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68 (4) 133 (37)) 14 4) 315(71)
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Total 100 (26)
A total of 315 (71) including :
- Professors 68 (4)
- Associate professors 100 (25)
- Senior lecturers 133 (39)
- Assistant Lecturers 14 (5)

() =No. of women
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ABSTRACT

This work describes the isolation and structure elucidation of secondary metabolites
from the fruits and stem-bark of Tabernaemontana contorta and stem Tabernaemontana
inconspicua, as well as the evaluation of the anti-inflammatory and cytotoxicity potencies of
some isolated compounds. In this study, a total of 28 compounds were isolated using
chromatographic techniques and characterized using spectroscopic methods. These
compounds were classified as: 9 alkaloids with 3 new derivatives, 8 triterpeniods with 1 new

derivative, 1 monoterpene, 7 lipids with 1 new cerebroside and 3 steriods.

Two of the new indole alkaloids (apparicine-21-one and 5,6-dioxo-11-
methoxyvoacangine) were tested for their anti-inflammatory activity but no significant

activity was observed.

The anticancer potency of eight of these compounds was carried on human breast
cancer cells and 5,6-dioxo-11-hydroxy voacangine showed a significant activity. This
compound inhibited the cell growth in both a concentration and time-dependent manner, and
it therefore suggests that this compound be used as a chemotherapeutic agent since it was

found to be more effective over time exposure.

Key words index: Apocynaceae, Tabernaemontana contorta, Tabernaemontana

inconspicua, secondary metabolites, anti-inflammatory activity, anticancer effect.
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RESUME

Ce travail porte sur l’isolement et I’¢lucidation structurale des métabolites
secondaires des fruits et ecorces du tronc de Tebernaemontana contorta et du tronc de
Tabernaemontana inconspicua ainsi que 1’évaluation des activités anti-inflammatoires et
cytotoxicité de certains isolats. Ainsi, 28 composés au ont été isolés a I’aide des techniques
chromatographiques et caractérisés grace aux techniques spectroscopiques. Ces composés
ont été classifiés dans plusieurs groupes: 9 alcaloides avec 3 dérivés nouveaux, 8 triterpénes

avec 1 dérivé nouveau, 1 monoterpéne, 7 lipides avec 1 nouveau cérebroside et 3 stéroides.

Huit composés ont été testés pour leurs effet anitproliferaive sur les cellules
cancéreuse MDA-MB 231 du sein et le composé 5,6-dioxo-11-hydroxyvoacangine a montré

une activité significative.

Ce compos¢ inhibe la croissance de ces cellules d’une maniére dépendante de la
concentration et du temps et suggére qu’il peut s’agir d’un agent chimiothérapeutique puis-

qu’il s’est révélé plus efficace dans le temps.

Deux de ces nouveaux alcaloides (apparicine-21-one et 5,6-dioxo-11-
methoxyvoacangine) ont été testés pour leur activité anti-inflammatoire mais aucune activité

significative n’a été détectée.

Mot clés: Apocynaceae, Tabernaemontana contorta, Tabernaemontana inconspicua,

métabolites secondaires, activité anti-inflammatoire, anitproliferaive.




GENERAL INTRODUCTION

Detailed investigation and documentation of plants used in local health
traditions and their pharmacological evaluations have led to development of invaluable
plant drugs for many dreaded diseases. This could be the case for cancer which is one of
the leading causes of morbidity and mortality worldwide, with approximately 18.1 million
new cases in 2018 (Chatterjee, 2000; WHO, 2018). The number of new cases is expected to
rise by about 70% over the next 2 decades (Ferlay et al., 2015). It is the second leading
cause of death globally and was responsible for about 9.6 million deaths in 2018. Globally,
one in 5 men and one in 6 women worldwide develop cancer during their lifetime, and one
in 8 men and one in 11 women die from the disease. Approximately 70% of deaths from
cancer occur in low- and middle-income countries (WHO, 2018) such as Cameroon with
approximately 20745 new cases and 13199 deaths in 2020 (WHO, 2020).

The lung and breast cancer constitute a major portion of cancer in men and women,
respectively (Siegel et al., 2016; WHO, 2018). For children, the highest percentage types of
cancer disease are blood cancer and cancers related to the brain and lymph nodes
(Schottenfeld and Fraumeni, 2006; Yoo and Shin, 2003). Around one third of deaths from
cancer are due to the leading behavioral and dietary risks: high body mass index, low fruit
and vegetable intake, lack of physical activity, tobacco and alcohol use (WHO, 2018).

Therefore, cancer is a serious problem affecting the health of all human societies.
Unfortunately, it is a variety disease at the tissue level and this variety is a major challenge
for its specific diagnosis, followed by efficacy of treatment (Meacham and Morrison, 2013;
Fisher et al., 2013).

Even though some cancers can currently be prevented by avoiding risk factors and
implementing existing evidence-based prevention strategies and its burden can also be
reduced through early detection and management of patients (through surgery,
chemotherapy, radiation therapy or a combination of the three treatments), the need for
naturally occurring substances that can inhibit, reverse or retard the multistage
carcinogenesis still arises.

Natural products could be a solution because it has proven to be powerful
therapeutics for treatment of various human sufferings including cancer. It has been proven
that natural products from medicinal plants, either as pure compounds or standardized
extracts, provide unlimited opportunities for new drug leads because of the incomparable

availability of chemical diversity (Cos et al., 2006).
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Due to an increasing demand for chemical diversity in screening programs and
therapeutic drugs from natural products, interests particularly in edible plants has grown
throughout the world. For these reasons, a special interest has been developed in species of -
the genus Tabernaemontana especially Tabernaemontana contorta and Tabernaemontana
inconspicua, Cameroonian medicinal plants of the Apocynaceae family.

To the best of our knowledge, very little phytochemical and pharmacological
investigations have been reported on these two plants. The widespread uses of plants of the
genus Tabernaemontana in traditional medicine for the treatment of cancer and other
diseases, the available literature data on anticancer activity of extracts and compounds from
these plants and chemotaxonomic criteria justified our choice.

The aim of this work was to contribute to the idenificaion of bioactive molecules of
plants origin through the isolation of secondary metabolites which could serve as lead to
production of drugs against cancer. To achieve this, the compounds were isolated,
characterized and some were tested for their cytotoxic activity and others for anti-
inflammatory activity.

This work is divided into three chapters: the literature review from family to species
of the plants and the class of compounds isolated. In the second chapter, we present the
results and discussion of our work; the experimental part is in the third chapter and finally

the references.







I.1. BOTANICAL ASPECT OF TABERNAEMONTANA
CONTORTA AND TABERNAEMONTANA INCONSPICUA

I.1.1. General information on the family Apocynaceae

Described for the first time in 1789 by Antoine-Laurent (Endress and Bruyns, 2000),
the Apocynaceae forms a family of dicotyledonous plants. It consists of tropical trees,
shrubs and vines. The characteristic features of the family are that almost all species are
laticifers and usually produce milky sap; they usually have opposite leaves (Heywood et al.,
2007). With the inclusion of species of Asclepiadaceae, the family has now enlarged from
two to five sub-families. The expanded family now comprises 366 genera and 4650 species
(Endress et al., 2014; Heywood et al., 2007). A few of these genera are found in Cameroon
including: Alstonia, Catharanthus, Holarrhena, Picralima, Strophanthus, Voacanga,

Rauvolfia and Tabernaemontana, which is the object of this thesis.

I.1.2. General information on the genus Tabernaemontana

The genus Tabenaemontana was named after J. Th. Miiller, a German physician and
botanist in 1590. It is a large genus, belonging to the Apocynaceae family and distributed
throughout the tropical, as well as some subtropical parts of Africa, Asia, Pacific Islands and
America (Van Beek ef al., 1984; Edith and Rosa, 2015). Mainly shrubs or small trees with
white latex, this genus is made up of approximately 117 species including 7. inconspiciua

and 7. contorta (Edith and Rosa, 2015).
I.1.2. 1 General information on Tabernaemontana contorta

T. contorta is a tree of about 3-10 m high with a trunk of about 10-25 cm of
diameter. Its branches are stout and greenish. Leaves are elliptic or sub obovate, obtuse or
sub acuminate and rounded or shortly contracted at the base. They are about 6 -20 cm long
and 13-40 cm broad and sub-coriaceous; secondary nerves are 9-15 on each side. The midrib
is much raised below and petiole is stout and about 6 -20 mm long. Inflorescences are sub-
corymbs with very stout peduncle of about 4 inches long. Bracts are ovate and caduceus
with stout pedicels of up to 9 mm long. The calyx is about 4-4.5 mm long with roundish-
oblong sepals, and numerous small basal glands within. The corolla is white and sweet-
scented with tube: stout, much twisted, sub-cylindrical and slightly widened near the base,
2-2.5 inches long, scantily pubescent within above the stamens, densely pubescent below
towards the base and between the filamental ridges. Lobes are obovate-oblong, about as

long as the tube. Stamens are inserted and 6-7 mm above the base of the corolla-tube.
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Anthers are long-sagittate and 7-8 mm long. The style is up to 7 mm long. Fruits are tough

with ovoid or globular follicles (Otto Stapf, 1904; Lecuvemberg, 1991).

Figure 1: Fruits (1), leaves (2), branche (3) and trunk (4) of Tabernaemontana contorta (G.

L. M. Foudjo; M. Walters)

In Cameroon, the specie Tabernaemontana contorta is distributed as shown in table

1 below (Cameroon National Herbarium).

Table I: Distribution of 7. contorta in Cameroon (Cameroon National Herbarium)

Regions Localities

West Foumban, Banyo

Centre Melen, Eloumdem, Nkolbisson

Littoral Masok-Kopongo, Dibombe, Loum, Yabassi.
Northwest Wum, Baji, Chongbonbon

South west Limbe, Buea

East Ndokayo, Batouri, Yokadouma

Adamaoa Yoko-Tibati

Synonyms:

Conopharyngia contorta (Stapf) Stapf
Sarcopharyngia contorta (Stapf) Boiteau

L.1.2.2 General information on Tabernaemontana inconspicua

T. inconspicua is a perfectly glabrous shrub of about 10 feets high with greyish or
brown branches when dry. Its leaves are obovate-oblong to oblong, abruptly acuminate
(acumen narrow, linear, up to 1 mm long), acute to cuneate at the base, very variable in size,
2-6 inches long, 1.25-2.5 inches broad, thin, dark-green above and paler beneath with

slender secondary nerves of 8-10 on each side, oblique and curved. Veins are quite obscure




with petiole slender of up to 8 mm long. Inflorescence is about 1-1.5 inche long with
peduncle of up to 0.5 inche long. Bracts are linear-lanceolate, inconspicuous with pedicels of
up to 2.5 mm long. Its calyx is slightly over 1 mm long, persistent with sepals ovate-
lanceolate and acute. Corolla-tube is about 3-4 mm long, delicately papillose below the
stamens and otherwise quite glabrous with lobes obovate and about 2.5 mm long. Anthers

are 1.5 mm. long. Mericarps are orange-colored, about 1 inche long, over 0.5 inche broad

with wings of about 1 mm broad and fused towards the tip into a very broad obtuse short

beak. Seeds are up to 4 mm long. (Otto Stapf, 1904).
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Figure 2: Plant (1), leaves (2), and fruits (3) of Tabernaemontana inconspicua (G. L. M.
Foudjo; M. Walters)

In Cameroon, the species Tabernaemontana inconspicua is distributed as shown in

table 2 below (Cameroon National Herbarium).

Table II: Distribution of 7. inconspicua in Cameroon (Cameroon National Herbarium)

Regions Localities

Centre Akonolinga, eseka

Littoral Campo, Mouanko, Yabassi, Yingui
South Ebolowa

L.1.3. Uses of plants of the genus Tabernaemontana
I.1.3.1. Medicinal uses

Various parts of plants of the genus Tabernaemontana are widely used in traditional
medicine for the treatment of several sicknesses (Van Beek et al., 1984). For instance in
West Africa pulped leaves and latex from the stem and bark of Tabernaemontana crassa

have several uses with the main ones being as a local anesthetic, e.g. to treat dislocated




bones or headache, for the treatment of wounds, sores, abscesses and to treat dermal
infections such as filaria, ringworm and fungal infections. The latex is also applied as a
hemostatic, as it forms a film over the wound and it is taken internally as an anthelmintic
(Van Beek et al., 1984). The root of Tabernaemontana coronaria is an aphrodisiac tonic
especially to the brain, liver, spleen and it is also a purgative (Gupta et al., 2004). The milky
juice mixed with oil is rubbed on to the head to cure the pains in the eye. The milky juice is
very useful in many eye infections, especially red eye. It kills intestinal worms, and its root
when chewed, relieves tooth ache (Thambi ef al., 2006). The bark of Tabernaemontana
pachysiphon is used as medicine for hypertension (Elia, 2006). In Cameroon, the leaves of
T. contorta are used as antiseptic and to prevent keloid formation (Burkill, 1985). In addition
to the medicinal uses, plants of the genus Tabernaemontana are cultivated for commercial

purposes.

1.1.3.2. Economic uses

In eastern Congo, the wood of T. stapfiana is used for construction of local houses,
combs spoons and handle for knives and swords (Lemmens, 2006). The greenish brown and
slightly streaked wood of T. psychotrifolia is said to be used for making furnitures and
musical instruments (Van Beek ef al., 1984). The sawdust of T. salzmannii is smoked to
repel insects in Brazil (Van Beek et al., 1984). T. pachysiphon has an abundance of white
latex which does not coagulate and has been used to adulterate heavy rubber; its bark
contain fiber which is used in southern Nigeria to make cloth (Elia, 2006). The tree has
ornamental values because of its dark green shiny leaves and sweet-scented white flowers.
The pulp of the pounded leaves is used to colour hair brown (Elia, 2006).

In order to confirm the various uses of plants of the genus Tabernaemontana in
traditional medicine, many chemical and biological studies have been carried on some of

these plants.

1.2. CHEMICAL AND BIOLOGICAL STUDIES OF THE
GENUS TABERNAEMONTANA

Extracts from plants of the genus Tabernaemontana show important biological
activities. For instance, T. coronaria has the potential to scavenge free radicals and act as a
good antioxidant for treating various diseases (Surya et al., 2011). The hydroacoholic extract
of T. catherinensis leaves and stem-bark showed cytotoxic activities (Bolygon and Athayde,
2012). T. divaricata extracts are known for their antimicrobial action against infectious

diseases such as syphilis, leprosy and gonorrhea; as well as its antiparasitic action against
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worms, dysentery, diarrhea, and malaria (Van Beek ef al., 1984). Experimental studies on
extract from leaves of T. divaricata exhibited considerable antidiabetic activity and low
cytotoxicity (Masudur et al., 2011). T. alternifolia including roots and leaves contains
alkaloids which are found to be active against lymphocytic leukemia (Gorman et al., 1960).
Plants of the Apocynaceae family are known for their high alkaloid content and the
Tabernaemontana genus is not an exception. In as much as the largest part of chemical
investigations carried on these plants is being focused on their alkaloids content and most
traditional uses probably linked to the activities of these metabolites, non-alkaloidal
secondary metabolites such as: triterpenoids, flavonoids, steroids and lipids have also been

isolated from plants of the Tabernaemontana genus.

1.2.1. Alkaloids

1.2.1.1. General information on alkaloids

The term alkaloid (or alkali-like) was first and foremost proposed by the pharmacist,
W. Meissner, in 1819, for the basic nitrogen-containing compounds of plant origin (Dewick
2009). This definition is now very reductive due to the fact that alkaloids are not only
isolated from plants but also from fungi and animals. They do not necessarily have a basic
character. Over several years and with the discovery of new alkaloids, the definition has
evolved such that in 1896, Guareschi I. marked the term alkaloid as applicable to all basic
organic compounds obtained from plants, animals or artificially prepared. From the
biological point of view, the alkaloid is any biologically active and heterocyclic chemical
compound which contains nitrogen and may have some pharmacological activity and in
many cases, medicinal or ecological use (Aniszewski, 1994). This definition, as a relatively
wide one based on application, can be criticized as inexact. However, it presents a general
picture of what kinds of compound are under consideration. The biological and chemical
nature of this group of compounds leads to the conclusion that each definition of alkaloids is
either too broad or too narrow. A short exact definition is not possible without a long list of
exceptions (Winterstein and Tier, 1910). In 2003, Sengbush simply stressed that alkaloids

are a group of nitrogen-containing bases and that most of them are drugs.

