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Abstract

This thesis examined the vitro phytochemical and cytotoxicity/anticancer activities
of four selected plants from the Libyan floBased on information on traditional
medicinal uses ana literature survey,Bougainvillea spectabiliswilld. (Fam:
Nyctaginaceae)Alhagi graecorunBoiss (Fam: FabacegeRetama raetanfForssk.)

Webb & Berthel. (FamFabaceae)and Psoralea plicata(Fam: Fabaceae were

selectedThe fourplantswere investigated phytochemically and a range of compounds

were elucidated, including: pinitol, allantoin, trigonelline, narcissin,
alpinumisoflavone, &-D-glucopyranosylgenistein, ephedroidin, plicadinpsoraén,
angelicin and daidzein

The study concentrated on the evaluation-béxaneethylacetate (EtOAc)nethanol
(MeOH) and ethanol (EtOH}¥olvent plant extracts and some of the isolated
compounds for cytotoxicity based on metabolic actitdyevaluate theotential
anticancer activity against six human tumour cell lireenancaucasian hepatocyte
carcinoma (HepG2)human malignant melanoma (A373)uman caucasian lung
carcinoma (A549)humancaucasian pancreas carcinoma (PANChumancaucasian

breast adenocarcinoma (MCFRymancaucasian prostate carcinoma (LNCaP), and

nortcanceroushuman normal prostate (PNT2) cells as the normal control.

Cytotoxicity at different concentration4.95 3.90, 7.81, 15.62, 31.25, 62125 and
250¢ g /) afthese extractwas evaluatedsingaresazurin assay.

B. spetabilis extracts and its isolated constituents pinjBs-1), allantoin(Bs-2) and
trigonelline (Bs-3) showed no cytotoxic activity oany ofthe cell lines.Similarly,

A. graecorumextracts and its isolated constituemarcissin (Ag-1) showed no
cytotoxic activity The EtOAc extract oR. raetamwas toxic to HepG2, A37HBANC-
land PNT2 at 2hWalegdanlofwiltHho .12 eg/ ml ,
and 154. 3 ¢ g/andlvgsalsotexxweNCaRavlé® g/ ml  wido t h

value of67.6¢ g /. kdwever,this extractwas not toxic to A54%and MCF7 cells.
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In addition,alpinumisoflavoe (Rr-1) was toxic againddepG2, A375A549, PANC-

1, MCF7Tand PNT2 at 1%alweésnl oiwed®&gh gl g/ Inl 8.
eg/ mlgglmlOelg/ ml , a g drespettRely@hile it was highly toxic

to LNCaP at @&ndGo%alueaid/3ml6 viEhgr-hexane, MeOH8-b-
D-glucopyranosylgenisteirfRr-2) and ephedroidin(Rr-3) exhibited no cytotoxic

activity on the cell lines.

Fraction 2 ofP. plicata EtOH extract (PpFR) which contais plicatin A (Pp-1),
daidzein(Pp-3), anda mixture of psoralenRp-2a) andangelicin(Pp-2b) was toxic

againstll thecell lines.It was toxic to HepGRANC-l,and PNT2 at 250 ¢ ¢
ICsovalues ofl61.5¢ g / ml 125.9 e€g/ml, and 126.1 ¢€g
agai nst A3 7TwithantCsoaie f £ d /1@ .while & vgas mghly toxic

against MCF7 and LNCaP at 6259 / ml s alhudsC of 5dg/2mleg/ ml
respectivelyHowever,this extractwas not toxic to A549, while the other fractions

demonstrated no cytotoxactivity on the cell lines.

In further studiesRr-1 andPpFr-2 showed selective activity on LNCaP and MCF7
cells.BothRr-1 and PpH2 had an inhibitory effect on adhesion, migration on LNCaP
and MCF7 cells. The effect d&®r-1 and PpH2 inhibited adhesio of LNCaP and
MCF7 cells to fibronectinThe % of inhibition of adhesion on LNCaP and MCF7 was
60%- 75% and 50% 80% respectively, while the % of inhibition of migration was
50%- 70% and 75% 90% respectively.

Therefore,Rr-1 and PpH2 have the potential to treat prostate and breast cancer by
inhibition of cell adhesion and migration as a result of reduced or inhibited attachment

to fibronectin
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Chapterl

Introduction



1.1 Herbal medicine

The relationship between hunsandplantshas beerong-establishedusing plants

for clothing, nutrition, shelter and for herbal medicines to treat various diseases.
Egyptian papyrus and Mesopotamian clay tablets were the first written records which
indicated that primitive people used medicinal plants with experatientand
differentiated betweetypes of plants which have active effects and others that ha
adverse effects on human heghmadet al, 2006)

Recently, there has been a significant revival in the use of medicinal, gisypesially

in the last three decades in both developed and developing countries. The World Health
Organization (WHO) reported th80% of people worldwide used herbal medicines

for their curative needs, and 25% of prescribed medication has originated from in
medicinal plant§Haq, 2004) The WHO informed tha88% from 170 member states
have acknowledged their use of traditional and complementary medicine. They have
applied laws, regulationgrogrammesformally developed policieand offices for

traditional and complementary medicif@rganization, 2019)

There arearound 250,000 species of higher plants on earth, and more than 80,000
species are registered to have active compounds and approximately 5000 species have
definite medicinal effects and are classified based on many factors such as the habitat,

habit, pat used and their medicinal ugeanet al, 2013)

In most developing countriegshere are no rules to regulate herbal medicine,
neverthelesst is themost popular method used to cure health problems due to poverty
and the high cost of modern medicines. For instand@hana the Practitioner: Patient
ratio is 1:400 in Brbal mediane compared to 1:1@00 in modern medicinéHaq,
2004) While in Ethiopia, according to the Hadiya Zone Study around 38% of herbs

and 32% of roots are popular forms of herbal medicine (/sgidhoet al, 2014)



The herbal medicine market himereased significantly in the world since 1985 and
numerous factors afeelping the growth of this market as the interest of people in
natural medications because thelyelieve that herbal drugs are safe and efficacious
and are preferred thepharmaceutals. Additionally, elderly patients choose herbal
medicine asan alternative,with increasingtrendsin selttherapy, anddue tothe

expeng ofmodern medicinefCalixto, 2000)

1.2Medicinal plants for disease treatment

Natural products continue to be a major source of pharmaceuticals. Various plant
compounds including alkaloids, terpenes, sterols,oflaids, lignans,saponins,
quassinoids, macrolides, anthrapyrazoles, essential oils and other miscellaneous
compounds. Natural products are a valuable source of inspiration as lead compounds
for the design and development of new drug candidd@esel et al, 2011) For
example more than 100 new productarticularly antancer agents and anti
invectives are derived from natural producislewman and Cragd016b) Some

examples of drugs, derived from plarded their activitiesre shown in Table 1.1

Table 1.1: Some natural products: currently used, originally derived from plants and
their clinical use.

Drug Trade name Plant _Year Activity
introduced
Morphine Roxanol Papaver somniferum| 1805 Analgesic
Colchicine | Mitigare Colchicum autumnalg 1820 Antibacterial
Theophylline| Phyllocontin | Theobroma cacao 1895 Bronchodilator
Digoxin Lanoxin Digitalis lanata 1930 Heartdisease
Quinine Qualaquin Cinchona calisaya | 1936 Antimalarial
Reserpine | Diupres Rauvolfia serpentina | 1954 Antihypertensive
Artemisinin | Artemisin Artemisia annua 1987 Antiparasitic
Paclitaxel Taxol Taxus brevifolia Nutt | 1993 Anticancer
Masoprocol | Actinex Larrea divaricatta 1993 Anticancer




1.3 Cancer

Cancer is a class of diseases in which a cell or group osbeNguncontrolled growth
(division beyond the normal limits), invasion (intrusion into and destruction of
adjacent tissues), and sometimes metastasis (spread to other locations in the body via
lymph or blood). These three malignant properties of cancerseattiffate them from
benign tumours, which are sdifnited, and do not invade or metastasis. Most cancers
form a tumour but some, like leukaemia, do Aato factors primarily cause cancer:
external factors, such as chemicals, radiation, tobacco and infectiganisms, and
internal factors suckas hormones, immune conditiongherited mutations and
mutations that occur from metabolism. These facssact together or in sequence
to initiate and develop cancdfGSoyal, 2012) The studydata revealed that there were
6.7 million deaths, £6 million people living with cancer, and 10.9 million new
patients around the worl@Parkinet al, 2005) The international burden of cancer
doubledbetween 1975 and 2000 and is expected to double ag&@028yand nearly
triple by 2030(Kaplan, 2013)According totheWHO 2010data,it wasexpectedhat
approximately84 million peope died due to canceiThe WHO reported that in 2016,
there were 14 million new cases and 6.2 million deaths worldwide and it is expected
that these figures will rise to 22 million new cases within the two degadesBYy
2030, there will be more thal3 million deaths from canceworldwide and
approximately21 million diagnosed csesevery year Accordingto WHO statistics,

in 2050, itis estimate that 17 million new cases afancer will be diagnosed in
developed countries and 7 million new casesawicer will occur in more developed
countrieg(Schwartsmanet al, 2002, Ferlaytal., 2015, McGuire, 2016)

In Libya, cancer ighemain healttproblem butaccurate contumous incidence studies
are lackingand epidemiological data in the country is spaPseviousstudies have
covered only parf Libya such as the eastern or western. fpamt instancedata were

collected retrospectivelfrom the Tripoli Medical Centreduring 2008 The study



revealed thaatotal of 1051 cancer casesstound (50.1% males and 49.9% females).

In males, they were lung (15.6%), colorectal (12.3%) and prostate (@29%6¢rs
whereasin females, most common cancers were breast (23ctlojectal (9.4%) and
uterine (8.6%). Agavise, 31% were younger than 15 years, 64.6% between 15 and 64
years and 4.2% above 64 years, ddt n femalesthere were two peaks (the age

group 4044 andthoseolder than 75)Benyasaacet al, 2017, Alramatet al, 2019)
Ontheotherhand6 The Benghazi Cancer Registryd ha
new cases diagnosed in Eastern Libya and also datarfredical and mortality
records from multiple other sources. The leading cancers in males were found to be
lung, colorectal and bladder, while in females, the leading malignancy was breast,
followed by colorectal and uterine cancers. Lung and breast cameegsthe most
common causes of cancer deaths in adults. In the paediatric age group, the most
frequently occurring cancer was identified as lymphoid leukaéBliMistiri et al.,

2015)

Brayet al (2012)evaluate thechanging patterns of cancer according to varying levels

of the Human Development Index (HDIThe studyused four levels (low, medium,

high, and very high) of HDI,ral the study useahindicator ofgrossdomestic product
educationand life expectancyper person. In 2008the study found Libydo bein
medium HDI regionsThey reported that the numbafrcancer incidence cervical

and stomaclwas decreasedompaed toincreasng incidence of cancers ofréast
(female) prostate, and colorecturtigure 1.1) (Bray et al, 2012) In addition,the

Global Cancer Observatory (May 20X8pvided new cancestatisticsfor Libya and
foundthatlung cancem maleswas most common 18.9%hile leukaemia was 4.7%.

On the othehand,female breast cancehowedhe highestases 23% while ovarian

cancer the lowest.6%as shown imables1.2 and 13.
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Figure 1.1: Five most frequently diagnosed cancers in terms of incidence in 2008,
by theHuman Development Indebevel Map. Themap shows only countries
included in the analysssLibya, andtheimagetaken from(Bray et al, 2012)

Table 1.2: Number of newcancercases in 2018, both sexes, all aigekibya

Males Females

Lung 595 18.9% Breast 753 23.8%
Bladder 334 10.8% Colorectum 366 11.8%
Prostate 317 10.1% Cervix uteri 319 10.1%

Colorectum 309 9.8% Leukaemia 158 5%
Leukaemia 174 4. 7% Ovary 145 4.6%
Other cancers 1447 46% Other cancers | 1418 44.%%
Total 3149 | 100% Total 3159 1006



https://www.sciencedirect.com/science/article/pii/S1470204512702115#fig3

Table 1.3: Summaryof cancerstatistics in 2018 for Libya

Males Females Both sexes

Population 3261156 |3209801 |6470957

Number of new cancer cases 3 149 3159 6 308

Age-standardized incidence rate (World) | 135.3 109.4 120.3

Risk of developing cancer befotige age of 11.4 12.8

75 years (%) 14.6

Number of cancer deaths 1887 1488 3375

Age-standardized mortality rate (World) | 85.3 55.9 69.1

Risk of dying from cancer before the age 9.3 6.1 7.6

75 years (%) '

5-year prevalent cases 6116 7611 13727

Top 5 most frequent cancers excluding a¢ Lung Breast Breast

melanomaskin cancefranked by cases) | Bladder Colorecturr? Colorectum
Prostate Cervix uteri | Lung
Colorectum Leukaemia BIanger |
Leukaemia Ovary Cervix uteri

1.3.1Anticancer natural products

Many studies in the last few decades on tlh&covery and charactesation of

anticarcinogenic compounds from medicinal plants and madneeshaverevealed

a great diversityNewman and Cragg, 2016&8omeresearcherbave suggested that
natural anttanceragentsnay belong to any of the followingainclass of compounds.

The major emphasis has been laid on the flavon@dsmarinsphenolicsterpenoids,
carotenoids, anthquinones, saponinsannins,and many others all of which are
secondary plant metabolites. More than 500 compounds belonging to at least 25
chemical classes haveen reportetb containanticarcinogenipropertiegChouhan

et al, 2016)



The annual deathsorldwide according tahe AmericanCancerSociety account$or
roughly more than 3million cancer deathsCurrentresearch is beingarried out
throughout thejlobeto look for activecancer treatmentd/edicinal plantareusedto
treat cancewusing extracts and isolatedompounds with antioxidargnd anticancer
activities that are knomwto inhibit or kill carcinogenic cell@riyaet al, 2015)
Cragg and Newman (2005) reportdtht plants ae a source of anticancexgents

divided into three groups

The first grougcontainglantderived anticanceagents in clinical us@ablel .4) such
asdocetaxel1) used forbreast lung cancerelipticine (2) andhomoharrirgtonine(3)
used fotthe teatment of acute and myelogenous beukia irinotecan(4) used forthe
treatment of colorectal cancepmclitaxel(5) used br thetreatment of ovariarbreast
and nomnsmaltcell lung cancerpodophyllotoxin(6) used forthe treatment of skin
cancers and wartsopotecar(7) usedfor the treatment of ovarian and smedlll lung
cancerswhile vinblastine andiincristine(8) areused inthetreatment of breast, lung,

lymphomas, leuemias andesticular cancer

The second groupcludesplantderived anticancer agents in clinical adepment

(Table 15) such azombretastatir{9), flavopiridol (10) androscovitine(11).

Finally, the third group includes plantderived antumour agents in preclinical
developmen(Table 16) such adetulinic acid(12), bruceantin(13), -ldpachoneld),
maytansing15) andpervilleine A(16) (Cragg and Newman, 2005, Kaeiral, 2011,
Bhanotet al, 2011, Newman and Cragg, 2016b)



Table 1.4: Plantderived anttancer agents clinical use(Cragg and Newman,

2005)

Name of drug

Plant source

Chemical structure

Docetaxel Taxus specie
(Taxoteré) (Family: Taxaceae).
(1)
Ellipticine Bleekeriavitensis
(2) A.C. Sm.(Family:
Apocynaceae).
Homoharringtoni | Cephalotaxus Ho CHs
ne harringtonia cHs
(Ceflatonirf) var.drupacea o
3 (Sieband Zucc.) o © L—CHs
(Family: o oH |
Cephalotaxaceae) HsC ‘
A X7
o
Irinotecan Camptotheca (Djeddi et al., 2013pjeddi et al.,
(Camptosdt) acuminateDecne. 2013)(Djeddi et al., 2013)

(4)

(Family: Nyssaceae)




Paclitaxel

(Taxol®)
®)

Taxusbrevifolia
Nutt. (Family:
Taxaceae)

Podophyllotoxin

Podophyllum specie

(6) (Family:
Podophyllaceae) O‘ o
o
H3CO ‘ OCHg3
OCHg;
Topotecan Camptotheca CH3
(Hycamtirf) acuminateDecne
©) (Family: Nyssaceae)

Vinblastine and
Vincristine

(8)

Catharanthus roseug
G. Don (Family:
Apocyanaceae)

10




Table 1.5: Plantderived anttanceragents in clinical developme(€ragg and
Newman, 2005)

Name of Plant source Chemical structure
drug
Combretast | Combretum caffrunGEckl. OH
& Zeyh.) Kuntze
atin 0 OCHj
(Family: Combretaceae). OH Vi
9) HsCO : N
H,CO
Flavopiridol | Dysoxylum binectariferum
or Hook. f.
Alvocidib (Family: Meliaceae)
(10)
Roscovitine | Raphanus sativus.
or (Family: Brassicaceae)
Selicidib
(11)

CH;

11




Table 1.6: Plantderived antumour agnts in preclinical developme(@ragg and
Newman, 2005)

Name of Plant source Chemical structure
drug
Betulinic Betula species CH,
acid (Family: Betula
(12 ceae) HaC
HaC COOH
CHj
HO
He  CHs
Bruceantin | Bruceaantidysenter oH 0
ica J.FMill. (Family:
(13) . (Family.
Simaroubaceae)
b-Lapachone| Tabebuiaspecies @)
14 (Family:
Bignoniaceae) O
®)




Name of Plant source Chemical structure
drug

Maytansine | Maytenus serraté OCH3 CHs
(15) (Hochst. Ex A. Rich.

Wilczek (Family:

Celastraceae)

Pervilleine A | Erythroxylum pervillei

CHy
(16) Baill. (Family: OCH; N
Erythroxylaceae) HC0 HO
HyCO A N° OCHs
© 0

-c OCH,
0

OCH,

The present researchfocusedon investigatinganticancer activity in plants that are
grown in Libya which may contain compounds with significaytotoxic effects on

cancer

1.4 Medicinal plants in Libya

Libya occupiesa remarkahy large areaof Northern Africa, covering an area of
1,759, 540 Km?, with a Mediterranean shdiree of about 93000 Kmz. This location
enables amnormousvealth of vegetation distributed in various proportions in three
mgor zones (Figure®) Fezzan (Saharan regign Cyrenaica and Tripolitania
(Mediterranean regions). The Libyan Mediterranean coast has only moderate

biodiversity when compared with theliand Saharan florMukassabet al, 2012)

13



As a result, Libyan tratonal medicine consists of significant natural sources of
medicinal plants which have protective and therapeutic properties. The recording of
Libyan flora and/or vegetation started with the plant collector Cerueli81112 in
Cyrenaica, followed by nmgy collectors during the Turkish Empire, but without a
precise scientific procedure until Italiatholars occupied Libya in 191%uch as
Béguinot and Trotter in 19321913, and Grande in 1914 in northern Fezzan and
Tripolitanig) (Cuccuiniet al, 2015) Despitemany studies, new records of some plant
species are still to be made in some areas of Libya due to their being previously poorly
known (Saaeckt al, 2019) On the other hand, some medicinal plants are threatened
with extinction due to many influences including overgrazing and overexploitation
which has led to deforestatigBen-Mahmoudet al, 2003) and desertification which
transpires due to climate chari@& HOUEROU, 2004and asaresult oftheincrease

of development activities without regulati@shatshat and Mansour, 201Bjnally,

poor awareness of the importance of medicinal plants anthagleoof strict policies

that would regulate their uses and protect them from these degradation lesxddrs
ashortage of suitable a®f medicinal plant§Louhaichiet al, 2011)

Libyan regions
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Figure 1.2: Map showing the locatioaf the major vegetation regions of Libgad
theimagetaken fromhttps://fanack.com/libya/geograploy-libya/ Attribution
ShareAlike 4.0 International (CC BYSA 4.0)

14


https://fanack.com/libya/geography-of-libya/
https://fanack.com/libya/geography-of-libya/

1.4.1 Bougainvillea spectabiligVilld: (Paper flowers)

B. spectabiliswilld (Figure 1.3) is called Almajnona or Aljohannamia in Arabic. The
plant isaperenniakhrub spreading horizontally or hanging downwérdan be grown

as a tree or as ground cover, and its trunk tends to be crooked (Balasadasiva
Walker, 1998).

