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ABSTRACT

Cancer has become kay public healthaffliction worldwide Recent studies have
shown that genetic factors cause orilfi@% of all human cancers, while the rest are
caused by lifestyleEpidemiological and clinical studies have shown tblatonic
inflammatory diseases predispose individuals to various types of cAncestimated

20 % of all cancer related deaths globally arise from primary infections and
inflammatian. Current treatments for cancer include radiotherapy, chemotherapy,
surgery,hormone, immune and targeted therapies. Howevergtii@acy of these
treatments iconstrainedoy their unexpectedietrimentaleffects on other notarget
tissues developmenof multi-drug resistant cancer cell linaad high cost. Medicinal
plants are increasingly attracting attention of researchers as a source of
complementary and alternative therapiesnitigate cancer morbidity and mortality
Plants have been reported tontain bioactive phytochemicals with afective
properties against chronic diseases, includnfigmmation anccancer.In the current
study the audried roots bark and leaves Bagaropsis angolensiwere pulverized

into fine powders. The plant mais were then exhaustively extracted with 50%
CHsOH in CHCI2 (v/v) at room temperaturey cold solvent percolatiorseparation
was carried out using column chromatography on silica gel as the stationary matrix
and elutedwith gradients ofn-hexane, EtOAc and MeOH. Thesultantfractions
were then purified using finer silica gelby recurrent column chromatography,
Sephaex LH 20andChromatotrorto afford a total of five compounds including two
new norhopane derivatives§ b , 6-toihydtaXy-7 b , -Hif{4thydroxybenzoyl)oxy]

21U H24-nothopa4(23)ene (42 and 3 b, 6-tihydtaxy-7 H(4-
hydroxybenzoyl)oxy21U H24-norhopad(23)ene @3) together with the known
norhopane, 3 b, 6 BrihydrbXy-7 H(4-hydroxybenzoyl)oxyj24-norhopa
4(23),17(21)diene @4) and a norneohopane, (2H)-24-norneohopat(23), 22(29)
diene3d b , 6-tigl 7#daffeate 80) from the root barkThe leaes affordedh reported
flavone,tachrosin 45). Their structure elucidation was achieved by detailed 1D and
2D NMR, HRESIMS, FT-IR and UVspectrdor the newly described compounds and
by comparison of these data with thosecofrelatedcompound in the published
literature. Resazurin reduction assayas used to evaluate the cytotoxicity of
compound46, with doxorubicin as reference anticancer didgmpound46 displayed
minimal activity since the cell viability was more than 70a#ainst drug sensitive
CCRFRCEM. Owing to the risk associated with chronic inflammation to initiation,
promotion and progression of carcinogenessngounds42 i 45 were assessetbr
their antiinflammatory activity byquantifyingthe levels of cytokinefnterleukinlb
(IL-1Bb), Interleukin2 (IL-2), Granulocytemacrophage colongtimulating factor
(GM-CSB and Tumor necrosis factealpha TNF-U) in lipopolysactaride (LPS)
stimulated pepheral blood mononuclear cells (PBMC All tested compounds
decreased secretion of-1b and TNFU . C o mptd® anch4d slearly decreased
secretionof IL-2, GM-CSF and TNFU in comparison withthe reference drug
ibuprofen. The findings from this study revealed tlat angolensiscontains
significant amounts of hopatigpe triterpenoid derivatives with potential to
downregulatgro-inflammatorybiomarkersand further provide a scientific ratidea

for using the plant in Kenyan folk medicine as gudin solution.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Cancer is auniversal name for a broad group ofillnesses characterizedby
unrestrainedcell division andpropagationof abnormal cellsHejmadi 2009) In
cancerouscells, division andproliferation is overwhelmingleading totumors that

may invade othetissues and orgartd the body(Anandet al, 2008).Inflammation,

on the other hand, is a defensive response of tissues to harmful skeirjury, cell

death, degeneration and infection with microbes such as bacteria, viruses and fungi
(Azab et al, 2016) Recent epidemiological and clinical studies have demonstrated
that chronic inflammation is a major risk factor for about-tmed of all cancer states
(Hsuet al, 2010)

The use of plants folk medicinefor prevention and managementeoWidevariety

of diseasefias been in existence for a long tighelkhobaet al, 2006) Plants with
medicinal value contain bioactive compounds some of which have been used as drugs
or precursors for synthetic analoguevith improved bioactivity(Odeleye, 2010)

Some examplesf @lant phytochemical@~igure 1.1) that have been used in medicine
since time immemorial include morphing),(a potent pain medication which was

first isolated from opium poppy seeds in 18F%&cifici, 2016) Others include the

plant hormone salicylic aci®) first reportecby Hippocratesn the 4" century BC as

a bitter powder from willow tree bark and used to ease aaiangwomen during

child birth (Klessig & Malamy, 1994)The alkaloid, quinine3), sequestereffom the

bark of cinchona tree, has been usede 1600%0 treat malarigAchan et al, 2011)

In recent past, development of modern separation techniques and pharmacological
testing methods has rejuvenated the interest in herbal medicine leading to discovery of

new clinically important chemotherapeut{¢duiva et al,, 2014)

In Kenya, different communitieely on herbal medicine for managementwarious
diseases/disorders including cancer owing to limited accessibility and/or affordability
of pharmaceutidadrugs (Mutheeet al, 2011) However, many of these medicinal
plants includingFagaropsis angolensifiave relatively very few or no reported
scientific studies regarding their usefatlk medicine. As a resyltheir effectiveness
and safety profilehiave not been establishethe objective of the currentstudyis

1



thus, to isolate pure compounds from angolensigoot bark and evaluate their-

Vitro anticancer activities.

HO
0
o]
; OH
H
HO OH
1 2 3

Figure 1.1: Chemical structureof some effective phytoonstituents since ancient

times

1.1.1 Chronic inflammation and cancer

The link between inflammation and cancer has been attributed to chronic
inflammation. The findings of epidemiological and clinical studies have shown that
inflammatory diseases predispose individuals to various types of cancer including;
colorectal, stomdg liver, cervical, gastric, bladder, esophageal, ovarian and prostate
cancer(Mantovaniet al, 2008) An estimated 120 % of all cancer related deaths

globally arise from primary infections and inflammation, simply as part of the host

adaptive immune respons@oussens & Werb, 2002)

Particularly, excessive and protracted eggpression of prinflammatorymediators

including TNF-U, -1, GM-CSF and IL-6 has been implicated as an important
contributor to initiation, promotion and progression timorigenesis( Gaf c € a
Lafuenteet al, 2009; Venanci@t al, 2016) Previousn vitro andin vivo studies have

shown that plant derived compounds have potential bioactivities against these pro
inflammatory mediators, thereby suppressing carcinogefeBisst ol ka, -200 3;

Lafuenteet al, 2009)

1.1.2 Cancer mortality in the World

By the year 2018cancerwas the secondeading cause ofmortality worldwide
causing9.6 million deathsannually(WHO, 2018) About one in six deaths globally is
as a result of cancer with approximately 70 % prevalémagevelopingcountries
(WHO, 2018).Lung canceraccountsor the highesmortality (1.76 million deaths),
followed by colorectal 862 000 deaths), stomach/83 000 deaths)liver (782 000
deaths)and breastg27 000 deaths) (WHO, 2@). The prevalence of canceras the

2



rise due toelderly population,in addition toexposure taisk factors such awbacco
use obesity chronic inflammation alcohol use infectious agents, radiatioand
increased urbanizatiofiTorre et al, 2015) The mostoften detectedand leading
causesof cancemortality, both in developing and developed countaes Ling and
breastcancernin men and women respective(forreet al, 2015) In the recent past
the worldwide cancer burden has shifted to low-and middleincome countries
(LMIC), accouning for approximately57% of cases and 65% of cancer deaths
globally and this is attributed tpopulation growth, aging aridcreasingncidenceof

cancer risk factor@~erlayet al, 2012)

1.1.3 Cancer mortality in Africa

Cancerhas becomen emerging threat to public health in Africa. While cancer is
presentlynot the top cause ofmortality in subSaharan Africa, data suggest that the
cancer burden is on the rise and will become a major problem in the first quarter of
the 2F' century(Morhasonbello et al, 2013) According tothe Intenational Agency

for Research on Cancer (IARC) figurewarly 645,000cases and 456,00@eaths

were reportedn 2012 in Africa (GLOBOCAN, 2012)Additionally, cancers such as
prostatejung, andbreast areletectedat much highemcidenceghan in the pst due

to changes in lifestyle associated with urbanization and economic development (Jemal
et al, 2012).Based on the GLOBOCAN figures for 201Zreical cancerwas the
second mostletectedcancer with the highest prevalence and death rates recorded in
Eastern and West Afriq/accarellaet al, 2017).