More than 15,000 different alkaloids have been isolated up to date. Since the

definition of alkaloids is already difficult, their classification is also not easy.
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1.2.1.2. Classification or alkaloids

Alkaloids are generally classified according to the precursor through which they pass
during their synthesis in a biological pathway. From a structural point of view, alkaloids are
divided according to their shapes and origins. There are three main types of alkaloids: true-
alkaloids, proto-alkaloids and pseudo-alkaloids. True-alkaloids and proto-alkaloids are
derived from amino acids, whereas pseudo-alkaloids are not derived from these compounds

(Aniszewski, 2007).
- True-alkaloids

True-alkaloids derive from amino acid and they share a heterocyclic ring with
nitrogen. These alkaloids are highly reactive substances with biological activity even in low
doses. All true-alkaloids have a bitter taste. True-alkaloids form water-soluble salts.
Moreover, most of them are well-defined crystalline substances which unite with acids to
form salts. True-alkaloids may occur in plants in the free state, as salts and as N-oxides.
These alkaloids occur in a limited number of species and families. The primary precursors of
true-alkaloids are such amino acids as l-ornithine, I-lysine, I-phenylalanine, 1-tryptophan and

1-histidine (Aniszewski, 2007).
- Proto-alkaloids

Proto-alkaloids are compounds whose nitrogen atom derived from an amino acid is
not a part of the heterocycle. Such kinds of alkaloid include compounds derived from I-
tyrosine and l-tryptophan. Proto-alkaloids are those with a closed ring, being perfect but

structurally simple alkaloids. They form a minority of all alkaloids (Aniszewski, 2007).
-Pseudo-alkaloids

Pseudo-alkaloids are not derived from amino acids. They may, however, be
indirectly linked to the amino acid pathway via one of their precursors or one of their
postcursors (derivatives of the indegradation process). They may also result from amination
or the transamination reaction in a pathway connected with amino acid precursors or

postcursors (Aniszewski, 2007).
1.2.1.3. Monoterpene indole alkaloids

Indole alkaloids are compounds with an indole (1) nucleus in their basic skeletons.
Indole (1) is an aromatic organic compound containing a nitrogen atom in its heterocycle. It

can be described schematically as composed of a benzene ring and a pyrrole ring joined
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together. The electronic doublet carried by the nitrogen atom in the Lewis representation
participates in the aromatic delocalization. The indole (1) may undergo an electrophilic
aromatic substitution (substitution of a hydrogen atom by an electrophilic group). The most
reactive position with respect to the aromatic electrophilic substitution is the C-3 position
which is about 1000 times more reactive than those on the benzene ring (Mohlau, 1882).
This group of nitrogen-containing compounds is not homogenous. Several subgroups of
these compounds were distinguished, among them the following types: Strychnos alkaloids,
yohimbans, heteroyohimbans, Vinca alkaloids, kratom alkaloids, tryptamines, ergolines

alkaloids, and Tabernanthe iboga alkaloids.

Also, monoterpene indole alkaloids contain an indole (1), dihydroindole (2), or
oxindole (3) skeleton coupled with a monoterpene unit derived from secologanine (4). They
typically contain two nitrogen atoms, one indolic, and the second from the N1 -position of
the indole ring. Various groups of indole alkaloids have been isolated from more than thirty
botanical families including the Apocynaceae, Rubiaceae, Loganiaceae, Passifloraceae, as

well as several fungi (Kukula-Koch, 2017).

(1) 2) 3

;




1.2.1.4. Biosynthesis of monoterpene indole alkaloids

This biosynthesis was first described by Rodney et al., in the year 2000 as shown in

Scheme 1.

W Strictosidine
N NHy synthetase
H
Tryptamine (5) Secologanine (4) Strictosidine (6)
Glucosidases
Tetll
Glucose

Spontanous
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Scheme 1: Biosynthesis of monoterpene indole alkaloids (Rodney et al., 2000)

Scheme 2 describes the biosynthetic pathway of monoterpene indole alkaloids

isolated from plants of the genus Tabernaemontana.
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Scheme 2: Biosynthesis of monoterpene indole alkaloids isolated from plants of the genus
Tabernaemontana (Van Beek et al., 1984).

I.2.1.5. Monoterpene indole alkaloids isolated from plants

of the genus
Tabernaemontana

Table III regroups some monoterpene indole alkaloids isolated from the genus
Tabernaemontana.
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Table III: Monoterpene indole alkaloids isolated from plants of the genus

Tabernaemontana
Structure Name Source Reference
(Pereira et al., 2008)
T.
‘1 catharinensis | (Achenbach et al.,
Coronaridine (21) T. cymosa 1997)
Ri=H, R>=H, R3=CO:Me,
R4=H (21)
T (Pereira et al., 2008)
Ri= OMe, R>=H, R3=CO:Me, | Voacangine (22) catharinensis | (Prakash et al.,
R4s=H (22) T. calcarea 2005)
R:=H, R,=H, R3=H, T. (Pereira et al., 2008)

Rs=H (23)

Ibogamine (23)

catharinensis

Ri;=H, Ro= OMe, R3=CO,Me,
R4=H (24)

Isovoacangine (24)

R1=H, R2=OH, R3=C02Me,
R=H (25)

11-
hydroxycoronaridine
(25)

Voacristine (26)

Ri;= OMe, R,=H, Rs5=CO;Me, T. calcarea (Prakash et al.,
R4=OH (26) 2005)
R,=H, Ro= OMe, R5=CO:Me, Isovoacristine (27)
R4=0OH (27)

10-
Ri=OMe, R>=H, Rs3=H, Re=H | methoxyibogamine
(28) (28)

11-
Ri=H, R»=OMe, R3=H, Re=H | methoxyibogamine | 7 (Pereira et al., 2008)
(29) 29) catharinensis | (Achenbach et al.,

. T. cymosa 1997)

Ri=H, R,=COOCH;, Ry=0H | Heyneanine (30)
(30)

coronaridine

hydroxyindolenine T. .

31) catharinensis (Pereira et al., 2008)
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Cononusine (32)

. T
corymbosa

(Lim et al., 2015)

Evaliteine (33)

T. corymbosa

(Lim et al., 2015)

Vincamajicine (34)

T. corymbosa

(Lim et al., 2015)

Tacamonidine (35)

T. corymbosa

(Lim et al., 2015)

MeO

6-oxoibogaine (36)

T. corymbosa

(Lim et al., 2015)

Ri=CH,OH, R,=Me (3 7)

ervatensines A (37)

T. corymbosa

(Lim et al., 2015)

Ri=R>=H (38)

ervatensines B (38)

T. corymbosa

(Lim et al., 2015)
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L . .| (Milena et al., 2011)
catharinensis (Achenbach ef al
Voachalotine (39) : ”
1997)
T. cymosa
R=H (39)
12-Methoxy-N- T
R=0OCH;3 (40) MethylVoachalotine ' . .| (Milena et al., 2011)
(40) catharinensis
(Prakash et al.,

Isovoacangine (41) T. calcarea 2005)

MeO
OzMe

oD

(Van Beek et al.,

1984)

Camptothecine (42) | 7 ong

R=H (42)
9- (Van Beek et al
R=0OCH:;3 (43) MethoxyCamptothéc | T. heyneana ’
. 1984)
ine (43)
(Van Beek et al.,

' T.
Tacamine (44) eglandulosa | 1984)

.. (Van Beek et al.,
T. rigida 1984)

(+)-Vincamine (45)
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(-)-Vincamine (46) (Van Beek et al.,

T. rigida 1984)
Capuronine (47) T. capuronii (1\97;12)Beek etal,
ntortarine (48) T. contorta (Ndongo et al., 2017)

Pleiomutinine (49) | 7. contorta (Ndongo et al., 2017)

MeOOC

(49)

1.2.1.6. Biological activitiesof alkaloids from the genus Tabernaemontana
-Anticancer activity and cytotoxic activity

Indole alkaloids such as voacangine (22), isovoacangine (24), coronaridine (21), 11-
hydroxycoronaridine (25), voacristine (26), isovoacristine (27), ibogamine (23), 10-
methoxyibogamine (28), 11-methoxyibogamine (29) and heyneanine (24), isolated from an
alkaloid portion of dichloromethane/methanol extract of 7. calcarea from the Madagascar
rainforest exhibited cytotoxicity toward A2780 ovarian cancer cell line with ICso values
ranging over 3.5-11 mg/mL (Prakash et al., 2005). Heyneanine (24), coronaridine (21), and

voacangine (22) isolated from 7. catharinensis exhibited cytotoxicity against HeLa (human
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cervix tumor), 3T3 (normal mouse embryo fibroblasts), Hep-2 (human laryngeal epithelial
carcinoma), and B-16 (murine skin) cell lines with coronaridine (21), voacangine (22), and
heyneanine (24) displaying respective ICso values of 54.47 mg/mL, 159.33 g/mL, and
689.45 mg/mL against Hep2 cell line. In addition, coronaridine (21) was reported to induce
apoptosis in 3T3 and Hep-2 cell lines (Rizo ef al., 2003). Cononusine (31), ervaluteine (32),
vincamajicine (33), tacamonidine (34), 6-oxoibogaine (35), and other alkaloids isolated from
the stem-bark extract of 7. corymbosa were tested for MDR reversal and cytotoxicity against
vincristine-resistant KB cells, human KB cells, A549, MCF-7, MDA-468, HCT-116, and
HT-29 cells. Vincamajicine (33) exhibited reversal of MDR in vincristine-resistant KB cells
with ICso value of 2.62 mM whereas ervatensines A (36) and B (37) inhibited growth in
human KB cells with IC50<2 mM and in A549, MCF-7, MDA-468, HCT-116, and HT-29
cells with ICso value ranging over 0.70-4.19 mM via inducing apoptosis and necrotic cell

death (Lim et al., 2015).

-Neuroprotective and psychoactive

Indole alkaloids such as coronaridine (21), voacangine (22) (2.5 mL of each sample)
from 7. australis exhibited significant AChE inhibitory potential at the same level as the
reference drugs physostigmine and galantamine (Andrade ef al., 2005). In another study,
formulations containing the alkaloidal extract (0.1 mg/mL) from 7. divaricata exhibited
significant AChE inhibitory potential which was analyzed through in-vitro permeation study

of microemulsions and liquid crystalline systems (Chaiyana et al., 2013).
-antimicrobial activities

Alkaloidal (voacangine (22) etc.) fraction from the 7. elegans root extract was noted
to inhibit M. tuberculosis H37RV (ATCC 25177) and M. smegmatis (ATCC 14468) with
MIC value of 32 mg/mL (against both mycobacteria) and minimum bactericidal
concentration (MBC) value of 128 pg/mL (against M. smegmatis) (Pallant et al., 2012).
Corynanthean, ibogan, or bisindole alkaloids and 3-hydroxy derivatives of dimeric
voacamine type alkaloids from 7. chippii root-bark were tested for antimicrobial activities,
and all dimeric alkaloids showed potent and moderate-to-less antimicrobial activities against
gram-positive and gram negative bacteria (B. subtilis, S. aureus, E. coli, and P. aeruginosa),
respectively. The MIC (mg/mL) values were found to be ranging over 4 to 60, 35 to 500,
and 70 to >1000, 65 to >1000 (for the compounds and against the bacteria, respectively)
(Van Beek et al, 1984). T. catharinensis root-bark derived 12-methoxy-4-

methylvoachalotine (40) when tested against the ATCC strains of S. aureus, S. epidermidis,
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E. coli, and P. aeruginosa; resistant clinical isolated species of Enterococcus sp, K. oxytoca,
Citrobacter, K. pneumoniae, P. mirabilis, S. aureus, S. epidermidis, E. coli, and P.
aeruginosa, exhibited antimicrobial properties with MIC value of 0.16 mg/mL (against the
strains of S. aureus and E. coli ATCC) and MIC values ranging over 0.08 to 0.31 pg/mL
(against Enterococcus sp, Citrobacter, S. aureus, S. epidermidis, E. coli, and P. aeruginosa)
(Medeiros et al., 2011). Alkaloidal (voacangine (22) etc.) fraction of 7. elegans root extract
inhibited gram-positive bacteria [B. subtilis (ATCC 6633), E. faecalis (ATCC 29212), S.
aureus (ATCC 12600), S. aureus (NHLS 363)] with MIC values ranging over 32 to 64
ug/mL and gram-negative bacteria [E. coli (ATCC 35218), K. pneumoniae (ATCC 13883),
P. aeruginosa (ATCC 9027)] with MIC values of 512 pg/mL or more (Pallant et al., 2012).
Alkaloid-containing aqueous extracts of 7. alternifolia stem-bark inhibited clinical isolates
of methicillin resistant Staphylococcus aureus with MIC values ranging over 600 to 800

pg/mL (Marathe et al., 2013).

1.2.2. Pentacyclic triterpenoids
1.2.2.1. General information on terpenes

The term terpene invented by Kekulé comes from their historical origin of the
Terebinth tree: "Pistacia terebinthus" (Ruzica, 1953). Terpenes represent a group of natural
products distributed among many botanical families. These organic substances are among
the most common secondary metabolites in nature. They constitute a set of organic
compounds derived from the rearrangements or cyclization of the basic structural unit called
isoprene CsHo. Its multiple that is to say (CsHo)n constitutes the basic formula of terpenes.
They exist as hemiterpenes (C-5), monoterpenes (C-10), sesquiterpenes (C-15), diterpenes
(C-20), and triterpenes (C-30) (Dewick, 2002; Banthorpe, 1991) as summarized in Scheme
3.
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Scheme 3: Biosynthesis of terpenes

Terpenes have two fundamental properties: firstly, they constitute among others the
odoriferous principle of plants. This odor is due to the release of highly volatile molecules
containing 10, 15 and 20 carbon atoms. Then, because of the alternation of single and double

bonds (conjugated bonds) in some molecules, they interact with light.

1.2.2.2. Triterpenes

These are one of the largest classes of plant natural products, with more than 20,000
different triterpenes reported to date (Hill and Connolly, 2012). The vast majority of
triterpene diversity occurs in the plant kingdom, although other organisms also produce

triterpenes. Examples include the synthesis of the simple triterpene hopene (52) from
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squalene in bacteria (Ourisson and Albrecht, 1992) and the production of defense-related

triterpene glycosides by sea cucumbers (Van Dyck et al., 2010).

<

More than 100 different triterpene scaffolds are currently known in plants (Xu et al.,
2004). Triterpene cyclization can thus lead to a wide array of different triterpene structures,
all derived from the simple and ubiquitous linear isoprenoid substrate 2,3-oxidosqualene
(53). These triterpene scaffolds can then provide the foundation for further modification by
triterpene-modifying (or tailoring) enzymes (e.g., cytochrome P450s, sugar transferases, and
acyltransferases), thereby leading to enormous structural diversity. Nature’s triterpene
reservoir remains largely undiscovered, despite the considerable commercial interest in these
compounds for a range of applications (Augustin ef al., 2011; Moses et al., 2013; Osbourn et
al., 2011; Sawai and Saito, 2011). Major advances in our understanding of the genes,
enzymes, and pathways required to synthesize these molecules are now opening up
unprecedented opportunities for triterpene metabolic engineering and for the discovery of
new pathways and chemistries, facilitated by the recent discovery that the genes for
triterpene pathways are at least in some cases organized in biosynthetic gene clusters in plant
genomes (Field et al., 2011; Field and Osbourn, 2008; Kliebenstein and Osbourn, 2012;
Krokida et al., 2013; Qi et al., 2004).

1.2.2.3. Biosynthesis of triterpenoids
Cyclization of 2,3-Oxidosqualene: One Substrate, an Array of Products

Cyclization of 2,3-oxidosqualene (53) is catalyzed by enzymes known as
oxidosqualene cyclases (OSCs), which generate either sterol or triterpene scaffolds in a
process involving substrate binding and pre-organization (folding), initiation of the reaction
by protonation of the epoxide, cyclization and rearrangement of carbocation species and
termination by deprotonation or water capture to yield a final terpene product (scheme 4).
Although wvariation in carbocation cyclization and rearrangement steps contributes
substantially to scaffold diversity, the initial substrate folding step is critical, because this
predisposes the substrate to follow a particular cyclization pathway. For example, the chair-
boat-chair (CBC) conformation organizes cyclization to form the protosteryl cation, which

then gives rise to sterols, whereas the chair-chairt-chair (CCC) conformation directs
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cyclization into the dammarenyl cation, which then gives rise to a host of diverse triterpene
scaffolds. In the synthesis of triterpenes, squalene (50) is cyclized to pentacyclic hopene (52)
by squalene-hopene cyclases (SHCs). Following substrate folding, SHCs and OSCs initiate
the cyclization reaction by protonation of the terminal double bond of squalene (50) and the
epoxide of 2,3-oxidosqualene (53), respectively. This step defines SHC and OSC enzymes
as class II terpene synthases. (Thimmappa et al., 2014)
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Scheme 4: Biosynthesis of triterpenoids (Thimmappa et al., 2014)

1.2.2 4. Triterpenes isolated from plants of the genus Tabernaemontana
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The table below regroups some ftriterpenoids isolated from plants of the genus

Tabernaemontana.

Table I'V: Some triterpenes isolated from plants of the genus Tabernaemontana

Structure Name Source Reference
. (Van Beek et al.,
TT - affinis, 4 | 1984; Pereira et al.,
. Lupeol (57) . cra;sa an 2007 ;
R;=OH, R,= CH; (57) ca theri-nensis Pereira et al., 2008)
R1=CO:CHs3, R>=CHs3 (58) | Lupeyl Acetate (58)
R1=0OH, R,=CO:H (59) Betulinic acid (59)
T. crassa,
' T (Van Beek et al.,
. p-Amyrine (60) - ey ’Zf“”“ 1984; Pereira et al.,
_ _ an 2007 ; Pereira et
R1=0H, R,= CHj3 (60) T al., 2008)
catherinensis "

R=CO,CHs, Ro= CH; (61)

[-Amyrine Acetate (61)

R,=OH, R,=CO,H (62)

Oleanolic acid (62)
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T. crassa, (Van Beek et al.,
a-Amyrine (63) T. heyneana 1984;
> and Pereira et al.,
R1=0OH, R>= CHj3 (63) T. 2007 ;
catherinensis | Pereira et al., 2008)
Ri= CO,CHs3, R>= CH3 (64) | a-Amyrine Acetate (64)
Ri= OH, R= COOH (65) Ursolic Acid (65)
Lupenone (66) T. pacifica (Van ?S;ﬁ) etal,
T (Nielsen et al.,
markgrafiana 1994-
and . 994,
T Pereira ef al., 2008)
J Baurenol (67) catharinensis
R=H (67)
R=MeCO (68) Baurenyl acetate (68)
T. .
20(30)-taraxasten-3-ol | 4oy iang (Nielsen et al.,
(taraxasterol) (69) and 1994;
\ T Pereira et al., 2008)
) R=H (69) catharinensis
_ 20(30)-taraxasten-3-
R=MeCO(70) acetate (70)
mark ]zja fiana (Nielsen et al.,
Isoursenyl acetate (71) fn d 1994;
T Pereira et al., 2008)
catharinensis
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T. (Nielsen et al.,

20(30)-ursen-3-yl markgrafiana 1994)

acetate (72)

1.2.2.5. Biological activity of triterpenoids isolated from plants of the genus

Tabernaemontana

Anticancer activity

Triterpenoids play a very important role in the treatment of human affections and a
subject of many biological avtivities. However, a-amyrin (63) induced proliferation of
human keratinocytes (HaCaT) by about 18%. (Biskup et al., 2012). The anticancer activities
of lupeyl acetate (58), lupeol (57), and lupenone (66) were determined against breast cancer
cells MCF-7 using neutral red assay, while their apoptotic activity were confirmed by flow
cytometric analysis using annexin V-FTIC assay and DNA fragmentation. The ICso of
lupeyl acetate (58), lupeol (57), and lupenone (66) were 48.79; 43.09; and 8.07 ug/mL
respectively. The results of flow cytometric analysis and DNA fragmentation showed the
anticancer activity of the prepared compounds following apoptosis mechanism (Suwito et
al., 2016). Lupeyl acetate (60), betulinic acid (61), oleanolic acid (64) and ursolic acid (67)
were evaluated in the A2780 cytotoxicity assay, oleanolic acid (62) and ursolic acid (65)
were only very weakly cytotoxic, with ICso values of 20 pg/mL. Lupeyl acetate (57) and
betulinic acid (59) were more active (16.0) (Prakash et al., 2003).