It is a climbing plant with spines and showy flowers, the colour of which range from
orange, white, yellow, various shades of red to purple and \(®letiq Ali et al,

2005) It is widely cultivated as an ornamental because it flowers throughout the year,
and is easily propagated by stentting: a favourite garden plant with many varieties,
as a result of this property, the shrub is suitable for decorating fences andwallside

of buildings and hedging plants in gardens.

Figure 1.3: Variety of Bougainvillea spectabiliiowersand image of thelanttaken
from https://candidegardening.com/GB/plants/27bfefdibr-4c26b70a
8195e07cdaeStarr 030418058Bougainvillea spectabiliby Forest &amp; Kim
Starr(CC BY 3.0)

1.4.1.1Traditional uses

In the Northern region of Nigeria, especially by the Nupe people in S$ig¢e, the

crude extract of the leaves Bf spectabilisis still consumed as a herbal drug for
diabetes(Malomo et al, 2006) while its stem has been used in folk medicine for
hepatitis(Changet al, 1993) However, n Libya, the plant has been used for a long

time as an ornamentplant and there is no reported traditional medicinal use.
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1.4.1.2Active ingredients and biological activities

Rashidet al (2013) analysed the phytochemical constituents of the dried powdered
plant parts extracted using aqueous and organic soledmasol (EtOH), methanol
(MeOH), chloroform (CHQG) and acetondCH:COCH:). Phytochemical analysis
demonstrated the presence of glycosides, tannins, alkaloid, flavonoids, saponins,
steroids, terpenoids and phlobotannins in distilled water, EtOH, MeOH, Git@l
CHsCOCH; extracts of leaves, stenand flowers. The extracts were found to have
antimicrobial activity againsBalmonella typhusing a paper disc diffusion method.
Different parts otthe stem extractshowed higheactivity for MeOH extracts. Lda
extractshowedthe highest activity followed by flowers and stem. Also,fl&aOH
extractsrevealedhe highest activitywhile flower EtOH and MeOH extractshowed

the highest activity for bottfRashidet al, 2013) Ahmed (2009) analysed the MeOH
extract ofB. spectabilisleaves which led to isolation and identification of thnesv
triterpenoid saponing he structures dheisolated compound®s-7, Bs-8 andBs-9)

were identified using a range of spectroscopic techni@jtese:1.7) (Ahmed, 2009)

In addition, Jawlaet al (2013) analysed the MeOH extract of stem b@He powder

of the stem bark was suspended in water and extracted with dichloromethaG&)CH
ethyl acetate (EtOAc),mal butanol (BuOH) sequentiallythe EtOAc fraction was
loaded on to a column packed with silica gel and eluted with a gradient ofsCHCI
MeOH, and water yielding five fractions (4). Chemical constituents were isolated
by repeated column chromatography of these fractions. The results revealed that the
column chromatography of fractions B and C afforded fmompound$Bs-1, Bs-4,
Bs-5andBs-6) (Tablel.7) whichwereidentified by different spectroscopic techniques
(Jawa et al, 2013) Equally, Doet al. (2016) dissolved the EtOH extracttbk stem

bark in water and consecutively partitionédvith hexaneand EtOAc. The EtOAc
extract was subjected to various chromatographic methods to isolate eight new

peltogynoids,bougainvinone AH (Bs-10) (Table:1.7) (Do et al, 2016)
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Besides,thirty-nine components, accounting for 9%2of B. spectabilisoil, were
identified from the aerial parts &. spectabilisas analysed by gas chromatography
(GC) and gas chromatographass spectroscopy (GE@S). These consistedf 11

esters (27.1%), monoterpenes (25.9%), 5 norisoprenoides (23.5%gsquiterpenes
(10.4%), 2 diterpenes (2.5%), 2 aromatic compounds (2.1%), 4 aldehydes (0.7%), 1
ketone of nofterpenic type (0.7 %) and 2 acids (0.7%). The foremost compound was
methyl salicylate (21.8%)WVithin the monoterpene fraction, terpinolene (8.2%) was

t h e-copakene ¢9%)amd mpnoademdiene (dvi94) | e

identified as

were the most prevalent sesige r p e-(E)xi®one (8.8%) and dihydroedulan II
(5.6%) were the main compounds froine group of norisoprenoides. Additionally, a

fairly high concentration of the diterpenephytol (1.6%) was fo{(\ukovic et al,

2013)

Table 1.7: Selection of phytochemicals isolated previously filnspectabilis

Compound Code | Parts of the | Reference
plant
Pinitol Bs1 | Stem bark of | (Jawlaet al,
OH B. spectabilis| 2013)
OH >
“OCHs4
2 OH
F OH
OH
b-sitosterol. Bs4 | Stem bark of | (Jawlaet al,
H4C B. spectabilis| 2013)
CH,
H,C
CH,
CH3

HO
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Table 1.7 (continued): Selection of phytochemicals isolated previously from

B. spectabilis
Compound Code | Parts of the | Reference
plant
Quercetin. Bs5 | Stem bark of | (Jawlaet
B. spectabilis| al., 2013)
Quercitrin. Bs6 | Stem bark of | (Jawlaet
B. spectabilis| al., 2013)
H;C O
HO
HO OH
3,23 dihydroxy-12 - oleaner28-oic acid, 3i O | Bs-7 | Leaves of (Ahmed,

-[ UL rhamnopyrosyk( 1 Y-P+)-arabino
pyranoside]28-O-[ dll-rhamnopyrosy( 1 Y 4
-b-D-glucopyranosyl( 1 Y-B-Ip-
glucopyranoside.

B. spectabilis

2009)
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Table 1.7 (continued): Selection of phytochemicals isolated previously from

B. spectabilis
Compound Code | Parts of the | Reference
plant

3-O-b-D-glucopyranosyll ( 1 Y-f2D- gluco | Bs-8 | Leaves of (Ahmed,

pyranosyd( 1 Y-@H)-rhamnopyranosyl B. spectabilis| 2009)

quinovic acid.

3,23dihydroxy-12-oleanen28-oicacid3-O-[ U Bs-9 | Leaves of (Ahmed,

D-glucopyranosy( 1 Y-E-D-glucopyrano B. spectabilis| 2009)

side}28-O-[ {D-glucopyranoside].

Bougainvinones AH Bs-10 | Stem bark of | (Do et al,
B. spectabilis| 2016)

H OCH3 OCHS3

I OH O
H O O
H OCHS3 OH
1 OCHS3 OCHS3

OCFEI3 OH OH

R
R
Ol
OF 1S OH OCH3
OF1
H
H
H
H
H

TQMEIAE D

OCFI3 OCFHI3 OH




14.1.2.1 Antimicrobial activity

Umamaheswaret al. (2008) evaluated the antimicrobial activity of different solvent
extracts of leaves fromB. spectabilisThe qualitative analysis of phytochemicals and
antibacterialactivity was tested against Grajpositive and Grarmegative bacterial
strains and the zonethibition measured.The bacteria used theUmamaheswaset

al. (2008) study wereBacillus subtilis, Escherichia coli, Klebsiella pneumoniae,
Micrococcus luteusProteus vulgaris, Pseudomonas aeruginosa, Salmonella typhii,
Serratia marcescens, Shigella flexneri, Staphycococcus aureus, Streptocococcus
faecalis, and Vibrio choleradhe MeOH, CHQ, EtOAc and EtOH extracshowed
maximum inhibitory effect on all tested bacteria excéptholeraecompared tahe
other solvent extracts. The alcoholic extracts were more active thars @EtOAC
against botithe Gram negative and Gram positive bactdtiamamaheswaret al,
2008) Similarly, Sudiptaet al (2012) evaluat® the antibacteriabnd antifungal
effects of various flowers extracts @. spectabilifCHCls, EtOAc, EtOH andH20).
They found that th€HClzandEtOH extracts ofB. spectabilisveres highlyactive on

P. vulgarisandB. subtilisat 40 plbut EtOAc and vater extracts had moaseeffect

on B. subtilis while, the CHCIs and EtOH extracts ofB. spectabilishad antifungal
activity againstAspergillus nigerand Trichoderma virideat 40ul (Sudiptaet al,

2012)

In addition, Fawacet al (2012) determinedhe antibacterial activity of EtOH and
MeOH extracts ofB. spectabilisand B. variegata leaves. The phytochemical
constituents were tested qualitatively by the Harborne méthadborne, 1998while
antimicrobial activities were determined by measuring the zone of inhibition on
Mueller Hinton Agar. Theesults of this study revealed that the maximum inhibitory
effects were obtained against Gramgative microbeP. vulgarisandS. marcescens
16.00 £0.15 mm and 16.00 + 0.06mm, respectively,for the EtOH extract of

B. variegate While the maximum zone of inhibition for the MeOH extract Bf

spectabilisagainstS. typhimuriunwas17.26 + 0.12 mmHowever,the effectsof the
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MeOH extracts oB. spectabilisandB. variegataagainst Granpositive microbes.

aureuswas28.54 + 0.18 mnand21.97 + 0.06 mmespectively

Both extracs of B. spectabili@ndB. variegatedid notshow inhibitory activityagainst

E. faecalis V. choleraor K. pneumonigFawadet al, 2012)

1.4.1.2.2Antidiabetic activity

Jawlaet al. (2012) evaluated the hypoglycaemic activityBofspectabilisstem bark.
The study was carried out to screen for the hypoglycaemic effects of extracts in albino
rats (Wistar strain)EtOH extracts (100, 250 and 56fy/Kg/day) ofB. spectabilis
were administexd to both normal and alloxaimduced diabetic rats at defined time
intervals. Blood glucose levels were tested @.9,1, 2, 4,6 h, and ortheO, 1, 3,5,

7" day after oral administration difie extracts. Of the doses tested, the bijtant
hyperglycemic effect was detectimt the stem barlextract at 250 kg after seven
days treatmentThe result of this study observed potent hypoglycaemic activity at
different doses and intervals. The stem bark extract was found to be 22.2%oteote
than the standard oral hypoglycaemic medication, glibenclamide 0.2 mg/kg

(Jawlaet al, 2012)

1.4.1.23 Antihyperlipidemic activity

Adebayoet al (2005) studied the effect of an EtOH extracBo§pectabilideaves on
serum lipid and haematological parameters in rats over 7atalyadministration at
doses of 50,100 and 26ty/kgbody weight. The parameters evaluated included serum
lipids, white blood cells (WBC) and red blood cell (RBC) indices. The results
illustrated that the extract significantlp  0.05) reduced packed cell volume,
haemoglobin concentration and RBC caatbdose of 200ng /kg body weight when
compared with controls while other doses administeredahitite significant effect

on these parameters. Similarly, the extract significaptty@.05) reduced WBC count

at all doses administered when compared wighcontrol. However, the extract had

no significant effect on mean corpuscular haemoglobimean corpuscular
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haemoglobin concentratiprmean corpuscular volumand platelet count when
compared with controls. Furthermore, the extract significaptyq.05) reduced total

serum cholesterol concentration, while it had no signifigart.05) effect on serum
HDL-cholesterol concentration at all doses administered when compared with
controls. Nevertheless, the extract significantly € 0.05) increased samu
triacylglycerol concentration at the dose offa@/kg body weight while other doses
administered had no significant effect. The study proposed that the extract may have a
positive effect on serum cholesterol concentration reduction, while it probaltlyehas

potential of undesirably affecting haematological indidesebayoet al, 2005)

1.4.1.24 Antifertility activity

Mishraet al. (2009) evaluated the effect®f spectabili®n fertility of mice. The crude
extract ofB. spectabilideaves were orally administered to Swiss Albino mice (800
mg/kg of body weight/day for 30 days) and the effects of the crude extract on
reproductive organs and fertility were examined. The administration caused a
diminished sperm count, and weight of igsivhile histological examination showed

a decrease in the size of seminiferous tubules along with the thickness of germinal
epithelial cells, although some of the Leydig interstitial cells and epithelial cells
exhibited hypertrophy. Furthermore, the luna# the tubules was found to be devoid

of sperm. In contrast, in treated females no higiokd changes could be detected, but
there was aslight disturbance of the oestrus cycle having an extended metaestrus
phase, which increased by 145.28%. The oVelaation of the oestrous cycle was
prolonged by more than one day. TBespectabilisextract affected the hormonal
profile with oestrogen and testosterone levslgnificantly reducedMishra et al.,

2009) Similarly, Ikpemeet al. (2015) revealed mitigation in sperm count, viability,
motility and increased sperm head abnormalitigsits caused by administrationaf

crude exract ofB. spectabiligflkpemeetal., 2015)
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1.4.1.25 Antioxidant activity

Pintathonget al. (2012) analysed the phenolic antioxidants flougainvillea sppln

the studythe flower and bract parts of four different coloursBaiugainvillea spp

pink, yellow, reddiskpink, and white, were tested for phenolic content and antioxidant
capacity. The extraction process was performed by a conventional shaking method
with different solvents; deionised wat@W), EtOAc, propylene glycol and EtOH.
Extractable phenolic conteof the extracts was investigated the Folin-Ciocalteu
method(Kumar and Kumar, 2008)vhile antioxidant capacity wadetermined by 2,

2- diphenytl-picrylhyrazyl (DPPH) radical scavenging activity and ferric reducing
antioxidant power. The resusthowedthat the different extracts had high natural

antioxidant capacit{Pintathongetal., 2012)

1.4.1.26 Cytotoxic activity

Ahmed (2009) tested compoundds{7, Bs-8 and Bs-9) (Table 1.7) which were
isolated fronthe MeOH extract ofB. spectabilideavegsection 14.1.2) for cytotoxic
activity against H460 (human lung carcinomakld (human cervix carcinoma),
U251 (human brain tumour), MCF7 (human breast carcinofe)G2 (human liver
carcinoma)and EAC Ehrlich ascities carcinomaell lines Potential toxicity of the
compounds was tested using the Skehan and Storeng n&tkelshnet al, 1990)
The results revealed that these compoundsibaytotoxic activity orthese different

typeof cancer cell linefAhmed, 2009)
1.4.2 Alhagi graecorumBoiss (Camel thorn)

Alhagi graecorunBioss (Figurel.4) locally named as ARgool, Shouk Aljemal and
Shwaika in Arabic is a wild plant belonging to the Fabaceae family. A shrubby
evergreen perennial hervith awoody lase, erect to ascending &0{100) cm high,
thorny branched with about 1 inch lon@he kavesare deciduoussimple, small,
present athe base of each side twig, obovate to oblong, shortly petiolate, avith

rounded tip, up to 2 cm.



Flowersaresolitary or in pairs in axils and alongth twigs, with deep red to purple
papillionate petalsThe fruit consists of cylindrical pod, 43 cm, fairly thick straight,
dark brown with constrictions between seeds; seedsist 0f3-8 kidneyshaped,

smooth and brown.

~

Figure 1.4: Aerial part ofAlhagi graecorumand image of thplanttaken from
http://earthclimatechange.blogspot.com/2011/06/atgeagcorum.htmiMuhammed

Bei, Earth Climate Change, Kuwait, 2011
1.4.2.1 Traditional uses

A. graecorumis traditionally used to treat constipation, jaundice, arthritis, with
antimicrobial activity, and as a general tonic, blood purifier, and anthelnAgim,. it

is usedagainstdysentery, upper respiratory system problems, wounds, haemorrhoids,
and uterus problems.

It is now being recogsed to help rheumatic pains, liver disorders, urinary tract
infection, the decoctionof its roots is used to relax the ureter and remrenalstones

(Muhammacet al, 2015)
1.4.2.2 Active ingredients and biological activities

Ibrahim (2015) investigatedn80% MeOH extract of the aerial paxf A. graecorum
and the five phenolic compounds were identified as one hydrolysable tanr@n 6
galloyl-( U -D-glUzgpyranoséAg-2), and four flavonol glycosidesaempferol3-
O-b-D-glucopyranosid¢Ag-3),kaempferoB-O-(6"-O-galloyl) -b-D-glucopyranoside
(Ag-4), myricetin-4-O-U-L-1C4 rhamnopyranosid¢Ag-5) myricetin aglycone the
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structureswere determined by speoscopic methods (UV, ESI/M${- and *3C
NMR) (Ibrahim, 2015) El-Sayedet al (1993) isolated compounds from the aerial
parts ofA. graecorumastamarixetin 30-dirhamnosid€Ag-6) and isorhamnetin-8-

glucosylneohesperidosid@g-7) (Muhammacet al, 2015)
Table 1.8: Selection of phytochemicals isolated previously frangraecorum

Compound Code | Parts of the | Reference
plant
6-O-Galloyl-( U -D-gluzgpyranose | Ag-2 | Aerial partsof | (Ibrahim,
o A. graecorum | 2015)
HO,
O

HO O,

HO

OH HO
OH OH

Kaempferol 30-b-D-glucopyranosidel Ag-3 | Aerial parts of | (Ibrahim,
A. graecorum | 2015)

Kaempferol3-O-(6"-O-galloyl)-b-D- | Ag-4 | Aerial parts of | (Ibrahim,
glucopyranoside A. graecorum | 2015)

HO




Table 18 (continued): Selection of phytochemicals isolated previously from

A. graecorum

Compound Code | Parts of the Reference
plant
Myricetin-4"-O-U-L-C4 Ag-5 | Aerial parts of | (Ibrahim,
rhamnopyranoside A.graecorum | 2015)
OH
0
O
o 0 O by CHs
‘ OH
OH
OH 0
Tamarixetin3-O-dirhamnoside Ag-6 | Aerial parts of | (Muhammad
A. graecorum | et al, 2015)
IsorhamnetirB3-O- glucosyl Ag-7 | Aerial parts of | (Muhammad
Neohesperidoside A. graecorum | et al, 2015)
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1.4.2.2.1 Anti-inflammatory activity

Ibrahim (2015) evaluated the asitiffammatory activity ofan aqueous EtOH extract

of the aerial part oA. graecorumusing two animiinflammationmodesk. The first
modelwas acarrageenamduced rat paw oedemahichwascarried out by injecting

0.1 ml of 1% (w/v) carrageenan suspension in 0.9% (w/v) sterileesatmthe plantar
tissue of the left hind paw of all animals, one hour following oral administration of
either control vehiclediclofenac sodium or plant extract. The right paw served as
reference to measure the degree of inflammation in thedeit the inhibition of
oedema volume was calculatfdhe second modahvolved the use ofotton pellets
toinduce granuloma formation in a dedependent manner whietascarried out by
inserting 10 mg of sterile cotton pellets to all animals, one in eadh.&iOH extract,
control vehicle and diclofenac sodium were administered orally every day for 7 days.
At the end, the cotton pelletgere surgically removed and the moist le¢s were
weighed, dried at 6@ for 24 h and then rereighed. Tle anttinflammaibry activity

of the EtOH extract oA. graecorumwas compared with diclofenac sodium, which
was used asa positive control. The resuhowedthat the plant possesses an -anti
inflammatory effect which conforms to the traditional use®\.ofraecorumfor the

treatment of inflammatoriinesseqIbrahim, 2015)
1.4.3 Retama raetanf{Forssk.) Webb & Berthel (White weeping broom)

Retama raetanfForssk.) Webb & Berthel (Figure5) or White weeping broons a
wild plant belonging to the Fabaceae famitys a Mediterranearhsub that grows to
about 3 metrehigh and may reach 6 mies The plant is gregreen with slim,
drooping branches. The young plant is flimsy with a single stenaattdng taproot

Its leaves are very small (abou¥6nm long), narrow (only 1 mm wide), and they are

rapidly dropped and the plargmains leafless alortge year.