1.1.4 Cancer mortality in Kenya

In Kenya, canceranks thethird chief cause oimortality after infectious diseases and
heartrelatedailmentsresulting toapproximately7% of the totalmortality annually.
The prevalenceof cancer is estimated abughly 28,000 cases with over 22,000
deathsannually(Topaziaret al., 2016)

The most frequently diagnosedcances in menand womenare prostrate and breast
cancer respectivelfKorir et al, 2015) Breast andervical cancers account foearly
44% of all cancecasedn women.Esophageatanceris common in both sexeand
has a strangelyirregular geographicaldissemination resulting incritical endemic

regionsin many countries(Korir et al, 2015) Previows studiesmplicatedwestern

3



Kenya as a region with high risk foancerof esophagusndexceptionako patients
aged 30 years or youngddgwseyet al., 2010;Parkeret al, 2010). This has been
attributed tdrequentexposure to carcinogenic levels of alcohol and acetaldehyde due
to high consumption of fermentedursik milk (Nieminenet al, 2012) In Africa,
Kenya is among countries withghestprevalencef breast cancer and mortality rates

haveincreasedignificantly in ecentpast(Saweet al., 2016)

1.2 Statement of theproblem

Current conventional cancer and chronic inflammation treatment modalities are very
expensive, toxic, and less effective and majority of patients suffer from multidrug
resistance (Clarket al, 2005) This has necessitated studies to investigate potential
sources of novel, less toxic and more efficacious chemopreventive agents, and plants
have been considered an important part of ethnopharmacological approach to cancer
and chronic inflammation treatme There is also an urgent necessity to carry out
phytochemical studies to ascertain the efficacy and cytotoxicity of herbal plants
already in useAmong Coastal and Eastern Kenyan communitiésangolensiss

used traditionally for treatment and managebof various diseases including cancer
(Kareru et al, 2007; Jeruteet al, 2010) However, its bioactive constituents are
relatively understudied and thus, théseneedto carry out phytochemicalktudieson

the plant to provide a scientific justification for its use in cancer management. This
study therefore, focused on determining -&amcer and aninflammatory

constituents oF. angolensisised in traditional medicine.

1.3 Justification of the study

Recent studies on global burden of cancer have demonstrated that cancer accounts for
more deaths than HIV, TB and Malaria combined and 70% of the worldwide burden

is in developing countries like Kenya (Centdral, 2011). In Kenya, manyural
communities depend on herbal medicine to manage a number of diseases including
cancer and chronic inflammation (Karestial, 2007).F. angolensiss a medicinal

plant used traditionally in cancer management, albeit there is limited scientific
information on its safety, effectiveness and the bioactive constituents responsible for

anticancer activity.

Previous screening of methanolic root stem extract which showed significant toxicity



on colon cancer cell lines ($8.33 + 1.42 ug/mL) compared toeheference drug
doxorubicin (IGo 19.00 = 9.00 pg/mL) provided motivation for further research
(Yiaile et al, 2017) Therefore, phytochemical investigation of this plant with aim of
isolating aml characterizing anticancer and anflammatory compounds to further
justify its conservation and use in cancer management has been undertaken. The
vitro anticancer and aninflammatory compounds will serve as lead agents for

development of afforddd, efficient and safe therapeutic drugs.
1.4 Hypothesis
Fagaropsis angolensisloes not contain stable agtncer and aninflammatory

secondary metabolites that can be isolated and characterized

1.5 Objectives

1.5.1 Generalobjective

To isolate and characterize secondary metabolites from the root bark and leves of
angolensiwith in-vitro anticancer and antnflammatory activities

1.5.2 Specificobjectives

1. To isolate pure compounds from solvent extracts of the root bark and ledves of

angolensis

2. To characterize the structures of the isolated compounds using spectroscopic and

spectrometric techniques

3. To determinein-vitro antircancer and aninflammatory activities of pure
compounds isolated frof. angolensis



CHAPTER TWO
LITERATURE REVIEW

2.1Use of plants in medicine

Plants have been used foanayement ofvariousailmentssinceancient timesOver

50% of first line drugs in clinical use have beelerived from natural sources

including plarnts (Bijauliya et al, 2017) Folk medicine plays an integral role
management of protracted afifie-threateningdiseasesand more than80% of the

global populationusefolk medicinefor their main health care (Ayolet al, 2014). It

is important to note thatgeographical distribution determing the abundancge
accessibilityand usagef thesemedicinal plants byatvec o mmuni ti es ( Oc h\
et al, 2014). Due to thenassivepool of rovel, less toxicandmore effectivebioactive

constituets, ethnoplarmacologicaktudies areritical to discover newnoleculeshat

can serve as leadlsr drug development (Kiplimo, 2016).

The World Health Organization (WHQJpproximateshat more than66% of the
communitiesresiding in low-and middle-income (LMIC) countriesrely on folk

medicine from plant$or their health carenecessitieWHO, 2008). This isascribed
to the fact that plaAbasedpreparationsarefairly cheap ancasily accessibl@Amin

& Mousa, 2007; WHO, 2008; Ramawat & Gaya008. Suchherbalplantremedies
comprise ofblendsof different plant parts andpproache®f preparation, offering
diversebiological activities which are attributed tihe synergisticpropertiesof the

bioactive constituents prese(idarshan & Doresamy, 2004). In som@ccasions
traditionalmedicinesare combined with conventiondfugsto achieve a@herapeutic
effect (Kipkoreet al, 2014).

2.2 Anti-inflammatory activity of natural products

The practice of using plants ptantbasedproducts as a remedy to manage various
ailments including inflammatory disorders in folk medicine is known since antiquity

and is well established in most cultu(@zabet al, 2019.

Anti-inflammatory activity is one of the most reported biological activities of plant
derived natural products. Ethnopharmacologiaelivity-basedresearch into plant
compounds has provided immense contributions to the lengtbgess of drug



developmen{Chekalinaet al., 201§. However, despite the enormous pexy in the
development of numerous aimiflammatory treatments, the safety and effectiveness
of conventional antinflammatory drugs is oveshadowed by their undesired side

effects(Maioneet al, 2016) In the last decades, phytochemical and pharmacological

studies have led to characterization of a variety of bioactive compdkigse 2.1,

Table 2.1) with promising antinflammatory activitiefMaioneet al, 2016)

Table 2.1: Anti-inflammatory compounds isolated from plants

Compound Plant source Part(s) used | Reference
Kaempferol 4) Cassia renigera Flowers Tanget al, 2015
Quercetin B) Hypericum perforatum | Leaves Chekalinaet al.,
Apigenin ©) Citrus sinensis Fruits 2018
Fisetin (7) Hymenaea courbaril Xylem sap
Chrysin @) Oroxylumindicum Stem barks | Raniet al, 2016
Luteolin 9) Stachys lavandulifolia | Aerial parts | Lv et al, 2011
Formosumone A10) | Cratoxylum formosum | Leaves Xiong et al,
2014
Ursolic acid (1) Eriobotrya japonica Leaves Kanget al, 2008
Oleanolic acid12) Syzygium aromaticum | Leaves Azabet al, 2016
Maslinic acid (3 Olea europaea Fruits Huang et al,
2011
Cucurbitacin B {4) Cucurbita andreana Fruits Azabet al, 2016
Schisantherin AX5) Schisandra sphenanthern Fruits Cietal, 2010
Cimiracemate AX6) | Cimicifuga racemosa Rhizomes | Yanget al, 2009
Honokiol (17) Magnoliaabovata Stem bark | Munroe et al,
2007
Chlorojanerin 18) Saussurea heteromalla | Whole plant | Saklani et al,
2012
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Figure 2.1: Anti-inflammatory compounds isolated from plants