In addition to anticancer activitiy, triterpenes posses other biological activities with

some presented in the following table.

Table V: Other biological activities of triterpenoids

Compound name | Activity Reference
C3 convertase inhibition (Kapil and Sharma, 1995;
Kapil and Sharma, 1994)
major COX-2 inhibition (Subbaramaiah et al., 2000;
Ringbom et al., 1998)
Oleanolic acid Antiulcerogenic effect (Rodriguez et al., 2003;
(62) Farina et al., 1998.)
Inhibition of HIV-1 protease (Quere et al., 1996)
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Hepatoprotective activity

(Liu, 1995.)

Ursolic acid (67)

Inhibition of the production of
reactive oxygen species

(Chen et al., 2002)

Antiulcerogenic effect

(Farina et al., 1998)

Inhibition of HIV-1 protease

(Quereet al., 1996)

Hepatoprotective activity

(Liu et al., 1993;
Liuetal., 1994 )

Analgesic effect

(Bhalla et al., 1971;
Tapondjou et al., 2003)

Betulinic acid
(59)

Phospholipase A2 inhibition

(Bernard et al., 2001)

Antiplasmodial activity

(Steele et al., 1999)

HIV replication activity

(Chou et al., 2000)

Lupeol (57)

Inhibition of the production of
reactive oxygen species

(Yamashita et al., 2002;
Geetha et al., 1998)

Hepatoprotective activity

(Liu et al., 1993;
Liu et al., 1994)

a-Amyrin (63)

Inhibition of reactive oxygen species
production

(Chen et al., 2002)

Analgesic effect

(Bhalla et al., 1971;

Tapondjou et al., 2003)

1.3. CANCERS

1.3.1. Definition

Cancer occurs by a series of successive mutations in genes so that these mutations
change cell functions. Chemical compounds have an obvious role of forming gene mutations
and cancer cells (Aizawa et al., 2016). It can therefore be defined as a disease in which a
group of abnormal cells grow uncontrollably by disregarding the normal rules of cell
division. Normal cells are constantly subjected to signals that dictate whether the cell should
divide differentiate into another or die. Cancer cells develop a degree of autonomy from
these signals, resulting in uncontrolled growth and proliferation (Momna heijmadi, 2010).

From the molecular prospective, it is the various genetic changes that lead to
oncogene generation. These genetic disorders include chromosomal translocation (gene Ber
and oncogene Abl in chronic blood cancer), point mutation (Ras gene in coloncancer),
deletion (Erb-B gene in breast cancer), amplification (N-myc in neuroblastoma), and
insertion activation (C-myc in acute blood cancer). Chronic blood cancer often occurs in the
elderly due to an exchange of genetic material between chromosomes 9 and 22. This
condition leads to production of a biomarker called phl, which is found in 95% of patients

and can facilitate a correct diagnosis. The connection of Ber gene to Abl oncogene results in
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creation of a gene new combination that translated to protein with kinase activity (Joensuu et

al.,, 2001; King et al., 1985; Heinrich ef al., 2002; Thomas et al., 2007).

1.3.2. Causes of cancer

The initiation and progression of cancer depends on both external factors (tobacco,
chemicals, radiation and infectious organisms) and internal factors (inherited mutations,
hormones, immune conditions and mutations that occur from metabolism). These factors can
act together or in sequence, resulting to abnormal cell behavior and proliferation. As a result,
cell masses grow and expand, affecting surrounding normal tissues and can also spread to
other locations in the body (metastasis). However, it is important to remember that most
common cancer take months and years for these DNA mutations to accumulate and result to
a detectable cancer (Momna heijmadi, 2010).

Which of the two, genes or the environment play a dominant role in developing cancer?
While genes are distributed unequally across population, they do not explain the differences
in cancer incidence rates in the world, but the risk of developing cancer seems largely
environmental, accounting for more than 90% of all cancers caused (Momna heijmadi,

2010).

1.3.2.1. Life style and environment

The first known report linking the influence of life style on cancer was by John Hill,
an English physician, who noted the link between nasal cancer and the use of tobacco snuff.
In the late 18™ century, Sir Percival Pott reported that scrotal cancer in chimney sweeps was
links to poor hygiene and accumulation of cancer causing agents from soot. The Danish
Chimney Sweeper’s Guide recommended a daily bath which was the most likely reason for

the dramatic reduction in scrotal cancer incidence rates in Europe (Momna heijmadi, 2010).

In 1950, compelling epidemiological evidence showed that cigarette smokers ran a
20 fold higher risk of developing lung cancer compared to non-smokers. Since then, tobacco
and alcohol consumption have been linked to almost 170000 mouth throat cancer death per
year in the US alone. Over half a million deaths every year are expected to be caused by life
style choices such as obesity, physical inactivity, diet (low in vegetables, high in salt or
nitrates are linked to stomach and esophageal cancers whereas high fat, low fiber diets are

linked to bowel, pancreatic, breast and prostate cancer) (Momna heijmadi, 2010).

Risk of cancer are also increased by infectious agents including viruses (hepatitis B

virus, human papilloma virus, human immunodeficiency virus increase risk of




nasopharyngeal, cervical carcinomas and Kaposi’s sarcoma) and bacteria such as
Helicobacter pylori (stomach cancer). Incidences of skin cancers (melanomas) are on the
rise, especially in Australia, due to exposure to high levels of ultraviolet radiation in the
sun’s ray and popularity of tanning salons. However, the risk of developing some of these
cancers can be reduced by changing lifestyles and vaccines (like Gardasil which reduces the

risk of cervical carcinomas) (Momna heijmadi, 2010).

Initiation and progression of cancer is also due to exposure to cancer-causing agents
(carcinogens, mutagens). These are present in food and water, in the air, chemicals and
sunlight that people are exposed to. Since epithelia cells cover the skin, line the respiratory
and alimentary tracks, and metabolize ingested carcinogens, it is not surprising that over
90% of cancer originates from epithelia. In less than 10% of cases, a genetic predisposition

increases the risk of cancer developing a lot earlier (Momna heijmadi, 2010).

1.3.2.2. Age

Although cancer can occur in persons of every age, it is common among the aging
population. Sixty percent of new cancer cases and two thirds of cancer deaths occur in
persons older than 65 years. The incidence of common cancers (breast, colorectal, prostate,
lung) increases with age. There are many several theories as to why cancer incidence
increases in the elderly: age-related alterations in the immune system (decreased immune
surveillances); accumulation of random genetic mutations or lifetime carcinogen exposure
(especially for colorectal and lung cancers); hormonal alterations or exposure and long
lifespans. Multiple genetic changes are necessary for the development of cancer, most
clearly exemplified by the stepwise genetic changes shown by many colon polyps
progressing to cancer. The exponential rise in many cancers with age fits with an increased
susceptibility to the late ages of carcinogenesis by environmental exposures. Lifetime
exposure to estrogen may lead to breast or uterine cancer; exposure to testosterone leads to
prostate cancer. The decline in cellular immunity may also lead to certain types of cancer
that are highly immunogenic. Accumulation of DNA mutations have to be amplified to
constitute a cancer, therefore the longer the lifespan, the higher the risk of developing cancer

(Momna heijmadi, 2010).




1.3.3 Types of cancer

There are over 200 types of cancer, below is a list of more specific types of cancers
found in each general category; it is not all inclusive and the cancers listed in quotes are the

general names of some cancers:

Carcinoma: Cancer that begins in the skin or in tissues that line or cover internal organs
“skin, lung, colon, pancreatic, ovarian cancers”, epithelial, squamous and basal cell

carcinomas, melanomas, papillomas, and adenomas (National Cancer Institute, 2014).

Sarcoma: Cancer that begins in bone, cartilage, fat, muscle, blood vessels, or other
connective or supportive tissue "bone, soft tissue cancers," osteosarcoma, synovial sarcoma,
liposarcoma, angiosarcoma, rhabdosarcoma, and fibrosarcoma (National Cancer Institute,

2014).

Leukemia: Cancer that starts in blood-forming tissue such as the bone marrow and causes
large numbers of abnormal blood cells to be produced and enter the blood
"leukemia," lymphoblastic leukemias, myelogenous leukemias, T-cell leukemia, and hairy-

cell leukemia (National Cancer Institute, 2014).

Lymphoma and myeloma: Cancers that begin in the cells of the immune system-
"lymphoma," T-cell lymphomas, B-cell lymphomas, Hodgkin lymphomas, non-Hodgkin
lymphoma and lymphoproliferative lymphomas (Harvard Women’s Health Watch, 2006)

Central nervous system cancers: Cancers that begin in the tissues of the brain and spinal
cord '"brain and spinal cord tumors,” gliomas, meningiomas, pituitary
adenomas, vestibular schwannomas, primary central nervous system lymphomas, and

primitive neuroectodermal tumors (National Cancer Institute, 2014).

Not included in the above types listed are metastatic cancers; this is because
metastatic cancer cells usually arise from a cell type listed above and the major difference
from the above types is that these cells are now present in a tissue from which the cancer
cells did not originally develop. Consequently, if the terms "metastatic cancer" is used, for
accuracy, the tissue from which the cancer cells arose should be included. For example, a
patient may say they have or are diagnosed with "metastatic cancer" but the more accurate
statement is "metastatic (breast, lung, colon, or other type) cancer which spread to the organ

in which it has been found (National Cancer Institute, 2014).




1.3.4 Symptoms and signs of cancer

The symptoms and signs of cancer depend on the type of cancer, where it is located,
and/or where the cancer cells have spread. For example, breast cancer may be present as a
lump in the breast or as nipple discharge while metastatic breast cancer may present with
symptoms of pain (if spread to bones), extreme fatigue (lungs), or seizures (brain). A few
patients show no signs or symptoms until the cancer is far advanced (Devita et al., 2005;

Markowitz et al., 2014).

The American Cancer Society describes seven warning signs and/or symptoms that a
cancer may be present and which should prompt a person to seek medical attention. The

word CAUTION can help you remember these (Markowitzet al., 2014):

e Change in bowel or bladder habits;

e A sore throat that does not heal;

e Unusual bleeding or discharge (for example, nipple secretions or a "sore" that will
not heal that oozes material);

e Thickening or lump in the breast, testicles, or elsewhere;

o Indigestion (usually chronic) or difficulty swallowing;

e Obvious change in the size, color, shape, or thickness of a wart or mole;

e Nagging cough or hoarseness ;

o Unexplained loss of weight or loss of appetite;

e A new type of pain in the bones or other parts of the body that may be steadily
worsening, or come and go, but is unlike previous pains one has had before;

o Persistent fatigue, nausea or vomiting ;

e Unexplained low-grade fevers which may be either persistent or come and go;

e Recurring infections which will not clear with usual treatment.

Anyone with these signs and symptoms should consult their doctor; these symptoms may

also arise from noncancerous conditions.

Many cancers will present some of the above general symptoms but often have one
or more symptoms that are more specific for the cancer type. For example, lung cancer may
present common symptoms of pain, but usually the pain is located in the chest. The patient
may have unusual bleeding, but the bleeding usually occurs when the patient coughs. Lung
cancer patients often become short of breath and then become very tired (Markowitz et al.,

2014).
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L.3.5 Diagnosis of cancer

Some cancers are diagnosed during routine screening examinations. These are usual
tests that are routinely done at a certain age. Many cancers are discovered when you present

to your health care professional with specific symptoms.

A physical exam and medical history, especially the history of symptoms, are the
first steps in diagnosing cancer. In many instances, the medical caregiver will order several
tests, most of which will be determined by the type of cancer and where it is suspected to be
located in or on the person's body. In addition, most caregivers will order a complete blood
count, electrolyte levels and in some cases, other blood studies that may give additional

information (Baron, 2005).

Imaging studies are commonly used to help physicians detect abnormalities in the
body that may be cancer. X-rays, CT and MRI scans, and ultrasound are common tools used
to examine the body. Other tests such as endoscopy, with which variations in the equipment
used, can allow visualization of tissues in the intestinal tract, throat, and bronchi that may be
cancerous. In areas that cannot be well visualized (inside bones or some lymph nodes, for
example), radionuclide scanning is often used. The test involves ingestion or IV injection of
a weakly radioactive substance that can be concentrated and detected in abnormal tissue

(Baron, 2005).

The preceding tests can be very good at localizing abnormalities in the body; many
clinicians consider that some of the tests provide presumptive evidence for the diagnosis of
cancer. However, in virtually all patients, the definitive diagnosis of cancer is based on the
examination of a tissue sample taken in a procedure called a biopsy from the tissue that may
be cancerous, and then analyzed by a pathologist. Some biopsy samples are relatively simple
to procure (for example, skin biopsy or intestinal tissue biopsy done with a device called an
endoscope equipped with a biopsy attachment). Other biopsies may require as little as a
carefully guided needle, or as much as a surgery (for example, brain tissue or lymph
node biopsy). In some instances, the surgery to diagnose the cancer may result in a cure if all

of the cancerous tissue is removed at the time of biopsy (Baron, 2005).

The biopsy can provide more than the definitive diagnosis of cancer; it can identify
the cancer type (for example, the type of tissue found may indicate that the sample is from a
primary or metastatic type of brain cancer) and thereby help to stage the cancer. The stage,
or cancer staging, is a way for clinicians and researchers to estimate how extensive the

cancer is in the patient's body (Baron, 2005).




1.3.6 Treatment for cancer

The cancer treatment is based on the type of cancer and the stage of the cancer. In
some people, diagnosis and treatment may occur at the same time if the cancer is entirely

surgically removed when the surgeon removes the tissue for biopsy (Baron, 2005).

Although patients may receive a unique sequenced treatment, or protocol, for their
cancer, most treatments have one or more of the following components: surgery,
chemotherapy, radiation therapy, or combination treatments (a combination of two or all
three treatments) (Baron, 2005). Individuals obtain variations of these treatments for cancer.
Patients whose cancer cannot be cured by surgery usually will get a combination therapy;

the composition is determined by the cancer type and stage (Baron, 2005).

Palliative therapy (medical care or treatment used to reduce disease symptoms but
unable to cure the patient) utilizes the same treatments described above. It is done with the
intent to extend and improve the quality of life of the terminally ill cancer patient. There are
many other palliative treatments to reduce symptoms such as pain medications and

antinausea medications (Baron, 2005).

1.3.7 Cancer risk factors

Most experts are convinced that many cancers can either be prevented or the risk of
developing cancers can be markedly reduced. Some of the methods are simple; others are
relatively extreme, depending on an individual's view (Kaelin and Neugut, 2005, Markowitz

etal., 2014).

Prevention of cancer, by avoiding its potential causes, is the simplest method. First
on most clinicians and researchers list is to stop (or better, never start) smoking tobacco.
Avoiding excess sunlight and many of the chemicals and toxins are excellent ways to avoid
cancers. Avoiding contact with certain viruses and other pathogens also are likely ways of
prevention of some cancers. People who have to work close to cancer-causing agents should
follow all safety precautions and minimize any exposure to such compounds. Although the
FDA and the CDC suggests that there is no scientific evidence that definitively says cell
phones cause cancer, other agencies call for more research or indicate that the risk is very
low. Individuals who are concerned can limit exposure to cell phones by using an earpiece
and simply make as few cell phone calls as possible (Kaelin and Neugut, 2005; Markowitz et
al.,2014).




There are two vaccines currently approved by the U.S. Food and Drug
Administration (FDA) to prevent specific types of cancer. Vaccines against the hepatitis
B virus, which is considered a cause of some liver cancers, and vaccines against human
papillomavirus (HPV) types 16 and 18 are available. According to the NCI, these viruses are
responsible for about 70% of cervical cancers. These viruses also play a role in cancers
arising in the head and neck, as well as cancers in the anal region, and probably in others.
Today, vaccination against HPV is recommended in teenagers and young adults of both
sexes. The HPV virus is so common that by the age of 50, half or more people have
evidence of being exposed to it. Sipuleucel-T is a new vaccine approved by the FDA to help
treat advanced prostate cancer. Although vaccine does not cure prostate cancer, it has been
shown to help extend the lifespan of individuals with advanced prostate cancer (Kaelin and

Neugut, 2005; Markowitz et al., 2014).