Figure 1.5: Aerial part ofRetama raetapandimage of theplant takerfrom
http://earthclimatechange.blogspot.com/2011/06/atheggcorum.html

Retama raetanfForssk.) Webb & Berthel,'Plants of the World Onlindroyal
Botanic Gardens, Kew retrieved201802-15. Attribution 7 Share Alike 4.0
International (CC BYSA 4.0).

1.4.3.1 Traditional uses

The common used & raetamare as abortifacient, anthelmintic, antiseptic, purgative
and sedative(BenmiloudMahieddineet al, 2011, AtTubuly et al, 2011) Retama
shrubs create natural barriemshich prevent the weakening of ecosystems and

desertification (Ben-Mahmoudet al, 2003, Louhaichét al, 2011)
1.4.3.2 Active ingredients and biological activities

Xu et al (2015) isolated twaewfuranoflavonoidgsetamasin A andetamasin BRr -

29) andknown flavonoids ephedroidin Rr-3), atalantoflavoneRr-4), derrone(Rr -

5) from a CHCls extract of the aerial parts Bf raetam(Xu et al, 2015) Djeddi et al
(2013)isolated flavonoids frona MeOH extract of th aerial parts oR. raetamby
subjecing themto VLC usingmixtures of CH2Cl>-MeOH of increasing polarity as
eluents and the fractiomgerepooledinto six groups and each group subjected to CC
which yieldedgenistein Rr-7), 6-hydroxygenisteinRr-8), 3 Njme t h y Rre®y, o b o |
pratensein Rr-10), luteolin Rr-11), kaempferol Rr-12), 6-hydroxyapigenin Rr-

13), biochanin A Rr-14) andp-coumaric acidRr-15) (Djeddiet al, 2013)
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Edziriet al. (2012) isolatedheisoflavonederrone Rr-5) and flavonéicoflavone Rr-
6) from the EtOAc extract of the flower & raetamand the structures elucidated

werebased on the correspondiftdr*C-NMR data(Edziri et al, 2012)

Awen et al. (2011)identified somecomponents from the essential oil obtained by
hydrodistillation from the flowers d® raetamusing GC/MSand theanalysigevealed
thep r e s e n-tinaloolqRr-17f terpinolene Rr-20), limonene(Rr-25), and 2-
decenl-ol (Rr-26) (Awenet al, 2011)

Edziri et al (2010) detectedbO0 compmnents from the essential oil obtained by
hydrodistillation from the flowers oR. raetamusing GC and GC/M&nalysis and
found major compnents such as-humulene Rr-16), linalool (Rr-17), myrcene Rr-
18) ,-carphylleneRr-19), terpinoleneRr-20) ,-terpinyl acetateRr-21), tridecanal
(Rr-22), nonanal Rr-23) andmethyl anthranilateRr-24) (Edziri et al, 2010)

Kacemet al (2008) isolated pectinRf-30) from R. raetamwhen dried alcohel
insoluble residues of the plant were treated sequentiallyDwithammonium oxalate
and basic solutions purified by ultrafiltration. The resakhibitedthat the extraction

with ammonium galate solution gave the highest pectin yigddcemet al., 2008)

Kassemet al (2000) isolated two new flavones from the aerial partR.abetam
| ut e eO-neamesperdjosid@Rr-27) and 54 -Ngihydroxy- 3 & ; ddhgdro-3 & ; 4 &
dihydroxy)-2 & ; ddniethytpyrano- ( 5 & , 6 ftavorre(R8-28) and identifiedusing

spectroscopic methodKassenet al, 2000)



Table 1.9: Selection of phytochemicals isolated previously filenraetam

Compound Code | Parts of the | Reference
plant
Ephedroidin Rr-3 | Aerial parts | (Xu et al,
H,C CHj of R. raetam | 2015)
OH
HO
e @
OH (@]
Atalantoflavone Rr-4 | Aerial parts | (Xu et al.,
of R. raetam | 2015)
Derrone Rr-5 | Flowers of (Edziri et
H,C R. raetam al., 2012,
Xu et al,
H;C 2015)
OH
LicoflavoneA Rr-6 | Flowers (Edziri et
HLC CHa of R. raetam | al., 2012,
Xu et al,
2015)
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Table 1.9 (continued): Selection of phytochemicals isolated previously from

R .raetam
Compound Code | Parts of the | Reference
plant
Genistein Rr-7 | Aerial parts | (Djeddiet
HO 0 of R. raetam | al., 2013)
OH 0
OH
6-Hydrogenistein Rr-8 | Aerial parts | (Djeddiet
HO 0 of R. raetam | al., 2013)
HO
OH 0
OH
3 -Nijethylorobol Rr-9 | Aerial parts | (Djeddiet
of R. raetam | al., 2013)
HO 0
OCH,
OH 0
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Table 1.9 (continued): Selection of phytochemicals isolated previously from

R.raetam
Compound Code | Parts of the | Reference
plant
Pratensein Rr-10 | Aerial parts | (Djeddiet
of R. raetam | al., 2013)
Luteolin Rr-11 | Aerial parts | (Djeddiet
OH of R. raetam | al., 2013)
8
HO (6] /
‘ OH
OH (0]
Kaempferol Rr-12 | Aerial parts | (Djeddiet
A OH of R. raetam | al., 2013)
HO O | /
OH
OH (@)
6-Hydroxyapigenin Rr-13 | Aerial parts | (Djeddiet
on of R. raetam | al., 2013)

HO

HO

OH
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Table 1.9 (continued): Selection of phytochemicals isolated previously from

R.raetam
Compound Code | Parts of the | Reference
plant

Biochanin Rr-14 | Aerial parts | (Djeddiet
HO o of R. raetam | al., 2013)

\

OH (6] | /

OCH,4
p-Coumaric acid Rr-15 | Aerial parts | (Djeddiet
COOH of R. raetam | al., 2013)
HO

Uhumulene Rr-16 | Flowers of (Edziri et
CH, R. raetam al., 2010)

CH;

AN
CH;
H;C
Linalool Rr-17 | Flowers of (Edziri et
R. raetam al., 2010,
Awen et

al., 2011)




Table 1.9 (continued): Selection of phytochemicals isolated previously from

R.raetam
Compound Code | Parts of the | Reference
plant

b-Myrcene Rr-18 | Flowers of (Edziri et
CH;> R. raetam al., 2010)

| (|3H2

H;C CH;
b-caryophyllene Rr-19 | Flowers of (Edziri et
CHj R. raetam al., 2010)

/
H>C H gy, H
CHg
Terpinolene Rr-20 | Flowers of (Edziri et
CH,4 R. raetam al., 2010,
Awen et

al., 2011)

H5C CH,
U-terpinyl acetate Rr-21 | Flowers of (Edziri et
R. raetam al., 2010)

CH;
CH3
ch O‘—{
T L
O




Table 1.9 (continued): Selection of phytochemicals isolated previously from

R.raetam
Compound Code | Parts of | Reference
the plant
Tridecan& Rr-22 | Flowers of | (Edziri et
1 R. raetam | al., 2010)
H3C/\/\/\/\/\/\’(
0
Nonanal Rr-23 | Flowers of | (Edziri et
0 R. raetam | al., 2010)
H3C/\/\/\/\’/
H
Methyl anthranilate Rr-24 | Flowers of| (Edziri et
[0) R. raetam | al., 2010)
CH,
NH,
Limonene Rr-25 | Flowers of| (Awen et
CH; R. raetam | al., 2011)
H3C/\CH2
2-Decenl-ol Rr-26 | Flowers of| (Awen et
R. raetam | al., 2011)
HSC/\/\/\/\/\OH




Table 1.9 (continued): Selection of phytochemicals isolated previously from

R. raetam.

Compound Code Parts of the | Reference
plant
Luteolin4 -Mrneohesperidoside Rr-27 Aerial parts | (Kassenet
of R.raetam | al., 2000)
OH (@]
54 -fihydroxy-3 & ;dithy@ro3 & ; 4 ¢| Rr-28 Aerial parts | (Kassenet
dihydroxy)2 & ;ditnéthylpyrane of R. raetam | al., 2000)
( 5a, 6flavone, 8)
Rr-29 Aerial parts | (Xu et al,
of R. raetam | 2015)

Rr-30 Flowers of(Kacemet al, 2008)

COOCH,

O, O,
H
ol H H i
H \OH H \OH
H HO H HO

R. raetam

COOCH,;

0] O,
H H H H
H \\OH H \\OH
H HO H HO

COOCH,

3€




1.4.3.2.1 Antimicrobial activity

Edziri et al. (2010) observed thathe oil of R. raetamhad a variation of minimal
inhibitory concentrations (MIhetweerD.625 and Bng/ml against some bacteria and
yeast usinga microdilution assay The oil had superior minimum bactericidal
concentrations (MBCjo 5 mg/ml for most straingEdziri et al, 2010) Similarly,
Awen et al., (2011)reported that the oil obtained froR raetamhad antibacterial
activity against microorganismsych asS aureus with aninhibition zone valuef
5.0 mmand MICof 3.0 mgml (Awen et al, 2011) In addition, Edziriet al. (2012)
found thatwo flavonoid compoundsiérroneand licoflavongisolated fromR. raetam
had antibacterial activitpgainstE. coli and P. aeruginosawith (MIC) 7.81i 15.62
€ g 1 msing a microdilution method with shdard antibiotics @moxicillin,
amphotericin, cefotaxim, oxacillin and ticarcillin). While derrone showedstrong
fungicidal action agains€andidaspecies withaninhibition zoneof 7.81>g/ml using
disc a diffusion method with standard antibiotics (gentamycin and amphotdjcin
(Edziriet al.,2012)

1.4.3.2.2 Antidiabetic activity

Algandabyet al (2010) testedor potentialantihyperglycemic activity oR. raetam

fruits by administeringa MeOH extract to streptozotocinduced diabetic rat©ral

LDso of the extract was found to be 1995 mg/kg. The extract was administered once
orally to STZdiabetic rats at three dose levels; 100, 250 or 500 mg/kg/day for 4
consecutive weeks. The result demonstrated ttimextract at 250 or 500 mg/kg
significantly lowered blood glucose levels at th& and 3 week of treatment
(Algandabyet al., 2010)

1.4.3.2.3Analgesicactivity

Djeddiet al (2013) evaluated the isolated compoudescribed irsection 1.43.2 for
their analgesic anéntioxidant activities usinghe writhing test whereSwiss mice
under controlled conditionsene divided into three groups of six mice eathe frst
group wastreatedwith all compounds intrgeritonedly (i.p) at a dose of ing/kg,
while the second group was administeredagpirin (200mgkg), and the third group
served as control treated with 10 ml/kgf saline (i.p).Following this, al the mice

wereinjectedwith 10 ml/kg (i.p) of 1%(v/v) acetic acid 30 min after treatment and



the number of writhings was recordedor 30 min. The results showed analgesic
activity of Rr-7, Rr-8, Rr-9, Rr-10 andRr-14 isoflavonesisolated fromR. raetam
(Djeddiet al.,2013)

1.4.3.2.4 Antioxidant activity

Confortiet al. (2004)observed that theleOH extract oR. raetamleaveshadstrong
antioxidant activitycompared with aextract of the seeds winICso value 0f0.059%
(w/v) and 0.122% (w/viespectivelyusinga DPPHfreeradical scavenging assapnd
lipid peroxidation of liposomes ass@yonfortiet al.,2004) Also Edziriet al.(2010)
foundthatthe oilobtained fronR. raetamshowed antioxidant activity usingeDPPH
assayith an 1Govalue 0f0.800 m@gml compaedto controlbutylated hydroxytoluene
(BHT) with anlCso value of20 mgml (Edziri et al, 2010) Ontheother hangDjeddi
et al (2013)observed that the extractsRfraetamhad verylow antioxidant activity
compaedto the controBHT and lower hydrogen peroxide blockiagtivity thanthe
positive control gallic acidisingthe DPPHassayandhydrogen peroxide scavenging
activity (Djeddiet al, 2013)

1.4.3.25 Cytotoxic activity :

Conforti et al (2009 tested the MeOH extract & raetamleaves and seeds against
COR-L23 cells (Human large cell carcinoma) usmgnb | ast i ne thg 2
positive control. The MeOH extract & raetamsubsp. Gussonei leaves showed
cytotoxic activty with an IGoo f 4 0 (Gomfortifetrall, 2004)

In addition, Edziriet al (2012)found that théwo flavonoidsderrone andicoflavone
from R. raetamflowers showedstrong cytotoxiactivity against Heg? cells (human
liver cell carcinomaith ICsov a |l u e s mioahd3 @ & gedpectivelyusinga
MTT assay(Edziri et al.,2012)

1.44 Psoralea plicata

The genus Psoralea includes about 130 species, mainly tropical and wstiabyitid

in tropical and temperate regiosischas Pakistan, India, Saudi Arabia, Egypt, Tunsia,
and Southof Africa and represented by two species in Libla,plicata and P.
bituminosaP. plicata (Delile) (Figurel.6). It is known in Arabic as Annarandis a
small shrub belongg to the Fabaceae family.
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Figure 1.6: Aerial part ofPsoralea plicataandimageof theplanttaken from
https://www.google.com/search?q=Psoralea+pli€atzz1C1GCEU_enGB821GB8

22&sxsrf=A0aemvJaO0gSo6n__PLWcw58Bjc
VMALaA:1635803591708&source=Inms&tbm=isch&sa=X&ved=2ahUKEwi650W¢g
k_jzZAhVMQUEAHRUWC74Q_ AU0AXOECAEQAW&biw=1455&8bih=717&dpr=1.
1#imgrc=KISzvpQ1znVM Abohamam , 2017 website

1.4.4.1 Traditional uses

The common uses &f plicataare asananthelmintic, analgesand anttinflammatory.
The seeds decoction and powdeeused to cure dermal diseaseshas psoriasis.

The roots oP. plicataare used as toothpick€heikhet al, 2015)
1.4.4.2 Active ingredients and biological activities

Rasoolet al (1989) isolated goracinol Pp-6) from the nonsaponifiable residueanf
n-hexanesoluble fractiorafter extradhgthe plant materiabdf P. plicatawith EtOHat
roomtemperatureThe residue obtaineflom the EtOH extract was partitioned with
CHCIls and HO. Then-hexanésoluble portion of the CH@Fraction saponifed with
5% alcoholic potash andorked up tothe obtained compoundlhe nonsaponified
fraction was subjected to silica gel colunseparatiorand eluted with solvents by
increasing polaritand when oxidied Pp-6 yieldedpsoracinoneRp-9) (Rasoolet al.,
1989) In 199Q Ra%ol et al.extracted the plant with alcohol at room temperatline
residue obtained from the extraction wastitionedbetween CHGland waterand
then-hexanésoluble portion of the CH@fractionwassubjected tailica gel column
chromatographgndelutedwith solvents depending on polarifjhen-hexane CHClz
(1:4) fraction was purified througpreparativeTLC that led to isolated two new
phenolic cinnamatesplicatin A (Pp-1). The fraction n-hexaneCHCls (5:3) was
crystalised that led tglicatin B (Pp-4) being isolated(Rasool et al, 1990)

Rasoolet al. (1991) extracted the plant with EtCRendissolved in water, extracted


https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1%23imgrc=KISzv-pQ1z-nVM
https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1%23imgrc=KISzv-pQ1z-nVM
https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1%23imgrc=KISzv-pQ1z-nVM
https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1%23imgrc=KISzv-pQ1z-nVM
https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1%23imgrc=KISzv-pQ1z-nVM
https://www.google.com/search?q=Psoralea+plicata,&rlz=1C1GCEU_enGB821GB822&sxsrf=AOaemvJaO0qSo6n__PLWcw58Bjc-vmALaA:1635803591708&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi65oWgk_jzAhVMQUEAHRUwC74Q_AUoAXoECAEQAw&biw=1455&bih=717&dpr=1.1#imgrc=KISzv-pQ1z-nVM

with CHCk and finally dried with NeSQs Then-hexanesoluble fraction was subjected
to thecolumn usingr-hexane an@&tOAc astheeluant The fractiom-hexane EtOAc
(3:7) led toisolation of plicadin Pp-7) and fractionn-hexare: EtOAc (2:7) led to
isolation ofU-tocopherolquinonenethyl ethe(Pp-25) (Rasoolet al, 1991) In 1997,
Hamedet al extractedP. plicata seeds by macerating witleOH then theresidue-
free solvent was mixed with 100 miater 50ml MeOH, and partitioned between
n-hexane, EtOAc and-BuOH. The fractions ofh-hexane, EtOAc and BuOH were
subjected tocolumn chromatographyCC). b-caryophyllene oxide Rp-15), U
tocopheralPp-13), z-werneria (Pp-14), e-werneria Pp-16) two furanocoumarins
bakuchicin Pp-23) and psoralen(Pp-2a), plicatin B (Pp-4), Lupeol Pp-11) and
stigmasterolRp-12) were obtained frorthen-hexanesoluble fractiorandplicatini A
(Pp-1), 3-(-3-methyt2,3-epoxybutyl}p-coumaric acid methyl estéiPp-24) and a new
dimer UdiplicatinB (Pp-10) were obtained fromthe EtOAc-soluble fraction
Roseside ARp-18), daidzein Pp-3), isopsoralic aciif4 Y JO-b-D-gluco-pyranoside
acetatgPp-19) andisovitexin Pp-8) wereobtainedfrom the BuOH-soluble fraction
(Hamedet al, 1997) Likewise, in 199, Hamed isolatedhree new benzofuran
glycosides froma BuOH-solule fraction ofP. plicataseeds asRp-19), isocorylifonol
[4ce 1]-O-b-D-glucopyranoside acetafep-20), psoralic acid [6ce 1]-O- b-D-glucd
pyranosideacetatqPp-21) andcorylifonol [6ce1]-O- b -D-gluco-pyranoside acetate
(Pp-22) (Hamedet al, 1999) El-Abgy et al. (2012)isdated flavonoid compounds
from the MeOH ofP. plicata dried aerial partdy macerationconcentratedt and
mixed with MeOH the residueand HO. The solvent waseparated and partitioned
betwesnn-hexane, EtOAc and BuQHEach fraction was subjected to CC whieas
eluatedwith an n-hexaneEtOAc gradientThis method led to isolety psoralen(Pp-
2a), analgicin (Pp-2b), plicatin-B (Pp-4), and chromen compounds isolated frtra
n-hexane soluble fractiop-dimethylcoumaric acidPp-26), plicatini A (Pp-1) andU-
diplicatin-B (Pp-10) were isolated fronthe EtOAc soluble fraction whilésovitexin
(Pp-8), psoralic acid Pp-27), roseside APp-18) and daidein (Pp-3) wereisolated
from the BUOH soluble fractiofEIl-Abgy et al.,2012) Arfaoui et al (2013) isolated
some compounds frorthe MeOH soluble fraction ofP. plicata seeds as new
cyclobutane ring systerb-diplicatinB (Pp-17), lolilide (Pp-5) and phloretic acid
ethyl esterPp-28) (Arfaoui et al, 2013)
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Table 1.10: Selection of phytochemicals isolated previously fierplicata.

plicata

Compound Code | Parts of the| Reference
plant
Plicatin A Pp-1 | Aerial parts | (Rasoolet
0 of P. plicata | al., 1990,
cH, Hamedet al,
H,C N o’ 1997)
OH HO
Psoralen Pp-2a | Aerial parts | (Hamedet
of P. plicata | al., 1997)
0 0 0
Angelicin Pp-2b | Aerial parts | (EI-Abgy et
x of P. plicata | al., 2012)
o (@] (o]
Daidzein Pp-3 | Aerial parts | (Hamedet
HO 0 of P. plicata | al., 1997)
%
OH
Plicatin B Pp-4 | Aerial parts | (Rasoolet
of P. plicata | al., 1990,
CHs 0 Rasoolet al,
1991, Hamed
e N NN etal., 1997,
Arfaoui et al.,
Ho 2013)
Loliolide Pp-5 | Dried (Arfaoui et
HCq  EHs griended al., 2013)
3 seeds oP.

