, CHOD), respectively. The aromatic methine
OFND2ya | IlJLOB.F (@ RS1E4H (@ 0 cIH.7 (G6), while the carbonyl
carbon was fdzy R cl9i.1 (CH€). These, alongside literatufe confirmed compound

3.20as vanillin.

Compound3.7 gave the molecular formul@HsO;, as determined from the HRESIMS data in
which a protonated molecular ion peak was observethat 123.0427 [M+Hj(calculated for
GH/O,, 123.0446)A pair of doublets were observed tre 'HNMR spectrum atn 7.81 (2H,
d,J=8.7Hz, i = ¢ 116.95Y2R, dJ=8.7 Hz, k8, 5). The proton of the aldehyde group
F LIS NBR | a4 ¢B.87§Hys] CI¥DL Cdmpound3.7 was elucidated agp-

hydroxybenzaldehyde, and it was consistent with literature values

o/ HO
. SO0
~0 0 o) HO 07 OH
3.18 3.19

3.2

HO
\o: :\ _OH HOD\/ HO\@\/
o ~0 _0 _0
3.5 3.20 3.7

Figure3-7: Structures of the phenolic compounds isolated fremmauritianus
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Table3-1:11 b aw @n g multa@id Hz)] data in CD&ind CROD of some phenolics
isolated fromP. mauritianus

Position 3.18 3.2 3.19
1y (J in Lit'®® 14@inHz) Lit7™ 1y (Jin Hz) Lit'"2
Hz)
1
2 7.15,s 7.26,s 7.44, d 743, d 7.57, d 7.63,d (8.8)
(8.6) (9.0 (8.6)
3 6.80, d 6.80, d 6.72, d 6.79,d (8.8)
(8.6) (9.0 (8.6)
4
5 6.80, d 6.80, d 6.72, d 6.79,d (8.8)
(8.6) (9.0 (8.6)
6 715,s 7.26,s 7.44, d 7.43, d 757, d 7.63,d(8.8)
(8.6) (9.0) (8.6)
7 7.58, d 759 d 6.70, d 6.83, d
(15.9) (16.0) (12.8) (12.5)
8 6.28, d 6.27, d 5.78, d 5.82, d

(15.9) (16.0)  (12.8) (12.5)

9
CHO1 9.82, s 9.92, s
OCH-3,5 3.97,s 4.07,s
OH4 6.04, s
NMR experiments were acquired f€DGJ,’ CQOD.

Table3-2:3% baw oO0Tp | dtaincChehrd CBAD ofisome phenolics isolated
from P. mauritianus

Position 3.18 3.2 3.19
1g type Lit'6® 1 type Lit2® 1 type Lit" 72
128.5,C 129.3 127.2,C 1274 128.1,C 127.6
106.7,CH 106.6 131.0,CH 131.3 132.9,CH 1325
147.4,C 147.2 116.7,CH 117.0 115.7,CH 115.1
140.8,C 140.7 161.1,C 1614 1594,C 156.9
147.4,C 147.2 116.7,CH 117.0 115.7,CH 115.1
106.7,CH 106.6 131.0,CH 131.3 132.9,CH 1325
146.4,CH 146.9 141*CH 1434
115.8,CH 115.8 119*»CH 117.4
9 1711,C 1713 =@ 166.9
CHG1 190.9, CH 190.7
OCH-3,5 56.6,CH 56.4
aSjgnals were not observed of tR&C spectrumPCorrelations were observed on HMBC and
HSQCNMR experiments were acquired f€DG,’' CROD.

OINO OB WIN|PF-
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Table3-3:11 b aw @n g multa@id Hz)] data in CD&ind CROD of some phenolics
isolated fromP. mauritianus

Position 3.20 35 3.7
1y (Jin Hz) Lit'7® 1y (Jin Lit® 74 14 (Jin Lit' 76
Hz) Hz)
1
2 7.422m 7.42 d 7.%2m 756 7.81,d 7.85d
(1.8) (8,7) (8.4)
3 6.95 d 6.%4,d
(8,7) (8.4)
4
5 7.04,d 7.05 d 6.83,d 6.94 6.95d 6.%4,d
(8.5) (8.2) (8.7) (8,7) (8.4)
6 7.433m 743 dd 7.552m 755 7.81d 7.85d
(8.2,1.8) (8,7) (8.4)
7
CHG1 9.83, s 9.83 9.87 9.88
OCH-3 3.97,s 3.97 3.89,s 3.88
OH4

3n the same column overlappefMultiplicity and coupling constant not provided aited
reference NMR experiments were acquired '€DGJ,’ C3OD.