People with a genetic predisposition to develop certain cancers and others with a
history of cancers in their genetically linked relatives currently cannot change their genetic
makeup. However, some individuals who have a high possibility of developing genetically
linked cancer have taken actions to prevent cancer development. For example, some young
women who have had many family members develop breast cancer have elected to have
their breast tissue removed even if they have no symptoms or signs of cancer development
to reduce or eliminate the possibility of developing breast cancer. Some doctors consider this

as an extreme measure to prevent cancer while others do not (Markowitz et al., 2014).

Screening tests and studies for cancer are meant to help detect a cancer at an early
stage when the cancer is more likely to be potentially cured with treatment. Such screening
studies are breast exams, testicular exams, colon-rectal exams (colonoscopy),
mammography, certain blood tests, prostate exams, urine tests and others. People who have
any suspicion that they may have cancer should discuss their concerns with their doctor as
soon as possible. Screening recommendations have been the subject of numerous conflicting
reports in recent years. Screening may not be cost effective for many groups of patients or
lead to unnecessary further invasive tests, but individual patients' unique circumstances
should always be considered by doctors in making recommendations about ordering or not

ordering screening tests (Markowitz et al., 2014).

1.3.7 Anti-cancer and anti-inflammatory effect

There is a considerable evidence that reactive oxygen species (ROS) induce

oxidative damage in biomolecules, causing atherosclerosis (Heinecke, 1998), hypertension




(Wilcox, 2005), diabetes (Niedowicz and Daleke, 2005), and cancer (Oikawa et al., 2003).
For example, the low-density lipoprotein (LDL) is subject oxidative modification due to its
high content of unsaturated fatty acyl group (Kalyanaraman et al., 1993). Consequently, free
radicals existing in arterial wall have been known to be a crucial factor resulting to
atherosclerosis (Heinecke, 1997). On the other hand, many literatures reported that dietary
antioxidants (e.g. polyphenol and flavonoid) have some potentially protective effects against
LDL oxidation (Fuhrman and Aviram, 2001). Epidemiological studies showed that diets rich
in fruit and vegetables containing antioxidants are well associated with lower risk of
cardiovascular diseases (Ness and Powles, 1997). Thus, the intake of dietary antioxidants

may be a useful therapy to prevent LDL oxidation and the atherosclerotic progression.

Nitric oxide (NO) is synthesized from amino acid, arginine, by nitric oxide synthase
(NOS). Under normal physiological conditions, NO production is regulated by constitutive
isoforms of NOS (iNOS), this nanomolar concentrations of NO plays an important role as a
vasodilator, neurotransmitter and in the immunological system as a defense against tumor
cells, parasites and bacteria (Nakagawa and Yokozawa, 2002). However, under pathological
condition, NO production is increased by the inducible isoform of NOS (iNOS),
subsequently, brings about cytotoxicity and tissue damage (Kim et al., 1999). Therefore,
much attention has focused on how to decease the NO production generated by iNOS. For
example, natural products with bioactive action inhibiting NO production have been
reported (Kim et al., 1998). And recently, several investigations have demonstrated the
action mechanism of natural antioxidants on decreasing NO production (Sheu et al., 2001).
In addition, cyclooxygenase 2 (COX-2) is the rate limiting enzyme and responsible for the
catalysis of prostaglandin E2 (PGE2) from arachidonic acid (Surh et al., 2001). Chen et al.
in 2006 noted that the induction of COX-2 activity and subsequent generation of PGE2 are
closely related to the NO production. In other words, the overproduction of PGE2 mediated
by COX-2 has been linked to the development of inflammation and carcinogenesis (Park et
al., 2004). Thus, reducing the levels of PGE2 and COX-2 may be an effective strategy for

inhibiting the inflammation and carcinogenesis.

:







IL.1. INTRODUCTION

The different parts of 7. contorta (fruits and stem-bark) and 7. inconspicua (stem)

were collected in December 2013 at mount Elounden and Kalla respectively, locations of the

central region of Cameroon. These plants were identified by Mr NANA Victor, a botanist at

the National Nebaruim of Cameroon with identification numbers NHC 45445 for T. contorta

and NHC 61026 for T. inconspicua. The different parts of the plants were chopped, dried

and crushed. The powders obtained were macerated at room temperature in a mixture

MeOH/CH:Cl; (1:1) for 24x3 hours. After solvent evaporation, the extracts obtained were

separated and purified using diverse chromatographic techniques. The obtained products are

classified as follows: alkaloids, terpenoids, steroids and lipids.

Scheme 5, 6 and 7 summarizes the extraction and isolation protocols.
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Scheme 5: Extraction and isolation protocols of the fruits of 7. contorta




Chopped, dried and
crushed

Stem bark of 7. contorta
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Scheme 6: Extraction and isolation protocol of the stem-bark of 7. contorta




Chopped, dried and
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Stem of T. inconspicua

Powder 1200 g

Maceration using
< CHCl, /MeOH
(1:1, RT, 72h)
v
Residue
Crude extract 92¢g
CC/TIC of 90g >
! I !
Fraction A Fraction B Fraction C Fraction D
325¢ 10.7 g 158 g 26g

Vo

TiS, TiS,

| | |
A A

TiS; TiS, TiSs TiSq TiSg TiS1o TiS, TiS13 TiS s
188 mg 209mg  122mg 50,0 2.6m230m 144mgl 52mg 75m 21.6 mg 10 mg
g g g SN A
1S7 TiSe TiS1 TiS14
23mg 2.6mg

Scheme 7: Extraction and isolation protocol of the stem of T. inconspicua

2.8 mg 7.8 mg




I1.2. CHARACTERIZATION OF ISOLATED COMPOUNDS

11.2.1. Alkaloids

I1.2.1.1. Characterization of TCO3

TCOs was obtained from the fruits of 7. conforta as a black powder in a mixture of
Hex/AE 85/15. 1t is soluble in CHCI3 and DM SO and responds positively to the Meyer’s test
giving a yellowish white precipitate and also to the Draggendorf’s test giving a dark-red

color characteristic of alkaloids.

From the spectroscopic data of TCOs; such as HRESIMS, NMR 1D and 2D
(including 'H, 3C, COSY, NOESY, HSQC and HMBC), its structure was determined to be

that of a monoterpene indole alkaloid:

The molecular formula of TCO3 was determined to be Ci1sHi1sON; on the basis of the

HRESI-MS (Figure 3) (m/z 279.1491 [M+H]" calculated for 279.1497) indicating 11 double

bond equivalents.
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Figure 3: HRESI-MS of TCO;s (full Spectrum)

The 'H NMR spectrum (Figure 4) reveals the presence of aromatic protons sorted
into two triplets at du 6.96 (1H, t, 7.6 Hz, H-10) and du 7.08 (1H, t, 7.6 Hz, H-11) and two
doublets at oun 7.42 (1H, d, 7.8 Hz, H-9) and Ju 7.28 (1H, d, 7.8 Hz, H-12). These protons
correlate between themselves in the COSY spectrum (Figure 5) suggesting the presence of

an unsubstituted indole aromatic ring.
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Figure 4: '"H NMR spectrum (DMSO-ds, 600 MHz) of TCO;
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Figure 5: COSY Spectrum (DMSO-ds) of TCO3

The 'H and COSY spectra reveals, in addition to the aromatic system of the indole

alkaloid:

(d,

the presence of an isolated methylene, characterized by two signals at Ju 5.24 (1H, s,
H-17a) and 5.33 (1H, s, H-17b) representing a terminal double bond;

an N-CH,-CH»-CH spin system, characterized by signals at dn 3.20 (1H, m, H-3b) and
3.22 (1H, m, H-3a); 1.7 1 (1H, m, H-14a) and 1.80 (1H, m, H-14b); 4.22 (d, 5.3 Hz, H-14)
characteristic of the N/C-3/C-14/C-15 fragment of the aspidospermatan-series of
monoterpenoid indole alkaloids (Van beek et al., 1984);

a =CH-CH3 spin system characterized by signals at du 1.89 (3H, d, 6.8 Hz, H-18) and
6.03 (1H, q, 6.8 Hz, H-19) corresponding to the C18-C19 unite;

an isolated methylene characterized by signals at du 5.07 (d, 16.5 Hz, H-6b) and 4.29

16.5 Hz, H-6a).
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Figure 6: COSY Spectrum (DMSO-ds) of TCO3

Its 3*C NMR spectrum (Figure 7) accounted for 18 carbon resonances, including one
methyl at c 13.4 (C-18), four methylene at dc 27.2 (C-14), 44.8 (C-3), 47.6 (C-6), 119.7 (C-
17), a carbonyl signal at dc 176.2 (C-21), belonging to the amide functional group and eight
aromatic carbon signals at oc 132.5 (C-2), 111.5 (C-7), 127.2 (C-8), 118.8 (C-9), 119.2 (C-
10), 136.3 (C-13), 111.5 (C-12), 122.6 (C-11) confirming the indole alkaloid moety of
TCO:s.
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Figure 7: *C NMR spectrum (DMSO-ds, 150 MHz) of TCOs

The structure of TCO;3 was confirmed using its HMBC (Figure 8) spectrum where
correlations of the monoterpene part are observed between H-18 and C-19, C-20 and the
carbonyl signal at dc 176.2 (C-21); between H-15 and C-16, C-14, C-3, C-20 and the
carbonyl signal at dc 176.2 (C-21). This led to the establishment of the carbonyl group at

position 21.
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Figure 8: HMBC spectrum (DMSO-ds) of TCO3

Its NMR values were generally similar to those of apparicine (73) (Bennasar ef al.,

2009) except for the presence of a carbonyl group at position 21 (dc 176.2).

Based on spectral interpretations and by comparison of its spectral data to those of
apparicine (73) in the literature (Bennasar et al., 2009), the structure of TCO3 was found to
be that of a new monoterpenoid indole alkaloid derivative of which the name apparicin-21-
one (74) was attributed. Its relative configuration was deduced from the NOESY experiment
where cross-peaks are observed between H-18 and H-15/H-17a this suggests that H-15 is /-
oriented. These correlations also indicates that the configuration of the double bond between

C-19 and C-20 is E.
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Figure 1: NOESY Spectrum (DMSO-ds) of TCOs3

Figure 9: NOESY Spectrum (DMSO-ds) of TCO3
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Table VI: NMR data (DMSO-ds) of TCO3
Position TCOs
'H (H, m, J) B¢
1 - /
2 - 132.5
3 3.20 (1H, m); 3.22 (1H, m) 44.8
4 - /
5 - /
6 5.07 (d, 16.5); 4.29 (d, 16.5); 47.6
7 - 111.5
8 - 127.2
9 7.42 (1H, d, 7.8) 118.8
10 6.95 (1H, t, 7.5) 119.2
11 7.08 (1H, t, 7.5) 122.6
12 7.28 (1H, d, 7.8) 111.5
13 - 136.3
14 1.71 (1H, m); 1.80 (1H, m) 27.2
15 4.22 (1H, d, 5.3) 39.8
16 - 144.3
17 5.24 (1H ; brs); 5.33 (1H ; brs) 119.7




18 1.89 (1H, d, 6.8) 13.4

19 6.03 (2H, g, 7.01) 126.7
20 - 140.4
21 - 176.2

I1.2.1.2. Characterization of TCOs

TCOs was obtained from the fruits of Tabernaemontana contorta as a yellow powder
in a mixture of Hex/AE 80/10. It is soluble in CHCI; and DMSO and responds positively to
the Meyer’s test giving a yellowish white precipitate and also to the Draggendorf’s test

giving a dark-red color characteristic of alkaloids.

From the spectroscopic data of TCOs such as HRESIMS, NMR 1D and 2D
(including 'H, *C, COSY, HSQC and HMBC), its structure was determined to be that of a

monoterpene indole alkaloid:

On the basis of HRESI-MS (m/z 427.1861 [M+H]" calcd for 427.1869) (Figure 10),
the molecular formula of TCOs was determined to be C23H2606N: indicating 12 double bond

equivalents.
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Figure 10: HRESI-MS of TCOs

The '"H NMR spectrum (Figure 11) of TCOs shows two aromatic proton signals at
on 6.90 (1H, s, H-12) and 7.32 (1H, s, H-9); two signals corresponding to three methoxy
groups at Jou 3.74 (6H, s) and 3.59 (3H, s); a bridgehead proton adjacent to nitrogen at ou
4.15 (1H, brs, H-21) and an ethyl group characterized by signals of a methyl at on 0.84 (3H,
t, 7.1 Hz, H-18) and a methylene Jun 1.35 (1H, m, H-19a) and 1.44 ( 1H, m, H-19b).
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Figure 11: 'H NMR spectrum (600 MHz, DMSO-ds) of TCOs

The COSY spectrum (Figure 12) of TCOs shows no correlation between the two
aromatic protons meaning that the aromatic unit is ortho disubstituted. In addition to the
aromatic unit, the main partial structures revealed by the COSY and HSQC data are:

- a CH2CH(CHa): unit characterized by signals at on 3.12 (1H, d, 12.2 Hz, H-3a), 3.46 (1H,
d, 12.2 Hz, H-3b), 2.27 (1H, br s, H-14), 2.94 (1H, dd, 13.7, 1.5 Hz, H-15a); 1.79 (1H, dd,
13.7, 1.5 Hz, H-15b), 1.32 (1H, m, H-17a); 1.76 (1H, m, H-17b);

- a CHCHCH:CH3 unit characterized by signals at ou 4.15 (1H, d, 2.9 Hz, H-21), 1.64 (1H,
m, H-20), 1.35(1H, m, H-19a); 1.32 (1H, m, H-19b) and 0.84 (3H, t, 7.1 Hz, H-18). These
two units are characterisitc of the C-3/C-14/C-15/C-17 and C-21/C-20/C-19/C-18 fragments
of the ibogan type indole alkaloid (Van Beek ef al., 1984).
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Figure 12: COSY Spectrum (DMSO-ds) of TCOs

The 3C NMR spectrum (Figure 13) of TCOs reveals eight unsaturated carbon
signals at dc 95.9 (C-12), 101.9 (C-9), 110.8 (C-7), 118.4 (C-8), 130.3 (C-13), 147.2 (C-11),
148.1 (C-10), 149.4 (C-2); three carbonyl signals at dc 168.3 (amide group C-5), 172.1 (ester
group C-22), 185.4 (conjugated ketone C-6); four methylene signals at dc 27.9 (C-19), 28.6 (C-
17), 33.2 (C-15), and 48.2 (C-3); three methyne signals at dc 28.2 (C-14), 35.4 (C-20) and
56.1 (C-21); a methyl signal at oc 11.9 (C-18) and three methoxy signals at dc 53.7, 56.1 and

56.2.
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Figure 13: 1*C NMR spectrum (150 MHz, DMSO-ds) of TCOs

In the HMBC spectrum (Figure 14) of TCOs, the correlation between the proton of
the two methoxy groups at du 3.74 (6H, s) and the carbons C-10 (dc 148.1) and C-11 (dc
147.2) indicate their attachement to these carbons. It also shows correlations of the
monoterpene part of the alkaloid between H-21 and C-20, C-19, C-5 and C-2; between H-15
and C-22, C-3 and C-16 and between H-17 and C-14, C-20 and C-2. The HMBC
correlations between H-21 and the amide carbonyl group at dc 168.3 led to the establishment
of the carbonyls at dc 168.3 and 185.4 to the carbons 5 and 6 respectively. The structure was
closely similar to that of ibogamine-16-carboxylic acid,17,20-didehydro-5,6-dicarboxy-10-
methoxy-methyl ester (76) (Chen et al., 2016) (see Table 7) with the only difference being

the presence of a methoxy group at position 11.
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Figure 14: HMBC spectrum (DMSO-ds) of TCOs

Based on the HRESI-MS and the interpretation of the spectroscopic data and by
comparison of these data with those of ibogamine-16-carboxylic acid,17,20-didehydro-5,6-
dicarboxy-10-methoxy-methyl ester (76) (Chen et al., 2016), the structure of TCOs was
determined to be that of a new monoterpene indole alkaloid derivative which was named
5,6-dioxo-11-methoxy voacangine (75). The relative stereochemistry at C-14, C-16 and C-
21 of iboga type is reported to be the same because of the existence of the C-14/C-3/N-4
bridge (Van Beek ef al., 1984). Biogenetically, the H-21 of iboga type monoterpenoid indole
alkaloid derivatives isolated from Apocynaceae species is a-oriented (Van Beek et al., 1984)
thereby p-orientating the C-14/C-3/N-4 bridge. The NOESY correlations (Figure 15)
observed between H-20, H-21 and H-14 indicate that they are all a-orientated thereby
confirming the B-orientation of the C(14)-C(3)-N(4) bridge as described by the literature
(Van Beek et al., 1984)
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Figure 15: NOESY Spectrum (DMSO-ds) of TCOs
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Table VII: 'H and *C NMR data (DMSO-ds) of TCOs

Position 'H (nH, m, J) 13C
TCOs TCOs
INH - -
2 - 149.4
3 3.12 (1H, d, 12.2) 48.2
3.46 (1H, d, 11.2)
4NH - -
5 - 168.3
6 - 185.4
7 - 110.8
8 - 118.4
9 732 (1H, 5) 101.9
10 - 148.1
11 - 147.2
12 6.90 (1H, s) 95.9
13 - 130.3
14 2.27 (1H, brs) 28.2
15 2.94 (1H, dd, 13.7, 1.5) 33.2
1.79 (1H, dd, 13.7, 1.5)
16 - 51.8
17 1.32 (1H, m) 28.6
1.76 (1H, m)
18 0.84 (3H, t, 7.1) 11.9
19 1.35 (1H, m) 28.2
1.32 (1H, m)
20 1.64 (1H, m) 35.4
21 4.15 (1H, d, 2.9) 56.1
22COO0OMe 3.59 (3H, s) 172; 53.7
MeO 10, 11 3.74 (6H, s) 56.2

I1.2.1.3. Characterization of TiSs

TiSs was obtained from the stem of Tabernaemontana inconspicua as a yellow
powder in a mixture of Hex/AE 40/60. It is soluble in CHCl; and DMSO and responds

positively to the Meyer’s test and also to the Draggendorf’s test characteristic of alkaloids.

