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Abstract

The importance of atural products and medicinal plantsicantinued tagrow due

to theirsignificant role in the search for nelwugs or precursors @otent drugs with
minimal side effectsfor the treatment of numerous illiees. The Amazonian
Rainforest represents the most extensive resource of natural diversity remaining on
the planet. The unsurpassed knowledge, culture and medicinal practices, created by
its indigenous people over thousands of years, have formed rich faunsdéor
ethnobotanical studies about traditional medicinal plants which might be potential
sources of biologically active phytochemicals. Regretfully, this may not be so for
very much longer, due to the rate of deforestationtb@effects of westernigan on

these native societies

From the Amazonian basirResguardo Monochoa area of Caqubtédio in
Colombig a plant locally namedChuchuguas' was collected (root and stem bark)
by well known Amazonian sabedoréom the indigenous Uitoto and Muirman
communitieswho identified the tree as Maytenus devis Reissek(Celastraceae).
Following a strict collecting methodology, the plant material (the roots in particular)
was chosen from the side of the tree tieakeives the first rays of sun &am This

plant is used in traditional medicine for several purposes mainly in the form of an

alcoholicextract (aguardiente).

A considerable amount of phytochemical investigatiod akeadybeen performed

on the Maytenusspecies associated with Chuchuguasair(ipahe stem bark),
however, there idittle information so far about the chemistry ™. laevis
particularly that involving the root bark. This project aimed to carry out further
phytochemical work on the root and stem bark®lofaevisin an attemptd isolate

constituentswhich may possedsiological activities that could be exploited.

Twenty compounds were isolated from solvent extracts of the two plant materials of
M. laevis in addition to a polymer which was characterised tass1, 4
polyisopene (Guttgpercha). Six compounds were identified as novel and were given
the nambgdrex v e | -hydroxynetzahualcdy2rie,(R)x2hydroxy



3-methoxyl15, 12dioxo-5, 8oxa24, 30dinor-5, 6-secofriedelanl,3,5(10)trien-6-
al (trivial name jjuborreal) , me t hy krihy2lroxy-23,, 25did@flikdelan
1,3,5(10),6,8,1sexaer29-0 a t e , -acetoxyfriedeland,3-dione, and(4R, 4aR,
6aR,7aS,8aR,12aR,12bS,14aR,14bS} 4, 4a,8a,11, 11, 12b, 14aheptamethyir-
methyleneoctadecahydrobenZoj@htho[2,1flazulenel, 3(2H,14bH}dione (trivial
name 1,dioxocorredorl4,26ene).

The remaining fourteen compounds were not novel and composed of nine
triterpenoids of friedelane, norfriedelane and arorgpes including canophyllol,
friedelanel,3-dione, 28hydroxyfriedelanel,3-dione, netzahualcoyondiol
netzahualcoyonepristimerin celastro] salaquinone A, regeol A, tw steroids
(stigmast4d-en3-one and b-sitostero), two simple phenolics pf
hydroxybenzaldehyde an8,4-dihydroxybenzoic acid and one isocoumarin (x
mellein). Nevertheless, 8 of them are reported for the first time Kortaevisand

from those other related species that are often refesrasl Chuchuguasa.

The structures of the new and known compounds wadteelucidated by
spectroscopic methodsthe novel compound, l-@oxocorredorl4,26ene, was
identified with the aid of Xay crystallography and was shown to be the first of a

new skéetal class of triterpenes for which the name corredorassuggested.

A preliminaryin vitro cytotoxicity assessment of the crude extracts and most of the
isolated compounds wasarried outagainstthe cancer cell line A37%human,

malignant melanomeell line) and thenormal cell line Hs2{human,skin fibroblast

cell line) using a resazurin assay. Théaaxane and ethyl acetate extracts of both

parts of the plant showed selective activity on the cancer cells, but those of the root
barks were the mogtotent with an E6of 2.9 pg/ml. This effect was linked in part

to the extractsd contents of -ftieddlahesr peno
types. The compounds under the aforementioned classifications were major
components of the root bark extrgdbut minor in those of the stem bark; hence, this

reflected the potency of the effects exerted by these extracts.

* These are nameth memory ofsabedorNoé Rodriguez Jujuborrédied in 2015) and* the
anthropologistBBlanca de Corredo(died n 2011).



All the isolated quinonemethides displayed high toxicity to both cell lines, however,
netzahualcoyondiptelastro) and t he n e whydroaycgastrol exerte@ 2 ( b))
selective toxicity to the cancer cells at the lowest tested concentration (3.125 pg/ml)
with EGso values of 3.5, 5.1 and 4.4 uM, respectively. The two-friedelanes
(salaquinone A and jujuborreal)palg with the new aromatic triterpene [methyl 2, 3,

2 2-fdhydroxy-24,25dinorfriedelanl,3,5(10),6,8,14exaer29-oate] also showed
selective toxicity to the cancer cells, with salaquinone A being the most potegt (EC
1.4 uM). All the friedelane triterpands, isolated mainly from the stem bark, were
either not active or weakly active with EZC100 pg/ml. These findingsprovide

some scientific support for the traditional use of the plant (root bark) as an anti
tumour therapy in skin cancer and appeacaifirm some of the knowledge shared

by the Amazonianabedores

The crude extractand some of the isolatembmpounds weralsoscreenedn vitro

for antitrypanosomal activity againstrypanosoma brucei brucgiS427) blood
stream forms sing an Alamar Bie™ microplate assay. Suramin and
dimethylsulfoxide (DMSO)vere used as positive asdlventcontrols, respectively.
Preliminary screening of the crudextracs showed very potentactivity at a
concentration of20 pgil, with the exception of the methanektracts. All the
screened quinonemethides, salaquinone A, regeol A and protocatechuic acid (PA)
displayed high activity at 20 uM with cell viability values less than 10% of the
control value. These compounds were then tested at a lower concentratipgiof 5
and they all maintained their efficacies except regeol A and PA. These findings,
although preliminary, propose a new potential therapeutic ubk Gfevis(the root

and stem barks), which could lead to the discovery of potent agents for the treatment
of related parasitic diseases that are considered endemic in its habitat, such as Chagas

diseas€Trypanosoma cruZthagak
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CHAPTER |

1. INTRODUCTION



1.1 The importance of medicinal plants A glance from a historical view

The relationship between man and nature goes badkéitnmemorial. Primitive

man became aware of his environment, and by noticing the great diversity of plants
available to him, tried to benefit from them as much as possible. Subsequently, plants
became part of mandés dai |, bsheltef pgoisonsand s our
medicine. Fossil records date human use of plants as medicines to at least the Middle
Paleolithic age; some 60,000 years &§olecki 1975) Since then, the use of plants

as tradiional medicines (TM) has developédderbs have been used by native healers
especially in rural regions of the developing countoésAsia, Africa and Latin
Americaas therapies for amy diseases as they have been the only affordable and
accessible form of health care in many of these areas, and indeed they have managed
to save lives on uncountable occasidnsAfrica up to 80% of the population uses

TM to help meet their health caneeds while in China, TM accounts for around

40% of all health care deliverd&/HO, 2002)

For example, the bark of many speciesCafichonafrom S. America habeen
used since 1630 for the treatment of mal@iéaans 2009) andDigitalis purpurea
leaf was used successfully to treat congestive heart failure according to William
Wit her i ng 6 s(Besdsenad86) Ephedrdadpecies such ds. sinicaand E.
equisetinahave been used in Traditional Chinese Medicine and Kampo medicine
(Japan) from ancient times maintymnixtures of different herbal formwdas therapy
for various respiratory disorders such as asthma, &uggsal congestion and
influenza(Kitani et al, 2009) These are a few of the hundreds of medicinal plants
which have been used for their properties as-iaflimmatory, hyotensive,
hypoglycaemic, amoebicidal, antifertility, antiprotozagentsand more.

In the last 30 years, significant changes in the attitude of members of the public
and researchers towards herbal medicihas occurredleading to a growing
tendency for people in developed countries to uSM to complement existing
syntheticdrug treatmens. Over 100 million Europeans aoeirrentlytraditional and
complementary medicinfl&CM) users, with one fifth regularly using T&CM and
the samenumber preferng health care which includes T&CIWWHO, 2013) In
fact, between 181-2006, 24 natural compounds formed the core of marketed drugs

in this time period19 of them were isolated from soil microbes andiére ofplant



origin such as Taxol® (paclitayefrom Taxus brgifolia as an anticancer agent and
Artemisinin from Artemisia annuaas an antmalarial drug (Ganesan 2008)
Furthermore, biologically active natural products from plants and their analogues
formed up to 57% of the top 150 brand namesgnibed irthe United States in 1993
(Newmanet al, 1997; Newman and Cragg, 2012)

Nature has served as a source of healing agents for thousands of years and it will
continue to be the largest reservoir of novel chemicals irsyt@acome since more
than 250,000 species of flowering plants exist on our planet and barely a small
fraction, 510%, of these plants have bemimed exhaustively to dat€Sarkeret al.,
2006)

1.2 Traditional medicine in Amazonia

The Amazonian Rainforest represents the most extensive resource of natural
diversity remainingon the planet and it symbolises the mystery, power, and sacred
intimate relationship between humans and their ambient nature. This connectivity
over centuries has created unsurpassed knowledge which accumulated via
experimentation with plants and otherahieg materials by the indigenous people
living in unity with their surrounding environment and who have learned how to
adapt for their physical, cultural and spiritual well being. They have transmitted their
treasured ancestral heritage as their own abgetarmacopoeia from generation to
generation which became a specific trait of each of their soci@igsultes and
Raffauf, 1992) This knowledge has been passed on in tribes such as the Uitoto in the
form of the great historia" by the true traditional healerssdbedoresor true
shamans” who followdisciplines/careers of more than 45 ye@vitchell et al,

2010)

By understanding the importance of this invaluable knowledge and by the
curiosity of science, the rainforest medicineséaifered western medicine a rich
foundation of a variety ophytochemicals and active constituentdhich then have
evolved to their current forms. For example; revealing the secret of Curare, the
powerful arrow poison which is prepared from the bark iffleient species of
Chondrodendrorlianas by various Indian tribes of South America (such as Uitoto
and Tikunas) for the purpose of hunting, caused a scientific revolution in surgical

anaesthesiavhen the active componenttubocurarine, was isolated amdentified



(Lee, 2005) Quinine, isolated from the bark o€inchonatree commonly from
Cinchona officinaligRubiaceae)has been a very effective drug for the treatment of
malaria and also for "night cramps" in muscles of the elddtgndalet al, 1995)

and was originally used for thousands of years by the Indians of S. Ar(felotin,
1993)

Obtaining these benefits from jungle exploration was not cost free. The
interference from outsiders suchamonists, migrants and others has baphificant
impacton the indigenous people, their languages, cultures, habits and beliefs. The
encroachment of westernisation on these native societies via missionary activities,
wars, road development, travel anduriem, has spoiled their lore and their
knowledge of the plants properties, uses and their hidden séCmtedor de and
Simpson, 2009)

On the bight side, some of these local communities, such as those in the
Colombian Amazon, by whom the planttbfs study was collected, have managed to
keep their empirical plant knowledge while being introduced to western medicines
and beliefs(Schultes and Raffauf, 1992However, other factors have played a
negative effect regarding transferring this heritage smoothly through generations.
The Colombian State education system encourages the indigenous cloiltbibmat
a national curriculum in schools away from their elders, hence, preventing them from
learning their lore and secrets by those who present the repositories of tribal
knowledge(Corredor de and Simpson, 2008) interrupting this link, the threat of
losing such a wealth of knowledge is becoming alarming and due to being passed
down mainly by oral tradition is in danger of being lost to humanitgreefve even
have the opportunity to reveal all its aspects. Furthermore, much of what has been
written so far may not be fully "translated" as the attitudes in the past were largely
"the informed + the informant", i.e. some of what has been "written dovay'be
inaccurate.

In paralle] the accelerated intentional destruction of the rainforests worldwide
and the consequent extinction of several plant and animal sp&bieb,were yetto
be discoveredas well as the loss of knowledge of their vatilwellers "sabedores”
who know how to manage them is taking away the indigenous methods of survival

including theirTM. Thismakes us pay dearlyaswhat could be our greatest chance



of searching for powerful, safe and new medicines to conquer those tresds that
humanity is suffering from, is being blown away.

These facts are now being realised more than ever aedtists have become
aware thaMother Nature is our sanctuary fabrighter future regarding our way of
treating diseases. Togetenef it s from this rich resetl
agents, there is a need to protect those indigenous people in their habitat and help
them to conserve their folklore record from disintegrating. Moreover, it is well
known that those Amerindian pdepare wholly dependent on their land and
ecosystem to survive, to procure their daily necessities, and to find therapies to
combat diseases for being the only affordable way of health(Cangield, 1986)
Therefore, intensive studies on thd3é to evaluate their safety and efficacy and to
identify their bicactive components "the positive energy" would generate many
benefits to them, in particular, and cegsently to those who rely mainly on
medicinal plants as curative sources and who are estimatbd about3.5 to 4
billion people in the worldFarnsworth, 1988)

1.3 The family CelastaceaeR. Brown

Celastraeae or the bittersweet family has been estimated tadecBOO species in
about 50 generéSchultes and Raffauf, 1992y even up to 94 genera with some
1300 speciegMabberley, 1993pf woody vines, treeand shrubswidely spread in

both hemispheres. The differences in the previous estimations were attributed to the
shortening in the taxonomic work on the family as well as to the controversial issue
regarding the identification dfelastraceae and Hippotzaceae as two distinctive
families (Simmonset al, 2001) Maytenus EuonymusCassine and Celastus are

the largest geneiia the family(Heywood, 1993gs cited byGunatilaka(1996)

Intensive research has been conducted on different species of this family which
has proven to be of great ethnoboical interest(Gonzalezet al, 2000) This
considerablattention was due to the widange of chemidadistribution in many
species of this family, in which a number of interesting and characteristic bioactive
compounds have been reporteth benefiting from the ethnobotanical data in
indicating plants with specific TM usefhe sesquiterpene polyestersl pyridine-
sesquiterpene alkaloidsvith a dihydreb-agarofuran skeletoralong with the

guinonemethide triterpenekelastroloids”, are the mostwidespread seconda



metabolites isolated fronCelastraceaeand are considered as chemotaxonomic
indicators ofthis family (Reyeset al, 2007 Jelleret al, 2004)in addition todulcitol
andtrans-polyisoprene (guttpercha)Hegnauer, 1966)

1.4 The genusMaytenus

The genusMaytenuscontains about 200 speciekevergreen trees and shrudbsnd
throughout temperate andopical regions(Schules and Raffauf, 1992)hey are
widely used infolk medicine in North Africa, South and Central America and
Southeas®sia to treat a variety of illnessgSagwanet al, 2011 Da Silva et al,
2011) A wide array of bitogically-adive compoundshas been identified from
different species oMaytenuswhich justify the potential therapeutic uses of these
plants in TM through preparations thieir constituents. Cytotoxic quinoid triterpenes
have beershown to exhibit antmitotic propeties (Morita et al, 2008)as well as
antimicrobial and anti-protozoalactiities (Moujir et al, 1991 Dos Santost al,
2013) The antrinflammatory properties of the root extracts oMaytenusspecies
wasobservedvhen used topicallySosaet al, 2007) A biological evaluation othe
leaf extractsof other Maytenusspecies indicated their potential aunkcerogenic,
antrinflammatory and amntnociceptive properties (Jorge et al, 2004; Souza
Formigoni et al, 1991) Anti-tumour activity and insecticidal propertiesvere
attributed to the presence ofagtansinoidsin different species of this genus
(Kupchan et al, 1972; Madrigalet al, 1985) Sesquiterpene polyesterand
sesquiterpengyridine alkaloids isolated fronMaytenusspecies also proved to
possess antifeedant or insecticidal actiViiyifiez et al, 2004) Moreover these
compounds with their complex structures were found to have immunosuppresive and
ant-HIV activities as well as antitumgromoting activity(Husseinet al, 1999;
Duanet al, 1999; Gonzéalezt al, 2000) A number of dimeric celastroloids were
encounterecexclusively from Celastraceae plants, mainly frdaytenusspecies
which showed some cytotoxic activiti€Shirotaet al, 1997a)

In spite of significant progress in research, the phytochemical and potential
pharmacological activities of most of the plants belonging to the gelaysenus
have presented challengehie to difficulties with prper botanical classification of
some of these species as the taxonomic differences between them seem to be very

slight. Thus, it is suspected that additional compounds have yet to be discovered



which may substantiate traditional use or may indicate otbtnpal therapeutic

uses of these plants.