2.3Medicinal plants as a source of antcancerdrugs

Since ancient timeplantshave afforded m enormougool of agentsthat havebeen



usedin medidne, pharmacy and biology (Gordaliza, 2000Qver 60% of first line
anticancerdrugsin clinical useare derived from natural sources, including plants
(Cragget al, 2005; Newmaret al, 2003). An estimated5800 plant species have
beenshownto possessanticancerpotenciesand are being used imanagemenof
cancer (Kauret al, 2015). A number ofemarkablenovel compoundgqFigure 2.1
are in clinicaluseowing to theirselectivepropertiesagainst cancerelated molecular
targets (Cragg & Newman, 20055ome of these inctle maclitaxel (19), docetaxel
(20) vincristine @1), vinblastine 22), topotecan 43), flavopiridol (24) , etoposide
(25) andirinotecan 26) (Sisodiya,2013)

Figure 2.2: Plant based anticancer compounds in clinical development
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2.4 Rutaceae family

Ruteceae family containgpproximatelyl60 genera and 730 species of shrubserbs
and treesusually placed in the ordeapindaledistributed in dry, evergreen forest
and throughout tropical regions of the wo(upabphol & Tangjitjareonkun, 2014)
The main gnerain the family areCitrus, Zanthoxylumand Agathosmg Tamokouet
al., 2017) Recentphytochenical studiesof plants from thefamily Rutaceae have
showndiverse class o€ompoundssuch as alkaloids, flavonoidstriterpenoidsand

coumaringYiaile et al,, 2018)

2.5Fagaropss angolensis

Fagaropsis angolensis a deciduous trethat can growto a height of24 m, with
pinkish grey lark, which is slightly rough and is sometimes covered with corky
outgrowths.lts leaves are gposite, imparipinnatand bear 5 to 11 elliptic leaflets,
which are glabrous, except for the midrib, and pitted with gléwtd primarily near

the margin The flowers are greenish yellow ierininal pinnacleshat are 3 to 12 cm

in lengthand beafruits that are6 to 8mm in diametr and purple round berry when
ripe (Dalitz et al, 2011) It occurs in dry, evergreeforest and throughout tropical
regions distributed in Kenya, Ethiopia, DR Congo, Uganda, Rwanda, Tanzania,
Zambia, Malawi, Mozambique and Zimbabyeggeling, 1952; Waterman & Khalid,
1981)

(Photo taken byaderamen®A NchiozemNgnitedem)

Figure 2.3 Aerial partof F. angolensigEngl.) HM. Gardner
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2.6 Ethnomedicinal uses of somé&agaropsisspecies

The leaf and root decoctions Bf angolensishave been useith folk medicinefor
management of malaria, back joint aclaesl cancer( Kareruet al, 2007; Jeruteet
al., 2010) In Eastern Kenyd;. hildebrandtii(Engl.) Milneis used ilfmanagementf
chronic joint painsA glass ofleave$ root®and shootSconcoctionis taken orally,
twice a day until the patient recovéi&ambuguet al, 2011) F. angolensiasalso
been used by the Coastal and Central Kenyan commumiieshnanagement of
malaria. The leaf @coction is taken oraljyone cup threéimesevery dayfor 3-4 days
(Nguta et al, 2010) In Southern Ethiopiaand SouthWestern Ugandahe leaves,
fruits and bark decoctionsf F. angolensisare usedthno medically in treatment and
manageent ofstomachache, rheumatisihiarrhea cough, cancestabbing pairand
snake bitg Lacroixet al, 2011;Kewesseet al, 2015.

2.7 Biological activity of Fagaropsisspecies

Aqueous, methanolic and ethyl acetate extracts. @ngolensistem and root barks
have demonstratedantiplasmodial activities against chloroquisensitive and
chloroquineresistant strains ofPlasmodium falciparumas well as amntcancer
activities agaist human tumor cell lineirira et al, 2006;Lacroix et al, 201J.
The ethanat extract from the stem bark &f angolensishasbeenpreviouslyshown
to exhibit selectivan-vitro inhibitory activities agains&aphylococcusaureusand
Candida albicans with MIC of 64 and 32 pg/in, respectively(Kuglerovaet al,
2011) The whole root exaict of F. angolensiglisplayedmoderaten vitro inhibitory
effects against throat cancecell lines with 1Cso value of 10.05+ 2.15 pg/mL
compared to 2.5 0.5 ug/mL of the reference drug doxorubici@onversely the
methandl root bark extractexhibited significant toxicity againstcolon cancercell
lines (ICs0 8.33+ 1.42 ug/mL) compared tahat of the reference drug doxorubicin
(ICs0 19.00 + 9.00 pg/mL)(Yiaile et al, 2017) Previous studies by Muia and
colleagues omnhe n-hexaneand aqueousoot bark extracts ofF. angolensisrevealed

acute oral toxicity at >200g/Kg in mice(Muia et al., 2Q0).

2.8 Phytochemical information on thegenusFagaropsis

Although the phytochemical work on this genusvexy scanty, previous studies
carried out onsome Fagaropsisspecies have revealed presence iofidnoids and

alkdoids as thedominant secondary metabolites as well as steralsl ester
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derivatives (Waterman & Khalid, 1981Blaise et al, 1985; Bettariniet al, 1993;
Boustieet al, 1995; Mudalunget al 2013.

2.8.1 Limonoids from the genusFagaropsis

Limonoids aremodified highly oxygenated triterpenoid dedtives of limonin, a
bitter tetranortriterpenoidisolated from citrus fruits and are widelyconfined in
Meliaceae and Rutaceae familieShey are stereochemically homogeneous
compoundscontainingor derivativeof a 44,8trimethyt17 furanybteroidbackbone
and are synthesized through terpenoids biosynthetic patfifiay & Luo, 2011)
Limonoids found in this genus alargdy restrictedto the substitutionof A and B
rings and havéeenstudied for their chemotaxonomand commercialmportance
(Boustieet al, 190; Roy & Saraf, 2006)Some of the limonoidssolated from the
species of this genaseoutlinedin Table 2.1 below.

Table 2.2: Somelimonoids from the genusagaropsis

Compounds Plant source | Plant part | Reference

Fagaropsine27) F. glabra Trunk bark | Boustieet al, 1995

Isofraxinellone 28) y y Blaiseet al, 1985

Fraxinellone 29) .

Fraxinellonone 0) " . Boustieet al, 190

Rutoevin 81) F. angolensis| Stem bark | Waterman & Khalid, 1981

Limonin diosphenol 32)
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Figure 2.4: Limonoids from the genusagaropsis

2.8.2 Alkaloids from the genusFagaropsis

Alkaloids arenitrogen containing compounds, which are characteristically alkaline

owing to existenceof heterocyclic ringcomprisingof a nitrogen aton{fMatsuura &

FettNeto, 2015) Two classes of alkaloids have been previously reported from the

genusFagaropsisnamely benzophenanthridines and indole alkal¢iU¢aterman &
Khalid, 1981; Khalid & Waterman, 1985; Bettargti al., 1993) To date, over 100

benzophenanthridines have been isolated from plants accorditgntet al. (2016)

among viich onlyfour are reported from this genusome of the alkaloids previously

reported from the gendsagaropsisare indicatd in Table 22 below.

Table 2.3: Benzophenanthridine alkaloids from the geRagaropsis

Compound Plant source | Plant | Reference

part
6-acetonyddinydrochelerythrine | F. angolensis| Stem | Waterman & Khalid,
(33 bark 1981

6-acetonyldihydrosanguinarine
(34

6-acetonyddihydronitidine(35)

6-hydroxymethyldihydronitidine
(36)

Khalid & Waterman,
1985
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In addition to benzophenanthridines, two tryptopldanvatives such asanthin6-
one @B7) and 5methoxycanthir6-one @8) have also been reported from.

angolensigBettariniet al, 1993)

37

Other phytochemicals which have been identified fiéagaropsisspecies include
phenanthrenearboxylic acid derivative30), methylheneicosanester derivativé40)
andhexyl9,10-dihydroxydee5-enoate 41) (Mudalunguet al, 2013)
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CHAPTER THREE
MATERIALS AND METHODS
3.1General

1D and 2DNMR experiments wereecordedat 600 MHz tH) and 150 MHz ¢C)
respectivelyon a Bruker Avance lll spectrometer using standard pulse sequences and
referenced to residual solvepdaks IR analyses werperformedon a BrukefTensor

27 FTIR Spectrometer using a diffuse reflection apparatus (cricket, Harrick
Scientific). HRESIMS expeiments were conductedbn a LTQOrbitrap mass
spectrometer (Thermo Scientific, USA)rnishedwith a HESHI source. Optical
rotation was performed in Kruss Optronic Polarimeter P8DOG-or column
chromatographyiMerk Silica gel 60(0.0630.200mm)and Sepadex LH 20 (25 100
em, Amer sham Bi o s staBonayegbakesL @ wvas perfonnsedod
pre-coated silica gel 6@lates(230-400 meshMerck Grade Darmstadt, Germany).
Compoundsn TLC were visualized under UV liglat 254 or 365 nnand furtheroy
spraying with HSQui water (0.5:9.5, v/ivand warming