41




Table 1.10(continued): Selection of phytochemicals isolated previously from

P. plicata.
Compound Code | Parts of | Reference
the plant
Psoracinol Pp-6 | Aerial (Rasoolet
parts ofP. | al., 1989)
plicata
Plicadin Pp-7 | Aerial (Rasoolet
parts ofP. | al., 1991)
plicata
Isovitexin Pp-8 | Aerial (Hamedet
OH parts ofP. | al., 1997)
plicata
OH  Ho 0
0
HO
HO
OH
OH 0
Psoracinae Pp-9 | Aerial (Rasoolet
parts ofP. | al., 1989)

plicata
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Table 1.10(continued): Selection of phytochemicals isolatpreviously from
P. plicata.

Compound Code | Parts of the| Reference
plant
Udiplicatin B Pp-10 | Aerial parts | (Hamedet
= OH of P. plicata | al., 1997)
CH3
H3CO.C,, SN
= e,
o H3C /
= CO,CHs
CH3
HO
Lupeol Pp-11 | Aerial parts | (Hamedet
//CHz of P. plicata | al., 1997)
Hsc/’///”a

HsC CHs

Stigmasterol Pp-12 | Aerial parts | (Hamedet

of P. plicata | al., 1997)
CH3




Table 1.10(continued): Selection of phytochemicals isolated previously from

P. plicata.
Compound Code | Parts of the | Reference
plant
U Tocopherol Pp-13 | Aerial parts | (Hamedet
of P. plicata | al., 1997)
Z-Werneria Chromenes Pp-14 | Aerial parts | (Hamedet
of P. plicata | al., 1997)
Z X
HsC CO,CHj
0
HsC
b-caryophyllene oxide Pp-15 | Aerial parts | (Hamedet
EHs H of P. plicata | al., 1997)
H3c-=? o sl CHg
H3C\\\\
H,C
E-Werneria Chromenes Pp-16 | Aerial parts | (Hamedet
of P. plicata | al., 1997)
CO,CH,

7

HyC

HiC
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Table 1.10(continued): Selection of phytochemicals isolated previously from

P. plicata.
Compound Code | Parts of the| Reference
plant
b-diplicatin B Pp-17 | Aerial parts | (Arfaoui et
of P. plicata | al., 2013)
Roseside A Pp-18 | Aerial parts | (Hamedet
HO of P. plicata | al., 1997)
HyC CH, Ha &
OH
OH
0
HO
Isopsoralic acid( 4 Y O-p-D-gluco-pyranoside | Pp-19 | Aerial parts | (Hamedet
acetate. of P. al., 1997,
2 plicata, Hamedet
Seeds of al., 1999)
OH P. plicata
HZCOCO
(@]
H3COCO OCOCH;
| socor yl i-fOdD-glicopyrdnéside | Pp-20 | Seeds oP. | (Hamedet
acetate. plicata al., 1999)

o

OCH,CH,

HCOCO
o
¢} OCOCH
\ 3

HsCOCO OCOCH,4




Table 1.10 (continued): Selection of phytochemicals isolated previously from

P. plicata.

Compound Code | Partsof | Reference
the plant

Psoralic acid ( 6 Y-O-p-D-gluco-pyranoside | Pp-21 | Seeds of (Hamedet

acetate. P.plicata | al., 1999)

OCOCH
H,COCO OCOCH;
Cor vyl i f 0-0-b-D-glucepyrdndside Pp-22 | Seeds of (Hamedet
acetate. P.plicata | al., 1999)
OCOCH
H,COCO OCOCH,

Bakuchicin Pp-23 | Aerial parts | (Hamedet
of P. al., 1997)
plicata

3-(-3-methyt2,3-epoxybutyl}p-coumaic acid Pp-24 | Aerial parts | (Hamedet

methyl ester of P. al., 1997)

CH; 0 plicata
CH,
HC N N
0

HO
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Table 1.10(continued): Selection of phytochemicals isolated previously from

P. plicata.
Compound Code | Parts of the| Reference
plant
UTocopherafjuinone methyl ether Pp-25 | Aerial parts | (Ra®ol et
0 of P.plicata | al., 1991)
0 CH, CH, CH; CH;
p-dimethylcoumaric acid Pp-26 | Aerial parts | (EI-Abgy
CH, of P. plicata | et al.,
2012)
COOH
\
HO
CH;4
Psoralic acid Pp-27 | Aerial parts | (EI-Abgy
0] of P. plicata | et al.,
2012)
/ \ OH
0 OH
Phloretic acid ethyl ester Pp-28 | Aerial parts | (Arfaoui et
0 of P. plicata | al., 2013)
/CHZCH3




1.4.4.2.1 Anti-mosquito activity

El-Abgy et al (2012) evaluatedthe flavonoidcompoundssolatedfrom a MeOH
extract ofP. plicata leavesasan ant-mosquitoagent.They found that thpercentage
of the hatchability larvae of Culex pipiens pipienswas decreasg¢ by chromene
compound at concentration 0.0032 pmith 43% while 90%and79% byplicatin-b
(Pp-4) andisovitexin(Pp-8) respectively. Bupsoralen(Pp-2a) and U diplicatine B
(Pp-10) compoundslid not effect orhatchabilityat0.0032 and 0.0064 coewtration
Ontheother hand, plicatifb P-4) andchromeneshowechighly effect against larvae
duration and th@ercentage of the dead larvaefpipiens pipiensvith 96.98 and
85.7%% respectively While psoralen (Pp-2a) and analgiin (Pp-2b) showed a
moderate effect with 723% and78.8%b respectivelyput U- diplicatine B (Pp-10)
was less activagainstarvae duratiorf56.75%).Therefore, only plicati® (Pp-4) and

chromene showed the strongest insmdiactivity (EI-Abgy et d., 2012)

1.43.2.2 Anti oxidant activity

Cheikhet al (2015) evaluatecheantioxidant activity of fruit extracts &. plicata by
usinga DPPH assay. Thstudyillustratedthat a MeOH extract showd antioxidant
activity (288.32umol Trolox equivalent/10Qy dry material) which is slightly higher
to P. plicata agueous extrag258,65umol Trolox equivalent/100 g drynaterial)
(Cheikhet al, 2015)

1.5 Aims and Objectives

The presentstudyaimed toexamineplants from Libya in searcbf cytotoxic agents
which could beeffecive againstcancer cells and naffect normal cellsCancemwas
choserbecausé is avery common disease aadeadingcauseof death in the world.
The objectives of the work were to:
A Purify phytochemicals from setted plant extracts, using techniques such as
TLC, VLC, CC, solvent extraction andTLC.

A Elucidate the structures of isolated compounds uskhgand *C nuclear
magnetic resonancéNMR), including extensive twalimensionaH-H
homonuclear (COSY, NOESY) art#il - 3C heteronuclear (HMBC, HSQC)

experiments and mass spectrome¢iig).
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A Screen extracts and isolated compounds for activity ageamster cell lines
HepG2 (epataarcinomg, A375 (melanoma) A549 (lung carcinomp
PANC-1 (pancreas carcinoma), MCF#réast adenocarcinoma), LNCaP
(prostatecarcinoma)and norcancer PNT2 normap(ostatg usingaresazurin

assay.

A Further sudy to investigate whetheainy active extrads) and compoun()
affectedcell morphology, viabity, adhesion, migration and invasionazncer

cellschosen from the screen above.



Chapter 2

Materials and Method S

5C



2. Materials and methods

2.1Solvents

Solvents listed below were used for the different methods extiraction,
chromatographic separation and analytical TLC. All the solvents were stored at room
tenmperature and transferred to 5@@ solvent bottles for routine use. Deuterated
(99.9%) solvents@D3COCDs, CDCl;, DMSO-ds and C3OD) were utilised for the
NMR analysis.

n-Hexane (HPLC grade, VWR, UK Ltd)

Acetone (Analytical grade, VWR, UK L}jd

Deuterated aceton€D3COCDs) (SigmaAldrich, UK Ltd)
Deuterated chloroform (COg) (SigmaAldrich, UK Ltd)
Deuterated dimethyl sulfoxide (DMS@e) (SigmaAldrich, UK Ltd)
Deuterated methanol (methariok) (SigmaAldrich, UK Ltd)
Ethanol (Analytical grade, VWR, UK Ltd)

Ethyl acetate (HPLC grade, VWR, UK Ltd)

Methanol (HPLC grade, VWR, UK Ltd)

D> D> D> > > > > D

2.2 Chemicals andmaterials
2.2.1 Phytochenstry

Anisaldehyde (FSA laboratory, UK)

Anti-bumping granules (BDH, UK)

Column grade silica gel (Silica gel 60, meshsizZ2200 e m ( Mer c k,
Lipophilic Sephadex LF20 (Sigma Aldrich, UK)

Non-adsorption cotton wool (Fisher igatific, UK)

Silica gel 60H for TLC (Merck, Germany)

Silica gel 60 0.06®.200 mm for column chromatography (Merck, Germany)
TLC grade silica gel (60H, Merck, Germany)

S S S S D N S N %

TLC grade silica gel coated aluminium sheet (PrecoatedaSgel PF254,

Merck, Germany)
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2.2.2 Biology

A 1% Virkon® (Antec InternationalJK)

DMEM (Dulbecco's Modified EagleMedium) (Sigma Aldrich, UK)
FoetalBovine Serum(FBS) (Invitrogen,UK)

L-glutamine (Thermd-isher Scientific IncUK)

Mg**-Ca&*-f r ee Hankos bon(HBSS) (hdtroged)K)t s ol ut i
Non-essential amino acids (Thermo Fisher Scientific Inc, UK)
Resazurin sodium salt (Sigma Aldrich, Germany)

RPMI 1640medium(Roswell Park Memorial Institulg SigmaAldrich Ltd,
UK)

Sodium pyruvate (ThermBisher Scientific IncUK)

A Streptomycin/ Penidih (Cambrex, UK)

> > > > > > >

>\

A TrypLE Express (InvitrogerJK)

2.3 Equipment
2.31 Phytochenistry

A A sintered glass Buchner filter funnel (Schott Duran, Germany)
A Avance DRX500 MHz NMR (Bruker, UK)

A Balance (Mettler Toledo, UK)

A Decon Sanicator (Decon laboratories, UK)

A Edwards freeze drye(EdwardsUK)

A Jeol Eclipse 40MHz NMR spectrometefJeol,USA)
A LC-MS (Thermo fisherUK)

A NMR tubes (5mm x178 mm, Sigassdrich, UK)
A Orbitrap HRESI mass spectromet&hérmo FisherJK)
A Rotary evaporator (Biichi, Switzerland)

A SafetyCabinet (Walker Safety Cabinets Ltd, UK)

A Soxhlet apparatus (Quickfit, UK)

A TLC tank

A UV-detector 2541m and 364m UVGL-58 (UVP, USA)
A Water Bath (Grant Instruments Ltd, UK)
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2.3.2 Biology

A -80C freezer (Sanyo, CFC free)

25cn? and 75cn? sterileflask (Thermo FishetJK)

96 wel plates (SigmaAldrich, UK)

0.22¢ m f unit (Miipore, UK)

Centifuge 5415D (Eppendorfzermany)

Cryovials Cryotube TM vials, Nunc)

Cyt o Se l-welCdl Adh&sion Assay (Fibronectidoated, Colorimetric

Format)(Cell Biolabs, Inc, USA)

A Cyt oSel-welC&l MRration Assay (8um, Colorimetric Format) (Cell
Biolabs, USA)

A Cyt oSel2¢Wwdl ECell Invasion Assay (Basement Membrane,

Colorimetric Format) (Cell Biolabs, USA)

Decon(Decon laboratories, UK)

Edwarddreeze dryer EdwardsUK)

Forceps (Sigm&ldrich, UK)

Haemocytometer (HawksleyK)

> > > > > >

Microscope (Olympus, Japan)

Safety Cabinet (Walker Safety Cabinets Ltd, UK)
SpectraMax M5 Microplate Read@olecular DevicesSA)
Water Bath (Grant Instrumentsd, UK

D> > > > > D> D

2 4 Plant material

The aerial parts of plants were collected frdiffierent areas Libya in 2015 (Table
2.1). The plant materials were identifiedy Prof. Mohamed Makhlooft the
Herbarium of the Botany Department, FacufyScience, Tripoli UniversityTripoli,
Libya. The plants were auried to prevent mould or any type of degradation. The
dried plant materials were ground to a fine powder using ad&lemdl stored aR0°C

until analysed.



Table 2.1: Collection details of plants and amount usethe study.

Plant Species Location and Time Plant Amount

Bougainvillea spectabilis | Ain Zara-Tripoli %, Libya 500g
March 205

Alhagi graecorum SamneSebhd, Libya 3109
December 2015

Retama raetam AljahawatAlkhums?, Libya 5009
April 2015

Psoralea plicata Alfataeahi Derna?, Libya 3009
June2015

Tripolitaniat, Cyrenic&, Fezzad
2.5 Extraction and Partitioning
2.5.1 Soxhlet extraction

The plant materials were extractedanSoxhlet apparatus using diffatesolvents
starting with low to high pol#y (n-hexaneEtOAc and finallyMeOH or EtOH3.5 L
each)for days with each solvenfll extracts were evaporated at®@under vacuum

using a rotary evaporator.
2.6 Fractionation work and isolation of compounds

Several chromatographic techniques were used for the isolation of compounds from

the crude solvent extracts.
2.6.1 Analytical thin-layer chromatography (TLC)

TLC was used to screen crude extracts and fractiomsadalso used to analyse the
collected fractions from different separation methods. In addition, it was used to
choose the elution system for mobile phases of other separation methods such as CC,
and VLC. The fractions were dissolved in an appropriate soleendt spotted
approximately 1cm above the bottom edge of a TLC grade silica gel coated aluminium
sheet. Solvent combinations ofhexane,n-hexaneEtOAc or EtOAdMeOH were

used as mobile phases depending on the expected polarity of the sample under analysis
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The filter paper was placed inside the tank to saturate the jar with solvent. Spotted TLC
plates were then placed in the TLC tank to develop in an ascending direction. The TLC
plates were taken out of the tank, the solvent front was marked with a l|peneihd

the plates atdried immediatelyFirstly, plates were examined under UV light using
short n(my=2a5n4d | m) gavelepgthS &hé subsequently sprayed with
anisaldehydesulphuric acidspray (5ml H2SQy, 85 ml MeOH, 10 ml glacial acetic

acid and 0.5nl anisaleéhyde) and heated at 110°C for a min to allbw colour to
develop.The K values for each spot were calculated by dividing the distance the spot
travelled, by the distance of the solvent front. TLC was used to pool similar faction
together, which were then dried and further analysed by NMR to attempt to elucidate
the structure of the compoun(Brayet al, 2012)

2.6.2 Preparative TLC

This technique was mostly used for some fractions which required separating and
purifying in lowamounts. TLC plates 2020cm were used for fractions which were
dissolved in a small amount bfeOH and spotted on TLC plates (2020cm) as a
narrow streak about 2&mn from the bottom. The platgasallowed to dry and then
developed in an appropriatelvent system. After drying, the platasobserved under

UV light (sometimes sprayed at one side with a suitable reagent if they were invisible),
and the bands weraarked by pencil and carefulbut using scissointo strips along

with the absorbent. Enstrips attributed to each separate component were cut into
small pieces and soaked in a polar solvent overnight for maximum recovery. After
filtration and evaporation, the recovered components were analysed by NMR
(Waksmundzk&aHajnoset al, 2008)

2.6.3 SizeExclusion Chromatography (SEC)

This technique is als&nown as molecular sieve chromatogramrygel filtration
chromatography. The principle of SEC is the separation of molecules according to
their molecular sizen this study, a slurry of Sephadex L-B0 (35 g) was added to a
glass column of approximateB2 cm height and 2m diameter. ThiMeOH extract

(2 g)was dissolved in a small quantitylddeOH to the top of the column. Elution was
started with 1009%1eOH and vials of 5 ml were used to colietifferent fractions.

Also, SEC was carried out for som@détions to purify them.



2.6.4 Column Chromatography (CC)

This technique wassedto fractionate polar and negpolar components, using an open
glass column plugged withon-adsorptioncotton wool.The glass column 55%3 cm

was packed with 300 silica gel60 (mesh size 0.06@.200mm). Silica gel 60 was
made into a wet slurry using the least polar solvent of the eluting system and then
poured in a glass chromatography column of appropriate size. The hexdt©#wad
extracts were dissolved in a suitabléseat and adsorbed on a small amount of silica
gel 60 then loaded at the top of the colummagton plug was applieaver the sample

to prevent any distortion in separation. The elution was started with low polar to high
polar solvents and air bubbles weeliminated by tapingThe eluent was passed
through the column with gradient elutiofihe collected fractions were analysed by

TLC and pooled acconag to similar chemical profiles.

2.6.5Vacuum Liquid Chromatography (VLC)

VLC wasused for rapid fractimation ofcrude extracts using a sintered glass funnel
attached to a water pump. Silica gell6QTLC grade) was loaded into the funnel and
avacuum was applied to comprehkssilica gel to a hard layer. TH&OAc or MeOH
extracts were dissolved in an appriate solvent, absorbed on a small amount of silica
gel 60 (mesh size 0.068200mm) and dried to achieve a friewing powder. The
powder was loaded and packed as a uniform thin layer on top of the compressed silica
gel column and the thin layer wasvered with a filter papeN-Hexane andtOAc

were used as mobile phases in different ratios of increasing polarity. Each fraction was
collected, evaporated to dryness at@@nder vacuum using a rotary evaporator.
Finally, the fractions were checked by TLC and pooled according to similar chemical
profiles (Pelletieret al, 1986)
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2.7 Spectroscopic examination
2.7.2NMR

1D (*H and®3C) and 2D NMR experiments were carried out on a Jeol Eclipse 400
spectrometer at 400 MHz for 'H and 100 MHz for 13C and Distortionless Enhancement
of Polarization Transfer (DEPT) spectra and a Bruker Av@iR¥-500 (500MHz)
spectrometer 500 for heteronucleamgle quantum coherence (HSQC) and
heteronuclear multiple bond connectivity (HMBC). Each fraction was dissolved in
about50 | of a sui t abICBCQ@CENADElsoca DMSAds)sandl v e n 't
placedin 5 mm internal diameter NMR tubes. The structures of the compounds were
elucidatedfrom the resulting spectra. The NMR spectroscopic data were processed
using MestReNovaoftware 8.1.2 (Mestrelab Research, A Corufia, and Spain) and
ChemBioDraw Ultra, Vegion 14 (PerkinElmer, Yokohama, Japamyeused to draw
compound structures. Spectra obtained for known compounds were identified

following comparison with spectral dgtablishedfrom previous studies

2.7.1.11D NMR

This is the simplest techniqusedn structure elucidatiotH NMR experiments were
used for the determination of the types of protons in the comp@unadiC NMR for
providing data on the number and kinds of carbon atoms in the comp®&gttdsH
and®C (1D) NMR spectra can be less anfnative than 2D NMR analysis especially

in the case of some of the more complex organic molecules.

2.7.1.22DNMR

2D NMR includes Heteronuclear Multiple Bond Coherence (HMB®Xeronuclear
Single Quantum Coheren@dSQC) Correlation Spectroscopy (COSYgnd Nuclear
Overhauser Enhancement Spectroscopy (NOEB¥)BC provided the correlation
between the chemical shift of the protons in the samples and the heteronucleus 13C
through2J and?J coupling interaction between the nuclei (leragpge HX-C-C-C
correlations).HSQC was used to identify the correlation between proton and carbon
atoms in samples through tHé coupling between themCOSY displaystH-H
connectivitiesvhere he proton shifts are plotted on both axes with the contour plot
along the diagonal of the square. NOESY records altthéH NOE correlations

occurring in a molecule.