15 Chuchuguasa (Maytenus laevis M. krukovii, M. chuchuhuasha M.
macrocarpaand M. colasii)

Common NamesChuchuhuasi, chuchuguache, chuchamg chuchuhuasca (Col.,
Peru).

There has beea certainamount ofconfusion about the actuallants, which are
referred to in their locality a¥Chuchuguasa However, it is agreed that these plants
belong to the genuslaytenus(Colas, 1937ps cited byGonzalezet al (1982) The

main Maytenusspecies associated with HGchuguasaare M. laevis Reissek,M.
krukovii A.C. Smith,M. chuchuhuashd&kaymondHamet and Colaand M. colasii
Benoist (Salacia colas) as reported bysonzalezet al (1982)in addition toM.
macrocarpaBriquet. M. ebenifolig is anotheMaytenusspecies which is considered

as a synonym for the aforementioned speciesthay Tropical Plant Database.
However, when searching its name in "The International Plant Names Index", it was
found thatSiegfriedReissekthe author who identified this plant, is the same author
who identifiedM. laevis hence, this species should b#edent and not associated
with Chuchuguasa. Therefore, this literature search will focus on the five former
species as they are thought to be botanically the same and the most widely accepted

species for "Guchuguasain the tropical rainforests.
151 Geneal morphological description of Chuchuguasa

Commonly known asChuchuguasa it is an enormous canopy tree found in several
areas of the suBndean rainforest in the Amazonian basin, mainly in Bolivia,
Colombia, Ecuador and PefiMartinod et al, 1976 Gonzalezet al, 1982) M.
laevis the species under study, grows top25 m, with atrunk diameter of up to

0.6 m, straight and well branched in the upper Haljure1.1; A). Yellowish grey
dead bark, living bark reddish and uneven, wood very hard but "milky" and reddish
heartwood, delicate textured light green foliage, leaves narrowly elliptic, apex
abruptly acuminate, simple, alternatgabrous underside®arelyvisible secondary
nerves, 911.5 cm long, 3.8l cm wide, petiole -A0mm long Figurel.1; B), axillary

unisexual flowers, smallvith orange tinted petals, five yellow stamens and green



calyx (Du a,rl1t9e/@a r -Bariga, 1974) The roots arghick and covered witla
reddishorange outer corky layer.

Figure 1.1: A; M. laevis(Chuchuguasa) tree, Bthe leaves
Identified by sabed@es Noé Rodriguez Jujuborre andEusebio Mendoza

1.5.2 Traditional uses of Chuchuguasa

The planthas beerused by indigenous people in the Amazon remote communities
for the treatment of a number of ailments for centuries. It is also collected by
indigenous and an-indigenous communities to be sent to urban societies to be sold
in herbal markets alone or as herbal blends with other plants in different
pharmaceutical preparations such as creams, drops/ liquid extracts and powder
(Sunfood™ Superfoods, San Diego)n lthe Amazonian cities, the bark extract is
used as a tonic, ardinaemic, for treatment of rheumatism and arthritis, stimulant,
antidiarrhoea, antispasmodic, anticancer, -arftammatory and as a sexual
stimulant(Lopezet al, 2006)

The Uitoto and Muinane tribes, of Caqueta Medio region, Colonidyiavhom
the plant of this study was collecté&kction2.1.4), use theChuchuguaa (M. laevig
mainly for the treatment of arthritis, rheumatism and back fiais believed that the
time of collection, the part and orietitan of the plant are essential for the healing
power and the positive energy to be at their highest |€@elsedor de and Simpson,
2009) The curativeorescription is prepardaly soaking the root bark overnight in the

local sugarcane rum (aguardientehich is then taken in a small cupful asonic



(personal communication with Ann Simpson who was given this information by the
Amazonian abedores Euséb Mendoza 1993; Simon RomanEnokayai, 1992 (d.
2009); and his father, Osc&omanEnokayai). A one litre concentrated agueous
decoction of a 5 cm piece of the trunk is used as ana®k course for the treatment

of rheumatismandarthritis by the Sionagribes, another ethnic group of the Mocoa
region in Colombia. This decoction is taken twice a day as one small cupful each
time (G a r -Bariga, 1974)s cited by(Schultes and Raffauf, 1992he alcoholic
aguardienteinfusion of the powdered red root baik also used throughout the
Amazonian river basin of South America as a tonic and stimulant, and ewn as
aphrodisiacwhile it is usedtopically for the treatment of sores and as an-amtiour
agent in skin cancen Ecuador(Gonzalezt al, 1982; Martinocet al, 1976)

In Peru, theébark maceratiomf ChuchuguaséM. macrocarpais used to regulate
menstrual perioddor an upset stomacland considered as amliarrheic and anti
arthritic agentswhile its decoctionis used for dysenter{Duke & Vasquez, 1994
P.114. In Bolivia it is frequently used as a diuretic and to control rheumatism, gout
and yellow feve(L6pezet al, 2006)

Preparations of Chuchuguasa mixed with aguardiente and honey were commonly
given as a tonic to eewourists on their jungle trek&SanzBiset et al, 2009) and
also sold in the local airports of Amazonas suchAdsedo Vasquez Cobo
International aport, Leticia, Colombiagersonal communication with Ann Simpson

and Alexander |. Gray).

1.5.3 Previous phytochemical studiesy Chuchuguasa

This section reviews the phytochemicals isolated previously from the plants of
Maytenusspecies which are referred te @huchuguasa. These include: dihyfiro
agarofuran sesquiterpene pyridine alkaloids, dihydr@garofuran sesquiterpene
polyol esters, quinonemethide, friedelanksar12-ene, ursl2-ene and lupang/pe
triterpenes, dammarantiterpenes sterols, triterpene dimers which consist of one
qguinoid unit and one aromatic unit derived from pristimerin, tingenone and/ or their
derivatives; in addition taridoids and polyphenols(seeTable 1.1 to Table 1.8 and
Figurel.2 to Figurel1.9).



The ceoccurrence of triterpenes of different classes in these plants, particularly,
celastroloids and friedelanes, has led to the assumption of the presence of a
biogenetic relationship between therGunatilaka, 1996) The postulated
biosynthetic pathway implicated oxidosqualersea premieretap. Oxidosqualene is
originated initially from joining six isoprene unif§Vanget al, 2011) Next, it is
cyclised in a highly regio/ sterespecific way to produce intermediates which in turn

are transformedotvarious skeletal types of triterpenes by different enzyme systems
(Abe, 2007) Schemel.1l depicts the conversion of oxidosqualene todilane
products which in turn form the putative precursors of quinonemethide triterpenes as
reported byCorsinoet al (2000)

7

‘ Oxidosqualene

Cyclase

3B-friedelanol
HO

Friedelin

Quinonemethide

Schemel.1: Conversion of oxidosqualene to friedelane triterpenes and their
involvement as the biosynthetic precursors to the quinonemethides
(Corsino et al,, 2000)



Table 1.1: Dihydro -b-agarofuran sesquiterpene pyridine allaloids previously isolated
from Chuchuguasa

Compounds isolated Plant species (*) Reference

Laevisine A () M. laevis(b) (Piacenteet al,, 1999)
Ebenifoline El (2)

Euojaponine 13)

Euonymine 4)

Mayteine b) M. laevis(b) (Piacenteet al,, 1999)
M. laevis(b) (Nakagaweet al., 2004)
M. krukovii(Sb) (Sekaret al., 1995)

‘7-(acetyloxy)O'-benzoylO*'- M. laevis(b) (Nakagaweet al, 2004)
deacetyl7-deoxoevonineq)

‘Ebenifoline EIll (7) | M. laevis(b) (Nakagaweet al, 2004)

M. ebenifolia (Itokawa et al., 1993)

‘Ebenifoline Ell =6-benzoyl6- M. laevis(b) (Nakagaweet al,, 2004)
deacetylmayteinéB) M. ebenifolia (Itokawaet al., 1993)

M. krukovii(Sb) (Sekaret al., 1995)

‘LaevisineB (9) | M. laevis(b) (Piacenteet al, 1999)
Euojaponine F10)

Euonine (1)
Wilforine (12)

‘Chuchuhuaningv-1 (13) | M. chuchuhuascéRb) (Shirotaet al, 1994)/
Chuchuhuanine 4 (14) (Cordell, 2003}
Chuchuhuanine # (15)

Chuchuhuame Elll (16)
Chuchuhuanine #v (17)
Chuchuhuanine & (18)

‘Chuchuhuanine &1 (19) | M. chuchuhuascéRb) (Shirotaet al, 2004a)
Chuchuhuanin&-VIl (20) (Cordell, 2003}

‘4-Deoxyeuonyming21) | M. chuchuhuascéRb) (Shirotaet al, 1994)/

(Cordell, 2003}

* Studied plant partgb): bark, (Sb): Stem bark, (Rb): Root bark
A Structureds reference
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AcO

Compound R R1 R> R3 R4
1 OAc OAc OCOC(CH)=CHCH; OAc OAc
2 OAc OAcC OBz OH OAc
3 OAc OAc ONic OAc OAc
4 OAc OAcC OAc OAcC OAc
5 OAc OAc OBz OAc OAc
6 OAc OBz OAc OH OAc
7 OBz OAc OBz OAc OAc
8 OAc OAcC OBz OAcC OBz

Compound Ry R>

9 ONic OAc

10 OBz OAc

11 OAc OAc

12 OAc OBz

Figure 1.2: Structures of dihydro-b-agarofuran sesquiterpene pyridine allaloids

previously isolated fromChuchuguasa
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OAc

Compound R R1 R2 R3 R4

14 OAc UOAc OAcC OAc OAc
15 OAc UOAc OAc OBz OAc
16 OAc UOAc OAc OAc OBz
17 OH UOAc OAc OAc OAc
18 OAc UOAc OAc OAc OH

19 OAc UOAc OAc OBz OBz
20 OAc UOBz OAc OBz OAc
21 OAc b-OAC OAcC OAc OAc

Figure 1.2 (cont.): Structures of dihydro-b-agarofuran sesquiterpene pyridine alkaloids

previously isolated from Chuchuguasa
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Table 1.2: Dihydro -b-agarofuran sesquiterpene plyol esters previously isolated from

Chuchuguasa
Compounds isolated Plant species (*) Reference
6b,8b,15triacetoxyl U ,- 9 U M. macrocarpa (Chavezet al, 1999)
dibenzoyloxy4b-hydroxy-b- (leaves)
dihydroagarofuraii22)

1 B6,80,15tetraacetoxy9 U
benzoyloxy4b-hydroxy-b-
dihydroagarofuraii23)

(1S,4S,6R,7R,8R,9R) 6,15
triacetoxy8,9-dibenzoyloxy4-
hydroxy-b-dihydroagarofurai24)

* Studied plant part

T e)

I

//;U o
I

HO

Compound R; R> R3 R4 Rs
22 OBz H OAc OBz H
23 OAc H OAc OBz H
24 OAc OBz H H OBz

Figure 1.3: Structures of dihydro-b-agarofuran sesquiterpenepolyol esterspreviously
isolated from Chuchuguasa
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Table 1.3: Triterpenoids and gerols previously isolated fromChuchuguasa

Compounds isolated Plant specieq*) Reference
3 U ,b-2iydroxyoleanl2-en29-oic M. laevis(b) (Nakagaweet al, 2004)
A @) ]
3b, 2 -diftydroxyoleanrl2-en29-oic M. laevis(b) (Nakagaweet al,, 2004)
acidor (Kutneyet al, 19)/
__(2Zepimaytenfolic acid 26) M. macrocarpab) (Piacenteet al, 2006)
Maytenfolic acid 27) M. laevis(b)/ (Nakagaweet al.,2004)
(Nozakiet al, 1986}
____________________________________________________ M. macrocarpab) ___(Piacenteet al, 2006)
Triptocallic acid D 28) M. laevis(b) (Nakagaweet al.,2004)
Triptocallic acid A @9) (Nakanoet al, 1997)
'3b,220dihydroxy-olean12-en30-0ic M. macrocarpab) (Piacenteet al, 2006)

acid (Macrocarpoic acid A(30)

(Nakagaweet al, 2004}
____________________________________________________________________________________ (Fujitaet al, 2000)

22b-hydroxy-3-oxooleanl2-enoic M. laevis(b) (Nakagaweet al.,2004)
acidor (22-epitriptotriterpenonic (Kutneyet al,, 1992}
M

acdAa@Ey) M -macrocarpab) (Piacenteet al, 2006)
3-oxooleanl2-enoic acid 33 M. laevis(b) (Nakagaweet al.,2004)
____________________________________________________________________________________ (Souseetal, 1990)

22U-hydroxy-olean12-en-3-oxo-30- M. macrocarpab) (Piacenteet al,, 2006)

oic acid(Macrocarpoic acid B{34)

220hydroxy-12-en-3-0x0-29-oic acid
(Triptotriterpenonic acid Aj35)

3-Ox0-6b-hydroxydeanl12-ene (Chavezet al., 1997)

_(daturaolonef36) exudate (Kocoretal, 1973)
Abruslactone A 37) M. laevis(b) (Nakagaweet al,, 2004}
____________________________________________________________________________________ (Nozakiet al, 1986)
3-epiabruslactone A 38) M. laevis(b) (Nakagaweet al,, 2004}

(Silvaet al, 1998)

28-hydroxy-12-ursene3b-yl-caffeate M. laevis(b) Nakagaweet al, 2004)
(3-(E)-caffeoyluvao) (39) M. macrocarpab) ((Piacenteet al, 2006)

3-(E)-p-coumaroyluvaol M. macrocarpab) (Piacenteet al,, 2006)
((Macrocarpol AX40)
Krukovine A @1) M. krukovii(Sb) (Shirotaet al., 1996)