Table3-4:33% baw oO0Tp | o dtain@DCardICBAD ofisome phenolics isolated
from P. mauritianus

Position 3.20 3.5 3.7
ig type LIt i type Lit 1 type Lit"7®

1 130.0,C 130.1 123.1,C 123.1 1324,C 1328
2 108.7, CH 109.0 113.6,CH 1139 130.9,CH 130.1
3 147.2,C 1474 148.6,C 148.6 116.0,CH 115.9
4 151.7,C 1520 152.6,C 152.6 156.6,C 161.5
5 1144, & 1146 115.7,CH 1159 116.0,CH 115.9
6 127.7,CH 127.8 125.2,CH 125.3 130.9,CH 130.1
7 170.1 170.0

CHO1 191.1,CH 191.2 190.9 191.7
OCH-3 56.6,CH 2 56.3,ChHl  56.4

aSignal not reported in literaturdNMR experiments were acquired f€DGJ,’ CROD.
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3.6.1.2Lignan

Compound3.21was isolated as a yellow solid. The molecular formula was determined to be
GoHoo0r, based on the HRESIMS data/7 0 T M ®MH MY caléudated for &Hid07,
oTM®d®MMOMO® ! YI &4 | RREn@siobdRBell Sy h y ®RHiG #H 8 abd#
Twenty sgnals were observed on thBC NMR spectrum, corresponding to six aromatic

methine and six noiprotonated signals, a carbonyl carbon, two methoxy carbons, two
methine carbons, two oxygelnked methine carbons and an oxygknked methylene

carbon. The preence of the six neprotonated and six methine carbons confirmed that the

structure had two trisubstituted aromatic rings.

Four of the six notprotonated signals were oxygenateafhpearing at c146.8 (€3'0 X147.0

(G3"0 x£146.1 (&40 =  b1g54 (@4"); whilethe other nonprotonated signals were found

atic131.1 (10 X2 EkMRI(E'OVDP ¢KS FNBYFGAO YSOKAGE OIF ND :
(G20 £108.1 ("0 £114.8 (B0 £114.5 (S"0 £118.5 (B0 | ARB.1(%"). The

aNBYlI GAO LINRG2ya 2y 020K NAy3Iaz AyaSanNg GAy3

6.87¢6.94 @H, m, H5', 6, 2", 5'0 | yBR'8C6.80 (2H, m, K2, 6").

aSUKAYS LINRG2Y aA Fgaf(1d, ng iNES.38 @H QINBSHR HY), 0 ¢
1143.46 (1Hdd,J=9.2,3.8Hz,4d 0 W ¥.3 (1H, d)= 4.0 Hz, K) with their corresponding
OFNb2y aiAdyl 5.0 (GWHISI3HICY AS5B4Cp 0 P47 (GB6). An
2Ee@YSGKef Syi&04ANRdEED.4 46 Hz,H I 0  k4BR(1H, dd)= 9.4, 6.8

Hz, H8b) had a cross peak on the HSQC spectrum witloxiyenethylene carbon atc 72.8
CGyuvad ¢KS YSGK2ZE?& L3INBA(ZHYSDCH-3DILIS yIB7R3HI sii OGH

30 FyYyR GKS I Ol2yScOFrNEBY fialisis oflthe CASY Spéctrinti 1

showed correlations of H5/H6, H8a/H8b and H8/Hhe HMBC spectrum indicated the
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correlations between Wi 1®.85 and Gy cG2.8), G2" (1 c1081) (Figure 3). Correlations
were also observed on the HMBC spectrum betweéeh (H 3.46) and G2 (1 c83.4), G4 (1 ¢
177.)) and G1" (1c 132.3. The data above, alongside published dat#& indicated that

compound3.21 is 4ketopinoresinokFigure 38).

3.21

Figure3-8: Structure of the lignan isolated frof. mauritianus

Figure3-9: Structure of compoun@®.21showing some HMBC (arrows) and COSY (thick black
line) correlations
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Table3-5:1 b aw «n g multa@id Hz)] data in CDIf the lignan, compoun@.21,
isolated fromP. mauritianus

Position 1y (Jin Hz) Lit" 78

1 3.24, m 3.25 m

2 5.35, d (3.8) 5.33 d (3.0)
3

4

5 3.46, dd (9.2, 3.8) 3.48 dd (3.9)
6 5.33, d (4.0) 5.35 d (3.0)
7

8 4.04, dd, (9.4, 4.6) 4.03 dd (4.9)

4.33,dd (9.4, 6.8) 4.34 dd(6.9)