From the spectroscopic data of TiSs such as HRESI-MS, NMR 1D and 2D
(including 'H, *C, COSY, HSQC and HMBC) and by comparison of these data to those of

TCO:s, its structure was determined to be that of a monoterpene indole alkaloid:

:




The molecular formula of TiSs was determined to be C22H2406N2 on the basis of
HRESI-MS (m/z 413.1704 [M+H]" caled for 413.1713), (Figure 16) indicatiing 12 double

bond equivalents.
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Figure 16: HRESI-MS of TiSs

The 'H NMR spectrum of TiSi» (Figure 17), is readily comparable to that of TCOs
with the difference being the presence of only two methoxy groups at ou 3.69 (3H, s) and
3.85 (3H, s) instead of three in the 'H NMR spectrum of TCOs. Moreover, there is the




Normalized Intensity

appearance of a phenolic hydroxy proton at du 9.07 (1H, s) suggesting that one methoxy
group either at position 10 or 11 has been replaced by a hydroxy group.
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Figure 17: '"H NMR (600 MHz, DMSO-ds) of TiSs

The COSY and NOESY spectra (Figures 18 and 19) of TiSs are identical to that of
TCO:s.
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Figure 18: COSY Spectrum (DMSO-ds) of TiSs
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Figure 19: NOESY Spectrum (DMSO-ds) of TiSs

The 3C NMR spectrum (Figure 20) of TiSs reveals 22 carbon signals instead of 23

like in TCOs confirming the absence of a methoxy group.
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Figure 20:'°C NMR spectrum (150 MHz, DMSO-dp) of TiSs

The position of the hydroxy group was confirmed by HMBC correlation from the
hydroxy proton du 9.07 to C-11 and C-12.

:
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Figure 21: HMBC spectrum (DMSO-ds) of TiSs

Based on the HRESI-MS, the interpretation of the spectroscopic data and by
comparison of these data with those of TCOs, the structure of TiSs was determined and
found to be a new voacangine derivative to which the name 35,6-dioxo-11-hydroxy

voacangine (77) was given.
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Table VIIL: 'H and > CNMR data (DMSO-ds) of TiSs

Position TiSs
'H (nH, m, J) 13C
INH - -
2 - 149.2
3 3.20 (1H, d, 11.3); 48.1
3.56 (1H, d, 11.3)
4NH - -
5 - 168.4
6 - 185.2
7 - 110.9
8 - 118.0
9 7.32 (1H, s) 102.2
10 - 146.4
11 - 145.6
12 6.90 (1H, s) 98.7
13 - 130.9
14 2.35 (1H, brs) 28.7
15 3.00 (1H, d, 12.1); 33.2
1.87 (1H, d, 12.1)

16 - 51.9

17 1.42 (1H, m); 28.7
1.86 (1H, m)

18 0.94 3H, t, 7.1) 12.0

19 1.45 (1H, m) ; 28.2
1.42 (1H, m)

20 35.5
1.64 (1H, m)

21 4.15 (1H, d, 2.9) 56.1
COOMe 3.69 (3H, s) 172.1; 53.7
10-MeO  3.85 (3H, s) 56.3

11-OH  9.07 (1H, s) -

11.2.1.4. Identification of TiS1o

TiS10 was obtained from the stem of Tabernaemontana inconspicua as a yellow
powder in a mixture of Hex/AE 40/60. It is soluble in CHCl; and DMSO and responds

positively to the Meyer’s test and also to the Draggendorf’s test characteristic of alkaloids.

From the spectroscopic data of TiSio such as HRESI-MS, NMR 1D and 2D
(including 'H, *C, COSY, HSQC and HMBC) and by comparison of these data to those

described in the literature, its structure was determined to be that of a monoterpene indole

alkaloid:

:




MeO

The molecular formula of TiSi1o was determined to be Cz2H2405N> on the basis of
HRESIMS (m/z 397.1756 [M+H]" calcd for 397.1763) (Figure 19), being indicative of 12

double bond equivalents.
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Figure 22: HRESI-MS of TiSio

Its 'TH NMR spectrum (Figure 23), is also comparable to that of TCOs with the main
difference being the presence of two methoxy groups at du 3.16 (3H, s) and 3.76 (3H, s)

.



Normalized Intensity

instead of three in the 'H NMR spectrum of TCOs. In addition, there is the appearance of
three aromatic protons at du 6.86 (1H, d, 8.4 Hz), 7.31 (1H, d, 8.4 Hz) and 7.38 (1H, d, 2.3
Hz) on the proton spectrum of TiS1o instead of two in that of TCOs suggesting the absence of

one methoxy group either at position 10 or 11.
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Figure 23: 'H NMR spectrum (DMSO-ds, 600 MHz) of TiS10

The COSY spectrum (Figure 24) of TiSiounlike in TCOs shows correlation between
the aromatic protons between H-12 (dn7.31) and H-11 (du 6.86).




H-19

1 H-12 H'Z\ H-3 | H-1> Ha H']il 20l we1s
]\ l/ ‘ \] ﬂig‘ \\v y L

L

RN R R RN RN RN R AN R LA R R LR R AR R RN AR RN R R R A N RN RN AR R R RN AR N AR AR AR R

80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05
F2 Chemical Shift (ppm)

Figure 24: COSY Spectrum (DMSO-ds, 600 MHz) of TiS1¢

The '*C NMR spectrum of TiSio (Figure 25) is also very close to that of TCOs with

the difference being the drop of displacement shift of C-11 from 147, 2 to 113.6 confirming

the absence of a methoxy group at that position.
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Figure 25: *C NMR spectrum (DMSO-ds, 150 MHz) of TiS1o
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The HMBC spectrum (Figure 26) of TiSio enabled the positioning of the methoxy
group at position 10 thanks to the correlation between the proton at oy 3.76 (3H, s) and C-10
(0c 156.4).
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Figure 26: HMBC spectrum (DMSO-ds) of TiS10

Based on the analysis of the physical and spectroscopic data of TiSi0o and by
comparison of these data to those described in the literature, the structure of TiSio was
identified to be that of ibogamine-16-carboxy,17,20-didehydro-5,6-dicarboxo-10-methoxy-
methyl ester (76) (Chen et al., 2016).

Table IX: 'H and 1*C NMR (DMSO-ds) data of TiS1o compared to the literature (Chen et
al., 2016)

F1 Chemical Shift (ppm)




Position 'H (nH, m, J) BC
TiS10 (Chen et al., 2016) TiS10 (Chen et al., 2016)
INH - - - -
2 - - 151.4 151.7
3 3.50 (1H, d, 11.5); 3.50 (1H, d,11.4); 48.2 48.1
3.12 (1H, d, 11.6) 3.14 (1H, d,11.6)
4NH - - - -
5 - - 168.3 168.4
6 - - 184.1 185.1
7 - - 110.6 110.6
8 - - 127.8 126.6
9 7.38 (1Hd, 2.3) 7.39 (1H, d, 2.3) 101.9 101.9
10 - - 156.4 156.4
10-OCH3 3.76 (3H, s) 3.77 3H, s) 55.8 55.7
11 6.86 (1H, d, 8.8) 6.85 (1H, dd, 8.8, 2.4) 113.6 113.7
12 7.31 (1H, d, 8.8) 7.29 (1H, d, 8.8) 114.2 113.7
13 - - 131.9 131.1
14 230 (1H, s) 229 (1H, s) 28.1 28.1
15 1.82 (1H, m); 1.81 (1H, m); 33.1 33.1
2.96 (1H, d, 12.6) 2.96 (1H, m)
16 - - 52.0 52.1
17 1.40 (1H, m) 1.37 (1H, m) 28.7 28.8
1.82 (1H, m) 1.82 (1H, m)
18 0.87 (3H, t,7.3) 0.88 3H, t, 7.3) 12.0 12.0
1.50 (1H, m); 1.52 (1H, m); 28.0 28.0
19 1.38 (1H, m) 1.39 (1H, m)
20 1.67 (1H, brs) 1.67 (1H, m) 35.4 35.5
21 4.20 (1H, d, 1.9) 4.20 (1H, brs) 56.2 56.1
22COOCH3  3.62 (3H,s,) 3.63 3H, s,) 172.0;53.7  172.0;53.5

11.2.1.5. Identification of TiS¢ = TCO7

TiSe was obtained from the stem of Tabernaemontana inconspicua and stem-bark of
Tabernaemontana contorta as greyish needlets in a mixture of Hex/AE 36/64. It is soluble in

CHCl; and DMSO and responds positively to the Meyer’s and Draggendorf’s test

characteristic of alkaloids.

From the spectroscopic data of TiSe¢ such as HRESI-MS, NMR 1D and 2D (including
'H, 13C, COSY, HSQC and HMBC) and by comparison of these data to those described in

the literature, its structure was identified to be that of a monoterpene indole alkaloid:

:




(22)

Its molecular formula was determined to be C22H2803N2 on the basis of HRESI-MS
(m/z 369.21763[M+H]" calcd for 368.2094) (Figure 27), indicating 10 double bond

equivalents.
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Figure 27: HRESI-MS of TiSe

Its '"H NMR spectrum (Figure 28) is comparable to that of TiS1o. The main difference
here is the appearance of four signals corresponding to two diasteriotopic methylene groups
at ou 2.97 (1H, m, H-6a); 3.15 (1H, m, H-6b) and 3.22 (1H, m, H-5a); 3.39 (1H, m, H-5b)
which are absent in the spectrum of TiSio. This finding suggests the absence of the two

carbonyls at positions 6 and 5 in the structure of TiSio.
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Figure 28: 'H NMR spectrum (CDCl3, 600 MHz) of TiSs

The COSY spectrum (Figure 29) shows a correlation between the protons H-6 and

H-5 which serves as a confirmation to the suggestion above.
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Figure 29: COSY Spectrum (CDCl3, 600 MHz) of TiSs

The *C NMR spectrum of TiSs (Figure 30) is also very close to that of TiSo with the

marked difference being the absence of two carbonyl signals and the presence of two

methylene signals at dc 55.3 and 22.3.
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Figure 30: 1°C NMR Spectrum (CDCls, 150 MHz) of TiSs

The structure of TiS¢ was confirmed by analyzing its HMBC spectrum (Figure 31)

where correlations were observed arising from H-18 to C-19, C-20, C-21 and C-14.
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Figure 31: HMBC Spectrum (CDCl3, 600 MHz) of TiSe




Based on spectroscopic analysis and by comparison of the spectral data of TiSs to

those described in the literature (Pereira et al., 2008), its structure identified to be that of

voacangine (22)

MeO

Table X: 'H and *C NMR (CDCl;) data of TiS¢ compared to the literature (Pereira et al.,

2008)
Position 'H (nH, m, J) BC
TiSe (Pereira et al., 2008) TiSe (Pereira et
al.,2008)
INH 7.71 (1H, 5) 7.90 (1H, s) - -
2 - - 137.7 137.3
3 2.81 (1H, d, 11.5); 2.90 (1H, d, 11.4) 51.6 51.6
2.82 (1H, d, 11.5) 2.82 (1H, d, 11.4)
4NH - - - -
5 3.22 (1H, m); 3.25 (1H, m); 52.7 52.6
3.33 (1H, m) 3.32 (1H, m)
6 2.97 (1H, m); 2.92 (1H, m) ; 22.3 22.2
/3.15 (1H, m) 3.16 (1H, m)
7 - - 110.3 109.9
8 - - 129.3 129.0
9 6.93 (1H, d, 2.3) 6.91 (1H, d, 2.6) 100.9 100.7
10 3.85(3H, s) 3.85(3H, s) 154.2; 56.2 154.0; 56.0
OCH;
11 6.86 (1H dd, 8.8; 2.3) 6.80 (dd, 8.6;2.6) 111.9 111.8
12 7.14 (1 Hd, 8.8) 7.13 (d, 8.6) 111.1 111.1
13 - - 130.7 130.5
14 1.88 (1H, s) 2.89 (1H, s) 27.5 26.9
15 1.30 (1H, m); 131 (1H, m) ; 32.2 31.6
1.74 (1H, m) 1.74 (1H, m)
16 55.3 55.7
17 1.90 (1H, m); 2.02 (1H, m); 36.7 36.4
2.59 (1H, m) 2.60 (1H, m)
18 0.90 (3H,t,7.4) 0.90(t, 7) 11.8 11.5
19 1.44 (1H, m) ; 1.45(1H, m); 26.9 26.4
1.57 (1H, m) 1.60 (1H, m)
20 1.33(1 H, m) 1.32 (1H, m) 39.3 38.9
21 3.55 (1H, brs) 3.54 (1H, brs) 57.6 57.5
22COOCH3  3.71 (3H,s,) 3.73 (3H, s) 175.8;53.3 175.4;52.6

:




11.2.1.6. Identification of TCs

TCs was obtained from the stem-bark of Tabernaemontana contorta as yellowish
crystals in a mixture of Hex/AE (44/76). It is soluble in CHCI3 and DMSO and responds

positively to the Meyer’s test and also to the Draggendorf’s test characteristic of alkaloids.

From the spectroscopic data of TCs such as NMR 1D (including 'H, '*C) and by
comparison of these data to those described in the literature, its structure was determined to

be that of a monoterpene indole alkaloid:

23

O\ 22 N
17 18
O/l .
9 19
8 ..
10 W 20
‘r
/2 3 ‘CHO
11 13 14 21
12 (78)

On the basis of spectral analysis, the molecular formula of TCs was determined to be

C21H2203N; indicating 12 double bond equivalents.

Its "H NMR spectrum (Figure 29) reveals four aromatic signals at du 7.23 (1H, t, 7.3
Hz), 7.38 (1H, t, 7.3 Hz), ou 7.52 (1H, d, 7.3 Hz) and 7.54 (1H, d, 7.3 Hz) suggesting an
unsubstituted indole moiety. It also reveals, two methyl signals at oy 1.20 (3H, d, 6.6 Hz, H-
21) and 2.17 (3H, s, H-23); two methylene signals at 0ny2.80 (1H, dd, 11.7; 4.8 Hz, H-6b),
1.66 (1H, d, 11.7 Hz, H-6a) and 1.63 (1H, m, H-14a); 1.58 (1H, dd, J= 4.0; 4.9, H-14b) and
seven methine signals du 2.28 (1H, d, 9.2 Hz, H-19), 2.48 (1H, t, 6.1 Hz, H-16), 2.68 (1H, t,
4.8 Hz, H-15), 3.33 (1H, m, H-20), 3.64 (1H, t, 5.7 Hz, H-3), 4.02 (1H, d, 9.2 Hz, H-3),
4.96 (1H, s, H-17).

:
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Figure 32: '"H NMR Spectrum (DMSO-ds, 600 MHz) of TCs

The 3C NMR spectrum of TCs (Figure 33) accounts for twenty-one carbon signals
with eleven sp? amongst which six aromatic at dc 120.8, 124.4, 125.8, 128.8, 137.1, 156.9
characteristic of a partially aromatic indole moety, three carbonyl signals at dc 170.1 (C-22),
183.8 (C-2) and 204.3 (C-21). The 3C NMR coupled with the HSQC spectrum reveals two
methylene signals at dc 37.7 (C-6) and 22.6 (C-14); seven methyne signals at dc 26.0 (C-15),
48.2 (C-16), 49.8 (C-19), 51.4 (C-5), 55.2 (C-20), 56.5 (C-3), 77.6 (C-17) and two methyl
signals at oc 19.0 (C-21), 21.3 (C-23).
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Figure 33: *C NMR Spectrum (DMSO-ds, 150 MHz) of TCs




Based on the spectroscopic analysis and by comparison of the spectral data of TCs

with those described in the literature, the structure of TCs was identified to be that of

perakine (78) (Gao et al., 2015).
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Table XI: 'H and '*C NMR (DMSO-d5) data of TCs compared to the literature (Gao et al.,
2015)
Position 'H (nH, m, J) 13C
TCs (Gao et al.,2015) TCs (Gao et al., 2015)
INH - - - -
2 -- - 183.8 183.2
3 4.02(1H, d, 9.2) 4.14 (d, 9.7) 56.5 56.8
4NH / /
5 3.65 (1H, 1, 5.7) 3.64 (dd, 6.6, 4.9) 51.4 50.7
6 1.60 (1H, d, 11.7); 1.60 (1H, d, 11.9); 37.7 37.6
273 (1H,dd, 11.7,48)  2.79(dd, 11.9, 4.9)
7 / / 65.1 64.8
8 / / 137.1 136.3
9 7.52(1H, d, 7.3) 7.47 (1H, d, 7.3) 124.4 123.8
10 7.23(1H t, 7.3) 7.22 (1H, dd, 7.6, 7.3) 125.8 125.4
11 7.38(1H t, 7.3) 7.39 (1H, dd, 7.7; 7.6) 128.8 128.6
12 7.54(1H, d, 7.3) 7.61 (1H,d, 7.7) 120.8 120.9
13 / / 156.9 156.5
14 1.76 (1H, m); 1.89 (1H, dd,14.7,9.7); 223 22.0
1.58 (1H, dd, 14.0, 4.9) 1.52 (1H, dd,14.7, 4.7)
15 2.68 (1H, t, 4.8) 2.62 (1H, m) 26.0 27.2
2.48 (1H, t,6.1) 2.34 (1H, dd, 6.6, 5.0) 48.2 49.2
16
17 4.96 (1H, s) 4.99 (1H, s) 77.6 78.3
18 1.19 (3H, d, 6.6) 1.29 (3H, d, 6.5) 19.2 20.4
19 3.17 (1H, m) 2.65 (1H, m) 49.8 49.4
20 2.28 (1H, d, 9.2) 1.25 (1H, m) 55.2 53.1
21 9.28 (1H, s) 9.20 (1H, s) 204.3 208.5
22 / 170.1 171.2
23 2.17 (3H, s) 2.09 (3H, s) 21.3 21.5

:




11.2.1.7. Identification of TiS7

TiS; was obtained from the stem of Tabernaemontana inconspicua as yellow
needlets in a mixture of Hex/AE (45/65). It is soluble in CHCl; and DMSO and responds

positively to the Meyer’s test and also to the Draggendorf’s test characteristic of alkaloids.