Krukovine B @2)
Krukovine C @3
Krukovine D @4)
Krukovine E @5)

* Studied phnt parts(b): bark, (Sb): Stem bark, (Rb): Root bark
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Table 1.3 (Cont.): Triterpenoids and gerols previously isolated fromChuchuguasa

Compounds isolated

Plant specieq*)

Reference

Wilforlide B (46)

Macrocarpins A47)
Macrocarpins §48)
Macrocarpins G49)
Macrocarpins O50)

M. laevis(b)

(Nakagaweet al,, 2004}
(Luo et al,, 2007)

(Chavezet al., 1999)
e (Magalhdeet al, 2011)
3-(E)-p-coumaroybetulin 62)
3-(2)-p-coumaroylbetulin53)
3-(E)-caffeoylbetulin(54)

Nepeticin B5)

M. laevis(b)

M. macrocarpaSh
exudate

M. macrocarpaSh
exudat®/ (leaves)

M. macrocarpaSh
exudate
M. macrocarpaSh
exudate

(Nakagaweet al,, 2004}
(Nozakiet al, 1986)
(Chavezet al., 1997)
(Chévezet al., 1998)

(Chavezet al., 1997)
(Chévezet al., 1999)

(Chavezet al, 1999)
(Betancoret al, 1980)

(Chévezet al, 1997)
(Chavezet al., 1998)

(Chévezet al, 1998)
(Anjaneyulu and

Narayanarao1980)

28-Hydroxyfriedelanel,3-dione M. macrocarpaSb
Oy exudae

(Nakagaweet al,, 2004}
(Viswanathan, 1979)

3 [R9-dihydroxyglutin5-ene(64) M. macrocarpaSb (Chavezet al., 1997)
exudate (Gonzalezt al, 1987)

* Studied plant pas; (b): bark, (Sb): Stem bark, (Rb): Root bark
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Table 1.3 (Cont.): Triterpenoids and gerols previously isolated fromChuchuguasa

Compounds isolated Plant specieq*) Reference
Tingenone §5) M. laevis(Rb) (Gonzalezt al., 1982)
M. chuchuhuasca (Martinodet al, 1976}
M. chuchuhuasc#b) (Morita et al.,, 2008)
M. chuchuhuasc#Shb) (Shirotaet al, 1994)/
M. macrocarpaSh (Chavezet al., 1997)
_______________________________________________ exudaty
22b-hydroxytingenoneg6) M. laevis(Rb) (Gonzalezt al., 1982)
M. chuchuhuascéSb) (Shirotaet al., 1994a)/
_______________________________________________ M.chuchuhuascgo) (Moritaetal, 2008)
Pristimerin 67) M. chuchuhuasca (Martinodet al, 1976)
M. chuchuhuasc#b) (Morita et al.,, 2008)
M. chuchuhuascéShb) (Shirotaet al, 1994)/
M. macrocarpaSh (Chavezet al., 1997)
_______________________________________________ exudaty
Celastrol 68) M. chuchuhuascéb) (Morita et al.,, 2008)
M. macrocarpaSh (Chévezet al, 1997)
_______________________________________________ exudate¢
NetzahualcoyengVitideasin M. macrocarpaSh (Chavezet al., 1997)
© exudaty
Scutione T0) M. macrocarpaSh (Chévezet al, 1997)
i exudat¢ (Gonzalezt al, 1996)
6-oxopristimerol 71) M. chuchuhuascéShb) (Shirotaet al, 1994)
3-methyt6-oxotingenol 72)
3-methyt22b,23-dihydroxy-6-
oxotingenol(73)
b-sitosterol 74) M. laevis(b) (Nakagaweet al.,2004)

(Souseet al.,, 1990)

* Studied plant partgb): bark, (Sb): Stem bark, (Rb): Root bark
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Compound R; R> 3-OH 22-OH
25 Me COOH U b
26 Me COOH b b
27 Me COOH b U
28 Me COOH U U
29 H COOH U U
30 COOH Me b U
31 Me COOH b -

Compound R R1 R> R3
32 b-OH Me COOH 2H
33 H Me COCH 2H
34 U-OH COOH Me 2H
35 U-OH Me COOH 2H
36 H Me Me b-OH, H

Figure 1.4: Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa



37 Ri=H, R=0H
38 Ri=0OH,R=H

S
N
N\

39 Ri=OH, R=0H
40 Ri=H,R=O0OH

S
S
S

Compound R1 Compound R1 R>

41 H 42 H CH,OH

43 OH 44 OH CH,OH
45 H OH

Figure 1.4 (Cont.): Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa
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COOH O
48 R=H
49 R=Me

Figure 1.4(Cont.): Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa
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Compound R>

51 Me

52 CH,OH

53 CH,OH

54 CH,OH

55 Me
Compound R R1 R, R3 R4
56 2H O Me CH,OH Me
57 2H O Me Me Me
58 2H b-OH, H Me Me Me
59 2H @) Me Me CH,OH
60 2H O CHO Me Me
61 O O Me CH,OH Me

Figure 1.4 (Cont.): Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa
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Compound R Ri R» Compound R Ri Ry

65 H O H 69 COOMe 2H H
66 H O b-OH 70 H O H
67 COOMe 2H H
68 COOH 2H H

Compound R R1 R> R; R4

71 H Me H 2H COOMe
72 Me Me H O H

73 Me CH,OH OH O H

Figure 1.4 (Cont.): Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa
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Figure 1.4 (Cont.): Structures of triterpenoids and sterolspreviously isolated from
Chuchuguasa

Table 1.4: Dammaranetriterpenes previously isolated from Chuchuguasa

Compounds isolated Plant specieq*) Reference

24-(E)-3-oxo-dammara20,24 M. macrocarpaSb ~ (Chavezet al., 1997)
dien26-al (75) exudate)

24-(2)-3-oxo-dammarea20,24
dien26-al (76)

24-(E)-3-oxo-dammara20,24
dien-26-ol (77)

24-(E)-3-oxo-dammara2 3-U
hydroxy-20,24dien-26-al (78)

24-(E)-3-oxo-dammara2 3-b
hydroxy-20,24dien-26-al (79)

23-(2)-3,25dioxo-25-nor-
dammara20,24diene 80)

24-(E)-3-0x0-23-methylene
dammara20,24dien-26-oico 81)

24-(2)-3-oxodamnara20(21),24 M. macrocarpaSb  (Torpoccoet al, 2007)

dien27-oicacid@®2) exudate)
24-(E)-3-oxo-dammarab b M. macrocarpaSb ~ (Chavezet al., 1997)
hydroxy-20,24dien26-al (83) exudate)

24-(E)-3-oxo-dammarab b
hydroxy-20,24dien26-ol (84)

Octanor-13-hydroxydammard- M. macrocarpaSb  (Torpoccoet al, 2007)
en3,17-dione(85) exudate)

* Studied plant partéSb): Stem bark
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Compound R
75 24-E 2
76 24-Z SV
o] H
X OH
77
O
78 2 3 (QH) ”
79 23-( BOH 7N H
NV OH
o
80 =
OH
2 COOH
81 23 \
24 26
\
82
v COOH

Figure 1.5: Structures of dammarane triterpenes previously isolated from

Chuchuguasa
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Compound R
0
83 \ 26 H
84 N OH

OH ?

-
Z
z
z
-z

85

Figure 1.5 (Cont.): Structures of dammaanetriterpenes previously isolated
from Chuchuguasa
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Table 1.5: Triterpene dimers previously isolated from Chuchuguasa

Compounds isolated

Plant specieq*)

Reference

Xuxuar i8® e

XuxuarineA b 87X

M

.chuchuhuascéSb)

(Shirotaet al, 1995)

XuxuarineB U91)
XuxuarineB b 92)(
XuxuarineC U93)
XuxuarineC b 94)(
XuxuarineD U95)
XuxuarineD b 96)

.chuchuhuascéSb)

(Shirotaet al, 1995)

Xuxuar ({10)e
Xuxuar (160e GU
Xuxuar (162e Gb

.chuchuhuascéSb)

(Shirotaet al, 1998)

* Studied plant partgSb): Stem bark
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Table 1.5 (Cont.): Triterpene dimers previously isolated from Chuchuguasa

Compounds isolated Plant specieq*) Reference

| sox uxu@o3 ne A M.chuchuhuascéSb) (Shirotaet al, 1997b)
| soxuxu@oddh ne A
78di hydr oi soxu»

(109
‘Isoxuxuarine B 106)  ~ M.chuchuhuascéSb)  (Shirotaet al, 2004c)
Isoxuxuarine B 1Q(7)

7,8-dihydroisoxuxuarine B

(108

| soxuxuddd ne C
| soxuxudXl)i ne C
78di hydr oi soxu»

(113
| soxuxuadl2i ne D

| soxuxudlldi ne D
78di hydr oi soxu»

(114
‘Scuti @l UA  M.chuchuhuascgSb) (Shirotaet al, 1998)
IsoxuxuarineE b11§ ~ M.chuchulvasca(Sb) (Shirotaet al, 2004b)

78di hydr oi s ox u> M.chuchuhuascéSb) (Shirotaet al, 1998)

7dhrydr oxyi s oxux M.chuchuhuascéSb) (Shirotaet al, 2004b)

(118
Isox u x u ar iCangoro§iriB)
(119
78di hydr oi soxu»
(120

Isoxuxuarine ® (121)
7,8-dihydroisoxuxuarine G

(122
‘XuxuasinA(23)  M.chuchuhuascéSh) (Shirotaet al, 2004d)
‘XuxuasinB (@24 ~ M.chuchuhuascéSh) (Shirotaet al, 2004d)

* Studied plant part¢Sb): Stem bark
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Compound

86 cis34di oxy bond
87 cis34di oxy bond
88 7 ,8 -dihydro derivative 0B6
89 7 ,8 -dihydro derivative oB7
90 7,8-dihydro derivative 0B6

Compound Compound
91 cis34di oxy bon 93 cis34di oxy bon
92 cis34di oxy bon 94 cis34di oxy bon

Figure 1.6: Structures of the triterpene dimers previously isolated from Chuchuguasa
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Compound Compound

95 cis34di oxy bond 98 cis34di oxy bo
96 cis34di oxy bond
97 7 ,8 -dihydroderivative 0f96

Compound Compound
99 cis34di oxy bond 101 cis34di oxy b
100 cis34di oxy bond 102 cis34di oxy b

Figure 1.6 (Cont.): Structures ofthe triterpene dimers previously isolated from
Chuchuguasa
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Compound Compound Compound Compound

103cis3,4di oxy bori106 cis34di oxy bo 109cis34di oxy borll2cis34di oxy bo
104cis3,4di oxy bor107cis3,4dioxybond = 110cis3,4di oxy bor1ll3cis34di oxy bo
1057,8-dihydro deriv. 0ofl03  1087,8-dihydro deriv. ofl06  1117,8-dihydro deriv. 0ofl09  1147,8-dihydro deriv. 0fl12

Figure 1.6 (Cont.): Structures of the triterpene dimers previously islated from Chuchuguasa
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“IG00Me

Compound Compound Compound ComBound

115cis3,4di oxy bor118 cis34di oxy bo 119cis34di oxy borl2lcis34di oxy bo

116¢cis3,4di oxy bor 1207,8dihydro deriv. of119  122cis34di oxy bo
1177,8dihydro deriv. ofl15 7,8-dihydro

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from Chuchuguasa
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123

124

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from
Chuchuguasa
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Table 1.6: Iridoids previously isolated from Chuchuguasa

Compounds isolated Plant specieq*) Reference

Ajugol (125 M. laevis(b) (Nakagaweet al., 2004}
e (Nishimuraet al, 1989)

6-0-(3",4",5-trimethoxybenzoyl) M. laevis(b) (Nakagaweet al,, 2004)
augol 026

6-O-(3",4 -dimethoxybenzoylajugol M. laevis(b) (Nakagaweet al., 2004}

227 (Nakanoet al,, 1993)

6-O-(p-hydroxybenzoy) ajugol (128

6-O-(4"-hydroxy-3" - M. laevis(b) (Nakagaweet al., 2004}

methoxybenzoylajugol (129) (lwagawaet al., 1990)

* Studied plant parts; (blark

OH
OH

Compound R
125 H
126 3,4 ,5 -trimethoxybenzoyl
127 3,4 i dimethoxybenzoyl
128 p-hydroxybenzoyl
129 4" "-hydroxy-3"-methoxybenzoyl

Figure 1.7: Structures of iridoids previously isolated from Chuchuguasa
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Table 1.7: Phenolics previously isolated fromChuchuguasa

Compounds isolated Plant specieq*) Reference

p-Hydroxybenaldehyde 130) M. macrocarpaRb) (Tizkovaet al, 2013)

M. laevis(b) (Nakagaweet al., 2004)
______________________________________________ M. macrocarpaRb) _(Tizkovaetal, 2013)
p -Hydroxybenzoic acid methyl M. macrocarpaRb) (Tizkovaet al, 2013)

eder (132

p -Hydroxybenzoic acid ethyl

ester(133
3,4,5Trimethoxybenzyl alcohol
(1349)
Noreugenini33)
(2R,39-4"-O-Methyt2,3- M. laevis(b) (Nakagaweet al, 2004)
dihydromyricetin¢3
Mearnsetin 137) M. laevis(b) (Nakagaweet al,, 2004)
(Sadasivam and
___________________________________________________________________________ Kumaresan, 2011)
(-)-4 -O-Methylepigallocatechin M. laevis(b) (Nakagaweet al,, 2004)
(Ourateacatechin(138) (Husseiret al., 1999)
______________________________________________ M. laevis(Rb) _ _(Gonzaleztal, 1982)
3',4-Di-O-methyk(-)- M. laevis(b) (Nakagaweet al.,, 2004)
epicatechin139 (Morimotoet al, 1985)
Ourateaproanthocyanidin A M. laevis(b) (Nakagaweet al,, 2004)
(240 (Weeratungaet al.,, 1985}
OurateaproanthocyanidB M. laevis(Rb) (Gonzalezt al, 1982)

* Studied fant parts; (R): Stem bark(b): bark

O R

OH
MeO OMe

OH OMe
Compound R 134
130 H
131 OH
132 OCHs
133 OGHs

Figure 1.8: Structures of phenaolics previously isolated fronChuchuguasa
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Figure 1.8 (Cont.): Structures of phenolics previously isolated fromChuchuguasa
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Table 1.8: Miscellaneous compounds previously isolated frorf@huchuguasa

Compounds isolated Plant specieq*) Reference

Lambertic acid 141) M. laevis(b) (Nakagaweet al,, 2004}
_____________________________________________________________________________ (Campelloetal, 1975)

Entisolariciresinol {42 M. laevis(b) (Nakagaweet al,, 2004}
_____________________________________________________________________________ (Uronesetal, 1987)

(-)-secoisolariciresinolD-b-D-(6- M. laevis(b) (Nakagaweet al, 2004)
_O-veratroyl) glucopyranosidd43

Isoverbascosideléd4) M. laevis(b) (Nakagaweet al,, 2004}
SRR (Kanchanapooret al, 2002)

Lutein (145) M. macrocarpa (Chavezet al., 1999)

(leaves)

* Studied plant parts; (b): bark

MeO (wCHZOH
\!
OH
HO x CH,OH
OMe
HOOC OH
141 142
o)
O_‘
o)
O CH,OH
MeO OH
OH
OMe OH MeO
"“/CH,0H
HO
MeO

143

Figure 1.9: Structures of miscellaneous compounds previously isolated from
Chuchuguasa
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HO 0 (0] OH

OH

Me (0]
HO OH
HO OH
144

OH

N N U G N

HO

145

Figure 1.9 (Cont.): Structures of miscellaneous compounds previously isolated from
Chuchuguasa

1.5.4 Previouspharmacologicalreports on Chuchuguasa

The majority of the aforementioned compounds and/ or crude extracts were tested for
their acivities in various biological domains. This section will encompass these

studies by addressing them according to each plant species studied.