2.7.2 Mass spectrometry(MS)

This techniquevasused to elucidate the elemental composiof a sample. One mg

of each sample was dissolved in MéOHa n d | &f the solution was then injected

along with an infusion of 0.1% (v/v) formic acid in water (solution A) and 0.1% (v/v)

formic acid in acetonitrile (solution B) ataflowrate @8 €| / mi n. A gr adi
was used for elution of the mobile phase starting with 10% (v/v) solution B in solution

A to reach 100% of solution B then reduced again to 10% (v/v) solution B. Positive

ion and negative ion mode electrospi@yization(ESI) experiments were carried out

on a Dionex ultimate 5000 LExactve Orbitrap mass spectrometdlS data

acquisition was carried out by Dr Tong Zhang (SIPBS, University of Strathclyde).
2.8 Biological examination
2.8.1 Tissue culture

2.8.1.1 Preparation ofcomplete culture medium

All procedures were carried out in a sterile environmentla@anedium for each cell

line was prepared in a sterile flow hood and was then stored at 4°C until required
(Table 2.2). Cells were grown in an incubator at 37°C, 100%ditynand 5% CQ
andthe medium changed or the cdldrulturedevery 3 days. All the cell lines used

in this study were adherent with an epithelial morphology.

2.8.1.2Resuscitation of cells

To resuscitate the cell linérozen cel (stored at80°C orin liquid nitrogen)were
thawed and transferred int2& cn? tissue culture flask containirfgm prewarmed
appropriate complet@edium(Table 2.2)and incubated at 37S@00% humiditywith

5% CQ to let the cells attach to the flask bottom. The medium was changed every 2
to 3 days.

2.8.1.3 Sub-culture of cells

Cells were sulzultured when the cells reached a minimum of 80% confluence. To
detach the cells from the flask bottaime medium was dectad into Virkon disinfectant

and the cell layer was washed with 5 mIM§*>*-C&*f r ee Hanko6és Bal an
Solution (HBSS)to clear the cell layer fronthe medium, dead cells and cell
metabolites. After removing tHeBSS 1 ml of 0.25%(v/v) TryplE Expresssolution
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was added t@ach25 cnft flask for detaching the cells. The flask was incubated at

37°C, 100% humiditywith 5% CQ for a maximum of 5 min After complete

detachment of the cells, approximately 33®mfithe cell suspension was transferred

into each 75 ciflask containing 10 mappropriatecompletemedium (Table 2.2)

The flaskwasreturned to the incubator for further growth. The medium was changed

when necessary.

Table 2.2: Cell culturemedia for the cell lines used in this study

Human normal
prostate

Cell lines ECACC Complete Culture Medium
number
1. HepG2 cells 85011430 | 500ml Dulbeccds Modified Eaglés
Human Caucasian Medium (DMEM) supplemented with 5l
hepatocyte carcinomi foetal calf serumb ml
penicillin/streptomycin and &l
2. A375 cells 8811306 L-glutamine.
Human malignant
melanoma
3. A549 cells 86012804
Human Caucasian
lung carcinoma
4. PANC-1 cells 87092802
Human Caucasian
pancreas carcinoma
5. MCF7 cells 86012803
Human Caucasian
breast
adenocarcinoma
6. LNCaP cells 89110211 500ml Roswell Park Memoridhstitute
Human Caucasian (RPMI 1640 medium supplemented witF
prostate carcinoma 50 ml foetal bovine serum, &l penicillin
/streptomycin, 5nl L-glutamine and Bl
7. PNT2 cells 95012613 sodium pyruvate.




2.8.14 Storageof cells

All cell lines were stored at a cell density of 1X1@lls/ml suspended in nl
cryopreservation mediumagpropriate complete medium containing 5 % vlv,
DMSO). The cell solution was then transferred into cryovials and storad88°C

freezer. For longr termpreservation, the cryovials were transferred to liquid nénog

2.8.1.5 Plant sample preparation

One gram of crude extract or pure compound was dissolvethirof DMSO (or use in
cell cultureanalysi$ to give a stock solution of 10 mg/ml and was kapt20°C. Further
dilution of the required starting concentration wearried out usinghe appropriate

complete cell caure medium.

2.8.1.6 Resazurin solution preparation

Resazurin sodium salt (Bg) was dissolved in 50 ml distilled water. The solution was
filter sterilised usinga0.22 m f i | t @lacedmto a 50 mlaentifuge tubprotected
from light by wrapped with tin foiland stored in the fridge until required.

2.8.2 Resazurin cell viability assay

This assay includes a calometric/ fluorometric growth indicator, based on the
detection of metabiz activity. Resazurin is an oxidatiemeduction (REDOX)
indicator that permits observatioof metabolic activity by both fluorescent and
colourimetric detection.
The REDOX indicator is reduced Imgitochondria of living cells in the presence of
nicotinamideadeninedinucleotide daydrogenase (NADH) which causes the indicator
to change fronresazurin, the oxided, nonfluorescent, blue form teesorufin, the
reduced, fluorescent, red form (Figurel)2.The fluorescence imeasured at the
excitatian and emission wavelengths of 560 nm and 590raspectively.

0@

: : NADH/H* NAD*, H,0 : :: i
HO

Figure 2.1: Reduction of resazurin to resorufin in living cells
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The cytotoxicity of the crude extracts aoompounds were determined using 0.01%

(w/v) resazurin solutior{section 2.8.1.6) anché number of cells required for the
cytotoxicity bioassay was 1xi€ells/ml per plateife. 1x10* cells in 100ul /well). For

the crude extracts and compounpignt sampe wasprepared (section 2.8.1.8phd

diluted 1:9 with complete medium to give 1mg/ml of plant extract or compound in 5%

(v/v) DMSO. Onthe first day the cell plates were prepared with numbers of cells
required then incubated for 24 h aP@7100% humidiy, 5% CQ, before the samples

were added. Othe second daya 1:1 serial dilution of each sample was performed in

a dilution plate to give a concentration range from |5@®nl to 3.9ug/ml. The diluted

test sample (100 ¢l ) ndirgassaywa mté celiplateid t o t
give a final assay volume of 2 0ug/milgol . The
1.9 pg/ml. Controls (serial dilutions of 0.5% up 50% DMSO as solvent controls)

were added to the appropriate control wehen the plate was incubated for 24 h at

37°C in a humidified atmosphere containing 5%2COnthe third day20¢ lbf 10%

(v/v) resazurin solution was added to each well and the assay plate was wrapped with

tin foil and returned to the incubator under the mes conditions. Fluorescence

intensity was measured after 24 h using a SpectraMax M5 microplate reader at the

excitation and emission wavelengths of 560 nm and 590 nm, respectively.

Each sample was tested in triplicate and the results expressed aalmbti\as a
percentage of the cell only control. The equation used to determine the cell viability is

shown below:

% Cell Viability =Meanof Sample (OD56®%90) x 100

Mean of Control (OD56%90)

Extractor compoundvasconsidered to be toxiciif caused a reduction in cell viability

by at least 50% or more. Statistical analysis was carried out using analysis of variance
( ANOVA) wit h -estDsingMirTal®lé ang graphs were plotted using
GraphPad Prismoftware versiorb.0.
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Extracts and compounds 50% DMSO
A 5% DMS

Cells (Control)

250
125

62.5
Serial dilution
pg/ml 312

15.6
7.8
3.9

1.9

v

Figure 2.2: Template of a cytotoxicity plate layout.

2.8.3 Adhesion of LNCaP and MCF7 cells toFibronectinusi ng a Cyt oSel e
48 -Well Cell Adhesion Assay

Fol l owi ng t h enstmciiansiandaundestede conslitions, the adhesion
plate was warmed up at room temperature for 10 min. After whiche 150 of a <c el
suspension containing 0.5 x®@lls/ml in serurfree mediunwith the samplegRr-

1 and PpH?2) at a final concentratioaf 250-31.25¢ g /, raspectivelywereadded to

a 48 well plate(containing 40 Humaikribronectincoated wells and 8 BSAoated
wells as the negative contraindincubatedat 37°C in a humidified atmosphere with
5% CQ. After 90min, the medimwascarefully discarded frormachwell. Each well
was washed fimes with 250 plPBS, therthe PBSwasaspirated from each wel

200 plof cell stain solution was added to each well and inculdatetD minat room
temperatureThe cell $ain solutionwasdiscardedrom the wells, which were then
gently washed #imes with 500 pdeionsedwater (DW). The DWvasdiscarded and
the wellsleft to air dry Then 200 plof extraction solution was added to each well and
incubated for10 min. Suksequently,150 ul from each extracted sample was
transferred to a 9@ell micratitre plate. A SpectraMax M5 microplate reader was used
to measure the absorbance @@ Bm.

2.8.4 Migration assay using a Cytosele¢t 24-well Cell Migration Assay

Foll owi ng t he man uf migratianplatewaéssvarined sptatrabmt i o n s
temperature for 10 mirThen 300¢ | of a cell sQSsslfPeeliskni on c o

in serumfree medium with the sam@gRr-1 and PpH2, separay) at a final
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concentratiorof 12515.62¢ g /, ragpectivelyere added to the inside of each insert
(polycarbonate membraneg8m por e si ze to assay the mi
in a24 well plate.Appropriateculture medium (50@ | ) ¢ o 0% gvivnfoetalg
bovine serum (chemoattractant) was added to the lower chamber of the migration
plate The cells were incubatddr 24 hat 37°Cin a humidified atmosphere with 5%
CQp. After 24 h thenon-migratorycells inside the insert weremoveadusing ends of

2-3 wetflattened cottontip swabs by pressing them against a clean hard surface and
gently, swabingthe interior of the insert3.he insertaveretransferred by forceps to

a clean well containing 400 bf cell stainsolution and incubated at room temperature
for 10 min. The stained inserts were washed lyeaker ofDW several times and
allowed to air dryThe inserts were transferred to empty wells containinge2@d
extractionsolution and incubated at room temperature for 10 Fimally, 100¢ from

the extracted sample was transferred to an@ll plate and e absorbancevas
measured at@ nm using a SpectraMax M5 microplate read€he results were
calculated as % migration of the untreated control, which was considered 100%

migration.

2.8.5 Invasion assay using a Cytoselelt 24-well Cell Invasion Assay

Foll owing the manuf iavasiooplate was warnmed wtatrroora t i 0 n ¢
temperature for 10 mirdence300e | of a cel | sOBsl@Peels/mni on c o
in serumfree mediumwith the sample (Rr-1 and PpH2, separay) at two
concentratiosof 15.62¢ g / and62.5¢ g /, re$pectivelywere adeéd to the inside

of each insert. Similarlythe assayprotocol wascompletedasfor migration(section

2.8.4), except the basement membrane layer of the cell culture inserts was rehydrated
first by adding 300¢ | of wafreenmedi® to whe inner compartment and
incubated at room temperature forhl The difference between the invasion and
migration assay Kitsi the inserts are coated with a uniform layer of dried basement
membrane matrix solution in the invasion assay, which serves as a barrier to
discriminate invading from nemvading cells. The results were calculated as a %

invasion of the untreated contrathich was considered 100% invasion.



Chapter 3

Results
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Part 1. Phytochemtal results
3.1 Solvent extraction and yield

Solvent extraction using a Soxhlet apparatus was carried out to obtain crude extracts
from the flower ofB. spectabilisthe leaves and stemsRf raetamtheleavesstems
androotsof A. graecorumandtheleaves and stenaf P. plicata

Table 3.1 shows the yieldd the extractobtained from the extractiorslculated

usingthe formula:

% yield = Weightof the crude extract jo 100

Total weight of plant powder Jg

Table 3.1: Yields of extract

Plant Name Amount of Plant | Weight of Plant Extract (g) Yield (%)

and Part Material (g) Hexane EtOAc MeOH HexaneEtOAc MeOH
B. spectabilis 500 6.0 12.0 600 | 1.2 2.4 12.0
flowers

R. raetam 500 7.5 14.0 950 |15 2.8 19.0
leaves &

stems

A.graecorum 310 7.9 3.4 28.4 |25 1.1 9.2
leaves, stemg

& roots

Plant Name Amount of Plant | Weight of Plant Extract (Q) Yield (%)

and Part Material (Q) EtOH EtOH
P.plicata 300 30.0 10.0
leaves&

stems

3.2Fractionation of B. spectabiliscrude extracts

B. spectabiligvieOH extract (6@d) wasfractionated using three different methods.
VLC column was usedsection 2.6.5)to fractionate20.0 g. 'H NMR enalted
elucidation of one compoundodedBs-1 (30 mg. A further 2g wassubjected to
SephadexCC (section2.6.3 and led to the identificatioof Bs-2 (15 mg).



Finally, 100 g wassubjected taCC, which led tothe isolation ofBs-3 (3 g). No
compounds wer@btainedfrom the fractionatios of B. spetabilis n-hexane and
EtOAc extracts using CC and VLC and tHéMR specta of these crudextracts

revealed that the signals indiedta mixture of fats.

3.2.1 Characterisation ofBs-1 aspinitol

OH H

OH

O““llll
T
TS

Figure 3.1 Structure of Bsl.

The compoun®s-1 (Figure3.1) was isolated from thigleOH extract ofB. spetabilis
flowers using VLC. On TLC with 50%hexane in 50% EtOAc, a yellow spofas
observedRf = 0.56) afer spraying withp-anisaldehydesulphuric acid reagent and

heating.

The THNMR (400MHz) spectrum oBs-1 in DMSO-ds (Table 3.2 showed protons
between 3.0and 3.65 ppm. The methoxy grougia8.44 (3H, s, 1-OCH) integrated
forB3H,whi | e t hen302(8Htb-h)s3.52(LHdd, H-2), 3.65 (1Hd, H-
3), 3.65 (1Hd, H-4), 3.46 (1Hd, H-5 ) , n&8.86d(1H, H-6) for a cyclic polyol

The 13C NMR (10MHz) spectrum of the compound in DMS#g (Table 3.2) showed
t he presence ocfd3.65@1y, 0B (GR)a72.06 (€3),52.59E4), 1.1
(C-5), 72.8(C-6) and 59.8 ppm (OCl

Using HMBC spectrum(Figure 3.5) the compound was charasestias followsthe
longr ange i nteract iwn302 (BtT) showedJ correlationoto thea t
car bons a-R), 7.8 (G6J 8nd>3cor(el@tion to the carbon of the methoxy
(-OCH) group. The&51H2)oeahdo3rB&H-6ashowad] correlatiors
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to the €e&%3.bto,n vahti lle y3.66 ¢43)@mdS.v6o(b)sshoaved] U

correlatiors to the same carbon amds thereforassigned €.

The HRESIMS spectrum of theompoundn negative ion modgavean[M-H] ion
atm/z193.0716/Calc C7H130e,193.0712)which indicated that the molecular formula
of this compounavasC7H140s. The *H and *3C NMR spectral datarein agreement

with literature reports.

This compound was isolated previously froRisonia alba (Nyctaginaceae)
(Poongothai and Sripathi, 2013ased on the ave dataBs-1 was identified as

pinitol.

Tl

Olltn

Figure 3.2: Structure of Bsl with key COSY (=) andHMBC 2] (——) and
3J (—) correlations.

Table 3.2: *H (400MHz), 3C (100MHz), HMBC and COSY data of Bsin
DMSO-ds.

H (G ppm) 13C (UG ppm) HMBC COSY

Position (Mult, J (H2)) (Mult) 2] 3]

1 3.02 €) 83.6 (CH) | C2 C6| 1-OCHs | H-2, H6

2 3.52 @d) 70.3(CH) |C1,C3| C6 H-1

3 3.65 () 72.1 (CH) C4 | C1,C5 -

4 3.65 @) 725(CH) | C5 i -

5 3.46 ) 711(CH) | C4 c1 i

6 3.36 () 728(CH) |C1,C5| - H-1
1-OCHs 3.44 6) 59.8 (CH) - c1 i
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Figure 3.3: tH NMR spectrum (400 MHz) of B% in DMSO-de.
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Figure 3.4: 13C NMR spectrum 100 MHz) of Bs1 in DMSO-ds?
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Figure 3.5: HMBC (DMSO-ds) spectrum of B4l.
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Figure 3.6: COSY spectrum of B4 in DMSO-ds
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3.2.2Characterisation of Bs2 asallantoin

A H H
0 [ |
h
N N
2
5 6 v 8\H
N3, H
H o
O

Figure 3.7: Structure of BL.

The compoun®s-2 (Figure 3.7) was isolated from the MeOH extradB o§pechbilis
flower using SephadeXC. On TLC with 50%hexane in 50%&tOAc, a yellow spot
was observedRf = 0.64) after spraying witp-anisaldehydeulphuric acid reagent
and heatingThe *H NMR (500 MHz) spectrum oBs-2 in DMSO-ds (Figure 3.9)
showed two singlsta ty 8.05, and 5.82 and were assigne@ Bnd H8, respetively.
Furthermore, it showed t h698@rHly ahch e
correlated wit h524r(d H5hiethe Hbl COIY.Additianally, U
the later proton also showed a correlation with the singlet sighal8.05 (s,H-3) in
14 -1H COSY spectrum“g-coupling). Furthemorg a broad proton singlet was

obser w&0b7 gpm and was assigneebH

The B3CNMR (129VIHz) spectrum of the compound (Table 3.3) in DM8&JFigure
3.10) showed the presence of four carbon atatiish were classified by DEPT into
three car bonyk15¢%(€2),A457.2 @&4),amisl74® {<Z), @nd one
methine carbon at 62.8 {&).

of

The structure was confirmed by analysis of its HMBC spectrum as follows: the most

important correlations were observed betweenpttre o t 01n6.98 (H1) With 2J
correlation tahec a r b o ©11567.994@2) and 62.8 (€5). Protons at 8.05 {3) and

7C



at 5.24 (H5) showedJ correlation to carbon 157.2 {€ and®J correlation to carbons
62.8 (G5) and 174.0 (&7), respectively.

Based orthese data, compourik-2 was identified as allantoin. This compound has
been isolated previously frof grandis (NyctaginaceaejSripathiet al, 2011)but

this is the first report of allantoin froB. spectabilis.

The HRESFMS spectrumshowed a molecular ion [Ml]  at m/z157.0365 (Calc
C4HsN40O3,157.0361) suggesting a molecular formula aHeN4Os.

Figure 3.8: Structure of B2 with key HMBC2J (7~ \) and3J (© \)
correlations.

Table 3.3: *H (500MHz), 3C (125MHz), HMBC and COSY data of B2 in
DMSO-ds

HMBC COSY
Position H (U ppm) 13C (U ppm) 2] 3] 43 -
(Mult, J (H2)) (Mult)
1 6.98 (d,J = 8.2 Hz) - C5 C4 | C7 H-5
2 - 157.9 (C) - - - -
3 8.05 6 - C4 C5 - H-5
4 - 157.2 (C) - - - -
5 524 (dJ=82Hz)| 62.8(CH) C-4 C-7 - H-1, H-3
6 10.57 (br 9 - - - - -
7 - 174.0 (C) - - - -
8 5.82 € 2H - - - C5 -
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3.2.3 Characterisation of Bs3 astrigonelline

Figure 3.13: Structure of Bs3.

The compoundBs-3 (Figure 3.13 was obtained from fraction 8 of theC of the
MeOH extract ofB. spectabilisas a black amorphous solid. On TLC with 508),
MeOH in EtOAcit gave a brown spot (R 0.61) after spraying witp-anisaldehyde
sulphuric acid reagemindheating.

The TH NMR spectrum ( Fi @oulB(&Hs3H-2), &7 (16l,h o we d
d, H-4), 8.02 (1H{, H-5), 8.92 (1Hd, H-6) and 4.37 (3Hs, CHz). While the 13C NMR

(100 MHz) spectrum of the compound in DMS&# (Figure 3.B) revealed the
presence o¢l462aEG2h ©39.2 (C),1144.8 (C4), 127.3 (C5), 1455

(C-6), 47.7(C-7) and 163.7 (€8).