3.2Plant material collection

The root barkand leave®f F. angolensisvere collected from the Coastal region of
Kenya at Mrima Hill forestKwale County (S 0429NB. NEj03915MP.INjN May
2018 The plantdentification andauthentication was dor®y Mr. PatrickC. Mutiso,

a taxonomisin the School of BiologicalSciencesHerbarium, University of Nairobi
andasamplespecimerpreserved under Voucher number (NNA 2018/007)

3.3 Extraction and isolation of compoundsfrom Fagaropsis angolensis

The root bark(4.25kg) and leaves (1.1kg) of F. angolensiswvere eachair-dried,
ground into fine powder andxhaustively extracteddy cold percolatiorwith 50%
CHsOH in CHCI2 (v/v) at room temperature for 48s. The extracts were combined

and filtered using a Buchner funnel and the solvent was removed under reduced
pressure using a rotary evaporatofl(0 Bulchi, Switzerland)The root barkyielded

a browncrudeextract (170.5@) while the leaves afforded a dark grendeextract

(75.12 g) which translated to4.0260 and 6.53% respectivelyof the powdered
material The root barkextract(170.56 g)wasadsorbed onto equal amount of silica

gel thenseparation was carried out using column chromatography on silica gel as the

16



stationary matrix with 10% ethyl acetate (EtOAc)rinexane as the mobile phase
initially. Elution was done in order of increasing polarity of the solvent system by
increasing the polar solvent, from 10%, 20%, 30%, 40%, 50% EtOAc up to neat
EtOAc and then using mixtures of 10%, 20%, 30% and 40% of MeOH in EtOAc.
This resultedn 505 fractions of 100nL each, which were combined based on their
TLC profiles to only 8 fractions (Fr. 18FAr. 18H). Fraction Fr.18E of the main
column afforded pink amorphous powder which were filtered in vacuo using a
Bichner funnel and washed repeatedly with 20% EtOAc nilexane to give
compound 45 (12.0 mg) Fraction Fr. 18H was further subjected to column
chromatography using silica gel as the stationary phase eluting with gradients of 10%
up to 40% MeOH in CECl2 to give a sempure fraction (90.0 mg)This minor
fraction was finally purified through a&hromatotronwith 5% CHOH in CHCI2
eluent to afford compound?2 (2.32 mg). Fractions 18F and 18G were further
combined to yield 8.15g angkparatedn silica gel column witi5% EtOAc in n-
hexane then purified througbhromatotronto afford compound 3 (6.21 mg) and44
(4.56mg).

The leaves extract (75.12 g) was adsorbed onto equal amount of silica gel then
subjected to silica gel column chromatography eluting with gradient:-of
hexane/EtOAqfrom 9:1, 8:2, 7:3, 1:1 and 0:10)gnd EtOAc/MeOHMeOH (from
10:0,9.5:0.5, 7:3, 1:1and0:10)as mobilephasesesulting in 250 fractions of 100 mL
each and further combined based on their TLC profiles into 5 main fractions (Fr. 14A
14E) Fr. 14C (n-hexaneEtOAc (7:3)) was furtheseparated on silica gel columiith
gradients oh-hexaneEtOAc (from 9:1 to 0:10) toyield compound46 (5.03 mg.

3.4Biological activities
3.4.1 Resazurin Reduction Assay

Resazurin reduction ass#@0 B r eteln 2000)was carriedto evaluate theantr
cancerpotencyof compound46 againstdrugsensitive CCRFECEM leukemia cells.

The assay ibasedon reduction of the oxidizebon-fluorescenblue dye, resazurin, to

the pink highly fluorescent readmn by metabolically viable cells. Newiable cells
quickly loose the metaboliability to reduce resazurin and,etiefore produce no
fluorescent signal. Briefly, adherent cells were detached by treatment with 0.25%

trypsin/EDTA and an aliquot of 1x104Mks was placed in each well of a-@@ll cell
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culture plate in a total volume of 20Q. Cells were allowed to attach overnight and
then treated with different concentrations of the test samples. For suspension cells,
aliquots of 2x104 cells per well weeseeded in 9&ell plates in a total volume of 100

‘L. The test samples were immediately added in varying concentrations in additional
100° L of culture medium to obtain a total volume of 2Q0well. After 48h, 20° L

0.01% wl/v indoubledistilled water (dd:O) were added to each well and the plates
were incubated at 37 °C for 4h. Fluorescence was measured using an excitation
wavelength of 544 nm and an emission wavelength of 590 nm. Each assay was done
at least two times, with theereplicate each. The cell viability was evaluated based on

a comparison with untreated cells.

3.4.2 Anti-inflammatory Assay

The antiinflammatory experimentsfor compounds42 i 45 were performed at
Pharmacelsus, Saageken, Germany. The human peripheral blandnonuclear
cells (PBMCs) werebtainedfrom blood ethically collected from four healthy donors
with the ethnicity Caucasian (male, 41 years old), Afdéamerican (male, 31 years
old), African AmericarHispanic (male, 29 years old) and Caucasian (malejears
old). The pure compoundand the positive control ibuprofenvere dissolvedin
dimethyl sulfoxide (DMSO) to achieve 20 mM stock solutions. Lipopolysaccharide
(LPS) was dissolved in cell culture medium at a concentration of 1 mg/mL. The pure
compoung and the positive control ibuprofen were used in a concentration of 100
MM. The final concentration of DMSO in all samples was 0.5% and all samples were
co-incubated with 10 pg/mL LPS. The PBMCs are the main source of cytokines
within the circulating blod. Due to the small amounts of cytokines released by
PBMC into the supernatant, a beaased assay (ProcartaPlex, Luminex) was used to
guantify the four cytokines in parallel within a 50 pL sample using appropriate
calibration standards. Human cryopresdrnRBMC were thawed according to the
manufacturero6s instructions. Four vials
Cells were washed, resuspended in RPMI 1640 containing 10% FBS, plated in 96
well round bottom plates at 100,000 PBMC / well and exptsé¢ie test items at the
concentrations specified above. Therefore, dilutions of test items were prepared in a
96-well plate and transferred to the PBMC containing wells. The cells were incubated
for 24 hours at 37 °C and 5% @O'hen, plates were centred for 3 min at 350
gyrations without brake and cdtee supernatant was collected and forwarded to
18



cytokine beach r r ay assay. The | atter was conduc
instructions and read in a MagPix reader. For the-desgonse relatiohg, absolute
concentrations were calculated by the MagPix software using two separate calibration
series as provided by the manufacturer. As negative control, cells were incubated only

with cell culture medium. As a positive control for inflammation,<elére incubated

with 10 eg/mL LPS and -idlanmations geltsiwere coc ont r
incubated with 10 eg/mL LPS and 100 €M ib
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Secondary metabolites isolated fronfragaropsis angolensis

Chemical investigation of the root bark and leavesadaropsis angolensikd to

isolation of a total of five compounds.The roots bark extract afforded four
compounds including twaew nothopane derivatives3 b , 6-ihyd@ay-7 b, -1 1 U
di[(4-hydroxybenzoyl)oxy21U H24-nothopa4(23)ene  (42) and 3b, 6b, .
trinydroxy-7 E(4-hydroxybenzoyl)oxyj21U H24-norhopad(23)ene @3) alongwith

the known norhopane, 3 b, 6 BrihyidrbXy-7 H(4-hydroxybenzoyl)oxyj24-
norhopa4(23),17(21)diene (44) and a norneochopané1U B+24-nornechopat(23),
22(29)diene3 b , 6-fhigl 7-baffeate (45). The leaves extract yielded a known

flavone, tachrosin46). Their spectroscopic and spectrometric data are discussed

below.