1541 M. laevis

The intravenous administration of a suspension of pulverised leawslaévisin
physiological salie (15 mg/kg) to mie subsequently challenged withia@ positive
pathogenic microorganismsStaphylococcus aureusSmith and b-hemolytic
Strepobcoccus pggenes induced prophylactic activity by increasing phagocytosis
of the reticuloendothelial system (RE®)Carloet al, 1964)

Somecompounds isolated from tmeethanol ekact of thebarkhave been shown
to havecytokineinducing activity(Nakagaweet al, 2004) To investigate the anti
tumaur or antiinflammatory effects, human peripheral blood mononuclesis c
(PBMCs)were stimulated witht he i sol ated compounds (1
37 C. The secreted cytokingd -6, IL-12 and TNFU )in the supernatants of these
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cultures were measured against a positive control-4QK [a Streptococcus
pyogenesierived immunopotentiatpwhich was found to evoke antitumor effects
by stimulating a number of immunocompeteetls andto induce various cytokines
including IL-1, IL-2, IL-6, TNF-U  a n do]. Onfy vo compoundsthe friedelane
triterpene canophyllol 56 and the agarofuran pyridine alkaloichayteine5 were
found to significantlycauseindudion of the three antiinflammatory cytokinesvith
the former being the most potent.

Gonzalezet al (1982) reported that the presence of tingenddea nd -2 20D
hydroxytingenoné6 in the root bark could account for the traditional use of the tree
in skin cancer, having shown antitumor actii§elo et al, 1974)as cited by them
and further confirmed by later studies suchbhgglhaget al (1999) Moreover, the
Gonzalezet al (1982)report supported the findings of previous studies where the
aqueous extract of the trunk bark showed-mflammatory activity(Olarte, 1976)
and the leaves exhibited radio protective ac{ielemminget al, 1967)as cited by
them. They attributed these properties to the isolated antioxidant polyphenolic
compounds, ourateacatechin(138) and proanthocyanidins140). The former
compound was alseported to exhibit antiulcerogenic gastric actiPereiraet al,
1993)as cited byMossiet al. (2004)

The isolated dihgro-b-agarofuransesquiterpene pyridine aloids @, 4, 5 and
11) from the bark byPiacenteet al (1999)were found to possess insecticidal and
antifeedant activities as reped by Nufiezet al (2004) while ebenifolineE-Il 8
showed a significant immunosuppséve activity(Duanet al, 2001) The iridoid,
ajugol 125 showed antimicrobial activitgAkcoset al, 1998)

The isolated compounds, aytenfolic acid 27, lambertic acid 141 and
ourateacatechiri38 showedinhibitory activity on rat lens aldose reductase which
implied their potential antdliabetic effec{Matsudaet al, 1999) In theChenet al,
(2002) study, the phenylpropanoid glycoside, isoverbascositie exhibited ant
proliferating activity and caused differentiation in the human gastric cancer cell line
MGC803.
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1.5.4.2 M. chuchuhuasca

The quinonemethides, tingeno68, Zhydfoxytingenones6, pristimerin67 and
celastrol68, isolated from the bark dfl. chuchuhuascay Morita et al (2008)were
found to possess cytotoxic effects on melanoma RPMI8226 cells, acting as mitotic
inhibitors by disrupting the polymerisation of tubulin protein where the latter was the
most potent. On the other hande taromatic triterpene derivatives], 72 and 73
showed moderate cytotoxic activity against a number of tumour cell lineSharada

et al (1994) proposed the impaahce of the diosphenol function in ring A to elicit
potent activity. Also, the two quinonemethidés,and67, demonstrated insecticidal
effectson larvae of the codling motfCydia pomonellaLepidoptera: Tortricidae)
presented by their antifeedant adgmviogether with molt effect suppression, with the
latter compound being the most act{yeilla et al, 2000) Moreover, pristimerir67

and celastl 68 exhibited ann vitro activity against botlthloroquinesensitive and
multidrugresistantPlasmodium falciparunstrains, and when combined at fixed
ratios (1:1, 1:3 and 3:1) they possessed an additive antimalarial (Effpeotiredoet

al., 1998)

The triterpene dimers, xuxuaring®, 87, 89 and 91-96 isolated from the stem
bark byShirotaet al (1995)were screened for their cytotoxic activity against some
cancer cel | | i 4typesxuxaarings emhibitey webkhte mdderate
activities. So far, there are no studies on the biological activities of the isoxuxuarines

in literature.

1.5.4.3 M. krukovii

Bruni et al (2006)outlined several biological activities of 8% EtOH extract of the
bark. It was found that it provided a mutagenic protection against the indirectly
actingmutagen Zaminoanthracene on tl8&almonella typhimuriurstrains TA98 and
TA100, and it possessed antioxidant and radical scavenging actividy dase
dependent manner using different assays. Howeveldindt show antibcterial
activity against both @&m positive and negative bacteria, and it was weakly active
against tested fungi strains with the exception of pigtopathogenPithyum

ultimum The antimutagenic activity was suggested to be attributable to the
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synergistic interaction of polyphenolic compounds, which have bbeewn to exist
in the extract.

In a study bySekaret al (1995) the EtOH extract of the stem bark showed a
significant protein kinase C (PKC) inhibitory activity wimICsg value of 10 pg/ml.
The subsequently isolated dihyelseagarofuransesquiterpene pyridine aloids, 5
and8, did not possess the same activity; however, they exhibited toxicayiime
shrimp lethality assay witaLCsp < 10 pg/ml.

1544 M. macrocar@

While the EtOH extract of the stem bark showed no antibacterial agtitaycek et

al., 2005) the EtOH extract of the root bark demonstrated a broad spectrum of
activity against a series ddram positive and negative bacterial strains along with
one yeastCandida albicandATCC 10231 using a broth microdilution method. The
MIC values ranged from 12850 pg/ml (Kloucek et al, 2007) Recently, the
antibacterial activity was further confirmed ktloa-Urizar et al, (2015) against
Pseudomonas aeruginosath a MIC of 25mg/ml.

The dihydreb-agarofuransesquiterpene polyolsters 22-24, isolated from the
leaves where tested for some biological activitieChgvezet al (1999) While 22
and 23 showed margidaantitumour activity againg®-388 lymphoid neoplasm, -A
549 human lung carcinoma, FZ® human colon carcinoma, and M2B human
melanoma cell linespone of them demonstrated aldose reductase (AR) inhibitory
activity (the enzyme whicltatalyzes the reduon of glucose tosorbitol in the
polyol pathway leading to several complications in dialjgitents such as initiating
cataract prblems and nephropathy).

Similarly, Chavezet al (1998)showed that the isolated friedelane triterpeb@s
57 and 59-61 from the stem bark exudatesere inactive when tested against the
cancer cell lines above, and the latter compoundhy2Boxyfriedelanel,3-dione61,
showel weak inhibitory activity against AR with andgbf 12 mg/ml.

A later study byChavezet al (2000)on the macrocarpin triterpenesA(47-50),
isolated from the roots, reported antitumour activity withyNMalues ranging from-1

5.2 uM, with the exception of macrocarpin4®, which demamstrated low activity
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that was assumed to be possibly due to the presence of a methoxy gro®p at C
instead of OH compared to macrocarpid®B

The oleanl2-ene triterpene derivative86, 27, 30, 32, 34 and35, along with the urs
12-ene derivatives39 and 40, the lupangype triterpenes52-55, and the friedelane
triterpene,63, isolated from the bark, were tested for their -aniivV activity by
Piacenteet al (2006)in C8166 cellgnfected with HI\A1yy. Triptotriterpenonic acid

A 35 showedthe strongest activity with an B&of 1 pg/ml. For the same actiy in

H9 lymphocyte cellssalaspermic aci®é2 (M. laevig was more potent (l§g of 25
pg/ml) than its derivativerthosphenic acié3 (ICso 31 ug/ml), where the latter only

di ffers by the pOdgreupcae @ Chenetral, ) r a
Maytenfolic acid27 was also reported aan antileukemic agent imNozaki et al.,
(1986)study.

The lupaneaype triterpenes,upeol 51, 3-(E)-caffeoylbetulin54 and nepeticin
(55) were found to elicit aninflammatory activity via inhibiting the production of
prostaglandin E(PGE) ard less preferably nitric oxide (NO) in mouse macrophages
RAW 264.7 stimulated with lipopolysaccharide (LRBgyeset al,, 2006)

The norguinonemethide triterpene, scutiofi®, isolated from the stem bark
exudateby Chavezet al, (1997) displayed strong antibiotic activity against a series
of Gram positive bacteria with MIC values ranging from-2.jug/ml, while it was
inactive against the test&ram negative organism{§&onzalezet al, 1996) A mild
cytotoxic activity against three carcinoma cell lines was also reported.

The two dammarane triterpen@2 and 85, isolated from the stem bark exudate
were evaluated for their cyttic activity against a series of yeast strains by
Torpoccoet al (2007) None of them demonstrated any antifungal activity even at
the highest tested concentration 100 pg/ml, and they were both considered non
genotoxic. The biological activity of the rest of the isolated dammarane triterpenes
by Chavezet al (1997)was not evaluated, however, other similar compounds were
shown to possess cytxic activities (Smith-Kielland et al, 1996; Wanget al,
2006)

The friedelanaype triterpenes,riedelin 57 and eifriedelinol 58, were reported
to demonstrate antiulcerogenic gastric actifiRgreiraet al, 1993)as cited byMossi
et al (2004)
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1.6 Aims and objectives

The present work aimetb carry out a phytochemicalvestigationon a well known
Amazonianmedicinal plant M. laevis "Chuchuguasa'(Celastraceae)Although a
large ethnobotanical literature has flourished on "Chuchuguasa" and an \extensi
phytachemical work has been accomplished onMlagtenusspecies associated with
"Chuchuguasa" and which are considered to be botanically sinmépreliminary
findings carried out ira previousprojecton this plant within our grouglgoli et al,
2011) have prompted further investiga of different parts of this plantin an
attempt to isolate new corstents which may possesstdresting biological
activities. Thisfollows the fact that research on the chemical composition of these
species and other similar ones have provedpitesence of a diverse range of

secondary metabolites.

Theobjectives of ths work included

1 Extraction of plant material with solvents of increasing polarity using a
Soxhlet apparatus

1 Fractionationof the resulting extractand subsequent purification of the
naturallyoccurring compounds using different chromatographic tectasiq
such as Thin Layer Chromatography (TLC), Vacuum Liquid
ChromatographyVLC), High-Performance Liquid ChromatograpfiyPLC)
andFlash Chromatography

1 Structure elucidationof the isolates using Nuclear Magnetied®nance
(NMR) and other spectroscoptechniquessuch as Infrared Spectroscopy
(IR), optical rotation (OR) and Mass spectroscopy.

1 In vitro screeningof the crude extracts,fractions and isolated pure
compounds for some biological activitiesthe light of the traditional use of
this plant. Tlese tests included:

- Cytotoxicity assessment against the cancer cell line A375 (ATCC
CRL161§) (human, malignant melanoma cell lingmpared withthe
normal cell line Hs27 (ATC@CRL-lGSAF) (human,skin fibroblast cell
line), for the purpose of examinirthe reported traditional use for skin

cancer.
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- In vitro antitrypanosomal activity againghe blood stream forms of
Trypanosoma brucei bruc@limmer & Bradford(T. b. brucej (S427.
1 Search for scientific evidence to back up the traditional collectidguae 6

the plant by Uitoto sabedore$ CaquetaMedio, Colombia
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CHAPTER I

2. MATERIALS AND METHODS



2.1 Materials

211 Solvents

Solvents listed below were obtained from Fisher SdienUK Ltd, VWR
International, Belgium and Sigma Aldrich, Germany.h€&se solvest were used
during different processes of extraction, chromatographic separation, andhjtical
layer chromatograph§TLCs).
1 Acetic acid (Analytical grade)
Acetone (Analytical grade)
Acetonitrile (HPLC grade)
CHCls, O 99. 8 %,tric grade BigmaAdddch, WS me
Chloroform (HPLC grade)
Dichloromethane (HPLC grade)
Ethyl acetate (HPLC grade)
Methanol (HPLC grade)
n-Hexane (HPLC grade)
n-Pentane (HPLC grade)
Water (HPLC grade)

=4 =2 A4 A4 A4 -4 -4 -5 A -2

Solvents for NMR analysis Below is the list of deuterate@@©9.9%) solvents
obtained from VWR International, Belgium.

1 Acetoneds

1 Chloroform D CDCly)

1 Dimethylsulphoxideds (DMSO- ds)

2.1.2 Reagents and chemicals

Anti-bumping granules (Fisher Scientific, UK)

Celite® S (SigmaAldrich, Mexico)

Cotton wool (Fisher Scieffic, UK)

Filter paper 240 mm,-33 um (VWR International, France)
p-Anisaldehyde (Sigmaldrich, Germany)

Sephadex LFR20 (GE Healthcare, Sweden)

= =2 4 4 -4 -2
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1 Silica gel 60 (0.063.200 mm) for column chromatography (Merck,
Germany)

Sulphuric acid (Sigm&ldrich, Gemany)

TLC grade silica gel (60H, Merck, Germany)

TLC silica gel 60 bs4 pre-coated aluminium sheet (Merck, Germany)
Vanillin (BDH, UK)

0.22um filter (MillexX°GP, Ireland)

15 ml centrifuge tubéCornind®, Mexico)

5 ml bijou (SigmaAldrich, UK)

75 cnf and 19 cnf flasks (Corning®, USA)

96-well clear platg TPP®, Switzerland) and (Nuri¥, UK)

Alamar blu® BUF 012B(AbD Seoted®, UK)

Cryogenic tubs (Nuné Cryotukey

DMSO (SigmaAldrich, USA)

Dul beccob6s Modified Eadukps Medium (DI
Foetal bovineserum (FBS) (Biosera, South America)

Hankos s al(Sigma&Aldsch, UK)t i on

HMI-9 medium(Invitrogen, UK

Kanamycin sulphate (Gib&UK)

L-glutamine (Sigm&ldrich, UK)

MEM Non-essential amino acid solution (Sigr&drich, UK)
Penicillin/ Streptomycir{Cambrex, UK).