1
2' 6.792m 6.73¢6.97, m
3

4

5' 6.92Pm 6.73¢6.97, m
6' 6.88"m 6.73¢6.97, m
1"

2" 6.90Pm 6.73¢6.97, m
3"

4"

5" 6.89Pm 6.73¢6.97, m
6" 6.80,2m 6.73¢6.97, m
OH4' 5.67, brs 5.73

OH4" 5.60, brs 5.73

OCH-3' 3.904, s 3.89

OCH-3" 3.907, s 3.89

abOverlapping signalSNMR experiment was acquired @DGL
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Table3-6:13% baw OTp I o dataimcbebfahe lighan,.compound.2l, isolated
from P. mauritianus

Position  1¢ type Lit" 77
1 50.0, CH 50.1

2 83.4, CH 83.5

3

4 177.1, C 177.1
5 53.4, CH 53.5

6 84.7, CH 84.8

=

8 72.8, CH 72.8

1 131.1,C 131.2
2' 107.8, CH 107.9
3 146.8, C 147.1
4' 146.1, C 146.2
5' 114.8, CH 114.8
6' 1185, CH 118.5
1" 132.3,C 132.4
2" 108.1, CH 108.2
3" 147.0,C 146.9
4" 1454, C 145.4
5" 114.5, CH 1145
6" 1181, CH 118.1
OH4'

OH4"

OCH-3' 56.2, CH 56.2
OCH-3" 56.6, CH 56.2
"NMR solvent was not reported

3.7  Previous biological studies afome of theisolated compounds

The human system produces reactive oxygen species (R@$) as superoxide anions,
hydrogen peroxide and hydroxy radisdly the metabolic and enzymatic processast occur
through oxygen consumptidh These ROS hasignifican benefits when in small quantities.
However,they can be dtrimental in large amountglue to their ability to attack molecules
such as proteins and lipitfs They have been reported to contribute to rapid cellulagiag,

mutagenesis, cardiovascular and neurodegenerative dis€ades
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Many plants have been reported to possess antioxidardperties and in turn, able to
scavenge for free radic&fs® Many plants showing good antioxidant properties are rich in
phenolic compound® 8 Phenolic compounds are well known for their antioxidant
properties and ability to scavenge free radi€al$® This is the reason why phenolic
compounds might be able to serve as therapeutic agents irird@ment of oxidative stress
diseases. Phenolic compounds protect living systems against diabetes, cardiovascular, anti
inflammatory and anticarcinogenic effeét8'. Flavonoids, anthocyanins amitamins are

other classes of compounds that have been partly ascribed to thesR&@nging abilifi#®4.
Previous studies and this research revealed that Bieagmitesgenus is a good bank of

phenolic compounds.

Syringaldehyde3(18) was screened for its cytotoxicity against KB cells via the MTT method
and found to be inactiv&. Shahzad and eworkers® reported the cardioprotective abilitgf
syringaldehyde3.18) in albino Wistar rats. The study posited that the potency was due to its
antioxidant and antinflammatory properties. They reported that syringaldehy8¢elg) was

an excellent scavenger of nitric oxide (NO) radicals and suggtesiedurther research be
carried out to evaluate the observations in humasyringaldehyde3(18) displayed anti
inflammatory activity by inhibiting the enzyme cyclooxygerag€0X2) to a good measure

with an 1Gg value of 3.51g/mL%".

p-Coumaric acidq3.2) isolated from the ethyl acetate fraction @yperi rotundushizome
demonstrated moderate antioxidant activityo = 20.52uM) in the ABTS assay and weak
activity (Go > 500 uM) using the DPPH as8&yThe study further revealed the anti
inflammatory properties op-coumaric acid3.2) as it significantly decread NO production.

A study by Zabka and Pavlshowed thatp-coumaric acid3.2) had little or no inhibitory
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properties against six fungal species used in the studies, withntmemum inhibitory
concentration (Mlgg) ranging from 360 pg/mL to values greater than 1000 pg/mL.dtou
al.1% however reported good to moderate antibacterial inhibitory properties against
selected bacterial strains with MICs ranging from 10 to 80 pg/mL. In additimoymaric acid
was reported to kill bacteria by digpting the cell membrane, binding to the genomic DNA
and hindering proper cellular functions before finally causing dgatboumaric aci@3.2) is

I 6SE 1 A YIKWHIAK R yEcasEEs® withGo values reported to be greater than

30 mvitoL,

An investigation by Dhananjaya and colleagffagvealed that vanillic aci(B.5) selectively
inhibited the venom 5nucleotidase in a dge-dependent manner. Th&so values were 84,