Using HMBC NMR the compound was charactedi as followsth e pr o4t8.62n at U
(H-5) showedJc or r e | a139.4(@3)andlci r r e | al45.50(@6). The U

pr ot ouBg4 (44) and 8.92 (F6) showedJc or r el at i on ctl2d.3t he c:
(C-5). Also protons 9.13 (#2) and at 8.74 (H) showedJ correlation to the carbonyl

car boni63.d (G8)d
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The HRESFMS spectrumshowed a molecular ion [MH]* at m/z 138.0546(Calc
C7HsNOz, 138.0555)andindicated a molecular formula of;87NO,. Thus,Bs-3 was
identified as trigonellinewhich has been previously isolated froBoliocarpus

dentatugJagessaet al, 2013) but this is the first report from. spectabilis.

Figure 3.14: Structure of Bs3 with key HMBC2J (~~ \)and3J (7~ \)

correlations.

Table 3.4: *H (400MHz), 3C (100MHz), HMBC and COSY data of B3 in

DMSO-de.
HMBC COSY
Position H (U ppm) 13C (U ppm) 2] 3] -
(Mult, J (Hz)) (Mult)
1 - - - - -
2 9.13 (1H;) 146.2(CH) | C3 | C6,C7,C8| CHs
3 - 139.4 (C) - - -
4 8.74 (1H, d1=7.7) 1445 (CH) | C-5 C-2,C8 H-5
5 8.02 (1H, d1=6.7) 127.3(CH) | C6 C-3 H-4, H-6
6 8.82 (1H, dJ = 6.0) 1455 (CH) | C-5 - H-5, CH3
7 4.37 (3H.,9) 48.16 (NCHs) | - C2,C6 | H2 H6
8 - 163.7 (C) - - -
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3.3 Fractionation of A. graecorumcrude extracts

TheA. graecorunMeOH extract 28.41g) was further fractional About 10.0g was
subjected to VL(section 2.6.5) andluted withhexaneand increasing the polarity
with EtOAc and up to 409eOH. The fractions from VLGvere collected and their
contents assessed using NMR alggpending on their TLC profiles were combined
and further fractionated byE®. Fraction7 from VLC of A. graecorunMeOH extract

(2 g) was subjected tBephadexCC and lead to the isolation of one compound coded
Ag-1 (16 mg).No compounds were identified from the fractionatidthehexane and
EtOAc extractof A. graecorunusing CC and theHNMR spectrum of these crudes
revealed that #hsignals indicated a mixture of fats.

3.3.1 Characterisationof Ag-1 as narcissin

Figure 3.19: Structure of Agl.
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CompoundAg-1 (Figure3.19 was isolated from theleOH extract ofA. graecorum
leaves using Sephad@C. On TLCwith 50%EtOAcin 50%MeOH, it gave ayellow
spot(Rf = 052) after spraying wittp-anisaldehydesulphuric acid reagent and heating.
'H NMR spectrum of the compound (Taldé) in (CDsCOCDs, Figure3.21) showed
two doublesa ty 6.80 (H,d,J=2.0HzH-6) @&#6.55 (@H,d,J=2.1Hz,H-8)
together with a protodoubleta t+ 6.88 (LH, d, J= 8.4 Hz, H5") and an overlapped
proton @ i.eenlH,ld, Ja 8.4, B6") and these patternsere typical of a

flavonoid moiety.

In addition,theH-NMR spectrunmshowed two protons resonating at d 5.38 (el1hj
and 4.58 (d, HIn)Nassigedt o t he agqlowmeeapdyxr am o s y-I pr ot

rhamnopyranosyl protons, respectively.

While the3C NMR (125MHz) spectrum of the compound (Tald&) in (CDsCOCDs,

Figure 3.22 revealed the presence of 15 carbon signals for the subsfitavedol
moiety of the aglycon and 12 carbon resonances belonging to two sugar moieties, in
addition there wasne carbon sighandicating the presence of one methoxy group.
The anomeric carbons wevbservedat 1036 (C-1nj and 1004 (C-1N)nj

In the HMBC spectrum (Figure 3.23), the proton {gt6.30 (H6) showed3J
correlations to carbons &t 93.7 (G8), 104.5 (G10) and?J correlations to 162.1 (C
5). The proton aifiy 6.55 (H8) showedJ correlations to the carbon8.9 (C-6), 104.5
(C-10) and?J correlatins to 164.6 (€7), 157.1 (G9).

The protona ty 8.20 (H2Njin ring B showedJ correlations to carbon 122.5 {1)j
and oxygerbearing aromatic carbon at 147.6-3Mj The protons at 6.98 AN
showed®] correlations at 122.5 (T)j 147.6 (G3Njand?2J correlations to carbon at
149.6 (G4Nj

Furthermore, the methoxy groapt 3.688 (3H, s) showet correlation to the carbon
at 147.6 (C3)proving its connectivity to ring B. The anomeric protof-&-glucose
atu 588 (H1nj showed3J correlations to carbon at 124(C-3) proving its

connectivity at that position.



The HRESIMS spectrumshowed a molecular iofM-H] ' at m/z623.1630 (Calc
C2sH31016,623.1612) suggesting a molecular formula efH3:016.

Based orthese result#\g-1 was identified as isorhamnetirCBrutinoside (narcissin).
This compound was isolated previously fr&fucedanum aucheBoiss (Apiaceae)
(Dehaghanetal., 2017) howeverthis is the first report of narcissin from A.

graecorum(Fabaceae).

HO

Figure 3.20: Structure of Agl with keyNEOSY ( ), COSY (),
HMBC 23 (<~ \)and3] (——) correlations.
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Table 3.5: *H (500MHz), 13C (125 MHz), HMBC and COSY data dgfg-1 in

CDsCOCDs
HMBC COSY
Position H (U ppm) 3C 2] 3] -
(Mult, J (Hz)) (G ppm)
(Mult)
1 - - - - -
2 - 157.1 (C) - - -
3 - 1342 (C) - - -
4 - 180.6 (C) - - -
5 - 162.1 (C) - - -
5 6.30 (% ddI= | 957 (ch) C5 C-8,C10 -
0
7 - 164.6(C) - - -
8 6.55 (1H, dJ=2.1) | 93.7(CH) | C-7,G9 | C-6, G10 -
9 - 157.1 (C) - - -
10 - 104.5 (C) - - -
1 Nj - 121.7 (C) - - -
2Nj | 820(1H,dJ=2.1)| 1136 (CH)| C-1 N3 | C-4 Nj;2 -
3 Nj - 147.6 (C) - - -
4 Nj - 149.6 (C) - - -
5Nj | 6.98(1H, d1=8.4) | 114.8(CH)| C-4 Nj| C-1 Nj;3 Nj H-6 Nj
6 Nj 7.6?32;5-)&— 122.3 (CH) C2 N4 Nj H-5 Nj
Glu
1 nj 5.38(d,J=7.8) | 1036 (CH) - C3 H-2 nj
2 1j 3.83 ) 72.2 (CH) - - H-1 nj
3 nj 3.77 (t,J= 6.3) 774 (CH) - - -
4 nj 3.50 74.1 (CH) - C-6 nj -
5 nj 3.69 73.9 (CH) - - -
6 nj 3.83/3.51(dd) | 658(CH) | C-5 nj C4 NjNj| -
Rha
_ - C-3 NjNRNNj| - 2
1 458(d,J=1.7) | 1004 (CH) C-6 nj
2 3.61 br, m) 70.9 (CH) - - 1
3 3.49 (m) 71.5 (CH) - - -
4 3.30 (M) 72.8 (CH) - - -
5 3.56 (M) 68.2 (CH) - - H-6
6 114 (3H,d1=6.1) | 17.2(CH) | C5 NjN  C4 NjNji H-5
57 OH 12.47(s) - C-5 C-6, G10 -
3 NPCHs 3.98 (3H, s) 557 (CHs) - C3Nj -
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Figure 3.21: *H NMR spectrum (500 MHz) of AG in CD:COCD:s.
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Figure 3.22: Full 3C NMR spectrum (125 MHz) of Ay CD;COCDs'.
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Figure 3.24: COSY (CDsCOCDs) spectrum of Agl.
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34 Fractionation of R. raetamcrude extracts

The EtOACextract(14.0 g) of R.raetamwas further fractionated by two methots.
the first 10 g was subjected to fractionation usi@g (Section 2.6.4). Fraction\®as
obtained as a black solntaininga single compound (50@g) which wasdentified
using NMR and enabledlueidation of the structurdrr-1. The second method
involved subjecting D g, to fractionation using Sephad@&cC (Section 2.6.3) and led
to theidentificationof compoundRr-3 (25 mg).

Besides, D g of theMeOH extraciof R. raetamwassubjected to fractionation using
a SephadeC. TLC wasusedapplied to pool similar fractions. SephadexCC was
used to fractionate the pooled fractions-8%; 11 vals were collected and their
contents were assessed using NMR and enabled elucidation of conffre@ricom
vial 5 (10 mg), The!HNMR spectrum of the hexane extractRRfraetamshowed

signals suggesting the presence of mixtures of triglycerides and fats.

3.4.1 Characterisation of Rr-1 asalpinumisoflavone

Figure 3.26: Structure of Ril.

The compoundRr-1 (Figure3.26) was obtained from thetOAc extract ofR. reatam
On TLC, the compound gave a green spot Rtl= 0.83 in hexaneEtOAc (1:1) after
spraying withp-anisaldehydesulfuric acid reagent and heating.



TheH NMR (400 MHz) spectrum othe compoundn CDCB (Figure3.21) showed
signals typical of an isoflavonmoiety having a pyone ring. Two doubletswere
observeda tH 5.62(J = 10.0 Hz H-2nj and 6.72J = 10.0 Hz H-1nj ppmusually for
cis-diene protons ansix methylprotonsa tn 1.47ppm(2 x CH). Thesesignalswere

assigned to a 2 2limethylchromeneing system.

The characteristiel-2 proton of the isoflavone wasbserveca s a s in@.80 et at
ppm Also observed in the spectrum were a pair of doubéetsh integraid for two
pr ot om6s89(J=a8t6 Hi)and 7.38J = 8.6 Hz) which weredueto H-3/H-5Njnd

H-2NH-6N)f a paradisubstituted aromatic nucleus.

The dowrfield resonanceof H-3Nand H5N{ Wi 6.89) suggest the presence of an
oxygenated substituent at4ljThis wasconfirmed by the presence of a broad singlet
a tn 5.04 (1H, H-4Nljdue to a hydroxyl group proton. The remaining sigatlis 6.32
(1H, s) wasattributed to H8, andthe onea t+ 13i113(1H,s), to the chelated hydroxyl
proton at C5.

The DEPT@135 NMR (100 MHz) spectrum (Figure 3.2thdicated the presence of
20carbon atoms includi n4g) aancdarsionyadr ama tli
152.0, 95.0, 130.4, 115.6, 115.6 and 128.3 ppm.

The HRESFMS spectrumshoweda molecular ion [MH]™ at m/z 335.0932 (Calc
C20H1505,335.0919) which indicate@molecular formula of esH160s.

Based orthe above spectral data and by comparison pvghiiousreports the identity
of compoundRr-1 was confirmed as alpinusoflavore, previouslyisolatedfrom
Cudrania tricuspidatgdHanet al., 2005) This is the first report adlpinumisoflavore

from R.raetam
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Figure 3.27: Structureof Rr-1with key COSY (emmmm) and HMBC?J (/-\\) and
33(~~ "\)correlations.

Table 3.6: *H (400 MHz), 3C (100MHz), HMBC and COSY data d#r-1 in CDCl3

HMBC COSY
Position H (G ppm) BC (ppm) | 23 3] -
(Mult , J (Hz)) (Mult)

1 - - - - -

2 7.80 (1H, s) 152.0(CH) | C3 | C9,C4 -

3 - 123.9(C) - - -

4 - 181.1(C) - - -

5 - 157.0 (C) - - -

6 - 105.7 (C) - - -

7 - 160.5 (C) - - -

8 6.32 (1H, s) 95.0 (CH) - C-10 -

9 - 157.3 (C) - - -

10 - 106.3(C) - - -

1 Nj - 122.9(C) - - -
2Nj /| 7.38(2H,dJ=8.5Hz) | 130.4 (CH) i 4C;\13j’,C-C( H-3 Nj -5/
3Nj /| 689 (2HdI=86Hz) | 1156(CH) | ~ |9 ,\'EJB’CJ H-2 Nj -6/ N

4 Nj - 156.3 (C) - - -

1nj |6.72(1H,dJ=10.0 Hz)| 116.1(CH) - C-7,G31n H-2nj

2n |5.62(1HdJ=10.0Hz)] 1283 (CH)| C3nj C6 H-1 nj

3 nj - 78.2 (C) - - -

4 nj 1.47 (s) 28.15(CH) | C3nj] C2nj -

5 nj 1.47 (s) 28.15(CH) | C3nj] C2nj -

5- OH 13.13 (1H,s) - C-10 C-9 -
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3.4.2 Characterisation of Rr-2 as8-b-D-glucopyranosylgenistein

OH H

Figure 3.32 Structure of R2.

The compoundRr-2 (Figure3.32) was isolated from thBleOH extract ofR. ragam
leaves using Sephad@C. On TLCusinga mixture 0f10% MeOH,40% EtOAc and
50% hexane, it gve onespot (R = 053) which after spraying wittp-anisaldehyde

sulfuric acid reagent and heatihgned to violet.

The'H NMR spectrum Figure 334; Table 37) indicated a 12, 3, 5 -tetrasubstituted

ringAofa fl avonoid moiety. Two aromatg c pr ot
H-2), 6.27 (1Hs, H-6) while two orthooc oup | ed duB9b(RHdiJs=881t U

Hz, H-3 N)| /48lj(2H,d, J= 8.9 Hz H-2 N)/fd® &\jL,4para disubstituted ring B. The

sugar unitshowedna n o me r i ¢ np05¢lH,d,= 9.8 Hz Hil hand a methyl

doubl 388 (&H, dJir 3.4 Hz H-6 hjAlthough the multiplicity of H4" could

not be determined due to signal oveylépe large coupling constanl € 9.9 Hz)

observed for 3" led to the assignment of-BI' and H 4" as transdiaxial protons and

thus the sugar unit was identifiedf@®-glucopyranosyl.

In the HMBC spectrumRjgure 335; Table 37) , t h e H6r20(H6)shoveet U
2Jcorrelation to t wt63.p (@ N629i(GQ7) acdatlIbns at

~

coupling to thel&ddag@€Ghonyl <carbon at U

9C



The pr ot 046 $H2'%"Y andi6.91 (F8'/5") showed®J and 2] correlations
respectively to anot he-#)egdblsmng the pceseaca ofb o n
an-OH substituent at @' on the ring B of the flavonoi@dhe g ot o m8.464H U

2'/6") also showedJc or r el at i ons122.8(G3}. @he ipsition cithe U
attachment of the glucose unit was established from the H8fBCtrun(Figure 336)

as the ano mex0b @E+1"pshowéd@hcor@lationtto G ¢(1@8.1).

The HRESIMS spectrumshowed a molecular ion [M]' at m/z 431.0978 (Calc
C21H19010,431.0978) suggesting a molecular formula efHzoO10. Based orthese
results and comparison with previous daR-2 was identified as -&-D-

glucopyranosylgenisteifdesuset al, 2014)

OH H

HO O
(L
CIOT U

Figure 3.33; Structure of Ri2 with key COSY (=) and HMBC2J (©~ \) and®J
(—~) correlations.

HO

|
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Table 3.7: *H (500MHz), 13C (125 MHz), HMBC and COSY data d#r-2in

CDsCOCDs
HMBC COSsYy
Position H (G ppm) 13C (G ppm) 2] 3] -
(Mult, J (Hz)) (Mult)
1 - - - - -
2 8.21 (1Hs) 153.0 (CH) C-3 C9, G4 -
3 - 122.8 (C) - - -
4 - 181.0 (C) - - -
5 - 162.3 (C) - - -
6 6.27 (1Hg) 99.7(CH) | C5,G7 | C-10,G8 -
7 - 162.9 (C) - - -
8 - 103.1 (C) - - -
9 - 155.7 (C) - - -
10 - 105.3 (C) - - -
1 Nj - 122.0 (C) - - -
2 Nj /| 7.46 (1Hd, J=8.9) | 130.4 (CH) C1lNj| C4,3 H-3 Nji-5 N
3Nj /[ 6.91(2H,d, J=8.9) | 115.1 (CH) - C5Nj | H-2 Nj-& N
4 Nj - 157.5 (C) - - -
1 nj 5.05 @, J=9.9) 74.8(CH) | C-2 nj;8 | C-3 nj-9,&7 H-2 nj
2nj | 3.88(1Hd,J=9.9) | 72.7 (CH) - C-4 nj H-1 nj
3nj | 3.62(1Htd, J=9.9) | 78.4 (CH) C-2 nj - -
41nj | 3.69(1Htd, J=9.93)| 69.9 (CH) C-3nj C6nja, -
5nj | 3.56(1Hid, J=2.9) | 70.3 (CH) - C-3 nj -
6 nja, 3.88(2Hd J=3.4) | 61.0(CH) - C-4 nj -
5-OH 13.19 (1Hs) ) c-6,c10 7 )
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Figure 3.34: tH NMR spectrum (500 MHz) of R2 in CDsCOCDs.
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Figure 3.35: DEPT¢135 (125 MHz) NMR Spectrum of R in CDsCOCDs.
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Figure 3.36: HMBC (CD3COCDs) spectrum oRr-2.
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Figure 3.37: COSY (CDCOCDs) spectrum of R2.
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3.4.3Characterisation of Rr-3 as ephedroidin

Figure 3.38: Structureof Rr-3.

CompoundRr-3 (Figure3.38 wasalsoisolated from thaeOH extract ofR. ragtam

leaves using Sephad&C. On TLCin 10% MeOH, 40% EtOAc and 50%exane, it

gave agreen spot (R= 0.35) after spraying witp-anisaldehydesulfhuric acid reagent

and heating.

In theH NMR spectrum Figure 339; Table 38), a 1,2,3,5tetrasubstituted benzene

ring A of a flavonoid moiety wasbservedvith one proton singlet at4 6.64 (1Hs,

H-3) while another proton singlet was observed at 6.30 $1H;6) and twoortho

coupl ed dnor9d(PHd Js= 8.2 Hz He2 N), B0Mj(2H,d, J = 8.6 Hz H-

3 N)/sbgeshg a 1,4para disubstituted ring B. Also observed were two olefinic
protons at 4.81 and 4.99, methyl singlet at 1.86, an oxymethine proton at 4.51 and two
methylene protons at 3.10 ppm.

In the HMBC spectrun(Figure 342), both protos a t y 6i80 (H6) showed?J

correlations to two highkgeshielded oxygeb e ar i ng quaternary car
(C-5),1628(C7) and 049D, 16607 H, (Cespecti vedblBy. The
(H-6) also showed W6 W6 coupling to the cawhd8nyl C ¢
(H-2 Nj/ 6 Nj) &nNg 57Nj) & andtgadavrelationsrespectively to one oxygen



bearing car bednNj)atesttcabl 8 G.h6 A@Lsubstirientpat e s e n C
C4Nj onr itrhge. BPr ot o-2 Bj/ & Nj) U &l c@rrelatiBnd garbendat

Uc 164.0 (G2).

The presence of a side chain aBQvas indicated by the absence of laagge
correlations fromH-6  tc 404.8 (G8) and the correlationsom H-2 nj 8.0TheC

length of the side chain using COSY and HM8g&ctravas found to be-Bydroxy
2-methylpentenyl group. Longange correlations from4"to C7, G9and G3 nj a s

wel | as-3HnCtaoAadC gave further proof of i
attachment.

The HRESIMS spectrumshowed a molecular iofM-H] ' at m/z 353.1028 (Calc
C20H1706,353.1025) suggesting a molecular formula edHzgOe.