Resazurin sodium salt (Sigraddrich, USA)

RPMI 1640 mediunfLonza Biowhittaker, Belgium)

Sodium pyruvatéGibco, Invitrogen, UK)

SuaminS2671 (SigmaAldrich, UK)

TripLETM Express (Gibc®, Denmark)

=4 =4 A4 4 A4 4 -4 -4 45 -4 -4 -4 -4 -4 -4 -4 A4 -4 -4 A4 A4 A4 A4 A

2.1.3 Equipment

1 341 Polarimete(PerkinElmennc, USA)

1 -80°C freezer (Sanyo Electric Biomedical Co., Japan)
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]

=
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214

ACE, C18 (101250 mm, 5egm particle
Bruker Apex Il diffractomete(Bruker Corporation, UK)

Bruker Avancelll (400and 600MHz) NMR (Bruker,Germany

CL2 centrifuge, 263 Aerocatrrier rotor (Thermo Scientific, UK)

Column: ACE 5 C18 150x4.6 m (Hichrom Ltd, UK)

Exactive mass spectrometer (TherRisherScientific, Germany

Hammer mill (MSE, Atomix, UK)

JEOL JNM LA400 NMR spectrophotomet&fEOL, UK).

LC-MS Agilent 6130 multimode sourcamass spectrometer (Agilent
Technologies, Inc., USA)

Nicolet™iS™10 FT-IR Spectrometer (Thermo Scientific, UK)

NMR tubes (5mm x178 mm, Sigrssdrich Ltd, UK)

Reveleri® Flash Forward system of Grace Davison Discovery Sciences
(Minois, USA)

Rotary evaporator (Btichi, Switzerland)

Semipreparative HPLGGilson Scientific Ltd UK)

Shigemi NMR tubes (SigmaAldrich Ltd, UK)

Soxhlet apparatus (Quickfit, UK)

SpectraMax M5 micrglate reader (Molecular Devices Corporation, USA)
UV-Lamp 254 nm and 364 nm UVGES (UVP, USA)

Plant material

The root and stem barkef Maytenus laevis'Chuchuguas' (Celastraceae) were

collected in theResguardo Monochoa area of Caquédédio in Colombia The

collection of theplant materials wasarried outby the Amaoniansabedorefrom

the indigenous Uitoto tribeEusebio Mendozaand from Muinane tribe,Noé

Rodriguez Jujuborrevho identified the tree asM. laevis speciegFigure2.1). The

root bark was collected from the side of the tree itbetiveghe first rays of sun &

Si z

amf ol l owing a strict collecting methodol c

importance of the collection time and the plant orientatiocti®®1.5.2. A voucher

specimen has been keptStPBS herbarium.
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(A) (B)

Figure 2.1: (A); Eusebio Mendozaollecting Chuchuguasa root (B); Alexander I. Gray
with Chuchuguasa root in 25/1/4993, [The collections were done with thefull
permission from sabedores for academic researth

(A)

Figure 2.2: M. Laevis (A) Root bark, (B) Stem bark
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2.2 Methods

2.2.1 Extraction of FHant Material

The driedplant materialsvere groundnto a fine powdewusing aHammer mill. The
extraction of the plant materialvas performed successively with solvents of
increasing polarityri-hexane, ethyl acetate, and methanol) using a Soxhlet apparatus.
The extraction process was carried out fet days vith each solventor until the
solventsranclear in the Soxhlet chamber

The extracts were filteretthrough filter papeand concentrated by evaporation under

reduced pressure (using a rotary evaporator) at a temperat@T.

2.2.2 Analytical andChromatographictechniques

A number of classical and modern chromatographic techniques were used in this

work for isolation and purification of compounds from the crude extesctellows

2.2.2.1 Thin Layer Chromatogaphy (TLC)

TLC was used to select the appropriate solvent system for further chromatographic
methods such as column chromatography (CC), gel filtration chromatogf@phy

and preparative thin layer chromatography (PTLC). This technique was performed
on normal phase preoated silica gel 60 aluminium plates to detect and monitor the
compounds through the separation processes. Each sample (crude extract, fractions,
and pure compounds) was dissolved in an appropriate solvent and applied as a spot
or thin line on to the silica about2 cm above the base of the plate (origin). The
plate was placed intoglasstank witha suitable solvent mixturat a levelo just wet

the lower edge of the plate. A filter paper was previously placed inside the tank to
assistthe saturation of the TLC chamber with solvent vapours. When the solvent
reached about 1 cm below the top of the plate, the plate was removed and the solvent
front was marked with pencilline. Thedeveloped TLC plate waar driedand the

spots were dettedas follows:

Detection by UV light:The plates were firstly examined using a {ustructive
ultraviolet detectionT he spots were observed under U

dark bands on a green background due to quenching fluorescence ofeackunbr
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indicator in the silicagelfssp| at es or at o 366 nm where

bands. The visible bands were markeath a penciloutline

Detection by spray reagenfthe TLC plates wersprayedwith chemical reagest
such ag-anisaldehye-sulphuric acid owanillin-sulphuric acidVAS), followed by
heating(120°C) using a handheld heater to assist the colour developmdifte R
values were calculated and enabled fractions wiithlar profiles to be pooledor
spectroscopic analysis.

Modified anisaldehydesulphuric acid reagent:

P-anisaldehydd0.5 nl) was mixedwith a mixture of 10 rhglacial acetic acid and
85 nl methanol.Then, 5 ml concentrated (97%x)Ighuric acidwas added slowly
(Waldi, 1965)

Vanillin -sulphuric acid reagent:

Vanillin (1 g was dissolved in 80 ml absolute ethariollowed by a slow addition
of 20 ml concentrate(®7%) sulphuric acidWaldi, 1965)

2.2.2.2 Vacuum Liguid Chromatography (VLC)

A straightsidedsintered glas8uchner funne[13 cm (diameterk 10 cm (height)]

was drypacked with TLC grade silica (Silica gel 60H) under vacuum applied via a
water vacuum pumprhis chromatographic techniqgue was chosen tidral rapid
fractionation of the crude extrac{Sarkeret al, 2006 p. 7). To inspect the
consistency of the columra nonpolar solvent was allowed to pass through the
column under vacuumPlant sampleswere dissolved in a small amant of an
appropriate solversind adsorbed on to a small amount of silieh 60 (CC-grade
silica ge). The silica gelwith the adsorbedsample waglried andtransferred to the

top of the column beds a narrow layerElution was carried out with solvents of
increasing polaritystarting with rhexane, rhexane/EtOAc and EtOAc/MeOHA
specific volume of each solvent system was added each time while the vacuum was
applied until the column dried u@.he fractions were collecteshanuallyinto a
vacuum flask and were evaporated drynessby rotary evaporain. Finally the
fractionswere exarmed by TLC to enablgooling according to their similarities
(Coll and Bowden, 1986)
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2.2.2.3 Column Chromatography{CC)

CC enables sepaion of compounds frontrude extrad or less complicated
mixtures/ fractions A glass columr(different sizes) was plugged with cotton wool
and packed to2/3 thelength witha slurry of silica gel 60 in the least polar system
(usuallyn-hexane). The soént was allowed to flow through the column, legvin
packed bed of silica gel. The samplas dissolved in a minimum amount af
suitable solvenand preadsorbed onto silica gel 60 and was lefaifume cupboard
to dry, beforeloadng on the top of theolumn A cotton plug was applietb the top

to avoid distortion Elution was carried outsing a range of mobile phases composed
of polar/ non-polar solvents of varying ratiosf increasing polarity (the amount of
consumed solvents varied depending on TdiServations)The collected factions
were then examined by TLCand combined according to similar chemical prddile
(Megalla, 1983)

2.2.2.4 SizeExclusion Chromatography(SEC)

This techniquealso known as gel filtration chromatograplenablesseparation of
molecules according to their size and shape as thétei®r no interaction between
the solute ad the stationary phaseh€ largest molecules elute from the column first
followed by the smallest which tend to diffuse into the porous gel part&lgkass
columnof a propersize [2 cm (diameter) x 100 cm (heighp)Jugged with cotton
wool was packedwith a slurry of Sephadex L0, prepared bysuspending the
stationary phase i80:50 dichloromethane/methanol or 1068thanolovernight for
nonpolar or polar fractions, respectivel@®nce the packed bed was settled, and the
level of the solventwas jus above the top of the bed, the samiplde fractionated
wasapplied carefully using Basteur pipettafter dissolving it in a minimum amount
of the same solvent that was used to pack the colitution was carried out
isocratically and the fractions &re collected in small vials (about 1 ml per fraction)

(Kremmerand Boross, 1979)

2.2.2.5 Preparative thin layer chromatograph{PTLC)

PTLC was used to separate and purify some fractions containing simple mixtures.

TLC silica gel 60 Es4 pre-coated aluminium shesivere used firstly on a smedkale
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to determine the besolvent systento achieveoptimum separationLarger TLC

plates (20x20 cm) were then usdd separate more quantity of the samplae
samples were dissolved in a minimum volume of an appropriate s@wuenvere

then applied 2cm from the bottom as a thin band across the entire width of the plate
usinga Pasteur pipetteThe plates were developes insection2.2.2.1 The plates

were observed under UNght (sometimes sprayed at one side with a suitable reagent
if they were invisible), andhe bands of interest weoait into strips along wit the
absorbent. The strips 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 veraysed by NMR
spectroscopy

2.2.2.6 SemiPreparative HighPerformance Liquid Chromatography(Semt
preparative HPLQ

Semipreparative HPLCwas used to separate mixture oftwo triterpene type
compounds found as majoomponert in a VLC fraction of theé-hexane extract of

the root bark ofM. laevis The experiment waperformedwith the help of Dr.

Ticiano Gomes do Nascimenton a Gilson systenequipped with amultiple

wavelength UV detectof moni t ori ng at & 210, 265, 29 (
was ACE, C18 (101 250 cnime,loopSvelume was 6 mli Anl e s i
isocratic solvent system of acetonitrikater (60%:40% v/v) was used as the mobile

phase (determined after a number of optimisation trials on an analytical HPLC). The

flow rate was 5 ml/ min and the column temperature wa€£.29he sample

concentration was 100 mg/ml and the inje:

2.2.2.7 Flash chromatography(FC)

FC is a separation technique that is similar in principle to conventional CC, but using
air pressure to elute the sample through amuptd medium or short column at a
faster rate and to obtain higher resolut{8till et al, 1978)

The Reveleri& Flash Forward system of Grace Davison Discovery Sciences is a
modern flash chromatographic system which is linked to two detectors, a UV
detector (wavelength range: 2600nm) and an evaporative light scattering detector

(ELSD). This haghe advantage of giving a greater sensitivity by detecting all the
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compounds within the sample and not just the-&édlve compounds. The system
allows for up to four solvent mixtures thaarcbe used in a single run. The pump
flow rate can range from 4 to 200 ml/ min and can be automatically adjusted at high
pressure. The fraction collector is built into the system with-aatorecognition.

This techniquevas usedo separate a mixta of very similatwo triterpene type
compounddound as major componenits a 60 mg sample obtained by PTLC of a
VLC fraction of then-hexane extract of thetembark of M. laevis The sample was
dissolved in a minimum volume of a mixture of DCM: EtOAwanixed thoroughly
with a sufficient amount of CelifeS and placed in the fume hood to dffhe Celit&
mixture was then packed into the sample loader which was then connected to the
system. Theonditions of theseparation methoarelisted inTable2.1. Eighty peaks
were collected and TLC was performed to pool similar fractions, resulting in 17 sub

fractions.

Table 2.1: Key parameters for the separation method by Reveleris FC

Attribute Conditions

Column ReveleiSC18 40 em 12g

Solvent system  Water, Acetonitrile

Flow rate 10 ml/ min

Gradient 0 min 90%Acetonitrileto 68.4 min 90%Acetonitrile

78.4 min 100%Acetonitrileto 109.3 min 100%\cetonitrile
110.3 min 90%Acetonitrileto 115.1 min 90%Acetonitrile
ELSD threshold 5 mV
UV threshold 0.05 AU
UV wavelengths 290 and 320 nm
Volume pervial 20 ml

2.2.3 Structure Elucidation

2.2.3.1 Nuclear Magnetic ResonancéeNMR)

NMR is the main technique used fa@ructure elucidationOne and twalimensional
(1D and 2D, respectivelygxperiments were used to detect the type of compounds in

fractions andto identify the structure opure compounds. The NMR data were
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obtained ora JEOL (JNMLA400) spectrometer (400 Nk) at SIPBSandon Bruker

Avance 300 (400MHz) spectrometat the Department of Pure and Applied
Chemistry using tetramethylsilane TMS) as an internal standard. Deuterated
solvents such as CD£(CD3),CO and DMS@ds (Table 2.2) were used to prepare

sample solutions depending on the solubility of the compoukgisroximately,10

mg of each sampleagdissolved irc00-6 0 0  thé appyopriate solvent aptaced

into a standard NMR tube (5mm x 178mm) to giveoat 4.0 cm depth.NMR
experiments of samples with low yield were cadlrobut using Shigemi NMR tubes
Sampl es were di ss obnDM80Od§andpldcédiintoa Shigemmi CDCI
tube that matched with the respective solvent.