98 and 65uM for Naja naja Daboia russelland Trimeresurus malabaricusmake venoms,
respectively. It was discovered in the study that vani{Bt20) had no inhibitory activity
leading to a hypothesis thahé carboxylic acid functional group on vanillic a@®) was a

key factor. Vanillic aci@B.5) was reported to possess antioxidant and immunomodulating
activity; it also exhibits hepatoprotective effect againsts@iuced chronic liver injury in
mice and rat$” 1% Vanillin(3.20) was a more potent antioxidant than ascorbic acid and Trolox
in the ABTS scavenging assay, ORAC assay and oxidative hemolysis inhibition assay (OxHLIA);
however, it was inactive in the DPPH radical scavenging'd&salye antiangiogenic, anti
nociceptive, antinflammatory and ability to decrease NO production was documented by
Lim and ceworkers, Vanillin(3.20) was nontoxic on rat kidneys, liver or brain tissues at a

concentration as high as 300 mg/kg when administered orally or-pperioneally®.

The cytotoxicity of ketopinoresinok3.21) was evaluated against human lung can@49,

human melanoma (SKel-2) and mouse melanoma (B16F1) cell lines by Moon and
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colleague¥”’. It was inactivelGo > 40ug/mL) against the A549 cell line and active against SK
Mel-2 and B16F1 cell lines wito values 0f20 and 13ug/mL, respectivelyd-Ketopinoresinol
(3.21) was described as an allelopathic agent because it prevented the growth of the shoot
and root of garden cress at 30 M 4-Ketopinoresinol(3.21) protected cells against
oxidative stressnduced injury by activating Nrf2/ARE and it can also inhibit platelet
aggregatiof’®. 4-Ketopinoresino(3.21) isolated fromEragrostis ferruginehad a moderate

Y SdzNE LINE (i S Ol A @ $dubetl To8cldyiin PCEI-cdlly with ansEalue of 54.8

pM1LL

3.8 Conclusion

In this study, seven compounds were isolated and characterized. One was a lignan, 4
ketopinoresind (3.21); the other six¢ p-hydroxybenzaldehydé¢3.7), syringaldehyde3(18),
trans-p-coumaric acid3.2), cisp-coumaric acid3.19), vanillic acid3.5) and vanillin 3.20) ¢
were phenolic compoundsTo the best of our knowledge, no previous repas found
detailing the phytochemical investigation of this plant species. The isolated compounds have
been documented to exhibit biological activities; however, it will be necessary to isolate more

material and conduct more biological investigations faufe studies.

3.9  Experimental section
3.9.1 General experimental procedure

Thegeneral experimental procedures are the same as reported in 2.10.1.
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3.9.2 Plant collection and preparation

The culm ofPhragmites mauritianusvas collected at Mabopane, Pretoria North, by Mr.
Monare, a traditional healer. The plant was authenticated at the H.G.W.J. Schweickerdt
Herbarium, University of Pretoria by Ms. Magda Nel. The voucher specimen was deposited

with the number PRU 124543.

Onekilogram of the finely ground culm (stem)®f mauritianusvas extracted with methanol

(4 x 2.5 Lat room temperature and the solvent was evaporated using a rotary evaporator
under reduced pressure to afford the crude extract (145 g). The crude exXfradtg) was
dissolved in minimal methanol, suspended in distilled water and then partitioned with
dichloromethane and ethyl acetate. This process afforded the dichloromethane (BGW)

ethyl acetate (EtOA&7Band the residual agueous methar®l Cfractions with yields of 8.8

g (6.8%), 2.8 g (2.2%) and 22.5 g (17.3%), respectively. The extracts were stored in glass vials

at 4 °Cuntil further use

3.9.3 Isolation and characterization

The DCM fraction5(A 7.57 g)was adsorbed on silica gel and loaded on column
chromatography (CC). The column was eluted with 100% hexane; a stepwise increasing
gradient of acetone was introduced to 100% acetone after a while, yielding twenty main
fractions 68Ato 58T). Fraction 958l) was subjected to I-SPE, and compoun8s20and3.7

were obtained. Fraction 158K) yielded compoun@®.18on subjection to LSPE. Fraction 13

(58M, 300 mg) was subjected to a silica gel CC and eluted with DCM 9:1 Acetone to DCM 3.7
Acetone, affordingen subfractions§3Ato 63). Subfractior63Dwas collected in three vials,

with one of them affording compound.21 (1.9 mg).Compound3.2 (0.2 mg) was obtained

when subfractior63lwas repurified on the L-GPE.
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The EtOAc fractiob{B 2.3 g) was loadeoh a silica gel CC and eluted with Hexane 8:2 EtOAc
+ 0.1% formic acid with a gradual gradient increase to 100% EtOAc, followed by an
introduction of MeOH, with continuous gradient increase to EtOAc 5:5 MeOH + 0.1% formic
acid gradient was achieved. TheC Gjielded twentythree subfractions §6A to 66W).
Subfraction66Bwas subjected to LSPE, yielding compound< (0.3 mg) 3.19(0.2 mg)and

3.5(0.2 mg). Compound.2 was already isolated from the EtOAc extract.