TheH and3C NMR spectral dataverein agreement with previous reps(Pistelli

et al, 1998)andRr-3 was identified agphedroidin previously isolated froR.raetam

\

@)
( 9 2
10 3‘
4'_/
|
OH O

Figure 3.39; Structure of Ri3 with key COSY (mmm=), HMBC 2] (7~ \) and3J
(/—\\) correlations.
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Table 3.8: *H (500MHz), 3C (125 MHz), HMBC and COSY data d&®r-3in

CDsCOCDs
HMBC COSY
Position H (G ppm) 13C (G ppm) 2] 3] -
(Mult, J (H2)) Mult

1 - - - - -

2 - 164.0 (C) - - -

3 6.64 (1H, s). 103.0 (CH) | c-2,c4 | c-1 Njrod -

4 - 182.5 (C) - - -

5 - 160.9 (C) - - -

6 6.30 (1H, s) 99.9 (CH) C-7 C-8,C10 -

7 - 162.8 (C) - - -

8 - 104.5 (C) - - -

9 - 155.5 (C) - - -

10 - 104.4 (C) - - -

1 Nj - 122.7 (C) - - -
2Nj /| 798(1H,dJ=87H | 1285(CH) | C3 Nj/ | C-2,C4 N H3 Nj/
3Nj /| 7.04(1H,dJ=8.6) | 115.6 (CH) - - H 2 Nj/

4 Nj - 160.6 (C) - - -

1 nj 3.10 (ZHé.i?.J =14.4, 29.5 (CH) C-2 NH§;,| C 3Cngj 7( HI1n

2 n 4.51(1H3,.g)d.,]— 84, [ 753 cH) C1nj,|C 8((::542 H 2 nj

3 nj - 148.5 (C) - - -

4 nja 4.99 (1H, s) 109.7(CH)| C3nj|C2nj5@ HS5n
4 njb 4.81(1H, s) 109.7 (CH) - C2nj-5@ HS5 nj

5 nj 1.86(3H, s) 17.1 (CH) C-3 nj - H4 nja
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Figure 3.40: *H NMR spectrum (500 MHz) of R3 in CD3COCDs.
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Figure 3.41: DEPT135 (125 MHz) NMR Spectrum of R in CD3COCDs.
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Figure 3.42 HMBC (CD3COCDs) spectrum of RB.
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3.5 Fractionation of P. plicata crude extracts

P. plicata EtOH extract 80 g) was subjected to fractionation usi@g (section 2.6.4).
The fivefractions wereexaminedusing NMR ancdcombinedfor further fractionation.
About 2.0g from the second fraction (B g) was subjected to fractionation using
SephadexCC (section 2.6.8 The fractions collected wesxaminedusing NMR and
enabled elucidation of thremmpoung Pp-1 (6.0 mg), Pp-2 (7.0 mg) andPp-3 (5.0
mg) No compounds were identified from the fractionationtha&f other four fractions
of P. plicataEtOH extracts using®TLC andSephadexCC.

3.5.1: Characterisation of Pp-1 asplicatin A

Figure 3.44: Structure of Pl

CompoundPp-1 (Figure3.44) was isolated from thEtOH extract ofP. plicataleaves
using Sephade€C. On TLC 10% MeOH and 40% EtOAc and 50fane, it gave a
blue spot (R= 0.64)after spraying withp-anisaldehydesulphuric acid reagent and
heating.

The 'HNMR spectrum of the compound showed signals for three ABMXpled
aromati c H/ADH, Dm2sl Ha H-2), 8.88 ¢, J = 8.3 Hz H-5) and 7.38
(dd, J = 8.4, Hz H-6). Two trans couplealefinic protons were indicated by the
presence of {760 (1HdI-A5.86 HzaH-2ahhnd 6.36 (1Hd, J =
159 Hz H-3 phjAlso,a si ngl et wa374 tobasnmeethaxe groygawbd U
geminal methylene protons at 2.9@l,(J = 14.2, 9.0 HzH-1)Nand one oxymethine
proton at 4.78 (1H,,H-4 Ngnd 4.97q, J= 2.1 Hz H-4 Nj& methylgroup attached

to a double bondvass hown by t he pr es&82abile anbthera si n

methyl group attached to an ester was obskrvex 8.74ppm.
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The ®*CNMR spectrum showed the presentd5 carbon atoms. The multiplicity of
each carbon atom was determined using DEPT experiments, which showed the
presence of two methyls, two methylenes and six methines and five quaternary carbon

atoms.

Usingthe2D NMR spectrum the structure of tbempound was confirmed as follows:
longrange correlations (HMBC) from &2 nj t20andCG6 revealed that the
transolefinic side chain was attached td ©f the aromatic ring.Also, correlations

from the same protonto€nj and fr om t heltomeatbbnylbatlGf® o up a
(C-1 nj) i dithee ipropyl tsige chain to be an ester. Hetioe compound must be a

para coumaric acid derivative. The presence of a side chair3atv@s confirmed by
correlations from HL Nj -2 and @ and H2to G1 Nj. ngth and $trecture of this

side chain wreestablished from its COSY and longnge correlations between the

protons and carbons as given in Tah@

The HRESKMS for Pp-1 showed a molecular ion [M] ' at m/z261.1136(Calc
Ci1sH1704,261.1126)suggesting a molecular formula ofs81s Oa.

Based orthe above spectral data and by comparison with previous reports, the identity
of the compound was confirmed g@dicatin A and has beepreviously isolated from

P. plicata(Rasoolet al, 1990)

Figure 3.45; Structure of P with key COSY (), HMBC 2] (~ \) and3J

(~~ "\ correlations.
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Table 3.9: *H (500MHz), *C (125MHz), HMBC and COSY data of Ppin

CDsCOCDs
HMBC COSY
Position H (U ppm) 13C(lppm) 23 33 _
(Mult, J (Hz)) Mult
1 - 1265 (C) - - i
2 7.49 (1H, dJ=2.1). | 131.8 (CH) - C1N2 nA( Hb5
3 - 1265 (C) - - i
4 - 158.4 (C) - - :
5 6.88 (1H, dJ=8.3) | 1169 (CH)| C4 C1,C3 H-2
6 7.38 (1H, ddJ=8.4,)| 131.0 (CH) i i )
| Nja | 292 (1H9,t%,)J= 147 377 | C2MB (C2C3 A | H2 N
L Npp | 292 (1Hétc(i),)J= 142, 377 cn | C2NB (C2C3 1G4 [ HZN
N | 44 (1H4, g)d,]:&o, 758 (Cr | CL N3 C3,CA G5 | AL N
3N - 1476 (C) - - i
4 Nja 4.78 (1H9 109.8 (CH) - C2.5 Nj| H5 Nj, 1
4 Njb | 4.97 (1H,dJ=2.1) | 109.8 (CH)| C3Nj| C=2,45 Nj| H-5 N;j, |
5 Nj 1.82 (3H,9) 175(CH) | C3Nj| C2N#4Nj| H4 Nja
1nj 3 166.9 (C) - - i
2n |7.60H, di=1586)| 1446 @cHy | TPE3 N C2C1In ) H3
3n | 6.36(1HdJ=159) | 114.3 (CH)| C-1 nj2 @ c1 H-2 nj
1-N)CHs 3.74 ¢ 50.4 (CH) ) C-Lnj -
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Figure 3.46: *H NMR spectrum (500 MHz) of Pp in CDzCOCD:.
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Figure 3.47: Full 3C NMR spectrum (125 MHz) of Ppin CD3COCDs.
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Figure 3.48 HMBC (CDsCOCDs) spectrum of P4.
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3.5.2 Characterisation of a mixture of Pp-2aaspsoralen and Pp2b as angelicin

Figure 3.51: Structure of Pg2h.

The mixture of compound®p-2a (Figure 350) andPp-2b (Figure 351) was obtained
from the EtOH extract ofP. plicataleaves using Sephad&C. On TLC with 10%
MeOH and 40% EtOAc and 50B&xane, a yellow spotas observe(Rf = 0.58) after

spraying withp-anisaldehydesulphuric acid reagent and heating.

The *H NMR spectrum of the minor compourRp-2a (Figure 354, Table 310)

showed the presencef t wo ci s couplnwb®@ (bHAdeJED. ANHzec pr ot
H-3), 8.06 (1Hd,J=96HzH-4) , and two aw70M@A@Hd JI=28r ot on:
Hz, H-5) and 7.53 (1Hs, H-8). The spectrum also showed the presence of two other
aromatic protons ai4 7.01 (1H,d, J= 2.3 Hz H-11) and 7.94 (1Hd, J = 2.3 Hz H-

12) and the low coupling constant were indicative of a furan ring.

The DEPT@135 NMR spectrum (Figure3.55 Table3.10 showedthe presence of

carbon atoms representing both compounds mageof atoms comprising two

carbonyl carbons, four quaternary carbons at 125.0, 152.2, 156.5 and 115.7 ppm in
addition of six CH carbons at 115.2, 145.2, 120.7, 99.0, 106.3 and d@g®.7The

signals for psoralen were distinct from those of angelicirtla@@D corelations were

distinguishable.
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In the HMBC spectrum (Figure%, Table 3.1) the proton at 8.06 (H4) for psoralen
showed 2] correlations to the carbon at 115.2-3C and 115.7 (€10) and3J
correlations to the carbons at 160.23)Cand 120.1{C-5). The proton at 7.95 @3)
showed?J correlations to the carbons at 145.24) 152.2 (G7), 156.5 (G9) and
106.3 (G11) and &J correlation to the carbon at 125.0-6C and 115.7 (€10). In
addition the proton at 7.53 (#8) showed &J correlatins to the carbons at 152.2-(C
7) and 156.5 (), and &J correlation to @& and G10.

The HRESFMS spectrumshowed a molecular iofM+H] * at m/z187.0388 (Calc
C11H703, 187.0395) suggesting the molecular formula @H803. The above data
suggest$p-2a be psoralen. The spectral data were consistent with those reported in
the literature and this compound has been isolated from the fruitBsofalea
corylifolia L (Lu et al, 2014) However, this is the first report of the isolation of

psoralen fronP. plicata.

Besides, e 'H and DEPT¢L35 NMR (Table3.10) spectra for the major compound
Pp-2b (Figure 354; Figure 355) had identical patterns as thatRy-2a except for the
presence o furan ring now fused at-€ and G8. The carbons at positions&Z G-9
and Gllwere shielded and were observed & 30148.6 and 103.6 ppm respectively

compared to the same carbon signals for psoralen (Tdlflg 3.

Similarly, the proton signals fd?p-2b (Figure 354, Table 310) were similar to the
same protons asdbof Pp-2aexcept for the absence of8Hand presence of-B &t U
7.52 (1H,d, J = 8.6 Hz). Proton Fb appeared at 7.60 (1d, J = 8.6 Hz) compared
with the same proton iRp-2a which appeared at 7.95 ppm, and protoiiHwas
deshielded and appeared at 7.19 (,H,= 2.2 Hz) compared with the same proton in
Pp-2aobserved at 7.01 ppm (TablelG).

In the HMBC spectrum (Figure 36, Table 3.1) the proton at 7.60 #3) showedJ
correlations to the carbons at 145.64);157.5 (G7) and 148.6 (). The proton at
Un 7.52 (H6) showed &J correlation to the carbon at 157.2-f¢ and>J correlation
at 116.6 (G8) and 115.7 (€10). In addition, the proton at 7.19 () showed]

10¢€



correlations to the carbons at 116.6§)Cand 146.7 (€12), and &J correlation to €
7. Protons kb, H-11 and H12 showedJ while H-6 showedJ correlations to €7.

TheHRESKMS spectrum alsshowed a molecular idiM+H]* at m/z 187.0388 (Calc
C11H703, 187.0395) suggesting the molecular formula afHeO3. Based onthe
spectral datalPp-2b wasidentified asangelicin and is reported froR plicata for the

first time.

Figure 3.52: Structure of P2a with key COSY sfemmm) and HMBC?J (/—\\) and
33(7 "\ ) correlations.

O
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e

Figure 3.53: Structure of Pg2b with key COSY femmmm) HMBC 2] (/_\\) and
33(~~ \) correlations.



Table 3.10: *H (500MHz) and 3C (123Hz) data of Pg2a and Pg2b in

(CH)

CDsCOCDs
Pp-2a Pp-2b
Position . 13(3 1 - C
H (0 ppm) (U H (U ppm) (Uppm)
(Mult, J (H2)) ppm) (Mult, J (Hz)) Mult
Mult
T : -
) _ o0 _ 1605
(C) (©)
5o 1148
3 6:35(1H,d,J=0.7) | oy | 6.37(1H,d.J=96) | (CH)
: T 1456
4| BOAR IO DY | soraH. da=96) | (CH)
1207 124.9
5 7.95(1H,dI=22) | oy | 7.60(1H,d,J=86) | (CH)
- 1250 1085
- © |782@H.di=86 | (cH)
- - 1522 () 157.2 (C)
8 7.53 (1H, s) 99.0 (CH) ) 1166 (C)
9 - 156.5 (C) i 1486 (C)
m _ 1570 _ 115.7 (C)
1063 1036
1 701K, dJI=23) CH) | 719(1H,dJ=22) | (CH)
_ 146.7
12 | 7o4an, da-2g | 1467 | 7900H dI=22) | D
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Table 3.11: Selected HMBC and COSY correlations ofPpand Pgbin

CDsCOCDs
HMBC COoSsY
Position Pp-2a Pp-2b
2] 3] 2] 3]

1 - - - - -

2 - - - - -

3 C-2 C-10 C-2 C-10 H-4
4 C-3,C-10 C-5,C-2 C-3,C-10 C-5,C-9 H-3
5 C-6,C-10 | C-4,CG7,C9,C-11 - C-4,C-9,C-7

6 - - C-7 C-8,C-10 -

8 C-7,C-9 C-6,C-10 - - -

9 - - - - -

10 - - - - -
11 C-6,C-12 - C-8,C-12 C-7 H-12
12 C-11 - ) 7 H-11
8% 3.
£€ Sig 2 |3
ol g % é é H.11 (Pp-2b) H-3 (Pp- 2 a&b)

—
%
|

H-11 (Pp-2a)

Lﬂ\/\wwd _”WJ LMAMM

N~

VW)

6.9

T T T
6.8 6.7 6.6

T T T T
6.5 6.4 6.3 6.2

Figure 3.54: tH NMR spectrum (500 MHz) of Ppa and Pg2b in CxCOCD;s,
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Figure 3.55: DEPT¢135 (125 MHz) NMR Spectrum of PZa and Pgb in
CDsCOCD:s.
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Figure 3.56: HMBC (CDsCOCDs) spectrum of P{2a and Pg2b.

11C

T
6.3

1 (ppm)



M

H3-H4 (Pp-2) F6.2

CLI ()

6.0

F6.4

o

e

H3-H4 (Pp-3)

6.6

6.8
00 HIL-HL2 (Pp2) (i

@ q 7.0

b2 E
A O ! Lra ©
. ) 4
Y W]
00 76
L7.8
L 3

8.2

8.4

8.6

T T T T T T T T T T T T T T T T T
82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63
f2 (ppm)

Figure 3.57: COSY (CyCOCD:s) spectrum of P{2a and Pgb.

3.5.3 Characterisation of Pp-3 asdaidzein

HO

Figure 3.58: Structure of P8.

CompoundPp-4 (Figure3.58 was isolated from thileOH extract ofP. plicataleaves
using Sephade€C. On TLC with50% EtOAc and 509%eOH, it gave ayellow spot
(Rf = 082) after spraying witlp-anisaldehydeulfuric acid reagent and heating.
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The'H NMR (500 MHz) spectrum (Figur&.6Q Table3.12) of Pp-3 showed protos
ofringAmetaandparec oup |l ed p*0&(lHdd,d=88Hz, I46),6.92(1H,
d,J =23 Hz, H8) and8.08 (1H, d,J = 8.7 Hz, H-5) andthe B ring with protons at
749(1H, d,J=8.4Hz, H-2/H-6") and6.81(1H, d,J=8.6Hz, H3'/H-5") and proton
singlet aB.16 (1H, s) H2 of ring C.

The 13C NMR (125 MHz) spectrum (Figure8.61) indicated the presence efght
ar omat i €152@,H27.3 1148 102.2,130.3, 114.8,130,8nd 114.8 ppm (G2,
C-5, C-6,C-8,C-2", G3', C-6" and G5, respectively).

Other carbongspecially the quartsere extracted from the HMBC spectrum (Figure
3.4H , t wo quat er Ad70rand 18.3ppm (CiGand@l’) andfdur
phenol i c car bonc$30.6yE20eI57® and BASppendG3aCt7, G

9 and C4), respectivey.

Using 2D NMR (HMBC andCOSY) (Figure3.62 Figure3.63, the compound was

confirmed as followsThe Aring protons at.01(H-6 ) & 6.92 (H&B) both showed
3Jcorrelation to the cEadM€l Mu.atTelr enafrIdo tcam be
(H-8) showed @Jcoupl i ng to d1620 (&p 157.4(@% and®t U
correlati oncli4.8(C6)alt7®®¢E03. at U

The B ring protons at 7.49 (R Nj/Nj)  s>Banvekatibns to the quaternary carbon
atcldh.4 (G3)and 157.3C-4 Nj) Jandr el ati on ctl2B5(Gh &lj) car bo

The C ring proton at 8.16 (@) showeddJc or r el at i ons c1285(Ghe car
1Nj), #ydnd1BH7.9(@®)andJcoupl i ng c1244 (3. Protons at i
8.16 (H2) and8.08 (H5) had®J correlations 0 t h e € 1&%I@%andthis U

confirmed the assignment of this signal to th@ & the aromatic ringC.

The HRESFMS spectrumshowed a molecular ion [WH] © at m/z255.0645 (Calc
C15H1104,255.0657) suggestingmolecular formula of €H100a4.



CompoundPp-4 was thus identified as daidzein and the spectral aigeedwith a
previous report bySordonet al, 2017)who isolated itisolated fromA. coerulea
(Sordonet al, 2017)However,this is the first report oflaidzeinfrom P. plicata.

(Fabaceae).

HO /’\ 02
N

4

\_/

O

NC

Figure 3.59: Structure of Pi8 with key COSY (mmmm=), HMBC 23 (©~ \) and®J (
——) correlations
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Table 3.12: *H (500MHz), 3C (125MHz), HMBC and COSY data of Pin

CD3:COCDs
HMBC COSsY
Position H (U ppm) BC (Uppm) | 23 3] -
(Mult, J) Mult
1 - - - - -
C-3 | C-1Np-4,C-9 -
2 8.16 (1H,s) 152.5 (CH)
3 - 1244(C) | - - -
4 - 1752 () | - - -
- C-4,C-7,C9| H-6
5 8.08 (1H,dJ=8.7) | 127.7 (CH)
- C-8,C-10 H-5
6 7.01(1H, dd1=8.8,2.3)| 114.8 (CH)
7- OH 10.80 162.0(C) | - - -
C-7, C6,C-10 | H-=2 Nj
8 6.92(1H, d,J=2.3) | 102.2 (CH)
C-9
9 - 1579 (C) | - - -
10 - 1179(©C) | - - -
INj - 1235(C) | - - -
C-INj| C3,C4Nj| H-8
2Nj6Nj | 7.49 (2H, dJ=8.4) | 130.3 (CH)
3Nj5Nj | 6.81@H,d,J=8.6) | 114.8 (CH)| - - -
4 -NGH 9.53 (1H, s) 1575(C) | - - -
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Figure 3.60: *H NMR spectrum (500 MHz) of PR in CD;COCDs,
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Figure 3.61: Full 3C NMR spectrum (125 MHz) of Ppin CD:COCDs,

11¢



J bwmmwfu

H6-C§ © [+
105
110
H8-C6 L5
H6-C10Ss (© H8-C10 .
H2-CL H2/6-C1' i
.3 @0 q2161-C3 D 125
k130
135
140
F14s
150
v 16'-C4' F155
H2-C9 @ ODH5C9 opQHL2/6-C4 @) H8-C9 e
@ H5-C7 © H8-C7
165
=170
nR-c4@ © H5-c4 s
180

T T T T T T T T T T T T T
8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 Zit 7.0 6.9 6.8
f2 (ppm)

Figure 3.62 HMBC (CDsCOCDs) spectrum of Py3.