411 3 b, 6-fihy@dXy -7 b , -Hif(4chydroxybenzoyl)oxy}2 1HI24-norhopa-
4(23)ene(42)

Compound42 was obtained asvhite amorphous solgwith | =-19.0, €. 0.03

MeOH). Its positive mode HRESI mass spectrfyppendix 1K) revealed a

molecular adduct ion [M+Na]at m/z 739.3812 corresponding to the molecular

formula GsHseO9 (calcd. 739.3822 for £8Hs5600Na). Its UV spectrum(Appendix1l)

showed absorption maximumaax 259 nm while its FFIR spectrum(Appendix1J)

revealedcharacteristiabsorption bands at 3411 ¢rfor hydroxy groups2971 cmt

for methyl groupsand 1690 cm for ester carbonyl @ups. The NMR data ¢ 42

(Table 4.1; Appendix 1A; 1B) showed resonances of twpara-disubstituted

hydroxybenzene moieties attached @t/Uc 5.21/76.3 and Ux/Uc 5.77/74.2 each

bearing an ester carbonyli@t 167.5(C-7 cand 167.4C-7 nj@spectivelyTheH and

13C NMR spectraalsos howed a set of signals with

resonances ak/tic 7.97/133.1(2H,d,J=8.8 Hz, H2 Nj/ 6 Nj) , 7 d928832. 9

Hz, H2 nj/ 6 nj) , (BH, BF<8BHB HB3Nj/ 5Nj) and &JI=B8B/ 116. 1

Hz, H3 nj/ Sirjtertiary methyls afi/tUc 1.13 (3H,s, H-25)/16.8 1.83 (3H,s, H-

26)/13.8 1.20 (3H,s, H-27)/18.3 0.75 (3H,s, H-28)/15.5 1.14 (3H,s, H-29)/29.7

and 1.12 (3Hs, H-30)/26.Q an exomethylene group &t 5.42 (1H,d, J = 1.8 Hz),

5.21 (1H,m) andtc 106.2 (C23); four oxymethines ain/lc 3.94 (1H,m)/73.6 (G3),
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4.35 (1H,dd, J = 3.8,1.9 Hz)/71.6 (&%), 5.21 (1Hd, > 3.8 Hz)/76.3 (€7) and 5.77
(1H,td, J=11.3, 5.5 HF74.2 (G11) were also evidenced as part of the NMR data of
42,

The initial analysis ofthese data setuggested that compourt® was similar to
3 b ,-dthpdroxy-7 b ,Udif(4-hydroxybenzoyl)oxyl21U H24-norhopa4(23),22(29)
diene(Stevensoret al, 2016)previously isolated frorZanha africanaoot bark The
main difference was the presenceaof additionaltertiary oxygenated carbon &k
73.9(C-22) in compoundl2. Thus,42 wassuggested tbea 24norhopane derivative
with an isopropanolyl moiety at-€2 and an olefin at @/C-23. Both p-salicylate
moietieswere placed omhe hopane backbormsed orthe interactions evidenced in
the HMBC spectrunfAppendix1F) of 42 from H-7 (Un 5.21) to the carbonyl carbon
at G7 Njc 167.5), the tertiary methyl carbon at26 (ic 13.8) and from H11 (U
5.77) to the carbonyl at & njic 167.2) together with the methine carbon a@ (ic
53.0). This was further supported by the'H COSY spectrum (AppendikD) which
showedJin,1H correlatiors of H-7 (lc 5.21,d, J= 3.8 Hz) with the oxymethine proton
at H6 (Un 4.35,dd, J= 3.8, 1.9 Hz) and H1 w 5.77,td, J= 11.3, 5.5 Hz) with the
methine proton at ¥ (Un 2.17,d, J = 11.3 Hz) respetively. In addition, the
placement of the hydroxyl group at3> G-6 and G22 in42 was confirmed from the
HMBC cross peaks between3(Un 3.94) with G1 (lc44.6), G2 ¢(3&i7), G4 (lc
151.1), G5 (lic 51.0); H6 (U+ 4.35) with G7 (lc 76.3), G8 (ic 50.0), G10 (lic 43.6)
and between #29/H30 @n 1.14/1.12) with @1 {Uc 51.9) and €2 (lc 73.9),
respectively(Nguyenet al, 2019; Stevensoet al, 2016)

The relative stereochemistry o042 was established using NOESY spectrum
(Appendix1G; 1H), coupling constants between aliphatic protons and biosynthetical
overview of hopandriterpenoids The hopandype triterpene islerived from an all
chair cycliation of the squalene precurgdolkman, 2005) The b-orientation of the
3-OH group was confirmed by the characteristic coupling constants3of &tl, J=

11.9, 5.2 Hz)Jayasinghet al, 2001)and the NOESY correlatiorizetween H3 and

H-6. The NOESY spectrum also confirmed the relative configuratioh the
stereocenterat G6, G-7 and G21 as indicated by the correlations betwee With

H-7 and H6 with H-5; H-7 with Hs-27; and H21 with H-28 respectively. Proton-H

9 showed an axiaxial coupling withJe11 =11.3Hz suggesting that-HL wasb-
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oriented. hus, compound42 was newly characterized a3 b , 6-tihydraXy-
7 b, -Hifi4thydroxybenzoyl)oxy21U H24-nothopa4(23)ene

OH

'"H-"H cosy

<—> NOESY

Table 4.1: NMR (600 and 150 MHz, CE&DD) spectroscopic data cbmpoun42

C-position Uc Un (M, Jin H2) HMBC (3], 3J)
1 44.6 2.34m, 1.42m -

2 36.7 1.74m, 1.33m -

3 73.6 3.94m C1,24,5

4 151.1 - -

5 51.0 1.89m -

6 71.6 4.35dd (3.8, 1.9) C-10, 8,7

7 76.3 5.21d (3.8) C26, 7N
8 50.0 - -

9 53.0 2.17d (11.3) C-26,25,10, 1, 8,11
10 43.6 - -

11 74.2 5.77td (11.3,5.5) C-9, 7 nj
12 33.5 1.84m -

13 49.5 1.79m C-28, 27, 14

14 45.7 - -

15 40.5 1.66m, 1.04m -

16 26.0 1.66m, 1.31m -

17 52.9 1.08m -

18 47.6 - -

19 40.8 1.45m, 1.05m -

20 25.7 1.72m, 1.38m -

21 51.9 1.72m -

22 73.9 - -

23 106.2 5.42d (1.8), 5.21m C-5, 4, 3

25-Me 16.8 1.13s C-10,1

26-Me 13.8 1.83s C-14,8,9,7
27-Me 18.3 1.20s C-15, 14,13, 8
28-Me 15.5 0.75s C-19, 18,17, 13
29-Me 29.7 1.14s C-30, 22, 21
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30-Me 26.0 1.12s C-29, 22,21

7-O-(4-OHBz) - -
7 Nj 167.5 - -
1 Nj 123.1 - -
2 Nj, 6 Nj 133.1 7.97d(8.8) C-2 Nj/ 6 N}, 4|
3 Nj, 5N;j 116.3 6.87d(8.8) C-3Nj/ 5Nj, 1]
4 Nj 163.5 - -
11-O-(4-OHBZ) - -
7 nj 167.2 - -
1nj 122.8 - -
2 nj, 6nj 132.9 7.91d (8.8) C-2nj/ 6nj, 41
3 nj, 5n; 116.1 6.87d(8.8) C3nj/ 5n, 1]
4 nj 163.6 - -

412 3 b, 6-fihyd@dXy -7 H(4-hydroxybenzoyl)oxy}21U H24-norhopa-4(23)
ene(43)
Compound43 was isolated asvhite amorphous solgiwith | =+ 23.1 (c 0.13,
MeOH). Its molecular formula &Hs206 was determined by its positive mode HRESI
mass spectrunfAppendix 2J) showinga sodiatedadduct [M+Na] at m/z603.3658
(calcd. 603.3662 for £Hs20eNa). Its UV spectrum(Appendix 2H) indicated
absorption maximum &max 276 nm and its FIR spectrum(Appendix2l) showed
characteristicabsorption bands at 3411 @rfor hydroxy stretching2970cm? for
methyl stretchingind 1691 cm for ester carbonyl groups.

Thespectradata of43 (Table4.2) was ratherdenticalto that of42 except thatt3 had
only one p-salicylate moiety attached atii/Uc 5.19/77.1(C-7 )Npearing an ester
carbonyl atlic 167.7 This was demonstrated by the significant upfield shifts
experienced by @ 1 U (5&pppm) and G1 2 U (8dppm) respectively. Therefore,
43 was also identified as a 2¥rhopane derivative with at®/droxy-2-propyl group
at G21 and an olefin at -@/C-23. The HMBC spectrunAppendix 2F) showed
interactions from H7 to G1 {lic 167.7) highlighting the position of the benzoyl group
on the hopane cor@he H-'H COSY spectrum(Appendix 2D) showed vicinal
relationship between the two oxymethine protors i+ 5.19) andH-6 (Ux 4.38), in
addition to vinylic correlations between the exomethylene protons23 Un
5.36/5.21) to the oxymethine proton3HUn 3.94).