3.9.4 LGSPHsolation

A Phenomenex Lunabn polar columranda ProntoSIL C18Bn columnwere used fol.C

SPE purificationCompounds3.2, 3.19 and 3.5 were isolated usinghe ProntoSIL C18 gm
column while the other compounds were isolated with the Phenomenex LupanSoolar
column Thirty microlitres of 10 mg/mL solution of the samples were injected. The mobile
phase consisted of 0.1% formic acid in methanol (solvent C) and 0.1% formic acid in water
(solvent D) at aifferent flow ratefor each sampleWater was continually injected at a 1.5
mL/min flow rate to aid trappingising the Knauer pump. The peaks eluting from the HPLC
were trapped continuously othe Spark Holland GP Se&#ttridges using thenulti-trapping
function. The adsorbed compousdere eluted with acetonitrile from the cartridgeandthe
acetonitrile wasvaporated. The sampaveredried under a high vacuum and redissolved in

the appropriate deuterated solveabefore NMR analyses.

Gompounds 3.20and 3.7 were isolated using the method described as follows, with an HPLC
flow rate of 0.5 mL/min: linear gradient from 0 to 10 min {86% C), 1§17 min (85% C), £7

20 min (8%100% C), 2682 min (100% C), 834 (10@;15% C) and 385 (15% C).
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Compound3.18 was isolated with an HPLC flow rate of 0.6 mL/min, using the following
method: linear gradient from 0 to 10 min (@80% C), 1§15 min (80% C), £20 min (8@

100% C), 2(B2 min (100% C), 834 (10@20% C) and 385 (20% C).

Compound 3.2, 3.19and 3.5 were isolated using the method described as follows, with an
HPLC flow rate of 0.6 mL/min: linear gradient from 0 to 8 miq%3@ C), 8.0 min (35% C),
10c17 min (3§100% C), 122 min (100% C), 223 (10@20% C) and 225 (20% C).

3.9.5 Analytical data of isolatd compounds

Vanillin 8.20): white solid*H-NMR (400 MHz, CBi : 9.83 (1H, s, CHD, 7.42¢ 7.43 @H,

m, H2, 6), 7.04 (1H, dJ= 8.5 Hz, I5), 3.97 (3H, s, OGH).*GNMR (100 MHz, CDB{! :
191.1 (CH€L, CH), 151.7 (@, C)]147.2 (G3, C), 130.0 (@, C), 127.7 (6, CH), 114.4 (6, C),

108.7 (€, CH), 56.6QCH-3, CH). HRMS:153.0538 [M + H](calc for @HsOs, 153.0552).

p-Hydroxybenzaldehyd§8.7): white solid,'H-NMR (400 MHz, CDI: 9.87 (1H, s, CHAQ),
7.81(2H, d,J= 87 Hz, H2, 6),6.95 (2H, d,J= 87 Hz, H3, 5).13GNMR (100 MHz, C{A :
190.9 (CH€Ql, CH), 156.6 (€, C), 132.4 (€, C), 130.9 (2, 6, 2 x CH), 116.0-8C5, 2 x CH).

HRMS:123.0427 [M + H](calc for GH;Oz, 123.0446).

Syringaldehyde3(18): yellow solid!H-NMR (400 MHz, CQ{l: 9.82 (1H, s, CHD,7.15 (2H,
s, H2, 6), 6.04 (1H, s, G#), 3.97 (6H, s, OGH, 5).*GNMR (100 MHz, CDR{l: 190.9 (CHO
1, CH), 147.4 (B, C), 147.4 (G, C), 140.8 (@, C), 128.5 (€, C), 106.7 (2,62 x CH 56.6

(OCH-3, 5,2 xCH). HRMS:183.0650 [M + H](calc for @H110s, 183.0657).