Table 2.2: Deuterated solvents used for NMR analysis

Solvent Chemical 'H shift(s) in  **C shift(s) in
formula ppm ppm
Deuterated CDCl 7.27 77.2
chloroform
Deuterated (CD»),SO 2.50 39.5
DMSO
Deuterated (CD5),CO 2.05 29.8
acetone 206.2

(Gottliebet al, 1997)

2.2.3.1.1 OneDimensional NMR experiments Q)

1D 'H NMR experiment wa®xecuted as the initial step to identify the type of the
components in a given sample or to assess its purity. It provitesnationabout
the type and the number of protons in the molec(by the chemical shiftand
integraton) as well ashear multiplicity (coupling constantwhich gives an idea of
the adjacent protons. TH&l NMR was also valuable in determining the relative
molar ratio of the components present in a mixtiiee 1D**C NMR experiment
was useful inproviding information about th&ind and the number of carbon atoms
in a molecule. The Distortionless Enhancement through Polarisation Transfer
(DEPTg135 experimentdifferentiates different types of deon atoms according to
their protonattachmentsThe CH and CH carboratons give signals in one direction
while the CH and fully substituted carbons give signals in the otkarally, the

Nuclear Overhauser effedNQE) Difference experiment wa usedfor determining
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the relative stereochemistry of a selecteotqmu The NOE effectis revealed when

the irradiation of one proton at its resonance frequency leads to the increase in the
intensity of the other proton signal(s) which is/are away from each other over short
distancs through spac@Villiams & Fleming, 2008)

2.2.3.1.2 Two-Dimensional NMR experiments (2D)

Further 2D experiments were carried out for accurate assignments of the proton and
carbon chemical shifts as well as for determining the relative stereochemistry. The
Carrelation Spectroscopy (COSY) experiment wiaed to indicate the connectivity
between neighbouring protanghe *H-'H correlations due tgerminal ¢J) and
vicinal (J) coupling appeared as crgssaks symmetrically arranged about the
diagonal. The'H-dekcted Heteronuclear Single Quantum CoherenceSQR)
experiment was used to identify the'H-'3C correlations, while théleteronuclear
Multiple Bond Coherence (HMB@xperiment was valuable for determining the

3¢ correlations via long rang couplingdd and 2Jc). In the present study, the
HMBC experiments were performeing a delay timé/(2J) in the pulse sequence

of 0.0714 si(e. long rangeJcy = 7 Hz) The Nuclear Overhauser Enhancement
spectroscopy (NOESY)experiment was usefulto establish he relative
stereochemistry of the pure compountise spectrum obtained is similar to a COSY
spectrum; howeverthe crosspeaks representH-'H interactions arising from
through space dipolar coupling rather thilaroughbond coupling(Claridge 2008
Williams & Fleming 2008) A mixing time of 0.5s was set for all the NOESY

experiments

2.2.3.2 Mass Spectroscopy

This spectroscopic technique complements NMR spectroscopy as it provides
valuable structural information such as the molecular weight and molecular formula
of the compounds under investigatidhis a very sensitivenethod which can be
carried out with a few micrograms of samgtes usually coupled with a separation
technigue such as liquid chromatography (L@hich providesa quick and
economical general idea of the compounds present in a miSaneples containg

the purified compounds wemdissolved in methanol to get a concentration of 100

e gnl.
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LC-MS experimersg were carried outn both ESI positive and negative modas
either the UltiMate3000 HPLC instrument or the Accela HPLC system which were
connectd to an Exactive mass spectrometer. Tam@e solution (2 0 ¢ 1| ) was
injectedinto an ACE 5 C18 columalong withthe mobile phasef A 0.1% (v/v)
formic acid in wateand B0.1%(v/v) formic acid inacetonitrile {0% to 100% in 30
min) at a flow rate o8 0 0 mm.ISéme of the pure samples were directly injected to
the Exactive mass spectrometer to confirm their exact mass from the MS spectrum
generatedKey parameters for mass spectral analysis @esented inTable 2.3
which may vary slightly for different experimenll HRESFMS experiments were
carried out by Dr. Tong Zhar{@lex), SIPBS Strathclyde University

Some samples were analysed on theNlE Agilent 6130 multimode souraeass
spectrometeusing both positie and negativM-ES+APClionisation modes. The
sample solution (1@l) was injected into am\gilent Zorbax EclipseC18 Column
(4. 61 150 abong,withstlee mpbile phase &er 5mM ammonium acetate
acetonitrile 5mM ammonium acetatasing a gradient method 5% to 100% over 30
min at a flow rate of 1 nil min. These expémnents were carried out ahe

Department of Pure and Applied Chemistry, Strathclyde University by Ms. Patricia

Keating.
Table 2.3: Main parameters for the HRESI M ass spectral analysis

Attribute Positive male Negative mode
Capillary Temp {C) 320.00

Sheath Gas flow (bar) 50.00

Auxiliary Gas flow (bar) 17.00

Spray voltage (kV) 4.50 4.0
Spray curre 100.00

2.2.3.3 X-Ray crystallography

This technique was used as a complementary and supportivednet the NMR
experiments to elucidate the chemical structure of the novel compour@. Bibd
quality single crystals were obtained from CR@\ single crystal was chosen after
being viewed under a microscope anday diffraction data was collected ngi a

Bruker Apex 11 di ffractometer with an 1In
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data collection was smooth and without any complicatesmsthe crystalvas stable
throughout the data collection period. The intensity data were processedausing
Bruker SAINT suite of programsiollowed by absorption correction witBiemens
Area Detector Absorption Correction Progral®ADABS). The structures were
solvedusing SHELXSprogramand refined by leastquare methodssingSHELXL.

All non-hydrogen atoms werefreed by anisotropical methods and hydrogen atoms
were either refined or placed in calculated positighystal structural refinement
converged to good R factors, as listedAppendix |. The molecular diagram was
generated using Diamond version 3.The crystal structure determination was
carried out by Dr. Amit Delori, SIPBSStrathclyde University.

2.2.3.4 Optical Rotation (OR)

The optical rotation of some isolated compounds was measured asBdl
polarimeter at the Department of Pure and Applied Chemistr@trathclyde
University by Mr. Gavin Bain Variable concentrations of these compounds were
prepared by idsolving them in a suitable solvent (CHGpectrophotometric grade)

to give 2 ml test solutions in volumetric flasks. Ten readings from the machiee wer

averaged and the optical rotation was calculated using the following equation:

Where U is the aver a9, kistefathtlengh imilecaneties, e d
c is the concentration of the solution in g/ 100mis the temperature at which the

measurement was taken {20), and adis the wavelength in nanometré=689 nm).

2.2.3.5 Infrared (IR) spectroscopy

The IR spectra of some isolated compounds were recorded on the Nii®1210
FT-IR Spectrometer. A very small amduof the dry sample was loaded and the
spectrum was generated as a plot of absorbance against wave n(B00&800

cm* range)using the OMNIC computer software.
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2.24 Bioassays

2.2.4.1 Tissue Culture and Cytotoxicity Assessment

Crude extracts and isolated pure comnuas were tested for their effect on the
viability of two cell lines; the armal cell line Hs27 (ATCE& CRL—163ZF) (human,
skin fibroblast cell lineand the ancer cell line A375 (ATC@:CRL161§) (human,
malignant melanoma cell lingjsinga resazurirbasedcytotoxicity assay. The cells

were kindly donted by Mrs Louise Young, SIPBStrathclyde University.

22411 Prepamtion of Complete Medium

The growth medium(known as Complete Mediunfgr both cell lines wagrepared

in a sterile flow hood and stored at 4°C until required.

Hs 27 cell s wer e gr own i n Dul beccods
supplemented with 10% (v/v)foetal bovine serum (FBS) and% (v/v)
penicillin/streptomycin. WhileA375 cells were grown inRPMI 1640 medium
supplemented with10% (v/v) FBS, 1% (v/v) kanamycin sulphate, 1% (wWv) L
glutamine, 1% (v/v) sodium pyruvatad 1% (v/v) MEM non-essential aminacid

solution.

2.2.4.1.2 Maintenance ofcell lines

Both cell lineswerecultured in the appropriate complete medium and incubated in a
humidified atmospherat 3PC in the presence &% COz. The growth medium was
replaced every three days and the cells were gadsat 7680% confluence.

A vial of cells stored in liquid nitroge;210°C) was thawed rapidly enwater bath

at 37°C and transferred into 10 ml of warm growth medium in a 15 ml centrifuge
tubeand centrifuged at 1000 rpm (56 gy 5 min The supernaint was removed
and the cells resuspended &0 ml complete medium. The suspension was then
transferred into 75 cfrflask containing 5ml complete medium and incubateda
humidified airat 37°C containing 5% CO

2.2.4.1.3 Passagingadherent cells

The cells werepassagedvhen theywere approximately70-80% confluent The

growth medium was completely removed from the flask and the cells were washed
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with5miHan k 6 s s a | Tihecells wgere |detached from the flaghkth 2 ml
TripLE™ Expressincubaged for 56 minutesat 37C. Complete mediung8 ml) was
added to the cells tonactivate the trypsin The cells were countedsing a
haemocytometer for seeding at a specific densitg tiear and sterilé/5 or 150
cn?) flaskin 15 ml or 30 ml of complete medium agpéicable andincubated in a
humidified atmosphere at 37°C in the presence of 5% fG(3-4 days, depending
on cell growth.

22414 Cell storage

Both cell lines were stored atcell density of 1x18cell/ml. A 1 ml cryopreservation
medium was prepared as 5¥%u) DMSO in complete DMEM for the Hs27 cell line
and as 10% (v/v) DMSO in FBS for the A375 cell lifidne cellswere aliquotedn
cryogenic tube and kept for a few days in-80°C freezebefore beingransferred
into liquid nitrogen when longer storageas required.

2.24.15 Plant sample preparation

Crude extracts and pure compounds were dissolved in DMSO to give a stock
solution of 20 mg/ml and were kept-20°C. Further dilution to the required starting

concentration was carried out using cell growth medium.

2.2.4.1.6 Resazurin solution preparation

Resazurin sodium salt (5mg) was dissolved in 50 ml deionised water. The solution
was filtered sterilised using a 0.22um filter unit and aliquoted into 5 ml bijou and
stored in the fridge, occluded frdight until required.

2.2.4.1.7 Resazurin cytotoxicity assay

The assay incorporatescalorimetric/ fluorometric growth indicator, based on the
detection of metabolic activity. Resazurin is aridationreduction (REDOX)
indicator that allows monitoring of metabolic activity by both flescent and
colorimetric detection.

The REDOX indicator is reduced in the mitochondria of living cells in the presence
of nicotinamide adenine dinucleotid®NADH) dehydrogenase which causes the
indicator to change fromresazurin, the oxidizednonfluores@ent, blue form to

resorufin, the reducedfluorescent, redform (Figure 2.3). The fluorescence is
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measured at thexcitation and emission wavelengths of 560 nm and 590 nm,
respectively

0®

| . "
/Eji@j;\;[mmn NAD ,Hi©i i@
HO Z (0] (0] HO (0] (0]

Figure 2.3: Reduction of resazurin to resorufin in living cells

The cell lines were seeded in-@@ll tissue culturelates at 1x10° cell/ml and 5x18
cell/ml for Hs27 and A375 cell lines, respectivalyd allowed to adhere f@d hin a
humidified incubator at 3T in the presence of 5% GO

A 1:1 serid dilution of each sample was performed in a dilution plate to give a

concentrationranger om 200 ¢ g/ mlhe diled &st atplge @0) md |. T
was transferred to the corresponding assay well in the cell plate to give a final assay
vol ume of 200 ¢ . Cont and 108DMSO@ssohemt di | u;

controk) were added to tha@ppropriate control well§Figure2.4). The plate was then
incubated for 24 h at 8 in ahumidified atmosphere containing 5% G@nday 3,
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 previ@mosditions.
Fluorescence intensity was measured after 5 and 24 haiSipgctraMax M5 micro
plate reader at the excitation and emission wavelengths of 560 nm and 590 nm,
respectively). Additional backgroundplates were always preparddllowing the
same protocol containirgamples alone withut cells

The cell viability was determined a&s percentage of the meaell viability of
eachconcentration to the mean cell viabiliof the untreatedtells plank control)
after subtractinghe background (e. the effect of the coloured compounds on the
fluorescence) and t@5%DMSO (the vehicleyeadingsThe untreated contraklls
had a viability of 100%.The EGo values were calculated for th@reentration
response data using GraphPad Prism software version 4.0 and the results were
confirmed microscopicallyThe cytotoxicity assays were performed in replicate (n=3
or 6) depending on the cell 6s avail abi

conplications and time limitation.
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Figure 2.4: Assay plate template

2.2.4.1.8 Statistical analysis

Statistically significant differences were determined using Prism software version 4.0
by oneway ANOVA analysis of variance followed by Dunnett ptestt to compare
each concentrationevsuscontrol where appropriate, and tw@y ANOVA with

Bonferroni postest to compare between both cell lines at each tested concentration.

2.2.4.2 Anti-tyrpanosomalkassay

The antitrypanosomabhctivity of the crude extracts along with some fractions and
the majority of the isolated pure compounds was detemnising an Alamar bl

96 well microplate assagRaz et al, 1997) perforned by Ms. Carol Clements,
SIPBS StrathclydeUniversity.

2.24.21 Sample preparation

The samplesvere prepared as stock solution of 20 mignl (1 mg/ 100¢ | )
crude extracts/ fractions and 10 mM for the pure compoiméi80% DMSO

A trypanosome suspension containthg bloodstream form dfrypanosoma brucei
brucei S427 was prepared by counting and diluting theypanosomes to a

concentrabn of 3 x1¢ trypanosomesl.

2.2.4.2.2 Assay protocol

The samples were initially testedh duplicate (n=2)at a single concentration of
20ug/ml or 20uM to determine thein vitro activity. The stock solution§10mgml)
were diluted to Ing/ml using HMF9 medium The test sample (d!) followed by 96
pl HMI-9 mediumwere pipetted into the assay well in-3@ell plates. Theplates
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were arranged as follos; Controls such as sterility and DMSEbntrols (at a
concentration of 1 to 0.002%i column las negative comdls, test samples in
columns 211 and a concentration rangel . 0- 0.608t M pf suramin S2671as a
positive control incolumn 12.The trypanosomsuspensior{100 pl) was added to
each well of the assay plate with the exception of well Al (steritityral) to give
the finalassay concentration tthe sample0 pg/ml. The plate washenincubated
at 37°C, 5% C@in a humidified atmosphere for 48 After which 20pl of Alamar
blue® BUF 012B was added and the incubation continued under the previous
condtions foranother24 h. Fluorescence was then determined uaiallac 1420
Victor2 microplate reader (Excitation and Emission wavelength$0frin and 590
nm, respectively).The results were calculated psrcentages adhe DMSO control
values Later on the active samples (with less than 10% of contatlies, i.e. >90%
inhibition) were further tested in duplicate to determine tNE{C values.

Thetemplate of a clear flatottomed 96well plate was arranged &sdlows:
In column 2,200 pg/ml teg solutions were preparday pipetting 4pl of (10mg/ml)
test stock solution and adding 196ul H®imedium into each welln column 1 and
3-12, 100ul of HMI-9 medium was pipetted into each well, while a concentration
range of 1.0 to 0.008 uM of suraminO(uM) was prepared in column 12. Serial 1:1
dilutions were carried out from columns 2 to dsing a multichannel pipetteAfter
which, 100 pl of the trypanosomes suspensitra concentration & x10f/ml was
added to each well of the assay plaiegive the final assay concentration of the
sampl es r angmld of 0 dmhIht@ade wadhenincubated at 37°C,
5% CQ in a humdified atmosphere for 48 h, antetprotocol was connued as
previously describedlhe MIC values were determined as thwestconcentratios
of the active samples that had given less than 5% cell growth comparing to the

control values.
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CHAPTER Il

3. RESULTS AND DISCUSSION
PART I: PHYTOCHEMICAL STUDIES



Preface

In this chapter, Part | (phytochemical stugliexplairs the structural elucidation
process of the compounds identified in some of the fracidmnsh were obtained
from then-hexane and EtOAc extracts of the root and stem barké. ¢tdevis and
arranged according to their chemical classificatidhglso highlight some of the
biological effects of these compounds as publishedefiterature.

Part Il (biological studies) illustratete results of the biological activities which
were addressed in this work on the isolated compounds in comparigothose

reported in the literature.

3.1 Solvent Extraction and Yields

Grounddried root andstembarksof M. laevis were successively extractedith n-
hexane, EtOAc ah MeOH using a Soxhlet apparatusA rubberlike substance
(polymer), produced while evapdiray the extracts by rotargvaporator was
separated from the liquid part by filtratiofhe yields ofthe crude extracts are listed

in the table below.

Table 3.1: Amounts and yieldsof the crude extracts of ML root and stem barks.