The multiplicities, coupling constants arettNOESY correlationfAppendix2G) for

H-3, H-6 and H21 were identical foA2 and43 confirming that the configurations of
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these atoms were conserved between the two compounds. As expectbd the
orientation of 7-(4-hydroxybenzoyl) oxy group was indicated by the NOESY
correlations between 4 with Hs-27 and H7 with H-5. Therefore, the structure of
compound 43 was newly characterized as3 b, 6-tihydaxy-7 H(4-
hydroxybenzoyl)oxyj21U H24-norhopa4(23)ene

© CH3
HO O H H O
2 OHO v 5 H\_/(V(
OH
>
43
HO

Table 4.2 NMR (600 and 150 MHz, CiDD) spectroscopic data cbmpoun#3

e

TH-"H cosy

C
~—> NOESY

C-position Uc Un (M, Jin H2) HMBC (3], %)
1 41.6 1.83m, 1.17m -

2 33.1 1.90m, 1.50m -

3 74.0 3.94m C-4

4 151.0 - -

5 515 1.75m -

6 71.9 4.38dd(3.8,2.0) C-10,8,7,5,4
7 77.1 5.19d (3.8) c26, 7N,;
8 48.0 - -

9 50.6 1.62m -

10 39.7 - -

11 22.5 1.77m, 1.61m -

12 25.1 1.72m, 1.50m -

13 49.6 1.58m -

14 45.0 - -

15 36.9 1.70m, 1.01m -

16 24.5 1.73m, 1.51m -

17 52.8 1.04m -

18 46.0 - -

19 41.0 1.50m, 1.01lm -

20 25.6 1.70m, 1.50m -

21 52.0 1.75m -

22 73.9 - -

23 105.8 5.36m, 5.21m C5,4,3
25-Me 16.6 1.06s C-10,1,9
26-Me 13.0 1.69s C-14,8,9,7
27-Me 17.9 1.09s C-15, 14, 13,8
28-Me 15.8 0.73s C-19, 18,17, 13
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29-Me 29.7 1.13s C-30,22, 21

30-Me 26.1 1.11s C-29, 22, 21
7-O-(4-OHBZ) - - -
7 Nj 167.7 - -
1 Nj 123.2 - -
2 Nj, 6 Nj 133.1 7.96d (8.8) C-3Nj/ 5Nj, 2
3 Nj, 5 Nj 116.1 6.86d (8.8) C3Nj/ 5Nj, 1
4 Nj 163.5 - -

4.1.3 3 b, 6 Brihydmbxy -7 H(4-hydroxybenzoyl)oxy}24-norhopa-4(23),
17(21)diene(44)
Compound44 was isolated ag/hite amorphous powder which was ti¥active The
spot of this compound was also visilblpon exposur¢o iodine vapor and further on
spraying with HSQui water (0.5:9.5, v/v).lts molecular formula 6Hs20s was
detemined from its positive mode HESI mass spectrurfAppendix 3H) which
showed a molecular adduct ion [M+Nadt m/z 601.393 (calcd 603.3505,for
CzeHs00sNa). The'H NMR spectrum oft4 (Appendix3A; Table4.3) clearly showed
presence oix methyl groups atik 1.26 (3H, d, J = 4.1, H-26), 1.63 (3H,s, H-26),
1.21 (3H,s, H-27), 0.90 (3H,s, H-28), 0.89 (3Hs, H-29), and 0.99 (3Hd, J= 6.9 H-
30). Four oxymethine protons at 3.93 (1H,m), 4.16 (1H,dt, J = 10.8, 5.4), 4.32
(1H, dd, J = 3.6, 2.0) and 5.15 (1Hi, J = 3.6) , one exomethylene grouptat5.41
(AH, d, J = 1.9), 5.22 (1HmM), in addition to signals ai 6.87 (2H,d, J = 8.8) and
795(2Hd,J= 8. 8), assignable to four aromatic

The 3C NMR data (Tablet.3; Appendix3B) and HSQC spectrum (AppendBE)
dispayedresonances @4 carbonscharacteristic of a triterpenoiénalysis of DEPT
spectrum (Appendi8C) of 44 revealedsix methylcarbons afic 13.5 (G26), 16.1 (G
27), 16.6 (C25), 18.9 (C28), 21.6 (C29) and 22.2 (€30), eight methylenecarbons
atlc21.1 (G16), 28.2 (G20), 33.6 (C2), 35.7 (C15), 36.7 (G12),42.7 (G19),43.6
(C-1) and 105.9 (€23), twelve methinecarbonsat tc 27.5 (G22), 49.6 (G13), 51.7
(C-5), 55.5 (€9), 71.0 (C11), 72.0 (&6), 73.9 (C3), 77.1 (G7), 116.2 (C3/5) and
133.1 (G2/6) andtenquaternarycarbonsat tic 41.2 (C10), 44.7 (€.4), 49.8 (G8),
50.8 (G18), 123.1 (1), 137.6 (G21), 140.2 (€17) 151.4 (G4), 163.6 (Z4) and
167.5 (G7) . The resonances &t 137.6(C-21) and 140.2C-17) confirmed that the
E-ring was a fused cyclopentemile Uc 167.5was associated with the ester carbonyl
at G7.Nj
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TheH-H COSY spectrum (Appendi®D) revealed key vicinal correlations between
two oxymethine protons H (Un 5.15) and H6 (Un 4.32) as well as vinylic
correlations betweethe exomethylene protor (Uk 5.41/5.22) and the oxymethine
proton H3 (Un 3.93). Further placement of thep-salicylate group at € was
confirmed from the HMBC correlations (AppendBF) between the oxymethine
proton H7 (Un 5.15)and the ester carbphC-7Njlic 167.5. In addition, the isopropyl
group was located at-£Z1 on the basis of HMBC correlationbservedoetweernthe
gemdimethyl protongii 0.89 (H-29) and 0.99 (k+30) and the quaternary carbon at
C-21 (Uc 137.6).Analysis of themultiplicities, coupling constantand correlations
observedfrom NOESY spectrum(appendix3G) for H-3, H-6, H-7 and H11 were
identical for 42 and 44 confirming that the configurations of these atoms were
conserved between the two compountsus, based on the aforementioned dauz
the comparisos with published literatur@alues compoundi4 was identifiecasa 24
norhopane derivative, 3 b, 6Uarihydrbxy-7 E(4-hydroxybenzoyl)oxyj24-
norhopa4(23),17(21)diene (Stevensoret al, 2016) previously characterized from

Zanha africanaoot bark.

Table 4.3: NMR (600 and 150 MHz, C&DD) spectroscopic data obmpound4

C-position lic Un (M, Jin H2) HMBC (3, 3J)
1 43.6 2.91m, 1.23m C-2,3,10,25
2 33.6 1.83m, 1.48m -

3 73.9 3.93m C-4

4 151.5 - -

5 51.7 1.81m C-3,4,10, 26
6 72.0 4.32dd (3.6, 2.0) C-5,7,8,10
7 77.1 5.15d (3.6) C-7Nj, 8,
8 49.8 - -
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

25-Me
26-Me
27-Me
28-Me
29-Me
30-Me
7-O-(4-OHBzZ)
7 Nj

1 Nj

2 Nj, 6 Nj
3 Nj, 5 Nj
4 Nj

55.5
41.2
71.0
36.7
49.6
44.7
35.7
21.1
140.2
50.8
42.7
28.2
137.6
27.5
105.9
16.6
13.5
16.1
18.9
21.6
22.2

167.5
123.1
133.1
116.2
163.6

1.73m

4.16dt (10.8, 5.4)
1.75m, 1.58m
1.59m

1.45m, 1.18m
2.12m, 1.89m

1.72m, 1.40m
2.23m, 2.17m

2.59m

5.41d (1.9), 5.22m
1.26d (4.1)

1.63s

1.21s

0.90s

0.89s

0.99d (6.9)

7.95d (8.8)
6.87d (8.8

C-1,8, 10, 11
C-8,9, 11

C- 11, 13

C- 14, 15
C-17, 19, 21
C-3,4,5
C-1,5,9, 10
C-7,8,9 14
C-8, 14, 15
C-17, 18, 19

C- 21, 22, 30

C- 21, 22, 29
C-3Nj, 4 N,;
C-1Nj, 4 Nj

4.1.4 (210 B-24-norneohopa4(23), 22(29diene3 b , 6-figl 7-affeate(45)

Compound45 was isolated aa pink amorphous powdewrhich wasactive on U\sa.