4-Ketopinoresinol(3.21): yellow solidH-NMR (400 MHz, CDk: 6.87 ¢ 6.94 (4H, m,
aromatic protons), 6.78 6.80 (2H, m, aromatic protons), 5.67 (1H, brs;Okb.60 (1H, brs,
OH4"), 535 (1H, dJ= 3.8 Hz, F2), 5.33(1H, d,J=4.0Hz, H6), 4.33 {H,dd, J=9.4, 6.8Hz,

H-8b), 4.04 {H,dd, J=9.4, 4.6Hz H8a), 3.90 (6H,, OCH-3', 3"),3.46 (LH,dd, J=9.2, 3.8
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Hz, H5), 3.24 (1H, m, H). 3GNMR (100 MHz, CDI: 177.1 G4, Q, 147.0(G3", C),146.8
(G3, C),146.1(G4', C)145.4(G4", C)132.3(G1", C)131.1(G1', C),118.5(G6', CH), 118.1
(G6", GH), 114.8(G5', CH), 114.5 (6", CH), 108.1 (€', CH), 107.8 (Z, CH), 84.7 (6, CH),
83.4 (G2, CH), 72.8 (8, CH), 56.6 OCH-3", CH), 56.2 OCH-3', CH), 53.4 (G5, CH, 50.0

(G1,CH.HRMS:371.12180 a  B(calc Br GOy, 371.113).

Vanillc acid(3.5): white solid!H-NMR (400 MHz, GDD)t : 7.559 (1H, m, #2), 7.550 (1H, m,
H-6), 6.83 (1H, dJ= 8.7 Hz, ), 3.89 (3H, s, OG).13*GNMR (100 MHz, GDD)+: 170.1
(G7,0C),152.6 @, C), 148.6 (G, C), 125.2 (B, CH), 123.1 (€, C), 115.7 (6, H), 113.6 (€

2, CH), 56.3QCH-3, CH). HRMS:167.0406m a  B(calc for GH,0s, 167.0344).

Transp-coumaric acid3.2): white solid,!H-NMR (400 MHz, GDD){ : 7.58(1H,d, J=15.9Hz,
H-7), 7.44 (2H,d, J=8.6 Hz, H-2, 6),6.80(2H,d, J=8.6 Hz H-3, 5), 6.28 (1H,d, J=15.9Hz,H-
8).13GNMR (100 MHZCROD) ¢ : 171.9 (G9, C),161.1 (&4, C).146.4 (G7, CH), 131.0 (G2, 6
2 xCH), 127.2 (€1, C)116.7 (G3, 5 2 xCH),115.8 (G8, CH)HRMS:163.0466M b HJ (calc

for GH7Os, 163.0395).

Cisp-coumaric acid3.19): white solid,'H-NMR (400 MHz, GDD +: 757 (2H,d, J=8.6 Hz
H-2, 6),6.72(2H,d, J=8.6 Hz H-3, 5), 6.70(1H,d, J=12.8Hz,H-7), 5.78 (1H,d, J=12.8Hz,
H-8). 3GNMR (100 MHZCDRXOD) : not observed (©, C),159.4 (&4, Q, 141 (€7, CH)132.9
(G2, 6 (H), 128.1 (€1, C), 119 (8, CH)115.7 (G3, 5 CH)HRMS:163.0459M b HP (calc

for GHOs, 163.0395).
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Chapter 4 General conclusions

This project started due to the interaction between a South African traditional healer and a
research group at the University of Pretoria. His ethnomedicinal reports revealed that
Rhynchosia minimavar prostrata is used to treat heart/chest pain whil®hragmites
mauritianusis used to treat cancer. Literature reports documented tRaiminimas used in

the treatment of upper respiratory ailments. These reports resulted in the selection of two
fungi that have been identified as risk factors in respiratdiness,Candida albicansand
Qyptococcus neoformandt was also observed thaR. minimais used locally to treat
symptoms often associated with invasive fungal infections. No literature reports were found
to support the claims of the traditional healersgarding the use oP. mauritianusn folk

medicine.

The aim of this research was to identify and isolate bioactive constituents, which could
potentially be responsible for the traditional uses and pharmacological effects of these plants.
Therefore, phybchemical investigations were conducted on the leaf extractR.ominima

and the extract obtained from the culm/stem &. mauritianus Sequential extraction was
employed forR. minima generating four solvent extracts, while a single solvent extraction,
followed by liquidliquid partitioning, was employed fd?. mauritianus This study used the
traditional column chromatographic technique and the modern hyphenated chromatography
instrument (HPLGPEMS) repeatedly to isolate the secondary metabolites. THePLE
gTOFMS was also employed for the tentative identification of bioactive constituents from
two solvent extracts oR. minima The solvent extracts and four compounds isolated flom
minima were screened for their antifungal potential again§andida albicans and
Qyptococcus neoformansThe solvent extracts were also assayed for their cytotoxicity

against two cancerous and a normal cell line.
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Eight compounds were isolated froR. minima Compound<2.91, 2.88b and 2.84b have
never been isolated frontie Rhynchosigenus. This is the first report describing the isolation

of 2.63 2.2, 2.104and 2.5 from R. minima Six of the compounds isolated frofh minima
were flavonoids, a class of compounds widely known for a wide range of biological activities.
Anorisoprenoid and a cyclitol made up the compounds obtained fRomminima Compounds