From the spectroscopic data of TiS7; such as NMR 1D (including 'H, '3C) and by
comparison of these data to those described in the literature, its structure was identified to be

that of a monoterpene indole alkaloid:

On the basis of EI-MS (m/z =352 [M]") (Figure 31) and spectral analysis, the
molecular formula of TiS; was determined to be C21H2503N> indicating 11 double bond

equivalents.
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Figure 34: EI-MS of TiS7

The 'H NMR spectrum of TiS7 (Figure 35) reveals four aromatic signals at du 7.25
(1H, ddd, 7.2; 7.2; 1.4 Hz, H-10); 7.32 (1H, ddd, 7.2; 7.2; 1.4 Hz, H-11); 6u 7.72 (1H, dd,
7.2; 1.4 Hz, H-12) and 7.58 (1H, dd, 7.2 Hz; 1.4, H-9) suggesting that the indole moety of




TiS7 is not substituted. In addition, two other signals at du 7.66 (1H, s, H-21), 1.05 (3H, d,
6.5, H-18) and a methoxy signal at ou 3.54 (3H, s) were observed.
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Figure 35: '"H NMR Spectrum (Pyrridine-ds, 300 MHz) of TiS7

The 3C NMR spectrum (Figure 36) accounts for twenty-one carbon signals
including eleven sp? amongst which eight aromatic at c 108.2 (C-20), 112.2 (C-12), 118.8
(C-9), 119.7 (C-10), 121.7 (C-11), 128.7 (C-28.7), 137.0 (C-13), 138.1 (C-2) attributed to an
indole moety, a double bond at dc 108.3 (C-20), 154.8 (C-21) and a carbonyl signal at Jc
167.5 (C-22) of the ester group. The '*C NMR coupled with the DEPT 135 spectrum reveals
four methylene signals at dc 23.1 (C-6), 31.6 (C-14), 51.0 (C-5), 57.4 (C-17), four methyne
signals at dc 34.6 (C-15), 42.2 (C-16), 54.0 (C-3), 74.5 (C-19), a methyl signal at oc 15.4(C-
18) and a methoxy signal at dc 61.1.
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Figure 36: '°C NMR Spectrum (Pyrridine-ds, 75 MHz) of TiS7
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Figure 33: DEPT 135 (Pyrridine-ds, 75 MHz) of TiS;

Based on the analysis of the physical and spectroscopic data of TiS; and by
comparison to those described in the literature (Sheludko et al., 2002), the structure of TiS;
was identified to be that of tetrahydroalstonine (12).

Table XII: *C NMR data (Pyrridine-ds) of TiS7 compared to the literature (Sheludko et al.,
2002)

position  TiSs (Sheludko et al., 2002)
2 138.1 1393
3 54.0 53.4
5 51.0 49.7
6 23.1 27.4
7 108.2 105.0
8 128.7 128.5
9 118.8 118.5
10 119.7 1193
11 121.7 121.3
12 112.2 111.9




13 137.0 137.8

14 31.6 30.0
15 34.6 342
16 422 42.2
17 57.4 57.4
18 15.4 15.4
19 74.5 74.5
20 108.3 108.3
21 154.8 154.8
22 167.5 167.5

11.2.1.8. Identification of TCs

TCs was obtained from the stem of 7. incondpicua as a yellowish-white powder in a
mixture of Hex/AE (50/50). It is soluble in CHCI3; and responds positively to the Meyer’s

test and Draggendorf’s test characteristic of alkaloids.

From the spectroscopic data of TCs such as HRESI-MS, NMR 1D and 2D (including
'H, ¥C, COSY, HSQC and HMBC) and by comparison of these data to those described in
the literature, its structure was identified to be that of the alkaloid (79):

The molecular formula of TCes was determined to be C32H3004N2 on the basis of
HRESIMS (m/z 507.2276 [M+H]" calcd for 507.2206) (Figure 34) being indicative of 19

double bond equivalents.

:
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Figure 37: HRESI-MS of TCs

The presence in its 'H NMR spectrum (Figure 38) of four series of doublets at oy
2.92 (dd, 13.8, 8.2 Hz, H-17a), 3.03 (dd, 13.8, 6.4 Hz, H-17b); 3.24 (1H, dd, 13.8, 7.3 Hz,
H-10a) and 3.32 (dd, 13.8, 6.3 Hz, H-10b); and of two signals at du 4.93 (q, 6.6 Hz, H-3)
and at ou 4.65 (m, H-7) showed that TCs is a quasi-symmetrical molecule. The integration of
signals between Jou 7.23 and 7.73 suggests the presence of twenty aromatics protons from
four different phenyls groups in this compound. The presence of two signals at dy 6.61 (d,
5.2 Hz, H- 2), and 6.69 (d, 5.9 Hz, H-8) which do not correlate in the HSQC spectrum but
show COSY and HMBC correlations suggested the presence of two secondary amide
groups. Futhermore, the presence of two other dignals at du 4.06 (dd, 11.3, 4.4 Hz, H-6a)
and 4.57 (dd, 11.3, 3.2 Hz, H-6b) confirmed the quasi-symmetrical nature of this compound.
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Figure 38: '"H NMR spectrum (CDCls, 400 MHz) of TCs

Its 3C NMR spectrum (Figure 36) reveals three carbonyl signals at dc 167.2 (C-9),
167.4 (C-1) and 171.9 (C-4). The presence of three methylene groups respectively at dc 37.2
(C-17),37.5 (C-10) and 65.4 (C-6) suggested that the latter is close to the carbonyl ester.
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Figure 39: 1°C NMR spectrum (CDCl3, 100 MHz) of TCs

Correlations observed in the COSY spectrum (Figure 40) between H-17a (on 2.92),
H-17b (0u 3.03) and H-7 (Ju 4.65); between H-10a (du 3.32), H-10b (du 3.24) and H-3 (du
4.93), and between H-7 (du 4.65) and H-6a (du 4.06) and H-6b (du 4.57) showed the

difference between the two parts of the molecule.
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Figure 1: COSY spectrum (CDCl3) of TCq

Figure 40: COSY spectrum (CDCl3) of TCs

HMBC correlations (Figure 41) observed between H-10a/ H-10b, H-3 and C-4 (dc
171.9); between H-2 and C-1; and between H-8 and C-9 enabled the construction of the
central part of the molecule which comprises two amides and one carbonyl ester groups.
Moreover, correlations between H-6a and C-4, C-7, C-17 confirmed the quasidimeric nature

of compound with the two moieties connected to the ester group (C-4).
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Figure 41: HMBC spectrum (CDCls) of TCs

Based on physical and spectroscopic data compared to those described in the
literature (Yaya et al., 2014) the structure of TCes was identified to be that of asperphenamate
(79).




Table XIII: 'H and '*C NMR (CDCls) data of TCs compaired to those of the literature
(Yaya et al., 2014)

position 'H (nH, m, J) 13C
TCs (Yaya et al.,2014) TCs (Yaya et al., 2014)
1 - - 1674 167.4
2 6.61 (d, 5.2 Hz) ; ;
3 4.93 (q, 6.6) 4.92 (q, 6.6) 54.5 54.5
4 ; ; 1719 171.9
5 . .
6 457 (1H,dd, 11.3;3.2)  454(1H,dd, 11.3;3.2) 654 65.4
406 (1H,dd, 11.3; 42)  4.04 (1H, dd, 11.3; 4.4)
7 4.65 (m) 4.63 (m) 50.3 50.3
8 6.69 (d, 5.9 Hz) ]
9 - - 167.2 167.2
10 3.32 (1H, dd, 13.8, 6.3) 3.29 (1H, dd, 13.8, 6.3) 37.5 37.5
3.24 (1H, dd, 13.8, 7.3) 3.21 (1H, dd, 13.8, 7.3)
11 - - 135.8 135.7
12 7.25 (ov) 7.25 (ov) 128.9 128.9
13 7.25 (ov) 7.25 (ov) 128.7 128.7
14 7.29 (ov) 7.29 (ov) 1271 127
15 7.25 (ov) 7.25 (ov) 128.7 128.7
16 7.25 (ov) 7.25 (ov) 128.9 128.9
17 3.03 (1H, dd, 13.8, 6.4) 2.99 (1H, dd, 13.8, 6.4) 37.2 37.2
2.92 (1H, dd, 13.8, 8.2) 2.91 (1H, dd, 13.8, 8.2)
18 - - 137.2 137.1
19 7.48 (s) 7.48 (s) 129.3 129.3
20 7.21 (ov) 7.21 (ov) 127.1 127
21 7.31 (ov) 7.31 (ov) 126.8 126.8
22 7.21 (ov) 7.21 (ov) 127.1 127
23 7.48 (s) 7.48 (s) 129.3 129.3
1’ - - 1333 133.3
2 7.71 (d, 0.9) 7.71 (d, 0.9) 1284  128.4
3’ 7.43 (tt, 7.8, 1.3) 7.43 (tt, 7.8,1.3) 127.1 127.1
4 7.50 (tt, 7.8, 1.2) 7.50 (tt, 7.8, 1.2) 1320 1324
5’ 7.43 (tt,7.5,1.3) 7.43 (tt,7.5,1.3) 127.1 127.1
6’ 7.71 (dd, 8.2, 1.2) 7.71 (dd, 8.2, 1.2) 128.4 128.4
1” - - 134.2 134.2
2 7.69 (dd, 8.8, 1.3) 7.66 (dd, 8.8, 1.3) 1274 1274
37 7.33 (ov) 7.33 (ov) 1292 1292
47 7.43 (tt, 7.5, 1.3) 7.43 (tt, 7.5, 1.3) 1314 1314
5 7.33 (ov) 7.33 (ov) 1292 1292
6 7.69 (dd, 8.8, 1.3) 7.66 (dd, 8.8, 1.3) 1274 127.4

11.2.1.9. Identification of TiSs

white powder in a mixture of Hex/AE (50/50). It is soluble in CHCI.

TiSs was obtained from the stem of Tabernaemontana inconspicua as a yellowish

:




From the spectroscopic data of TiSg such as HRESI-MS, NMR 1D and 2D (including
'H, *C, COSY, HSQC and HMBC) and by comparison of these data to those described in

the literature, its structure was determined to be that of an alkaloid:

On the basis of HRESI-MS (m/z 445.2120 [M+H]" calcd for 445.2127), (Figure 39)
the molecular formula of TiSs was determined to be C27H2804N> indicating 15 double bond

equivalents.
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Figure 42: HRESI-MS of TiSs

The "H NMR spectrum of TiSs (Figure 43) was closely similar to that of TCg with the
difference being that the integration of signals between du 7.26 and 7.75 suggests the
presence of fifteen aromatic protons from three different phenyl groups in this compound

instead of 20 in compound TCs. Furthermore, the presence of a methyl singlet at du 1.69

.




which is absent in the spectrum of TCs suggests that one of the a phenyl group of TCs has
been replaced by a methyl group.
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Figure 43: 'H NMR spectrum (CDCls, 400 MHz) of TiSs

The above suggestion is confirmed by the presence on the 3C NMR spectrum of
TiSs (Figure 44), of a carbon signal at dc 25.2. The deshilding nature of this carbon indicates
that the methyl group is linked to a carbonyl group.
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Figure 44: 1>*C NMR spectrum (CDCl3, 100 MHz) of TiSs

All these physical and spectroscopic data compared to those of literature (Hasnah et

al.,2010) led to the identification of the structure of TiSs to that of patriscabratine (80).
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Table XIV: 'H and '°C NMR (CDCls) data of TiS11 compared to the literature (Hasnah et

al.,2010)
Position 'H (m, J) B3¢C
TiS11 (Hasnah et al., 2010) TiSn (Hasnah et al., 2010)
1 - - 167.4 1674
2 6.61 (d, 5.2) - -
3 4.93 (q, 6.6) 4.92 (q, 6.6) 54.5 54.5
4 - - 171.9 1719
5 - -
6 4.57 (dd, 11.3, 3.2) 4.54 (dd, 11.3, 3.2) 65.4 65.4
4.06 (dd, 11.3, 4.4) 4.04 (dd, 11.3, 4.4)
7 4.65 (m) 4.63 (m) 50.3 50.3
8 6.67 (d, 5.6) -
9 - - 167.2  167.2
10 3.32 (dd, 13.8, 6.3) 3.29 (dd, 13.8, 6.3) 37.5 37.5
3.24 (dd, 13.8, 7.3) 3.21(dd, 13.8, 7.3)
11 - - 135.8 1357
12 7.25 (ov) 7.25 (ov) 128.9  128.9
13 7.25 (ov) 7.25 (ov) 128.7  128.7
14 7.29 (ov) 7.29 (ov) 127.1 127
15 7.25 (ov) 7.25 (ov) 128.7  128.7
16 7.25 (ov) 7.25 (ov) 128.9  128.9
17 3.03 (dd, 13.8, 6.4) 2.99 (dd, 13.8, 6.4) 37.2 37.2
2.92 (dd, 13.8, 8.2) 2.91 (dd, 13.8, 8.2)
18 - - 137.2  137.1
19 7.48 (s) 7.48 (s) 129.3 129.3
20 7.21 (ov) 7.21 (ov) 127.1 127
21 7.31 (ov) 7.31 (ov) 126.8  126.8
22 7.21 (ov) 7.21 (ov) 127.1 127
23 7.48 (s) 7.48 (s) 129.3 129.3
1’ - - 1342 1342
2’ 7.69 (dd, 8.8, 1.3) 7.66 (dd, 8.8, 1.3) 1274 1274
3 7.33 (ov) 7.33 (ov) 129.2  129.2
4’ 7.43 (it,7.5,1.3) 7.43 (tt,7.5,1.3) 131.4 1314
5’ 7.33 (ov) 7.33 (ov) 129.2  129.2
6’ 7.69 (dd, 8.8, 1.3) 7.66 (dd, 8.8, 1.3) 1274 1274

:




I1.2.2. Triterpenoids
I1.2.2.1. Characterisation of TCQOy

Compound TCOy was obtained as a white powder from the fruits of 7. contorta in a
mixture of CH2C1>-MeOH (98:02). It is soluble in methanol and responds positively to the

Liebermann-Burchard’s test giving a red purple color characteristic of triterpenes.

From the spectroscopic data of TCO¢ such as HRESI-MS, NMR 1D and 2D
(including 'H, *C, COSY, HSQC and HMBC and NOESY), its structure was determined to

be that of a triterpene:

The molecular formula of TCO¢9 was found on the basis of HRESI-MS (m/z
517.3112[M-HJ caled for 517.3165) (Figure 42) to be C30HasOs indicating 8 double bond

equivalents.
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Figure 45: HRESI-MS of TCOy

Its '"H NMR spectrum (Figure 46) reveals between dn 0.70 and 1.16 six methyl
singlets instead of eight indicating that two of them have been oxidized. The absence of
methyl doublets between du 1.2 and 1.4 suggests an oleanan skeleton (Mahato and Kundu,
1994). This spectrum also reveals two diasteriotopic oxymethylenes at ou 3.28 (1H, d, 11.1
Hz, H-23a), 3.52 (1H, d, 11.2 Hz, H-23b) and 4.21 (1H, d, 5.4, H-30b), 4.22 (1H, d, 5.4, H-
30a); three oxymethynes at 6u 2.90 (1H, brd, 9.3 Hz, H-2), 3.62 (1H, m, H-3), 3.63 (1H, m,
H-1) and two olefinic protons at oy 5.21 (2H, brs H-11; H-12).
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Figure 46: 'H NMR spectrum (MeOD, 500 MHz) of TCOy
Its '"H-'H COSY spectrum (Figure 47) shows correlations between protons at du 2.90
(H-2)/3.62 (H-3) and 3.63 (H-1); 1.91 (H-10)/3.63 (H-1) and 5.25; 2.84 (H-18)/1.68 (H-19).
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Figure 47: COSY spectrum (MeOD) of TCOy

The 3C NMR spectrum (Figure 48) of TCOy reveals an acid carbonyl signal at dc
180.4 (C-28); olefinic carbons at dc 143.9 (C-13) and 122.0 (C-12) confirming the olean-12-
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ene nature of triterpene; the appearance of another pair of olefinic carbons at dc 143.8 (C-9)
and 122.1 (C-11) reveals the existence of a second double bond. This spectrum also reveals
three oxymethynes at dc 83.0 (C-2), 72.4 (C-3), 68.0 (C-1); two oxymethylenes at dc 65.9
(C-23) and 67.6 (C-30).
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Figure 48: 1°C NMR spectrum (MeOD, 125 MHz) of TCOq

In the HMBC spectrum (Figure 46) of TCOo, correlations were observed between H-
10 and C-1, C-2, C-9, C-11 confirming the two hydroxy groups at positions 1 and 2 and also
the position of the second double bond. In addition, correlations were observed between the
oxymethylene protons and C-3 (dc 72.4), C-4 (oc 46.7), C-5 (dc 41.7), C-24 (dc 11.3)
confirming one of the hydroxymethylene group at position 23; between H-18 and C-12, C-
13, and the acid carbonyl carbon confirming this double bond a position 12 and the acid
group at position 28 and finally between the second hydroxy-methylene at position 30 and
H-19, H-21.
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Figure 49: HMBC spectrum (MeOD) of TCOy

The NOESY spectrum (Figure 47) shows correlations between H-3 and H-24
confirming the position of CH2OH at 23 and not 24 and the f-orientation of OH-2. The
absence of correlation between H-1 and H-3 shows that H-1 is a-orientated. The correlations

observed between CH>,OH-29 and H-18 confirms its position at 30 and not 29.
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Figure 50: NOESY spectrum (MeOD) of TCO<;|_|

The structure of TCO9 was determined based on spectral analysis to be that of
1a,2$,35,23,30-pentahydroxymimusopa-9(11),12-dien-28-oic acid of which the name

contortic acid (81) was given.