)0
) © |
"
y

T T T T T T T T T T T T T T T T T T T T T T
84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63
2 (ppm)

Figure 3.63: COSY (CCOCD:s) spectrum of R8.

11€

1 (ppm)

f1 (ppm)



Part 2: Biological Results

3.6 Cytotoxicity screening ofplant crude extracts and isolated compounds using

a resazurinassay

A cytotoxicity assy was carried out againkuman cancer cell lines HepGR375,
A549, PANGC-1, MCF7andLNCaPand norcancercell line PNT2 usinga resaurin
assay. It was used to assess the toxicitgxtrfacts and isolated compounds fr&8m
spectabilis A. graecorum,R. raetamandP. Plicata (sectiors 3.6.1, 36.2, 3.6.3, and
3.6.4), respectively Any test agenthat caused cell viabilityo decrease to leghan
50% was considered cytotoxic and theolr eachwas calculated-urthermoreas
shown inFigure 364,a 5 % (v/v) (63.9uM) of DMSO was used to dissolve samples
without killing the cells in contrastith a high concentration of DB 60 %,639.95
uM) that had a cytotoxic effect on the cells (Table3B.1

Table 3.13: ICso0f 50% DMSO oncancerandnormalcell lines. The values are
means + SEM of at least three independent experiments performedicateip

Cell ICso (U M)

HepG2 cells 6347+ 1.803c g / 81R36)(
A375 cells 26.91+ 1.430 ug/m(344.45)

A549 cells 38.54+ 1.568 pug/ml (493.38
PANC-1 cells 51.80+ 1.714 pg/ml (663.00

MCF7 cells 35.83% 1.554 ug/m(458.59)

LNCaP cells 66.27+ 1.821ug9/m{848.20)

PNT2 cells 7294 £1.80¢ g / ml (933.
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Effect 50 % of DMSO on cancer cell viability Effect 50 % of DMSO on PNT2 cell viability
160- 60

—_

+ A35
= = PANG =
=100 + MCFT - =4pp. )
= v IR e
= Aslg =
@ . 0 HPR " gl .
W 2w .
0 T T 1 0 I ) 1
1 10 100 1000 1 10 100 1000
A Conc pg/ml B Conc pg/mi

Figure 3.64: Effectof 50% DMSO on cell viability ofA) cancer cells an(B) normal
cells after 48h. Cell viability was measured using a resazurin assay ans6@nd
590nm. Values represent the mean = SEM of 3 reading

11¢



HepG2 A375

A549 __PANC-1

Figure 3.65. Morphology and substrate cenage of the cells for the cytotoxicity assay
The images show that 1x36ells per well werehosermas an optimum number to be
used in a 96 well plat®©bjective lenx 10.
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3.6.1 Cytotoxicity of B. spectabiliscrude extracts and isolated compounds

None of theextractsor isolated compoundshowed anyytotoxic activity on theell

lines.Results not shown.

3.6.2 Cytotoxicity of A. graecorumcrude extracts and isolated compound

None of theextractsor isolatedcompoundshowed anyytotoxic activity on thesell

lines.Results not shown.
3.6.3 Cytotoxicity of R. raetamcrude extracts and isolated compounds

Results of the cytotoxic activity dR. raetamextracts and its constituents against
cancer and normal cells are presentedable 3.1. The n-hexane andnethanol

extracs of R. raetam Rr-2 andRr-3 showedno cytotoxiceffects.

In contrastR. raetamEtOAc extractwastoxic to HepG2, A375PANC-1 and PNT2
at 250e g / witlh ICsovalues 0f139.2+2.14e g / MB9+2.15¢ g/ n2D1+2.11
e g/, and 15430+ 2.18¢ g /, na3pectivelyandthis extractwas toxicto LNCaP at
125¢ g/ ml I€io Yalueof6i.60+ 1.83, butthis extractwas not toxic toA549
and MCF7 cellgFigure 366).

In addition Rr-1 wastoxic againsHepG2,A375,A549, PANC-1, MCF7and PNT2

at 125¢ g / with 1Cso values 0163.9+ 1.80¢ g / (190.021e M,)64.24+1.80c g / ml
(191.00c M,))1188+2.07¢ g / (8dB.22¢ M,)64.14+1.80¢ g / (19®D.70c M,)7291
+1.86¢ g/ (BYR.71 ¢ M,)and 11260+ 2.05¢ g / (B84.79¢ M respectivelywhile

it washighly toxic toLNCaPat62.5¢ g / m| anM4o value 0f43.63+ 164¢ g/ ml
(129.72¢ MJFigure 367).
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Table 3.14: Summary of 16y of R. raetamextractsand compounds otte cell lines.
The values are meanSEM of at least three independexipeiments performed in
triplicate, not active up to 250 pg/ mi

Cancer cell lines Normal

Extract or cell line

compound HepG2 | A375 | A549 PANC-1 | MCF7 | LNCaP | PNT2

R.raetam
Hexane
extract

R.raetam
EtOAC 139.2 | 143.9 129.1 67.6 154.3
extract

R.raetam

MeOH
extract

Alpinumisofl
avone 190.0 | 191.0| 3532 190.7 272.7 129.7 3348

Rr-1 puM UM UM puM UM UM Y

8-3-D
Glucopyrano| ----
sylgenistein

Rr-2

Ephedroidn
Rr-3
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Effect of R.raetam EtOAc Effect of R.raetam EtOAc

on cell viability HepG2 cells on cell viability of A 375 cells
150- 150+
= >
= 100+ = 1001
& =
- >
= 3
o 501 o 504
= =
c 1 T 1 c 1 1 1
0 1 2 3 0 1 2 3
A Conc pg/ml B Conc pg/ml
Effect of R. raetam EtOAc Effect of R. raetam EtOAc
on cell viability of PANC-1 cells on cell viability of PNT2 cells
150- 150+
= =
= 1001 = 1004
= =
S - S50
0 T T 1 0 T T 1
0 1 2 3 0 1 2 3
C Conc pg/ml D Conc pg/ml

Effect of R. raetam EtOAc
on cell viability of LNCaP cells

150+

1004

(4]
o
1

% Cell Viability

0 T T
0 1 2 3

Conc. pg/mi

=

Figure 3.66: Effect of R. raetamEtOAc extracs on cell viability of (A) HepG2cells,
(B) A375 cells, (C) PANC-1 cells, (D) PNT2 cells (E) LNCaP cellsafter 48h. Cell
viability was measured usingrasazurinassay at 566m and590 nm and calculated
as a % of untreated controls. Values are the meaniplafate readinge SEM.N= 3.
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Effect of Rr-1 on cell viability of

Effect of Rr-1 on cell viability of
A375 cells

HepG2 cells

150+ 1504

100 100+

b Cell Viability
h Cell Viability

50 50
o T T ) 0 T T ]
o 1 2 3 o 1 2 3
A Conc ug/ml B Conc pg/ml
Effect of Rr-1 on cell viability of Effect of Rr-1 on cell viability of
A549 cells PANC-1 cells
150+ 150-
= =
= 100 % 100-
= =
S 50 S 50
== ==
0] T T 1 0 T T 1
(1] 1 2 3 0 1 2 3
C Conc pg/ml D Conc ug/ml
Effect of Rr-1 on cell viability of Effect of Rr-1 on cell viability of
MCF7 cells LNCaP cells
150+ 150
= = hd
= 100 = 100
= =
S so- S 50
== ==
o T T 1 0 T T 1
0 1 2 3 ] 1 2 3
E Conc pg/ml F Conc pg/mi

Effect of Rr-1 on cell viability of

PNT2 cells
150-
=
= 100-
=
=
=
S 50-
=
o T T 1
o 1 2 3

Conc. ng/mi

Figure 3.67: Effect of R. raetamEtOAc Fr2 (Rr-1) on cell viability of (A) HepG2
cells, (B) A375cells, (C) A549 cells, (D) PANC-1 cells (E) MCF7 cells (F) LNCaP
cellsand (G) PNT2 cellsafter 48h. Cell viability was measured usingr@sazurin
assay at 56@m and590 nm and calculated as a % of untreated controls. Values are

the means dfiplicate readinge SEM.N= 3.
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3.6.4 Cytotoxicity of P. plicata crude extract and its fractions

Results of cfotoxic activity ofthe ethanol extract d?. plicata against cancer and

normal cells are presentedTiable 315. Only fraction 2(PpFr-2) was toxicagainst

most of the cell lines, except A549was txic to HepG2,PANC-1, and PNT2at 250

e g / with ICso values 0fl6150 + 2.20¢ g / 1269+ 2.10e g / amtl 1261+ 2.10

¢ g / respectivelyandwas toxic against A37&t 125¢ g / witlth ICso values 0f1180

+2.07¢ g /,wilile it was highly toxic against MCF7 and LNCaP at&2.§ / ml wi t h
ICsovalues 0/651.20+ 1.70 ¢ g34. Mk 1.54¢ g / respectivelyFigure 368).

Table 3.15: Summary of IGo of P. plicataEtOH extractandits fractionson each cell
line. The values are means = SEM of at least three independent experiments performed
in triplicate. Not active up to 250g/ml.

Cancer cell line Normal
Extract or cell line

fraction HepG2 | A375| A549 | PANC-1 | MCF7 | LNCaP PNT2

P.plicata

P. plicata
EtOHFr2 | 1615 | 118 125.9 51.2 34.7 126.1
(PpFr-2)
P. plicata
EtOH Fr3 ——-- — ———- — — — —

P. plicata
EtOH Fr4 | ---- - - - - - -

P. plicata
EtOH Fr5 | ----
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Effect of PpFr-2 on cell viability of Effect of PpFr-2 on cell viability of

HepG2 cells PANC-1 cells
150- 150
= 1001 = 100-
= =
S50 S o504
0 T T ) 0 T T 1
0 1 2 3 0 1 2 3
A Conc pg/ml B Conc ug/mi
Effect of PpFr-2 on cell viability of Effect of PpFr-2 on cell viability of
MCF7 cells LNCaP cells
150- 150
= =
% 1004 § é 100
= =
S s0f S o504
0 T T 1 0 T T 1
0 1 2 3 0 1 2 3
C Conc pg/ml D Conc ug/ml
Effect of PpFr-2 on cell viability of Effect of PpFr-2 on cell viability of
A375 cells PNT2 cells
150 150~
= =
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= =
S50 S50
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Figure 3.68: Effect of P. plicata EtOH Fr-2 (PpFr-2) on cell viability of(A) HepG2
cells, (B) PANC-1cells, (C) MCF7 cells, (D) LNCaP cells, (E) A375 cells andF)
PNT2cells after 4&. Cell viability was measured usingesazurirassay at 56@m
and 590 nm and calculated as a % of untreated controls. Values are the means of

triplicate reading+ SEM.N= 3.
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3.6.5. Effects oRR. raetamEtOAc Fraction-2 (Rr-1) and P. plicata EtOH
Fraction-2 (PpFr-2) on LNCaP and MCF7 cell lines

The general aim of this section wasin@estigatethe effect ofRr-1 and PpF2 on
morphology, viability, adhesion, migration and invasam LNCaP and MCF7 cell
linesas these providetthe best results thepreliminary cytotoxicity screeninghen

compared with appropriate nooxic concentrations of the normal cell.

3.6.5.1.Viability of Rr-1and PpFr-2 on LNCaP and PNT2 cellsafter 48 h

The effect of differentoncentrations oRr-1 on the viability of LNCaP cells and
PNT2cells was testedRr-1 was foundo have a effecton the viability of thd.NCaP
cells at concentrations betwe8h.25¢ g / m250etgo/ ml a but tieervibilty
of the PNT2 cells was affected €@0.0001) only atLl25and250¢ g / (Fdure 369 A
& B).

Similarly, the viability of theLNCaPcellsand PNT2 cellsvastestedandPpFr2 was
found to have a significant @ 0.0001)decreas®n the viability of the LNCaP cells
at concentrations betwe8i.25¢ g / nd50etgd ml  a but tieerviabdit§ of the
PNT2 cells was affected §0.0001) only all25 and250¢ g / (Ridgure 3.6C & D).
Consequentlyboth concentration81.25and62.5¢ g / ahRr-1 and PpH2 extracts
were chosen fofurther investigation because thelyd not kill the normal celline.

This result wagonfirmed quantitatively with eesazurin assay.

Effect of Rr-1 on cell viability of Effect of Rr-1 on cell viability of
LNCaP cells PNT2 cells
150- 150-
iy >
= 100 % 100-
2 g
> >
S50 S50
2 s
NI SN R SR SIS AP S NP IR SRS
D a\c.b NQ)% ‘5\‘.\’ oV N >y 4\%’ ’@6 n;\'.\' Qv NV W»

A Conc pg/ml B Conc pg/ml
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Effect of PpFr-2 on cell viability of
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Figure 3.69: Effect of Rr-1 on the viability of (A) LNCaP cells and(B) PNT2 cells
after 48h, and dfect of PpFr2 ontheviability of (C) LNCaPcells andD) PNT2 cells

after 48 h.Statistical analysis was performed using one way ANOVA with Tukey's

Multiple ComparisonTest. *** indicates significantly (p <€0.0001),lower values
compared with the untreated contr@ = untreated control).

3.6.5.1.1 Effect of R¥l and PpFr-2 on the morphology of LNCaP cells after 48h

This test was carried out to determine the effed®mei and PpR2 at 62.5¢ g / ml

the morphology of NCaPcells after48 h. There was a difference in the morphology

after treatment witlRr-1 and PpH2 separatelgompared with nottreated cells which
showed arepithdial tissuemorphologywith good attachment and spreadiighile

cellstreated withRr-1 and PpH2 at 62.5¢ g / ml
poorly attacked suggesting thenwasan effect on adhesion of the cesgure 370).

achaogednrsieedand were

on



Non treated LNCaP Cells

. f
;1“'% >

LNCaP cells treated with RrFr-2 LNCaP cells treated with PpFr-2
62.5pg/ml 62.5pg/ml

Figure 3.70: Morphology of LNCaP cells before and after treatment wir-1 and
PpFr2 after 48 hObjective lens 10.

3.6.5.12 Effect of Rr-1 and PpFr-2 on adhesion, migration andinvasion of
LNCaP cells

Cancer metastasis is the major cause of cancer illness and death and accounts for about
90% of cancemortality. Cancer metastasis begins witie detachment of metastatic

cells from theprimary tumar, which thentravel to different sites through blodd
lymphatic vessels, settlement and growth of the cells at a distal site. Throughout the
process, metastatic cells go through detachment, migration, adlaesiamvasion.

The metastatic €fps are affectely numerousmulti-biochemicalfactors including
tumaur microenvironment (such as extracellular matBCM, growth factors,
chemokines,and matrix metalloproteinases) which plagritical roles in cancer
progression

Besides this, ECM is mainly composed of collagen type Bhdlaminin. Also, the

ECM consists of many necollagenous molecules such as fibroneatidosteonectin
Fibronectin is a glycoprotein of the ECM, and together with colldggiays a major

role in cell adhesion, graw, migration, and differentiation in cancer cells.
Consequentlythe purpose of this investigan was to evaluate the effect Bf-1 and

PpFr2 onadhesion oL NCaPcellsto fibronectircoated plates.
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3.6.5.1.2.1 Effect of Rl and PpFr-2 on adhesion ofLNCaP cells to ECM

(Fibronectin) using a CytoselecTtNI 48-well Cell Adhesion Assay

A large % of untreatedNCaPcells compared with treated cells was significajky
0.0001)affectedbecause the cells adhered and spread well on fibronedtereas
cells treated witlRr-1 andPpFr2, losttheir adherence to fibronectin (Figure 3.71).
Hence,Rr-1 extract concentration31.25¢ g / m250¢t go/ had greater significant
(p <0.0001) effecbn adhesion (Figure BLA) and the % of adhesion bNCaPwas
24% to 30%, respectively Likewise, with PpFr2, there waslecreased adhesion of
LNCaPcells to fibronectin in a dosgependent manner and the % adhesion25%s

to 40% at31.25to0 250¢ g / (Ridure 3.71B).
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Figure 3.71 Effect of (A) Rr-1 and (B) PpFr2 on adhesion oENCaP cellcoated
plates of fibronectin, with BSA as a negatiVbe \aluesare means + SEM of 3 values.
Statistical analysis was performed usiogeway ANOVA with Tukey test, ***
indicated significantly (g 0.0001) lower values compared with the untreated control.

(O = untreated control).



3.6.5.1.2.2 Effect of Ryl and PpFr-2 on the migration of LNCaP cells using a

Cytoselec{'\/I 24-well Cell Migration Assay

Rr-1 had a significant (p < 0.0001) inhibitory effect on migration betwie62and
125¢ g/ ml and idnbfé&NCHPcells trpate withRr-1 wasbetween 40%
50% (Figure 3.72A). While PpFr2 inhibited the migration oENCaP cells at15.62
and125¢ g 1 amd the % migration was between 30%2% (Figure 3.72B).
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Figure 3.72 Effect of (A) Rr-1 and(B) PpFr2 onthemigration ofLNCaPcells.The
valuesare means + SEM of 3 values. Statistical analysis was performedamsng
way ANOVA with Tukey test*** indicated significantly (p< 0.0001) lower values
compared with the untreated conti@.= untreated control).

3.6.5.1.2.3 Effect of Ril and PpFr-2 on the invasion of LNCaP cells across the
basement membrane using a Cytoseléét 24-well Cell Invasion Assay
The effect ofRr-1 and PpFr2 on the invasion of LNCaP cells across a basement

membrane was assessed using a Cytos¥iadiwell Cell Invagon Assay.

As shown in Figure 32 the number oENCaPcells which invaded after exposure to
Rr-1 was approximatelythe sameasthe untreated controRr-1 between31.25and
62.5¢ g / sightly (p = 0.6939 inhibited the invasion o NCaP cells across the
basement membrariEBigure 373A, % invasion80% - 95%).
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Similarly, PpFr2 between31.25 and 62.5¢ g / stightly (p = 0.441) inhibited
invasion(Figure 3.78, % invasiorB0%- 90%). Both Rr-1 and PpF2, betweer81.25
and 62.5¢ g /, oidl not kill normal cell(PNT2) hence these concentrations are

recommendedbr future work for treatment diNCaPcells.

Figure 3.73: Effect of (A) Rr-1 and(B) PpFr2 on theinvasion ofLNCaPcells.The
valuesare means + SEM of 3 values. Statistical analysis was performedamsng
way ANOVA with Tukey test, Results indicated slightlp € 0.6938p = 0.441})
lower values compared with thentreated controltespectively, but these were not
significant. (O = untreated control).

3.6.5.2.Viability of Rr-1and PpFr-2 on MCF7 and PNT2 cellsafter 48 h

The effect of differentoncentrations drr-1 onthe viability ofMCF7 cells and PNT2
cells werdgestedandfound to have a significant (pG<0001) effect on the viability of
theMCF7 cells at concentrations betwe@a50¢ g / nd50etgd ml  hAbuttrer
viability of the PNT2 cells was affectesignificantly(p <0.0001) only at 250 and 125
e g/ (Mdure 374 A & B).

Similarly, the viability of MCF7 cellsand PNT2 cells wertestedwith PpFr2 and
found to have a significant (p &0001) effect on the viability of thBICF7 cells
between6 H0e g / nd50etgd ml B, but teervidilityBof the PNT2 cells was
affected (p <0.0001) only att25and250¢ g / (Fdure 374 C & D). As a resultthe
concentrations81.25 62.5 of both Rr1 and PpH2 extractswere chosen for more

investigationdecause theglid not kill the normal celline.
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