2.91, 2.84b, 2.63 and 2.104 were screened againstandida albicansand Qyptococcus
neoformans Compounds2.104 and 2.84b were active with an MIC value of 6.25/mL
againstC. albicansthe MIC was comparable to the control, amphotericin B. Agaihst
neoformans these two compounds were more active, as observed in the MIC value (6.25
pg/mL) as opposed to amphotericin B,ttvian MIC value of 12.50g/mL Compound2.91

with an MIC of 62.5Q0g/mL was moderately active agairt albicangnd inactive against.
neoformans(125.00ug/mL), while compoun®.63 was not active (MIC = 125.Q@/mL)
against both fungi. All thR.minimaextracts except methanol were moderately active against
C. albicanswhile the ethyl acetate extract was the only inactive one againsteGformans
Chemical profiling of the dichloromethane and ethyl acetate extrack. ofiinimaresulted in

the identification of flavones, isoflavones, flavanones, flavor@idycosides, polyols and long
chain fatty acids. Nine of the identified compounds have been previously isolated or identified

either fromR. minimaor other species in the genus.

A chemicainvestigation ofP. mauritianuged to the isolation of seven compounds, including
phenolics and a lignan. Increased reactive oxygen species (ROS) in the body can damage DNA,
leading to cancer. Phenolic compounds are good scavengers of ROS and could mitigate
oxidative stress and cancer. The lignan isolated in this study is known to activate Nrf2/ARE,
thereby guarding human cells against oxidative stiagsiced injury. These reported

biological activities might serve as a pointer to their potential in cartoestment or
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prevention. This study ithe first phytochemtal investigatiorof this speciesCompounds
3.18 3.19 3.20 and 3.21 have never been reported from thd>hragmites genus.
Unfortunately, none of the compounds isolated from this plant was screened for bioactivity

due to the quantity or quick decomposition of the isolated material.

This study further confirms that bioactive compounds can be obtained from medicinaé$ plan
Plants have contributed to drug discovery, and natural products will continue to play a
significant role while contributing to the industry. As previously reported in literature, many
flavonoids were isolated and identified frofh minima confirming hat the genus is a source

of flavonoids and flavonoid glycosideshe isolated compounds, quercetin and loliolide,
obtained fromR. minimademonstrated comparable or superior activity to amphotericin B,
thereby warranting further studies on their developnteas antifungal agents. Further studies
need to be carried out to ascertain if they selectively act against the fungi and arxion

to human cells. As expected, the ligmioh culm ofP. mauritianuslso led to the isolation of
phenolic compounds; Bgnan was also isolated. Further chemical investigation is necessary
to identify and isolate more compounds of different classes, and these compounds should be

screened for biological activities.
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Appendix I: NMRand HRESIMS spectrumnpiesof compounds fromRhynchosia minima
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Plate 1a'H NMR(400MHz CDG) spectrum ofcompound2.91
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Plate : HMB((400 MHz, CDg)Ispectrum of compoun@.91
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Plate 1: HSQ®400 MHz, CDg)Ispectrum of compoun@.91
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Plate : COSY400 MHz, CDg)Ispectrum of compoun@.91
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Plate X: HRESIMS spectrum ampound2.91
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Plate 2b23C NMR (25MHz, CDG) spectrum of compoun@.88b
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Plate Z: HMBC(500 MHz, CD¢§}Ispectrum of compoun@.88b

el

0

F1 [ppm]

153

T
F2 [ppm]



Plate 21: HSQE500 MHz, CD¢g}Ispectrum of compoun@.88b
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Plate 2: HRESIMS spectrum of compouh88b
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Plate3a: *H NMR (400 MHz, GDD)spectrum of compoun@.104
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Plate3b: 13C NMR (25 MHz,CROD) spectrum of compound.104

h e —

9C766 —

0s”

66"
A
1T —
§T”

99

ves

Fes
0o~
gL”

§Z°

A
L9

ge”

FOLT —

STT~
9TT—"

Pl —

LLT—

ppm

170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20

180

157



acd d

A

Plate 3 HMBC(400 MHz, CE&DD) spectrum of compounzi 104
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Plate 3I: HSQG400 MHz, C§DD) spectrum of compour2l 104
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Plate 3: COSY400 MHz, CfDD) spectrum of compouri2l104
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Plate3f: HRESIMS spectrum of compouh#l04