24




Table XV: 'H and *C NMR data (MeOD) of TCOy

Position 'H (nH, m, J) 13C
1 3.63 (1H, dd, 10.3; 2.3) 68.0
2 2.90 (1H, d, 9.3) 83.0
3 3.62 (1H, dd, 10.3; 3.9) 72.4
4 - 46.7
5 - 41.8
6 1.08 (2H, m) 26.0
7 1.78 (2H, m) 273
8 - 39.0
9 - 143.9
10 1.91 (1H, d, 2.3) 55.2
1 5.23 (1H, brs) 122.1
12 5.25 (1H, brs) 122.0
13 - 143.9
14 - 41.5
15 1.59 (2H, m) 25.0
16 1.56 (1H, m); 1.42 (1H, m) 18.1
17 - 45.8
18 2.85(1H, d, 13.7) 41.3
19 1.68 (1H, m); 1.36 (1H, m) 38.9
20 - 30.1
21 2.01 (2H, m) 227
22 1.75 (2H, m) 32.1
23 0.70 (3H, s) 11.3
24 3.52(1H,d, 11.2);3.29 (1H,d, 11.2)  65.9
25 0.80 (3H, 5) 16.0
26 0.93 (3H, s) 22.6
27 1.01 3H, ) 27.8
28 - 180.4
29 1.65 (3H, ) 24.9
30 421 (1H, d, 5.4); 422 (1H, d, 5.4) 67.6

11.2.2.2. Identification of TC4+=TCO4

Compound TC4 was obtained as a white powder from the fruits and stem-bark of 7.
conotorta and the stem of T. inconspicua in a mixture of Hex/AE 30%. It is soluble in
DMSO and pyridine. It responds positively to the Liebermann-Burchard’s test giving a red

purple color characteristic of triterpenes.

From the spectroscopic data of TiSs such as 'H, *C NMR and by comparison of
these data to those described in the literature, its structure was identified to be that of a

triterpene:

:




30

On the basis of the interpretations of its NMR spectra, the molecular formula of TCs4

was determined to be C30H4303 (double bond equivalents 7).

Its 'TH NMR spectrum (Figure 51) shows signals at: u 2.90 (1H, dd, 6.0; 12.0 Hz, H-
3) an oxymethine proton. This coupling constants show that the hydroxy group has a f
orientation; du 5.15 (1H, d, 12.0 Hz, H-12) an olefinic proton suggesting a pentacyclic
triterpene of the urs-12-ene type (Mahato and Kundu., 1994); dn 1.80 (1H, m, H-19) and du
1.49 (1H, m, H-20) an information which is directly linked to the presence of two signals at
ou 1.25 (3H, d, 6.0 Hz, H-29) and Jn 1.23 (3H, d, 6.0 Hz, H-30) characteristics of the two
methyl groups at position 29 and 30 of the ursane series. In addition, the presence of five
singlets instead of six between 0.63 and 1.0 ppm proofs that one of the angular methyl

groups of the pentacyclic triterpene has been oxidized.
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Figure 51: 'H NMR spectrum (DMSO-ds, 500 MHz) of TC4

The 3C NMR spectrum (Figure 52) shows carbon signals at: ¢ 125.0 (C-12) and
138.6 (C-13) characteristic of the A'? ursenes (Mahato and Kundu, 1994) confirming the




above suggestions; dc 77.3 (C-3) a hydroxyl carbon atom in relation with the biosynthesis of
triterprnes and the carbonyl signal at dc 178.9 confirms the oxidation of one of the methyl

groups which is most likely at position 28.
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Figure 52: 1°C NMR spectrum (DMSO-ds, 125 MHz) of TCs4

Based on the physical and spectroscopic data of TCs and by comparison of these
data with those described in the literature (Seebacher et al., 2003), its structure was

identified to that of 35-hydroxyurs-12-en-28-oique acid commonly called usolic acid (65).
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Table XVI: *C NMR (DMSO-ds) data of TC4 compared to the literature (Seebacher et al.,
2003)

Position TC4 Seebacher ez al., 2003
1 30.6 39.2
2 24.2 28.2
3 77.3 78.2
4 36.8 39.6
5 55.2 55.9
6 19.5 18.8
7 279 33.7
8 38.9 40.1
9 473 48.1
10 31.8 37.5
11 233 23.7
12 125.0 125.7
13 138.6 139.3
14 38.9 42.6
15 28.8 28.8
16 17.8 25.0
17 40.7 48.1
18 52.8 53.6
19 38.1 39.5
20 39.8 39.4
21 24 .4 31.1
22 29.2 37.4
23 253 28.8
24 17.7 16.5
25 15.6 15.7
26 17.4 17.5
27 19.5 24.0
28 178.9 179.7
29 17.4 17.5
30 17.7 214

11.2.2.3. Identification of TiS3

Compound TiS3; was obtained as a white powder from the stem of 7. inconspicua in a
mixture of Hex/AE 30%. It is soluble in pyridine and responds positively to the Liebermann-

Burchard’s test characteristic of triterpenes.

From the spectroscopic data of TiS3 such as 'H, 3C NMR, COSY, HSQC, HMBC
and by comparison of these data to those described in the literature, its structure was

determined to be that of a triterpene:

:




On the basis of the interpretations of its NMR (1D and 2D) spectra, the molecular

formula of TiS; was determined to be C31Hs0O3 (double bond equivalents 7).

Its '"H NMR spectrum (Figure 53) is readily similar to that TCs with the only

difference being the presence of an intense methoxy signal at du 3.61 (3H, s).

Figure 53: '"H NMR spectrum (pyridine-ds, 400 MHz) of TiS3

The '*C spectrum (Figure 54) of TiS; is also very closed that of TCs but the
appearance of a signal at dc 50.0 which correlates with the above methoxy protons in the
HSQC spectrum (Figure 55) makes the difference between the two structures. The HMBC
spectrum (Figure 56) shows a correlation between the methoxy protons and C-3 (dc 77.9) to

confirm its position.
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Figure 54:'3C NMR spectrum (pyridine-ds, 100 MHz) of compound TiS3
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Figure 55: HSQC spectrum (pyridine-ds) of TiS3
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Figure 56: HMBC spectrum (pyridine-ds) of TiS3




On the basis of the sphysical and spectral data of TiS; and by comparion of these

data with those described in the literature (Kwon et al., 2009), its structure was identified to

be that of 3 f-methoxyurs-12-en-28-oique acid commonly called 3-methoxyusolic acid (82).

30

Table XVII: *C NMR (pyridine-ds) data of TiS; compared to those of the literature (Kwon

et al., 2009)

Position TiS3 (Kwon et al., 2009)
1 30.6 39.2
2 24.2 28.1
3 773 88.0
4 36.8 39.3
5 55.2 55.7
6 19.5 18.3
7 27.9 333
8 38.9 39.7
9 47.3 47.8
10 31.8 37.2
11 233 23.7
12 125.0 1254
13 138.6 139.3
14 38.9 42.3
15 28.8 28.4
16 17.3 24.7
17 40.7 47.7
18 52.8 53.3
19 38.1 38.3
20 39.8 38.7
21 24.4 30.8
22 29.2 36.9
23 25.3 23.7
24 17.7 16.6
25 15.6 15,3
26 17.4 17.3
27 19.5 234
28 178.9 179.6

:




17.2

29 17.4
30 17.7 21.2
O-CH3 523 56.8

11.2.2.4. Identification of TCOs
Compound TCOs was obtained as a white powder from the fruits, stem-bark of 7.

conotrta and the stem of T. inconspicua in a mixture of Hex/AE 20/80. It is soluble in
DMSO and pyridine and responds positively to the Liebermann-Burchard’s test
characteristic of triterpenes.

From the spectroscopic data of TCOs such as 'H, *C NMR and by comparison of

these data to those described in the literature, its structure was identified to be that of a

triterpene:

3

0

Its molecular formula was determined to be CsoH4sOs on the basis of HRESIMS

(m/z489.3576 [M+H]" calcd for 489.3580) (Figure 57), indicating 7 double bond

equivalents.

:




~Y] 489.3576
5]
4]
3]
] 1+
24 511.3397
] 1+
19 471.3469
] L l 527.3301 553.3555
0 N T e L N . T Alllk T Ah T l;l A ;i N Ih T I“A T
420 440 460 480 500 520 540 m'z

Figure 57: HRESIMS of TCOg

Its 'H NMR spectrum (Figure 58) reveals signals at: du 5.29 (1H, brs, H-12), four
methyl singlets (du 0.70, 0.74, 1.04, and 1.23); two methyl doublets at du 0.81 (6.3 Hz, H-
29) and 0.97 (6.3 Hz, H-30) and a methyne at du 2.11 (1H, d, 11.2 Hz, H-18) characteristic
of the urs-12-ene skeleton. In addition, it reveals two oxymethynes du 3.84 (1H, m, H-2a),
3.48 (d, 9.3 Hz, H-3p) and an oxymethylene at dn 3.20 (d, 11.5 Hz, H-23a) and 3.41 (d, 11.5
Hz, H-23Db).
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Figure 58: 'H NMR spectrum (DMSO-ds, 600 MHz) of TCOs




The *C NMR of TCOs (Figure 59) shows carbon signals at: dc 124.9 (C-12) and
138.7 (C-13) characteristic of the A!? ursenes (Mahato and Kundu, 1994); éc 76.3 (C-3) a
hydroxyl carbon atom in relation with the biosynthesis of triterprnes and a carbonyl signal at
oc 180.2. The appearance of signals at dc 69.6 and 65.1 confirms the presence of hydroxyl
groups at positions C-2 and C-23.
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Figure 59: 1°C NMR spectrum (DMSO-ds, 150 MHz) of TCOs

On the basis of physical and spectroscopic data of TCOg and by comparison of these
data with those described in the literature (Collins et al., 1992), its structure was identified to

be that of 2a,3$,23-trihydroxy-urs-12-en-28-oic acid commonly called asiatic acid (83).
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Table XVIII: *C NMR (DMSO-ds) data of TCOs compared to those of the literature
(Collins et al., 1992)

Position TCOs (Collins et al., 1992)
1 43.7 46.4
2 69.6 68.0
3 76.3 78.8
4 42.2 42.7
5 47.4 48.0
6 17.9 18.1
7 32.8 32.4
8 39.5 394
9 43.7 47.3
10 38.1 38.0
11 23.4 23.3
12 124.9 125.2
13 138.7 138.2
14 42.2 42.0
15 27.9 27.9
16 23.9 24.1
17 47.2 47.9
18 52.8 52.8
19 38.9 39.0
20 38.8 38.8
21 30.6 30.6
22 36.7 36.6
23 65.2 68.6
24 17.1 13.1
25 17.3 16.8
26 17,4 17.0
27 23.8 23.7
28 178.7 178.5
29 17.7 17.2
30 21.5 21.2

11.2.2.5. Identification of TiSe

Compound TiS¢ was obtained as a white powder from the stem of 7. inconspicua in a
mixture of Hex/AE (10/90). It is soluble in chloroform and pyridine and responds positively

to the Liebermann-Burchard’s test giving a red purple color characteristic of triterpenes.

From the spectroscopic data of TiSo such as 'H, *C NMR and by comparison of
these data to those described in the literature, its structure was determined to be that of a

triterpene:

:




Its molecular formula was determined on the basis of interpretation of its NMR

spectra to be C39H440¢ indicating 9 double bond equivalents.

Its 'H NMR spectrum (Figure 60) reveals two methyne signals at én 5.47 (1H, brs,
H-12) and 5.48 (1H, brs, H-21) suggesting the presence of two double bonds, four methyl
singlets at ou 0.95, 0.98, 1.04, and 1.27; a methyl doublet at ou 0.99 (6.3 Hz, H-29) and a
vinyl methyl singlet at ou 2.01 (H-30). In addition it reveals a doublet at ou 2.11(1H, d, 11
Hz, H-18) characteristic of the ursene skeleton which is dihydroxylated in positions 2o (0u

4.10, 1H, dt, 11.2; 3.6 Hz) and 38 (Ju 3.41, dd, 10.8; 3.8 Hz).
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Figure 60: '"H NMR spectrum (pyridine-ds, 400 MHz) of TiSe

The '*C NMR of TiSe (Figure 61) shows four olefinic carbon signals with two at: dc
122.8 (C-12) and 145.2 (C-13) characteristic of the A!? ursenes (Mahato and Kundu, 1994)
and the other two are attributed to C-20 (dc 139.6) and C-19 (dc 125.9). It also reveals two
hydroxylated carbon signals at dc 84.1 attribued to C-3 in relation with the biosynthesis of
triterpenes and dc 68.9 attributed to C-2. Two carbonyl signals at dc 180.2 and 180.5

100




attributed to C-23 and C-28 respevtively in comparison with reported data (Mahato and
Kundu, 1994).

T T T T T T T
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Figure 61: '>°C NMR spectrum (pyridine-ds, 100 MHz) of TiSo

The comparison of its physical and spectroscopic data to those reported in literature
(Khan et al., 1991) led to the identification of the structure of TiSo to that of 2a,3/-

dihydroxyurs-12,20-diene-24,28-dioic acid commonly called cordepressenic acid (84).

Table XIX: *C NMR (DMSO-ds) data of TiSo compared to the literature (Khan et al.,
1991)

Position TiSe (Khan et al., 1991)
1 48.4 47.0

2 68.9 67.0

3 84.1 82.5

4 46.7 46.5

5 53.5 53.5

6 18.0 20.66

7 33.5 324

8 39.7 394

9 48.5 49.5

—
[«

39.8 38.0
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

24.1
122.8
139.6
42.5
29.7
24.1
47.0
56.8
40.2
145.2
125.9
38.9
180.5
17.2
17.3
17.4
242
180.2
17.8
26.5

23.0
129.5
138.5
42.0
27.5
25.5
47.2
55.5
36.3
145.0
125.5
37.6
180.0
15.4
16.8
17.0
23.7
181.5
17.2
26.0

11.2.2.6. Identification of TC;

mixture of Hex/AE (80/20). It is soluble in chloroform and pyridine and responds positively

to the Liebermann-Burchard’s test characteristic of triterpenes.

these data to those described in the literature, its structure was determined to be that of a

Compound TC3 was obtained as a white powder from the stem of T. inconspicua in a

From the spectroscopic data of TCs such as 'H, '*C NMR and by comparison of

triterpene:

based on interpretation of its NMR spectra.

Its molecular formula was determined to be C32Hs520; (double bond equivalents 6),
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Its 'H NMR spectrum (Figure 62) reveals six methyl singlets at du 0.76, 0.85, 0.93,
0.94, 0.99 and 1.25 two methyl doublets at ou 0.93 (5.9 Hz, H-29) and 1.04 (5.9 Hz, H-30)
characteristic of the ursane skeleton. Moreover it shows signals at oy 4.52 (1H, dd, 11.2; 6.9
Hz, H-3); a methylketone singlet at 5u2.05 (3H, s) and an sp’ methyne at du 5.40 (1H, brs).
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Figure 62: 'H NMR spectrum (CDCls, 600 MHz) of TC3

The carbon spectrum (Figure 63) of TCs shows carbon signals at: dc 116.2 (C-7) and
45.4 (C-8) characteristic of the A7 ursenes (Mahato and Kundu, 1994); éc 81.1 (C-3) an
oxymethine carbon atom in relation with the biosynthesis of triterpenes and an ester

carbonyl signal at dc 171.0.
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Figure 63: 1°C NMR spectrum (CDCl3, 150 MHz) of TC3




Based on the physical spectral data of TC3 and by comparison of these data with those
described in the literature (Mahato and Kundu, 1994), its structure was identified to that of

Bauerenyl acetate (68).

Table XX: *C NMR (CDCls) data of TC; compared to the literature (Mahato and Kundu,
1994)

Position TC; (Mahato and Kundu, 1994)
1 36.5 36.5
2 24.2 24.2
3 81.1 81.1
4 37.7 37.8
5 50.5 50.0
6 24.0 24.0
7 116.5 116.2
8 145.4 145.4
9 48.1 48.2
10 35.1 35.1
11 16.8 16.9
12 122.8 325
13 139.6 37.8
14 41.2 41.3
15 28.9 28.9
16 31.5 31.5
17 32.0 32.1
18 54.9 55.0
19 353 354
20 38.0 38.0
21 29.2 29.2
22 37.7 37.8
23 27.5 27.5
24 15.8 15.8
25 13.0 13.0
26 23.6 23.6
27 22.7 22.7
28 323 32.1

[\
O

25.6 25.6




30 22.5 22.5
C=0 171.0 171.0

11.2.2.7. Identification of TiS;

Compound TiS, was obtained as a white powder from the stem of 7. inconspicua in a
mixture of Hex/AE (80/20). It is soluble in chloroform and pyridine and responds positively

to the Liebermann-Burchard’s test characteristic of triterpenes.