Part Weight Of. n-Hexane extractg EtOAcC extract g MeOH

used plant material (%) (%) extract g
g (%)

Root Liquid Polymer | Liquid | Polymer

bark 550 14 36 10 4 56

(2.5%) (6.5%) (1.8%) | (0.7%) | (10.2%)
Stem 600 10 3.5 5 i 35
bark (1.7)% (0.6%) (0.8%) (5.8%)

All the extracts were initially fractionated BYLC. The columns wereluted with
gradient solvent systenahd he collectedcand combined fractions were analysed by
'H NMR experimats. The patterns of the proton spectra ofsmnof these fractions
indicated the presence witerpenetype compoundstarols phenolicsaas well as fats
and tannins. A series of separation and purification processes were ¢arttegd out

to isolate the pure compoundsnerallyusing SephadekH20, CCand PTLC, in
addition to SemPrep HPLC and GracReveleris flash chromatograply special

cases
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3.2 Polymers

3.2.1 Characterisation of HM1 astrans-1,4-polyisoprerme(rubber-like substance)

HM-1 was separated from the roahd stembarks during the rotey evaporation
processof the n-hexane andEtOAc extracts.On TLC, apink spot appeared after
spraying withp-anisaldehydesulphuric acideagenfollowed by heating.

The'H NMR spectrun{400 MHz, CDC}, Figure 3.2) showedone methykinglet
atylvl (3H,9 , t wo al |l yl jX99 and 2.0 (y)laedroeesolefmit 0
met hi p%l13(aH, td, &= 7.0, 1.7Hz).

The DEPTq135"C NMR spectrum 00 MHz Figure 3.3) showedonly five
carbonsignals including one methyl, two methylenes, one olefinic methine and one
olefinic quaternary carbon 8¢16.1, 26.7, 39.7, 124.2 and 134r8spectively
From the complete analysis of the 2D NMR spectreluding HSQC,HMBC and
COSY (Figure 3.4, Figure 3.5, Figure 3.6), and by compasion with the literature,
this compound was suggested to be a polymer camgisif a chain of the
monomeridsopreneunit [C5H8]A(Figure3.1).

The stereachemical configuration of the double bond in the monomeric unit was
determined aransdue to the following facts;

1 It has long beerestablished that the#ans-1,4-polyisoprene posssss hard,
tough and brittle properties which apply on the material isolated from this
plant,comparing to theis-1,4-polyisoprene which haan elasticity(rubbery)
property at room temperatug@oodman, 1967; Miller, 1966)

1 Fromthe COSY spectrum, the loagng coupling o the (W correlation)
between the olefinic proton aiy 5.13 and the methyl afly 1.61 was
observedindicating thetrans configuration.

1 The 1D NOE difference experimerfigure 3.7; A) showed that irradiating
the signal afly 5.13 (H-3) causedan NOE effect to the methylene protons at
Uy 1.99 and 2.07, but showed no NOE effect to the methyh 1.61 (3H-5)
and vice versa in the NOE diféxperiment Figure 3.7; B). This indicated
that the methine ¥3 andthe methyl atliy 1.61 are locatedon the opposite

sides of the double bond the monomeric unffi.e. intransposition).
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T The compaison betweerthe DEPTq**C NMR spectrumof HM-1 and **C
NMR spectra of the naturals andtrans-1,4-polyisoprenesasrepesentedn
the Duch and Grant(1970) report (Figure 3.8), showed thathe difference
between the chemical shift values of tmethylene carbon (@) and the
methyl cabon (C-5) was about 24 ppm in theanspolymer, while it was
about 10 ppm in theis-polymer.

1 Finally, thepattern of the'H NMR spectrum oHM-1 was identical to that
obtained for the purtrans-1,4-polyisoprene (TPI)n CDCl; as mentioned in
the Chen et al, (2015) report However, there was about 0.045 ppm
difference in the chemical shift values of theefiproton signals of the TPI
comparing to those of théM-1 as they were reported @t 1.95 @H-1), 2.03
(2H-4), 5.07 (H3) and 1.56 (3kb). This might be due ta difference in
solvent calibration.

This is the first report of the isolation of this polyni@uttapercha)rom M. laevis
however, it has been reported that some plants Waptenusspecies such adl.
oleioidesandM. acuminatushavea reasonably high content aibberlike materials
(i.e. balata 2.67% from the lattgfffatersorJones, 1983)When Guttaperchawas
firstintroduced to the western worldwasusel for insulation of underwater cables
(Prakastet al, 2005)

5.13 td 1.99 39.7
----- CH2 /CH3 H H2C1:"_"_-CH2 /CH3
\\ // \\ /’
N oo / N oo /
»----< 124.2 134.9 y----<
/ \ 3 2 4 \
/ \ / \
/ \ 4 [2.07 A 1.61s / N
H CH H
HC 2(97H2 167 9 CHp -

- —(n)
Figure 3.1: Structure of HM -1
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HM-1in CDCls.

3.3 Terpenoids

3.3.1 Friedelanetype triterpaes

The following isolated triterpenesvith the exception oHM-6, incorporate similar
structural features represented by filéy saturatedoentacyclic sixmembered rings
skeletonwith eight methyl groups usually attached at positiong, C-5, G9, G13,
C-14, G17 and at €0 where geminal mehtyls are locatétiese compounds have
oxygenated functionalitieen G1 and/ or G3 with a ketone group(s)n some of
these compoungsthe G28 methyl group has undergone partial oxidatitm
(-CH,OH), as seen itHM-2 and HM-5. The *H NMR spectrum of ta compounds
containing the 18liketone moietyshows common signals of two deshielded
methylene doublets &k, between 3.238.51 ppm, as well as ot methine quartet at
Uy in the range betweeh56-2.59 due to H4 whichis coupled with Me23.
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3.3.1.1 Characterisation ofHM-2 as canophyllol

HM-2 was Bolated from the-hexane extraadf the stem bark as white crystalOn
TLC, it gppeared as purplespot after spraying witp-anisaldehydesulphuric acid
reagentfollowed by heating Its R was 0.6 on SiGel when eluted with the mobile
phaseés0%hexane in EtOAC

The positive mode HRESWS spectrum showed a quasblecubr ion [M+H]" at
m/z443.3886suggesting a molecular formula 0f;8s00, (DBE=6).

The optical rotation| ?OT(Nas-zl.z (c= 0.25, CHCY) [lit. -28.2 €=0.46, CHCl)

(Nozakiet al, 1986).

The'H NMR spectrum (400 MHz, CDgIFigure3.11, Table3.2) was typical of
a pentacyclic triterpene as it displayed
0.72, 0.86, 0.91, 0.97, 0.99 and 1.13 as well as one secondary methyk douple
0.87 (3H,d, J= 6.9 Hz). The absence of unsaturated protons in the spectrum
indicated that the compound must be fully saturafidte spectrum also showed
eviderce for the existence of a primary hydroxy group by the presencen éBa
quartetsignalat Uy 3.63 (2H,ABQ). With the aid oanHSQC experiment, tweets of
methylene protons and two methines were easily identified with signals 2289
(1H, ddd, J= 1.9, 5.1, 13.8 Hz)/ 2.30 (1Hidd, J= 1.1,7.3, 13.2 Hz), 1.96 (thh)/
1.68 (1H,dd, J= 5.1,13.0 Hz) , a quartett @y 2.24 (1H,g,J& 6. 9 Hz) and a
at Uy 1.55 (1H,d, J= 2.7 Hz), respectively.

From the COSY spectrunfigure 3.15), the two methylene protons at 1.96/
1.68, which were assigned on thebmar atlc 22.2 with the aid of the HSQC
experiment, showed mutual vicinal couplings to both methylene protaips2a89/
2.30 which were assigned on the carbotcal.5 as well as to the methine proton at
Uy 1.55that was assigned on the carboni@b9.5. This led to a conclusion that all
the previous protons were in the same spin system with the methylene catigon at
22.2 allocated in between the others. Moreover, the methyl double3Mat Uy
0.87showed a vicinal coupling to the methine quartéi,2.24.

The DEPTq135°C NMR spectrum (100 MHzigure3.12) clearly revealedhe
presence of 3@arbon signalscorresponithg to this compoundncluding seven
methyls where the one aic 6.8 attributed to the methyl dblet (Me23) is

characteristic methyl of a friedelaiype triterpene, twelve methylenegth the
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signal atuc 68.0 which supported the presence of the gro@H{OH), four
methines, six quaternaries and one saturated ketog@13.1.

The positionof the saturated ketone group was confirmed by following the
correlations from the adjacent protons in the HMBC spectiigu(e 3.14; A). The
methyl doublet (Me23) atliy 0.87 showedJ correlations to the carbonyl carbon at
Uc 213.1 and to a quaternary carbonligt42.1 along with?J correlation to the
methine carbon alc 58.2 Additionally, the methylene protons @t 2.39/2.30 and
1.96 along with the methine quartet @t 2.24 showed correlations to the same
carbonyl carbonOn the other hand, the previous methylene protonig 8t39/2.30
displayed’J and®J correlations to the methylene carboni@R2.2 and the methine at
Uc 59.5, respectively, while the methine quartet displa§@&dorrelations to the
methyl doublet (Me3) and the quaternary carbon & 42.1 as well as’J
correlations to the methyl singlet (M) atlc 14.7 and the methine ak 59.5,
respectively. These data together with the previous COSY observations confirmed
the position of the ketone group as3Ceand established the arrangement of the
carbons atlc 22.2, 41.5, 58.2, 42.1 and 59.5 in the ring A of the pentacyclic
compound as (@), (G2), (G4), (G5) and (G10) respectively. Following the
correlations from the rest of the methyl groups to theighboursin the HMBC
spectrumas seen irFigure 3.14; (B, C) enabled determining the whole structure of
this triterpene. Particularly, the position of the OH group e28GQvas confirmed by
detecting the correlations from the metmg protons atly 3.63 to their
neighbouing carbons There weréJ correlation to the quaternary carboniig35.1
(C-17) and®J correlations to the methine carbonigt39.4 (G18) and to the two
methylenes afic 31.2 (G22) & 29.1 (C16) (seeFigure 3.14; D). There was some
uncertainty in assigning the two methylene carbon§caBl.2 and 31.4 as their
chemical shifts were very close to each other; however the methyl singleétgMe
showed a definite correlatioto the one atic 31.4, henceit was sited as 45,
resulting in assigning the other ondlat31.2 as €22.

Fromthe NOESY spectrumKigure 3.16), the methylene protons 2B (i 3.63)
showed strong NOE correlations tcetmethine proton H8 (y 1.30 and to the
methyl singlet Me2 6 4 0.91)as well as a weak correlation to the methyl singlet
Me-29 Uy 0.97). The Me26 showed NOE correlation to the methyl singlet-Re

69



( #10.86) which in turn correlated to the Ne4  @.42) that gave correlation to the
methyl doublet M& 3 y @.8T). These serial NOE correlations confirmed that all the
previous met hyl groups were placedas on th
the primary hydroxy group. On the other hand, théhime proton H4 (2124),
which thereafter placed on the U side of
methine H1 0 4 1.556) which in turn correlated to the methine8H  1(.4d). The
methyl singlet Me2 7  {.1B) also displayed correlation tiee methine FB. This
concluded that M7/ H8/ H-10 and H4 were all located onthe si de of t
molecule.

On the basis of the above data and in comparisonthhterature,HM-2 was
identified as28-hydroxy-3-friedelanoneor canophyllol The NMR data obtained
were in good agreement with previous reports with the exception in the assignment
of the carbons @1 (iUc 31.4) and €2 ([{c 33.2) (Ali et al, 1999; Patra and
Chaudhuri, 198%s cited byMahato and Kundu, 1994frrom the HMBC spectrum,
it was found that the methylene protonsiaB.63 do not have any correlation with
any carbon signal aic 33.2 while it has correlation with carbon signaliat31.2as
discussed earlier, hence the carbon on posiibahould indisputably be & 31.2.

This compound was previously reported from the barlkl ofaevis(Nakagaweaet
al., 2004) and from other plants of the same famil@e(astraceae) such a4.
diversifoliaandCelastrus hindsi{Nozakiet al, 1986; Thuyet al, 2007) It was also
isolated from plants of other families such @alophyllum inophyllumand C.
flavoramulum (Calophyllaceae)C. incrasptum(Guttiferae) andPouzolzia indica
(Urticaceae)l(i et al, 2010; Ferchichet al, 2012; Abbat al, 2007; Sangsuwoet
al., 2013)

The antibiotic activity of canophyllol was assessed on fourteen bacterial strains
and it showed no effec{keyesChilpa et al, 2004) However,an earlier study by
Shaiq Aliet al (1999)showed thait exhibited activity against som@&ram positive
and negative bacterial strajnghile it was inative againsfungal strainsMitaine-
Offer et al. (2002) repored thatthis compound showed potent humaudocyte
elastase (HLE) inhibitory activity which was linked to its anflammatory
properties. HLE has the ability to cleave the peptide bonds in proteins such as elastin

found in the connective tissuddégouamegnet al. (2008)reported canophydl as an
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active antimalarial compound withan ICso value of 15 pM. A preliminary
evaluation of the cytotoxicity and the afiypanosomal activity of HM2 was
performed in this work and the results were compared with thdbke literature(see

sectiors 4.1.2.1and4.2.2for more details).

Figure 3.9: Full structure of HM -2 with HMBC correlations
(—) 33 (—») 23 °C to *H connecivity

Figure 3.10: 3D structure of HM -2 with important NOESY correlations
(«»)b(«»)U
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Table 3.2: 'H (400 MHz) and **C (100 MHz) NMR data of HM -2 in CDCl,

. HM -2
Position - =
UH Uc
1 1.96 (1HmM)/ 1.68 (1H,dd, J=5.1, 13.0 Hz) 22.2
2 2.39 (1H,ddd J=2.0, 5.1, 13.8 Hz)/ 41.5
2.30 (1H,ddd, J=1.1,7.3, 13.2 Hz)

3 - 213.1
4 224 (1Hg,JA& 6. 9 Hz) 58.2
5 - 42.1
6 1.75(1H, m)/ 1.29(1H, m) 41.2
7 1.49(1H, m)/ 1.39(1H, m) 18.2
8 1.41(1H, m) 52.5
9 - 37.4
10 1.55 (1H,d, J= 2.7 Hz) 59.5
11 1.31(1H, m)/ 1.47(1H, m) 35.4
12 1.36 (2H) [1.441.25m)] 30.0
13 - 39.3
14 - 38.1
15 1.33(1H,m)/ 1.46 (1HmM) 31.4
16 186 (1H, m)/ 1.31 (1H, m) 29.1
17 - 35.1
18 1.30(1H, m) 39.4
19 1.46(1H, m)/ 1.26(1H, m) 34.5
20 - 28.1
21 1.33 (2H) [1.461.23m] 33.3
22 1.40 (2H,m) complex 31.2
23 0.87(3H, d, J= 6.9Hz) 6.8

24 0.72(3H, 9 14.7
25 0.86(3H,9) 18.0
26 0.91(3H,9) 19.0
27 1.13(3H,9) 19.2
28 3.63(2H, ABQ) 68.0
29 0.97(3H,9) 32.8

30 0.99(3H, 9 34.2
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3.3.1.2 Characterisationof HM -3 asfriedelan-1,3-dione

HM-3 was solaed from then-hexane extraabf the stem bark as colourless needles.
On TLC, it gpeared as purple spot after spraying witlp-anisaldehydesulphuric
acid reagenfollowed by heating Its Rf was 0.7 on SiGel when eluted with @h
mobile phase 50%exane irEtOAc.