Its molecular weight was determined lig positive modeHRESI mass spectrum

(Appendix 4H) showing a moleculaadduction [M+Na]* at m/z 627.3656(calcd.

627.3%62for CssHs20sNa) which was consistenwith the propose molecular formula

CssHs206. The'H-NMR spectrum ofl5 (Appendix4A) displayed characteristic peaks
for five tertiary methylprotonsingletsat Uk 0.91 (3H, s, H-25), 1.49 (3H, s, H-26),
0.97 (3H, s, H-27), 0.64 (3H, s, H-28), and1.61(3H, s, H-30). Two exomethylene
groups at Un 5.24 (1H,s), 5.10 (1H, 9)/H-23 and 4.63 (2H,m, H-29), three
oxymethinesat Un 3.76 (1H, ddJ = 11.6 and 5.6 Hz), 4.11 (1id) and 4.92 (1H, d)

= 3.9 Hz)together with signals assignable &06,7 dihydrocinnamoyl moiety A

resonance for an isopropenyl group, was observed 4163 (2H,m) and assignetb

C-29 based on vinylic correlations between29 andH-21 @1 2.16,m) in the'H-H

COSY spectrum (AppendidD).

27



The 3C NMR data of 45 (Table 4.4, Appendix 4B) aided byDEPT and HSQC
experimentgAppendix 4C; 4E) displayed 38 signalsharacteristic of triterpenoids

(the signal afic 44.3 being an overlapping of12 and C17). Further analysis dhe
13C NMR and DEPT dataf 45 disclosedeight signals atlic 166.7 148.7, 146.1,
144.9, 126.1, 121.7,16.3,115.9and 115.0 which were assigned tdrans-caffeoyl
moiety (Li et al, 2003) Moreover, in agreement withtH NMR dda, three

characteristic signals for oxymethine carbons resonating ab5.2, 71.9 and 70.2

together with two exomethylene groupstat105.3, 151.0, 110.4 and 147.7 were

observed.Based on the above spectroscopic data and the published literature,

compound 45 was characterized asnorneohopane caffeat@1U B-24-nor-neohopa
4(23), 22(29diene3 b, 6-tigl 7-baffeate previously isolated fromFilicium

decipiensstembark (Jayasinghet al, 2001)

Table 4.4: NMR (600 and 150 MHz, £DsOS) spectroscopic data cdmpound45

C-position Uc Un (M, Jin H2) HMBC (3], %)
1 40.3 1.47m, 1.08m C-10, 25

2 32.8 1.73m, 1.30m -

3 71.9 3.76dd(11.6,5.6)  C-5

4 151.0 - -

5 49.8 1.66m C-4, 10, 25

6 70.2 4.11s C-5

7 752  4.92d(3.9) c8, O9ONj, 14
8 46.5 - -

9 49.0 1.45m C-10

10 38.8 - -

11 21.5 1.77m, 1.09m -

12 21.4 1.65m, 1.46m -

13 48.1 1.47m C-27

14 44.3 - -
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15 35.2 1.52m, 0.96m -

16 40.6 1.64m, 1.08m -

17 44.3 - -

18 53.5 0.95m -

19 24.3 1.39m -

20 27.0 1.77m, 1.36m -

21 47.9 2.16m C- 18, 20, 22, 9,30
22 147.7 - -

23 105.3 5.24s,5.10s C-3,18

25-Me 16.3 0.91s C-5,9,10

26-Me 12.6 1.49s C-7,8,14

27-Me 17.5 0.97s C-8, 14,15

28-Me 15.4 0.64s C- 16, 18, 17, 21

29 1104 4.63m C-21, 30

30-Me 20.0 1.61s C-21, 22,29
Transcaffeoyl moiety) - - -

1 N;j 126.1 - -

2 Nj 115.0 7.03d(2.1) C-3Nj, 4N}, ¢
3 Nj 146.1 - -

4 Nj 148.7 - -

5 Nj 116.3 6.75d (8.2) C-1Nj, 3N} ¢
6 Nj 121.7 6.98dd (8.4, 2.1) C-2Nj, 4Nj, °
7 Nj 144.9 7.45d (15.7) C-1Nj, 2Nj ¢
8 Nj 115.9 6.24d (15.7) C-1Nj, 9N;

9 Nj 166.7 - -

4.1.5 Tachrosin (46)

Compound46 was isolatedrom the CHCI2/MeOH (1:1) extract of the leaves Bf
angolensisas a yellow pasteThe compound on TLCshoweda blue fluorescent
colour under U\ss4 light anda yellow colorationupon spraying with 8Os water
(0.5:9.5, v/v) Its positive modeHRESI massspectrum (AppendibG) showed a
guastmolecularion peakat m/z393.1334(calcd.393.138 for C23H2106) consisted
with the molecular formula £H200s. The 'H NMR data (Appendix 5A) which
showed a resonance @i 6.70 (1H,s, H-3) along with3C NMR (Appendix 5B)
resonances @i 1636 (G2), 108.9 (C3) and 180.2 (&) indicated that compourdb
was a flavonalerivative(Smalbergeet al, 1971; Muiva, 2017)The sharp singlet at
U+ 6.75which was assigned to-Bi (Uc 93.4) based on its HMBC correlatior{$able
4.5, Appendix5E) with Uc 109.2 (G4a), 162.7 (€5), 163.9 (C7), and 99.3 (€B)
indicated thating A was trisubstitutedThe NMR data further revealed presence of
two methoxy groups aii 4.04 {ic 56.8) andin 4.01 {ic 57.0) The HMBC cross
peaks depicted fromn 4.04 toC-5 (lc 162.7 andin 4.01 toC-7 (Uc 163.9 supported
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the placement of these methoxy groups in An@alameet al., 2012)

Presence of a-Riranone ringsubstituentat G8 was evidenced by resonancediat

8.64 (1H,s,H-5 nj) a n d, s,lgendimethyl@idups)iic 207.4 (C3 nj) , 210. 6 (
4 nj) , HHM9.,3@D)S5 and 2dgmdBmethyl graups)iMbiva et al,

2014) The downfield shift afin 8.64 for H5 rguggested an olefinic proton attached

to oxygen and is part of dd ,-umsaturated carbonyl system in théuBanone ring
(Smalbergeret al, 1971;Salameet al, 2012) The NMR resonanes at Ux/Uc

127.5/7.82 (2HmM, H-2 Nj/ 180NQY7.50 2HmM, H-3 Nj/ 5Nj) and mB-2NjB/ 7. 5
revealed that ring B was not substitutéthus, compound6 was identified as
tachrosinpreviously reported from the leaves and stemBephrosiapolvstachyoides
(Smalbergeret al, 197). This is thereforethe first report of its isolation from

Fagaropsisgenus.

Table 4.5: NMR (600 and 150 MHz, CiDD) spectroscopic data obmpound46

C-position Uc Un (M, Jin H2) HMBC (37, 3J)

163.6 - -

108.9 6.70s C- 4, 4a
180.2 - -

109.2 - -

162.7 - -

93.4 6.755 C-4a5,7,8
163.9 - -

99.3 - -

158.1 - -

132.7 -
127.5 7.82m C-2, 4Nj
il 5 Nj 130.0 7.50m C-4 Nj

' 132.8 7.55m C-2Nj, 6 Nj
89.5 - -

Q
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3 NjNj 207.4 - -

4 NjNj 110.6 - -
5 NjNj 179.3 8.64s C-2 NjNj, 3 Njt
CH:0-5 56.8 4.04s C-5
CH:O-7 57.0 4.01s C-7
Me2-2 NjNj 23.3 1.55s C-2 NjNj, 3 NjI

4.2 Biological activity

4.2.1 Cytotoxicity

Compound46 was screened to evaluate agotoxic potencyagainstdrug-sersitive
CCRFCEM leukemia cells using resazurin reduction assay wottodibicin asthe
reference anticancer drug (Tallé and Figured.l). In the resazurin reduction assay
used, pure compods are considered active when they cause cell inhibition of more
than 70% at Q uM (Nyabokeet al, 2018) Based orthis criterion compound46
exhibited minimal activitysince it showed cell viability of about 92%9(7.51%
inhibition) at 10uM compared to doxorubicin which exhibited 100% inhibition at the

same concentration.