LC-MS (Synapt) Facility

UP, Chemistry Dept.
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Plate4a: *H NMR (400 MHL£ROD) spectrum of compound.3
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Plate4b: 3*C NMR (25MHz,CROD) spectrum of compoun@.3
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Plate 4: HUIBC(400 MHz, C§DD) spectrum of compourl3
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Plate 4: HSQQ400 MHz, C#DD) spectrum of compouri2l3

STER D N

0

165

I
F2 [ppm]



TR A S

L

Plate &: COSY400 MHz, CEDD) spectrum of compouri2l3
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Plate4f: HRESIMS spectrum of compouhd

LC-MS (Synapt) Facility UP, Chemistry Dept.
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Plate5a: *H NMR[400 MHz(CD»).SO]spectrum of compoun@.2
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Plate5b: 13C NMR125 MHz, (CE).SOl]spectrum of compoun@.2
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Plate &: HMBC[400 MHz, (C§).SO] spectrum of compourizi2
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Plate 3l: HSQQG400 MHz, (C).SO] spectrum of compourzi2
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Plate ®: COSY400 MHz, (C§).SO] spectrum of compourizi2
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Plate5f: HRESIMS spectrum of compouhd

LC-MS (Synapt) Facility
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Plate6a: tH NMR %00 MHz,C3OD) spectrum of compoun@.5
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Plate6b: 3C NMR 125 MHz, CEDD) spectrum of compound.5
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Plate & HMBC(500 MHz, C§DD) spectrum of compour@l5
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Plate @: HSQQ500 MHz, CEDD) spectrum of compouriel5
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Plate6e: HRESIMS spectrum of compouh8

LC-MS (Synapt) Facility UP, Chemistry Dept.
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Plate7a:'H NMR (400 MHz, CB3pectrum of compound.84b
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Plate7b: 13C NMR75MHz, CDG) spectrum of compoun@.84b
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Plate . HMBC(400 MHz, CD¢}Ispectrum of compoun@.84b
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Plate ©d: HSQC (400 MHz, CD¢g}Ispectrum of compoun@.84b
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Plate &: COSY400 MHz, CDglspectrum of compoun@.84b
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Plate7f: HRESIMS spectrumadmpound2.84b
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Plate8a: 'H NMR400 MHz, (C£).SO]spectrum of compoun@.63
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Plate8b: 13C NMR100 MHz, (Cg).SO]spectrum of compoun@.63
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Plate & HMBC[400 MHz, (C£).SO] spectrum of compourzi63
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Plate &l: HSQG400 MHz, (CE).SO]spectrum of compoun@.63
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Plate & COSY400 MHz, (Cg).SO] spectrum of compourl63
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Plate8f: HRESIMS spectrum of compouhé3

LC-MS (Synapt) Facility

30190603 _Adetola_AHA_1_37B_p 62 (0.720) AM2 (Ar,18000.0,556.28,0.00,L5 10)
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Plate 9 MS and MS/MS spectra tfliolide tentativelyidentified in the positive ionization mode
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Plate 10: MS and MS/MS spectrardin tentatively identified in the positive ionization mode
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Plate 11: MS and MS/MS spectra of schaftoside tentatively identified in the negative ionization mode
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Plate 12: MS and MS/MS spectra df@acetylgenistintentatively identified in the negative ionization mode
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Appendix Il: NMR and HRESIMS spectrum copies of compoundsPtmiagmites mauritianus
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Plate13a: 'H NMR (400 MHz, CB3pectrum of compoung.18
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Plate13b: 13C NMR (25MHz, CD@J spectrum of compound.18
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Plate 18: HMBC(400 MHz, CDg}Ispectrum of compound.18
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Plate 138l: HSQC (400 MHz, CD¢}Ispectrum of compoun8.18
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Plate13e: HRESIMS spectrum of compouhi8

LC-MS (Synapt) Facility UP, Chemistry Dept.
20201112_Adetola_AHA_1_64B_p 284 (3.240) 1: TOF MS ES+
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Plate ¥a:H NMR (400 MH£DROD) spectrum of compoun@8.2
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Plate #b: 3C NMR (25MHz,CQOD) spectrum of compoun8.2
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Plate 14: HMBC(400 MHz, C§DD) spectrum of compour@i2
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Plate 141: HSQG400 MHz, CfDD) spectrum of compouri@l 2
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Plate 14: COSY400 MHz, C§DD) spectrum of compour@i2
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