The MM-ES+APClpositive scangectrum showed a quasiolecular ion [M+H] at
m/z441.4which complies with a proposedolecular formula of gH4sO, (DBE=7).

The optical rotation| ?O”was +2.67 (c= 0.15, CHCY) [lit. +2.2 (c=0.14,CHCly)

(Klasset al, 1992) +2.1 €=0.930,CHCl) (Tewariet al., 194)].

The 'H NMR spectrum (400 MHz, CDg| Figure 3.19, Table 3.3) displayed
signals due to sevane t hy | s 0169 0.241160, 1202 103, 1.18 and 1.20
ppm as well asone methyl doublet afiy 1.05 (3H,d, J=6.6 Hz) sggesting the
presence of driedelane skeleton of a triterpene compound. The spectrum also
showed a set of two methylene doublets ofdik&tone atiy 3.46/ 3.23 (2Hd, J=
15.9, H2a/b), amethine quartet aiy 2.58 (1H,q, J=6.6 Hz) and a methine singlet at
Uy 2.38 which were aggned later with the aid of HSQC experiment ag ldnd H
10, respectively.

The DEPTq135°C NMR spectrum (100 MHzigure3.20) clearly revealedhe
presence of 3@arbon signalscorrespondingto this compoundincluding eigh
methyls where the one &t 7.3 attributed to M&3 is the characteristic methyl of the
friedelanetype triterpene, ten methylenes, four methines, six quaternariesvand
keto-carbonyl carbonstac 202.7 (G1) and 204.1 (€3).

Following the2J andJ correlations coming from all the methyl groups and the
characteristic protonso their neighbouran the HMBC spectrum(Figure 3.22)
enabled the determination of the whole structure of the compound. The two
methylene doubletat Uy 3.23/3.46 showedJ correlations to both carbonyl carbons
while the Me23 showed®J correlations to one of them ak 204.1 and to a
quaternary carbon &t 37.8 (G5) as well agJ correlation to a methine carbontat
59.0 (G4). Moreover, the maylene H2b attly 3.23 hadJ correlations to both
methines afic 59.0 (G4) and 71.8 (€10). It was noticed that the chemical shifts of
the latter methine (botty, Uc) were shifted downfield comparing to the one seen in

the relatd compoundHM-2, which wasmentioned above isection3.3.1.1 This can
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be due to its position relative to the two ketrbonyls as adjacent to the carbonyl
group (G1) and anisotropic to the other-@ as well as to its site on the junction
betwea the A/B rings. The same case was noticed for the chemical shift of-the H
11a comparing to that iIHM-2 due to the effect of the ketone-(J. Therefore, the
configuration of the ring A as simembered ring with two ketoarbonyls at
positionl and 3 wasconfirmed. Furthermore, the correlations from the methine
quartet (H4) to the carbons ak 7.3 (Me23), 37.8 (C5), 71.8 (C10), 204.1 (C3)
and 15.9 (Me4) indicated as well the attachment of - to G5 which is a
quaternary carbon at the junction between the rings A and B. The methyl singlet at
Uy 1.20 gave correlations to all of thdléwing carbons; a quaternary @ 37.2 (G
9), two methines afic 71.8 (G10) & 52.1 (G8) and a methylene at 34.5 (G11)
confirming its position in ring B where-@ is the attachment site. In addition, the
methyl singlet atiy 1.03 (Me26) displayed arrelations to the methylene carbon at
Uc 32.4 (G15), the two quaternaries @ 38.2 (G14) 39.5 (G13) and to the methine
atUc52.1 (G8). On the other hand, the methyl singlefiafl.02 (Me27) had mutual
correlations with the latter two quaternari€13&14), suggesting its position in
alignment with(Me-26) on the join between th&o sixmembered rings C and .
also showedJ correlationso a methylene carbon & 30.1 (G12) and to a methine
atUlc 42.7 (G18) where in turn the methyl singletty 1.18 (Me28) had correlations
to it as well as to two methylenes @ 35.9 (G16) & 39.3 (G22) and to its
attachment site the quaternary-1T) atlic 29.9

Finally, the two methyl singlets aiy 0.94 (Me30) and 1.00 (M&9) were
identified & geminal methyls as they show&dcorrelations to the same quaternary
carbon atic 28.1 (G20) along with®J correlationsto each other carbon$hey also
both showedJcor rel ati ons to t h&53@O)hayd X7Tne car
(C-21).

The chemical shifts of all hydrogdsearing carbons were assigned from the
HSQC spectrunfFigure 3.21) combined with COSY spectruniigure 3.23) which
was not very helpful to confirm each spin system astnof the cross peaks were
overlapped along the diagondowever, a vicinal coupling between the methine
guar typetf &2t 58 and t hgof M8wdsydry cldalhebelattvé at U

stereochemistry was determined from B&Y spectrumKigure3.24; A&B). Figure

80



3.18 shows the 3D structure dfiM-3 with all the important NOE correlations
extracted from NOESY spectrum.

On the basis of the above data and in comparisonthahterature,HM-3 was
identified asfriedelanl,3-dione (Figure 3.17). The NMR data obtained were in
agreement with previous repoit$angruanget al, 2009; Klasset al, 1992) This
compound was previously reported from other plants of the same family
(Celastraceae) such #&=ritassa comptgKlass et al, 1992) Salacia verrucosa
(Somwonget al, 2011)andS. prenoidegTewariet al, 1974) However, thé is the
first report of its isolation fronM. laevis In the literature,friedelarl,3-dione was
mainly tested for its cytotoxicity against a number of cell lines. In stusly, its
cytotoxicity was also evaluated along with its @ngpanosomal actiwt (for further
details sesectiors 4.1.2.1and4.2.2,.
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Figure 3.17: Full structure of HM -3 with key HMBC correlations
(— )33 ( —») 2 °C to 'H connectivity

Figure 3.18: Energy minimised 3D structure ofHM -3 using ChemDraw Ultra-11.0
showing the key NOE correlations
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Table 3.3: 'H (400 MHz) and **C (100 MHz) NMR data of HM -3in CDCl;

. HM -3
Position = =
UH Uc
1 - 2027
2 3.23(1H, d, J= 15.9Hz)/ 60.6
3.46(1H,d, J= 15.9Hz)

3 - 204.1
4 2.58(1H,q, J= 6.6Hz) 590

5 - 378

6 1.40(1H, m)/ 1.89 (1H, m) 40.6
7 1.43(1H, m)/ 1.53(1H, m) 18.04
8 1.25(1H, m) 52.1
9 - 37.2
10 2.38(1H,9) 71.8
11 2.15(1H, dt, J=13.5, 3.4HY 1.15(1H, m) 34.5
12 1.29(1H, m)/ 1.39(1H, m) 30.1
13 - 39.5
14 - 38.2
15 1.27(1H,m)/ 1.52 (1HmM) 32.4
16 1.55(1H, m)/ 1.35(1H, m) 35.9
17 - 29.9
18 1.58(1H, m) 42.7
19 1.40(1H, m)/ 1.22(1H, m) 35.3
20 - 28.1
21 1.28(1H, m)/ 1.46 (1HmM) 32.7
22 1.49(1H, m)/ 0.93(1H,m) 39.3
23 1.05 (3H, d, J= 6.6Hz) 73

24 0.69(3H,9) 159

25 1.20(3H,5s) 18.0

26 1.03(3H,s) 20.3
27 1.02(3H,s) 18.7
28 1.18(3H,s) 32.0
29 1.00(3H,s) 31.8
30 0.94(3H,9) 35.0
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3.3.1.3 Characterisationof HM-4 asthe novel triterpeneX 5 (abeoxyriedelan-
1,3-dione)

HM-4 was Bsolated from then-hexaneextracts of the root and stem barksan
amorphous white solidOn TLC, it gpeared as purplespot after spraying witp-

anisaldehydesulphuric acid reagerfbllowed by heating Its Ry was 0.56 on SiGel
when eluted with the mobile phas@%hexandan EtOAc.

The MM-ES+APCI positive scan spectrum showed a goasecular ion [M+H] at
m/z 499.4 which complies with a proposediolecular formula of Cs;Hs5004

(DBE=8).

The optical rotation| $Onwas-42.4° (c=0.25, CHG)).

The IR spectrunexhibited absorption bands @709and1725 cnt) indicated the
presence of carbonyl groups and an ester gr@&7,0, 2932 cm) for (C-H) stretch
(Williams and Fleming, 2008)

The'H NMR spectrum (80 MHz, CDC}, Figure3.27, Table3.4) showed similar
features to those in the spectrum obtained for the previous compdiha
suggesting this compound to be a derivative friedelane triterpene. Theuspe
displayedsevenrme t h vy | s i 06§ 0.9511.81, 183 1.18 122 and 1.25pm
attributed to Me24, Me-30, Me-27, Me-29, Me-26, Me-25 and Me28, respectively
in addition to one methyl doublet @t 1.04 (3H,d, J=6.6 Hz, Me23). The methine
quartet atiy 2.56 (1H,q, J=6.6 Hz, H4) and the methine singlet@t2.37 as well as
the two methylene doublets of tBketone atly 3.46/3.25 (2Hd, J= 15.8Hz, H-
2a/b)were all also observed. The spectrum display=al features represented by the
existence of a methyingletat a downfield shiftly 2.04 ppmindicaing it to be part
of an acetyl groupndan oxymethine doublet at 4.75 (1H,d, J= 7.9 Hz, H15).

From he DEPTq135"C NMR spectrum (100 MHzFigure 3.28), 32 carbon
signals, corresponded to this compound, were picked up with the aid of HSQC
experiment. These carbomgluded nine methyls where the one at an upfield shift
Uc 7.2 ppm attributed to M3 is the characteristic methyl of the friedaletype
triterpene, ninemethylenes four methines,one oxymethinea t ¢ 7.6 ppm, six
quaernary carbonéC-5, 9, 13, 14, 17, 20and threecarbonyl carbos comprising of
two ketocarbonyl carbonstac 202.6 (G1) and 203.8 (€3) and one afic 170.8 ppm

suppoting the presence of an ester carbonyl.
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From theHMBC spectrum(Figure3.30: A&B), the constructiorof the ring A of the

pentacyclic skeleton with two ketaarbonyls at positions 1 and 3 was confirmed by

following the typical orrelations seen in the previous compouid-3. The two

methyl singlets atiy 0.95 (Me30) and 1.03 (M&9) were identified as geminal

methyls as they showéd correlations to the same quaternary carboi-28.1 (G

20) along with®J correlationsto eachother carbonsThey both also showetd

correlations to tgd365(@WOrahd3L.¥CRe). car bons at
The only correlation from the methyl singletiat 2.04 (Me32) to the carbonyl

carbon atlic 170.8 established the presence of an aggtylip. The®J correlations

observed from the oxymethine doubletigt4.75 to the carbons &t 15.2 (Me26),

29.8 (G17), 42.8 (G13) 52.3 (G8) and 170.8 (€31) along with théJ correlation to

the methylene carbon aik 45.0 (G16) implied that the at@ group should be

attached to the carbon 8¢ 77.6 (CG15) (seeFigure 3.30: C). This position was

further supported by the COSY experimeRig(re 3.31), which revealed a vicinal

couding between the oxymethine protontat4.75 and the methine protongt2.16

which was assigned on the carboniaét5.0 (G16). It was also observed that the

met hi ne qa5& (Cd)exhibi@d avicinal coupling with the methyl doublet

atyl04(Me23) and a |l ong range couph34g witdt

(H-2a).The mehine proton afiy 2.37 (H10) also had a long range coupling with the

methylene protons (2i3da/b).
The relative stereochemistry of the acetate group was estblifsbm the

NOESY spectrumRigure3.32 A&B). The methine doublet H5 (Uy 4.75 showed

NOE correlations to the methyl singlet M@ (U4 1.01) and to the methine 48 (U

1.40) as well as to the methylene protons/bl(ly 1.21) and H16a(ly 2.16. The

methine proton K8 correlated to HLO (U 2.37) which in turn showed correlation to

H-4 (U4 2.56). These observations led to the conclusion thdbHs axial and should

be placed onthe) si de of the mol e catelgreup shoupdlbg i ng 1

therefore on the b side and in an equat ol
By the analysis of the 2D NMR data obtained from COSY, HSQC, HMBC and

NOESY experiments, thidM-4 signal assignment was completddhespectral data

were in agreement witthose of arelated friedelane triterpen&jedelarl,3-dione

(HM-3), except for the signals due to the acetyl grotigerefore, HM-4, for which
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t he tri vi aacetoxyreedelanl,3dogef(Rigure 3.25) is proposedwas
determined as anovel friedelane triterpene derivativelhis compound has been
isolated before from the same samplette# root bark of this plant ipreliminary
work carried outby anMPharm student (Tait, 20L1{owever,thisis the first report
of its isdation from the stem barkf this plant as well, and the first report which
explained its relative stereochemistifM-4 showed no cytotoxicity effects when
tested against the nornfédroblasts cell lineHs27(section4.1.2.).

Figure 3.26: Energy minimised 3D structure of HM -4 with important NOE correlations

«>) %0
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Table 3.4: 'H (400 MHz) and **C (100 MHz) NMR data of HM -4 in CDCl,

" HM -4
Position = =
UH Uc
1 - 202.6
2 3.46 (1H,d, J= 15.8 Hz)/ 60.7
3.5 (1H,d, J=15.8 Hz)

3 - 203.8
4 2.56(1H, g, J= 6.6 Hz) 59.0
5 - 37.5*
6 1.41 (1Hm)/ 1.87 (1H,dt, J=13.3, 3.1 H} 40.5
7 1.21(1H, m)/ 1.53 (1H,m) 19.0
8 1.40 (1H,m) 52.3
9 - 37.6*
10 2.37 (1H,9) 71.7
11 1.12 (1Hm)/ 2.20 (1H,m) 34.5
12 1.32 (1HmM)/ 1.57 (AH,mM) 30.5
13 - 42.8
14 - 40.2
15 4.75 (1H,d, J= 7.9 Hz) 77.6
16 1.21 (1Hm)/ 2.16 (1H,mM) 45.0
17 - 29.8
18 1.65 (1H,dd, J=5.4, 12.6 H} 41.5
19 1.17 (1HmM)/ 1.30 (1H,mM) 35.5
20 - 28.1
21 1.31 (1Hm)/ 1.44 (1H,m) 31.9
22 0.95 (1H,m)/ 1.37 (1H,m) 38.7
23 1.04 (3H,d, J= 6.6 Hz) 7.2

24 0.68 (3H, s) 15.7
25 1.22 (3H, s) 18.0
26 1.18 (3H, s) 15.2
27 1.01 (3H, s) 18.9
28 1.25 (3H, s) 32.2
29 1.03 (3H, s) 30.9
30 0.95 (3H, s) 35.6
31 - 170.8
32 2.04 (3H, s) 21.9

* These carbons aexchangeable.
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