Table 4.6: Anticancerresultsof compound46 and doxorubicin against CCREEM

(mean £ SD, = 3)

Cell Viabil Cel hhi If %t iod
control) control)
Sampl ed) (10 CCREEM CCREEM
Medi um 100.00 N 0. 0.0800.00
Comp o4t d 92.49 N 6. 7.816. 28
Doxorubicin 0.00 N 0.0100R00.00
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Figure 4.1: % Cell viability of compaind46 and doxorubiciragainst CCRFCEM

4.2.2 Anti-inflammatory

To determine thantrinflammatory activiy of compound#42 i 45 isolated fromF.
angolensigoot bark the levels of preinflammatory cytokines IL1b, IL-2, GM-CSF

and TNFU i n-stilnufaf®d PBMCsvas evaluatedThe assay is based on the fact
that when inflammation occurs, many cytokines are produced and released from
PBMCs as part of the immune response. This situation can be replicatteh by
incubating PBMCs with bacterial LPS, a major structural compiooiethe outer wall

of gramnegative bacteria, and considered to be a potent initiator of inflammatory
responses( O6 Brey aln2000) Ibuprofen was used as the reference -anti

inflammatory drug.

As shown inTable 4.7 and Figure 4.2, after incubation of PBMCs with LPS the
release of the cytokines41b, GM-CSFand TNFU wer e increased con
medium controlUpon co-incubaing the cellswith bacterialLPS and ibuprofen, the
release of thee pro-inflammatory cytokines was decreased to 247/940% in
comparison with LPS controHowever, buprofen did not show an effect on the
release of IE2. As shown inTables 4.8, 4.9 and Figure 4.3, all tested compounds
showed a decreased release oflhifrom 35.9399.71% compared to LPS contréi

100 pM, ompounds43 i 45 resulted to a decreased production 0f2I(43.46

72.61% of LPS contro) while 42 showed an increased release of the cytokine
(111.94%) in comparison with the LPS control. Ale tested items inhibited
production of GMCSF except for compourd? which increased GMSCF secretion

to 162.24%. The production of TNF was s i g rucefl bycah tedt ltejns r e d
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compared to the LPS control (16-06.17%). The decrease was in the similar range
than it was for ibuprofen (77.40% LPS contro). The potential of these compounds
to downregulateexpression of pranflammatory biomarkers may coitiute tothe

anticancer chemopreventive effectsFofangolensis

These preliminary antnflammatory results allowednolecular structureactivity
relationship for the three related norhopamEsj 44. It is clear that compound3
(16.0171 43.46 % of LPS control) exhibitade highest inhibitiopotencies against all
cytokinesfollowed by 44 (21.927 73.00% of LPS control) and lastl}2 (46.171
162.24 % of LPSontrol). CompoundsA2 and 43 have similar substitution pattern
exceptpresence ofin additionalpara-hydroxybenzoatenoiety at G11 in 42. The
presence of this additional moiety seemed to contributsigioificant decrease in
cytokine inhibition activity of42 compared tat3. However, it is notlear whether it
is thesubstitution of thg@-salicylate and the isopropanolyl moieties by a hydroxyl and
isopropyl at G11 and C22 positions respectivelyr the presencef an olefinic group
at G17/G21 that is contributing tdigherantrinflammatory activityin 44 (21.921
73.00 % of LPS control) compared4ad (46.17 162.24% of the LPS control)

Table 4.7: Results of controls (mean = SDzI8)

Cytokine release [pg/mL]

IL-16 IL-2 GM-CSF TNF-U

Controls
Medium Mean 568.68 229.25 56.33 334.79
SD 26.22 14.03 8.87 19.97
LPS Mean 9080.11 70.45 108.06 1815.02
SD 712.46 7.28 5.24 271.69
Ibuprofen Mean 1995.27 70.45 54.25 1404.79
SD 287.26 7.28 12.69 357.71
Ibuprofen % of LPS 21.97 100.00 50.21 77.40

control
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Figure 4.2: Results of controls (mean + SDzB)

Table 48: Resultsof pure compounds (mean + SD, n = 3)

Cytokine release [pg/mL]

IL-16 IL-2 GM-CSF TNF-U
Compound100 puM)
42 Mean 9053.65 78.87 175.31 838.07
SD 2079.7 0.00 63.90 312.52
43 Mean 3262.36 30.62 39.07 291.99
SD 134.24 0.00 7.76 60.56
44 Mean 6150.29 51.16 78.89 397.78
SD 1104.94 0.00 0.00 59.16
45 Mean 5994.72 40.89 10.95 394.19
SD 1601.90 14.53 2.87 74.00
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Figure 4.3: Results of cytokine release of PBMCs after incubation with test items (n
= 3)

Table 49: Percentage of Cytokine Release compared to LPS Control

cytokine release [% of LPS control]

Compound ( IL-1b6 IL-2 GMCSF TNFU

Ibuprofen 21.97 100.00 50.21 77.40
42 99.71 111.94 162.24 46.17
43 3593 43.46 36.15 16.09
44 67.73 72.61 73.00 21.92
45 66.02 58.04 10.14 21.72
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1Conclusion

In this study phytochemical investigation of dichloromethane: methanol) (lobts
bark and leavesextracs of Fagaropsis angolensifEngl.) H.M.Gardnerwas
conducted. A total ofife compounds were isolated and characterized, of which two
were found to benew. The roots bark affordedwo new norhopane triterpenoids

3 b, 6-bihydaxy-7 b , -Hiff4thydroxybenzoyl)oxyf21U H24-norhopa4(23)ene

(42) and 3 b, 6-hihyd@aXy-7 E(4-hydroxybenzoyl)oxy]21U H24-norhopa 4(23)

ene (43) along with a previously reported norhopaBeb , 6 ErihyidrbXy-7 H(4-
hydroxybenzoyl)oxy24-norhopa4(23),17(21)diene (44) and a norneohopane
(210 Bk24-nor-neohopad(23)22(29)diene3 b , 6-igl 7daffeate(45). The leaves

extractyielded one knowilavone tachrosin(46).

Using resazurin reduction assay with doxorubicin as the reference dmgoend46
displayed minimal activityagainst drug sensitive CCREEM. Compounds42 i 45

were evaluatedfor antitinflammatory activity All individual compounds exhibited
antrinflammatory effect against the tested cytokines in comparison with the LPS
control. Compound43 and 45 caused the significant decreasetlué production of

IL-2, GM-CSF and TNFUcompared to the reference drug ibuprofen

5.2Recommendationdor further studies

1. The roots bark and leaves Bhgaropsisshould be investigated further using
modern separation techniques HPLC and {8hC to comprehensively isolate

most ofthe minor phyteconstituents.

2. Reisolation and sucture modification of thereported compounds toobtain

syntheticanalogue withmore potenbioactivity.

3. The isolated compounds should be subjected to antimicrobial assays to determine
their potential as antibiotics
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APPENDICES

Appendix 1A: *H NMR spectrum (600 MHz, CD;OD) of compound42
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Appendix 1B:13C NMR spectrum (150 MHz, CD:OD) of compound42
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Appendix 1C: DEPT spectrum (CD:OD) of compound 42
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Appendix 1D:*H-H COSY spectrum (CD;0D) of compound 42
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Appendix 1E: HSQC spectrum (CxOD) of compound 42
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Appendix 1F: HMBC spectrum (CD3z0D) of compound 42
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Appendix 1G: NOESY spectrum (CB:OD) of compound 42
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Appendix 1H: Enlarged NOESY spectrum (CROD) of compound 42
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Appendix 11: LC-UV spectrum of compound 42
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Appendix 1J: IR spectrum of compound 42
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Appendix 1K: Mass spectrumof compound 42
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Appendix 2A: *H NMR spectrum (600 MHz, CD;0OD) of compound43
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Appendix 2B: 13C NMR spectrum (150 MHz, CD;0D) of compound 43
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Appendix 2C: DEPT spectrum (CD:OD) of compound 43
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Appendix 2D: *H-'H COSY spectrum (CD;:0D) of compound 43
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Appendix 2E: HSQC spectrum CD30D) of compound 43
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Appendix 2F: HMBC spectrum (CD3z0D) of compound 43
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