From the spectroscopic data of TiS, such as 'H, *C NMR and by comparison of
these data to those described in the literature, its structure was identified to be that of a

triterpene:

Its molecular formula was determined to be C30Hs0O (double bond equivalents 6), on

the basis of interpretation of its NMR spectra.

Its 'H NMR spectrum (Figure 64) reveals signals at: éu 3.20 (1H, dd, 6.2 Hz; 11.9,
H-3); angular methyl singlets between Jn 0.80 and 1.10 (H-23, 24, 25, 26, 27, 28); ou 1.70
(3H, s, H-30) probably a vinyl methyl group; o1 4.55 et 4.70 (each 1 H, brs, CH»2-29)
suggesting a lup 20(29) series of pentacyclic triterpenes (Mahato and Kundu, 1994).
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Figure 64: 'H NMR spectrum (CDCls, 400 MHz) of TiS>

The '*C NMR spectrum of TiS; (Figure 65) shows carbon signals at: dc 109.3 (C-29),
150.9 (C-20) and 79.0 (C-3), characteristic of the lup 20(29) series of pentacyclic triterpenes
(Mahato and Kundu, 1994).
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Figure 65: °C NMR spectrum (CDCls, 100 MHz) of TiS»

On the basis of the physical and spectral data of TiS; and by comparison of these

data to those described in the literature (Mahato and Kundu, 1994), its structure was

identified to be that of lupeol (57).
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11.2.2.8. Identification of TiS4

Compound TiS4 was obtained as a white powder from the stem of 7. inconspicua in a
mixture of Hex/AE (78/22). It is soluble in chloroform and pyridine and responds positively

to the Liebermann-Burchard’s test giving a red pourple colour characteristic of triterpenes.

From the spectroscopic data of TiS4 such as 'H, >*C NMR and by comparison of
these data to those described in the literature, its structure was identified to be that of a

triterpene:

Its molecular formula was determined to be C3oHs303 (double bond equivalents 7),

on the basis of interpretation of its NMR spectra.

The '"H NMR spectrum (Figure 66) of TiS4 is relatively similar to that of TiS, with
the difference being that it reveals between du 0.72 and 95 five angular methyls (s, H-23, 24,
25, 26, 27) instead of six, suggesting that one of them has been oxidized.

CH_-30
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Figure 66: 'H NMR spectrum (CDCls, 400 MHz) of TiS4
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The *C NMR spectrum of TiS4 (Figure 67) is also similar to that of TiS, with the
difference being the presence of an additional signal of an acid functional group at dc 179.2

(C-28) confirming the above oxidation.

c-s\. =
C-29

C-20

Figure 67: 1°C NMR spectrum (CDCls, 100 MHz) of TiS4

On the basis of the spectral data of TiS4 and by comparison of these data to those
described in the literature (Mahato and Kundu, 1994), its structure was identified to be that
of 3-hydroxylup-20, 29-en-28-oic acid or butelinic acid (59).

11.2.3 Steriods

11.2.3.1 Identification of TCO=TC>=TiS:

TCO; was obtained as white crystals, from fruits and stem-bark of 7. contorta and
stem of T. inconspicua. It is soluble in CHCI3 and gives a positive response to the
Liebermann-Burchard test giving a green colour, characteristic of steroids.

Its molecular formula was determined on the basis of the interpretation of its NMR

spectra to be CaoHasO

Its 'TH NMR spectrum (Figure 68) shows signals at du 5.15 (1H, m), du 5.03 (1H, dd)
and on 5.36 corresponding to H-23, H-22 and H-6 respectively. This was confirmed by the
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four olefinic carbon resonances observed in the '*C NMR spectrum (Figure 69). The two
signals at dc 129.2 and 138.3 are typical of C-23 and C-22 of a A?* sterol skeleton
(Rubinstein et al., 1976). The two other signals that appear at dc 121.7 and 140.7 are
characteristic of C-6 and C-5 of a A’ sterol frame work (Tandon et al., 1990). Furthermore, a
signal at dc 72.8 is attributed to an oxymethine carbon which is assigned to C-3; this

information is confirmed by a multiplet at Jy 3.52 on the proton spectrum.

The comparison of its physical and spectroscopic data to those reported in literature

(Goad, 1991) led to the identification of TCO; as stigmasterol (85).
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Figure 68: 'H NMR spectrum (CDCl3, 400 MHz) of TCO;
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Figure 69: 1°C NMR spectrum (CDCl3, 100 MHz) of TCO
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11.2.3.2. Identification of TCO;3 =TCi¢

TCO:g was obtained as a white powder, from the fruits and stem-bark of 7. contorta
in a mixture of hex/AE (25/75) It is soluble in pyridine and gives a positive response to the
Liebermann-Burchard test giving a green color, characteristic of steroids and to the molish’s

test giving a purple color, characteristics of sugars.

Its molecular formula was determined on the basis of the interpretation of its NMR
spectra to be C35Hg0Os.
The 'H NMR (Figure 70) spectrum reveals signals at 6y 4.01 (1H, m, H-3); 5.09 (2H,
d, H-6) characteristics of sterol (Tandon ef al., 1990). Also, a large triplet is observed at Ju
4.33 belonging to the H-6" of glucose with its anomeric proton at Ju 4.10. This leads to a
suggestion that the TCO:s is a steroid glycoside.

2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.2 | 1.2 1.1 1.0 0.5 ©0/a 0.7 ppm

Figure 70: 'H NMR spectrum (pyridine-ds, 300 MHz) of TCOs

The structure of TCO1s was confirmed by the '*C NMR (Figure 7168) which reveals
two at dc 141.4 and 122.4 ppm belonging to sp® carbons of a A% ®-sterol (Tandon et al.,
1990). An anomeric carbon is observed at dc 103.0 and six others between dc 63.3 — 79.1

belonging to the hydroxylated carbons of glucose.
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Figure 71:'3C NMR spectrum (pyridine-ds, 75 MHz) of TCOs
On the basis of the spectral data of TCO13 and by comparison of these data to those
described in the literature (Villasen or et al., 2002), its structure was identified to be that of

sitosterol-3- O-4-D- glucopyranoside (86).

11.2.3.3. Identification of TiS14

TiS14 was obtained as a white powder from the stem of 7. inconspicua in a mixture of
hex/AE (25/75). It is soluble in pyridine and gives a positive response to the Liebermann-

Burchard and to the molish’s test.

Its molecular formula was determined on the basis of the interpretation of its NMR

spectra to be C35HszOs

Its '"H NMR (Figure 72) spectrum is similar to that of TCOs but its *C NMR
spectrum (Figure 73) reveals the presence of additional two sp? carbon signal at dc 125.4

and 148.2 showing the presence of an additional double bond.

On the basis of spectral data and by comparison of these data to those described in
the literature (Ngouela. 1990), the structure of TiS14 was identified to be that of stigmasterol
3-0O-f-D-glucopyranoside (87).
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Figure 73: 1*C NMR spectrum (pyridine-ds, 100 MHz) of TS14
I1.2.4. Monoterpenes

11.2.4.1. Identification of TCO,

TCO, was obtained from the stem-bark of Tabernaemontana contorta as colorless

scrystals in a mixture of Hex/AE 70/30. It is soluble in CHCl;.
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From the spectroscopic data of TCO, such as 'H, '3*C NMR and by comparison of

these data to those described in the literature, its structure was identified to be that of a

monoterpene:

(88) 10

On the basis of EI-MS (m/z =170[M]") (Figure 74) and spectral analysis, its

molecular formula was determined to be CoH1403 indicating three double bond equivalents.
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Figure 74: EIMS of TCO;

The '"H NMR spectrum of TCO: (Figure 75) reveals signals of: an oxymethylene at
ou 4.35 (1H, dd, 12.0, 4.0 Hz, H-1b) and 4.15 (1H, dd, 12.0, 3.0 Hz, H-1a); an oxymethyne
at o 4.20 (1 H, m, H-7) ; two methylenes at du 2.74 (1H, dd, 16.0, 8.0 Hz, H-4b), 2.43 (1H,
dd, 16.0, 4.0 Hz, H-4a), 2.15 (IH, m, H-6b), 1.43 (IH, ddd, 14.0, 11.0, 3.5Hz, H-6a); three
methynes at ou 3.10 (IH, m, H-5); 2.22 (IH, m, H-9) and 1.89 (1H, m, H-8) and a methyl at
ou1.15 (IH, d, 7.5 Hz, H-10).
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Figure 75: '"H NMR spectrum (Pyridine-ds, 400 MHz) of TCO:

Its 3C NMR spectrum (Figure 76) shows 9 signals. Coupled with the DEPT spectrum
(Figure 74) reveals signals that comprise: one methyl at dc 13.7 (C-10); three methylenes at
0c 69.2 (C-1), 33.5 (C-4), 42.8 (C-6); four methynes at dc 35.3 (C-5), 74.4 (C-7), 42.8 (C-8),
42.6 (C-9) and a carbonyl signal at dc 173.9 (C-2).

-1 C-7

Figure 76: '°C NMR spectrum (Pyridine-ds, 100 MHz) of TCO»

Figure 77: DEPT-135 spectrum (Pyridine-ds, 100 MHz) of TCO»

Based on spectral analysis and by comparison of spectral data to those described in
the literature (Bianco et al., 1994) the structure of TCO, was identified to be that of

isoboonein (88).
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Table XXI: 'H and '*C NMR (Pyridine-ds) data of TCO2 compared to the literature (Bianco
etal., 1984)
Position '"H (nH, m, J) B¢
TCO: (Bianco et al, 1994) TCO: (Bianco et al., 1994)
1 4.35(1H,dd, 12.0,4.0) 432 (1H,dd, 12.0, 4.0) 69.2 67.5
4.15(1 H, dd, 12.0, 3.0) 4.16 (1 H, dd, 12.0, 3.0)
2 - - - -
- - 173.9 172.3
4 2.74 (1H, dd, 16.0, 8.0) 2.66 (1H, dd, 15.5,7.5) 335 31.6
2.43 (1H, dd, 16.0, 4.0) 239 (IH, dd, 15.5, 4.0)
5 3.10 (IH, m,) 2.95 (IH, m,) 353 335
6 2.15 (IH, m) 2.06 (IH, ddd, 14.0, 8.0, 1.0) 038
1.43 (1H, ddd, 14.0, 11.0, 3.5) 1.43 (1H, ddd, 14.0, 11.0, 3.5) 40.6
7 420 (1 H, m) 4.15 (1 H,m) 749 744
8 1.89 (1 H, m) 1.94 (1 H,ddg, 4.0, 10.0, 8.0) 08 407
9 2.22 (IH, m, H-9) 2.16 (H, m, H-9) 06 404
10 1.15(H, d, 7.5) 1.09 (1H, d, 8.0) 13.7 13.3
11.2.4 lipids

11.2.4.1. Characterization of TiS;s

TiSi5s was obtained as a white powder from the stem of 7. inconspicua, in a mixture

of CH2Cl2-MeOH (85:15). It is soluble in pyridine and DMSO.

From the spectroscopic data of TiSis such as HRESI-MS, HRESI-MSMS, NMR 1D
and 2D (including 'H, ¥C, COSY, HSQC and HMBC), its structure was determined to be

that of a cerebroside:
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Its molecular formula was established to be C30H77NOyg based on its HRESI-MS (at
m/z 705.5723 [M+2H]* calcd for 705.5755), indicating two double bond equivalents.
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Figure 78: HRESI-MS of TiS1s

The 'H NMR spectrum of TiS;s (Figure 79) a group of proton signals oy 1.10-1.38
(m), 0.78 (6H, t, 5.9 Hz), which indicates that TiS1s might belong to the sphingolipid class of
compounds. Its '"H NMR data suggests the glycolipid nature of the molecule with the
anomeric proton at Jy 4.13 (1H, d, 8.8 Hz). The characteristic signals of 2-amino-3-
hydroxyl-1-ol of the hydrocarbon chain were observed at 6u3.98 (1H, m, H-2), 3.92 (1H, m,
H-1); 3.53 ( 1H, m, H-1), and 3.33 (1H, m, H-3) and that of the 1’-carbonyl-2’-ol of the
hydrocarbon chain was observed at du 3.82 (1H, m, H-2").
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Figure 79: 'H NMR spectrum (DMSO-ds, 600 MHz) of TiS1s

The '*C NMR spectrum (Figure 80) reveals signals at dc 103.7, 77.0, 76.5, 73.7, 70.2
and 61.3 suggesting that the sugar in TiS;s is of the f-D-glucopyranose form (Falk and
Karlsson, 1979). The characteristic peaks of 2-amino-3-hydroxyl-1-ol of the hydrocarbon
chain were observed at dc 50.3 (C-2), 61.3 (C-1) and 71.0 (C-3) and that of 1’-carbonyl-2’-
ol of the hydrocarbon chain were observed at dc 174.8 (C-1) and 71.4 (C-2). The *C NMR

spectrum shows signals of two terminal methyl groups in aliphatic hydrocarbon chains at dc

13.9.
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Figure 80: 1°C NMR spectrum (DMSO-ds, 150MHz) of TiSis

Analysis of the 2D NMR spectra ("H-'H COSY (Figure 78) and HMBC (Figure 81))
led to the assignment of proton and carbon signals for TiSis. However, correlations were

observed in the COSY spectrum between protons of the 2-amino-3-hydroxyl-1-ol of the

Chramicsl Shift {(ppm)
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hydrocarbon chain H-1/ H-2, H-2/ H-3 and H-3/H-4. It also shows correlations of the 1°-
carbonyl-2’-ol of the hydrocarbon chain between H-2" (du 3.85) and H-3 (du 1.42). The
HMBC spectrum shows correlation arising from the anomeric proton at ou 4.14 and C-1 (dc
68.9). Furthermore, it shows correlations between H-2’ and the carbonyl carbon (dc 174.3)

and between H-1; H-3 and C-2.
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Figure 81: COSY spectrum (DMSO-ds) of TiSi5
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Figure 82: HMBC spectrum (DMSO-ds) of TiS15

Its ESI-MS/MS fragment analysis (Figure 83) shows one of the major fragments ions
at m/z [M + H]" 369.2185 indicating that the 1’-carbonyl-2’-0l of the hydrocarbon chain the

presence of a fatty chain of 19 carbon atoms.
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Figure 83: HRESI-MS/MS of compound TiS1s

m/z

It is reported that the absolute configurations of C-2 and C-3 in all sphingolipids

isolated from natural plants were 25 and 3R, respectively (Hua and Pei, 2001), and the

chemical shifts of C-2 (dc 50.3) and C-3 (dc 70.8) were very similar to those of ceramides,

which have the same configuration (Kim et al., 1997). Accordingly, the structure of TiS1s

was determined to be

1-O-p-D-glucopyranosyl-(2S,3R)-N-(2’-hydroxytricosanoyl)-

decasphingenine of which the name contortanoside (89) was given.

OH
HO . =,
¢ O
2 1O (CH3)¢CH3
2
HC}{O > OH vaH

o 2_(CH;),0CH;

(89) OH

Table XXII: *C and '"H NMR data for TiSs

position TiS
13C 'H (nH, m, J)
1 69.4 3.92 (1H,m); 3.53 (1H,m)
2 50.3 4.01 (1H,m)
3 70.8 3.33 (1H, m)
4 24.9 1.24 (2H, m)
5-9, 4°-22° 22.9-29.8 1.12-1.31 (52H, brs)
10,23 0.78 (6H, t, 5.9)
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r 174.8 -

2 71.2 3.82 (1H, m)

3 26.0 1.42 (1H, m)

1” 103.5 413 (1H, d, 8.8)

2” 73.4 2.96 (1H, m)

3” 76.4 3.17 (1H, m)

4 70.1 30.6 (1H, m)

5” 76.8 3.13 (1H, m)

6” 61.2 3.67 (1H, m); 3.45 (1H, m)

11.2.4.2.Characterisation of TCO1o

TCO19 was obtained from the fruits of Tabernaemontana contorta as a white powder

in a mixture of AE-MeOH (95:5). It is soluble in DMSO and pyridine.

From the spectroscopic data of TiCO19 such as HRESI-MS, NMR 1D (including 'H,

13C), its structure was suggested to be that of a cerebroside:

G T emyen

YH on
; i (CH,);,CH;

5

2
1 3

OH (90)

Its molecular formula was determined to be C41H79NO19 based on its HRESI-MS (at
m/z 747.5817 [M+2H]* calcd for 747.5860), indicating two double bond equivalents.
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Figure 84: HRESI- MS of TCO19
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The 'H NMR spectrum (Figure 85) of TCO9 is very similar to that of TiSs with the
main difference being the presence of a multiplet at ou 5.67 (2H, m) suggesting the presence

of aodiuble bond in the molecule.
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Figure 85: 'H NMR spectrum (Pyridine-ds, 400 MHz) of TCO19

The *C NMR spectrum (Figure 86) of TCOq is also very similar to that of TiSis
with the main difference being a double bond at dc 131.5 and 131.6 confirming the

suggestion above.
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Figure 86: °C NMR spectrum ((Pyridine-ds, 100 MHz) of TCO9

Its ESI-MS fragment analysis (Figure 84) shows one of the major fragment ions at
m/z [M]" 316 indicating that the 2-amino-3,4-hydroxyl-1-ol hydrocarbon chain presents a
fatty chain of 14 carbon atoms. The fragment at 499 indicates an allylic fragment confirming
that the double bond is at position 9°.
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Based on spectral analysis, the structure of TCO19 was suggested to be that of that
of1-O-p-D-glucopyranosyl-(2S,3S,4R)-N-(2-hydroxyheptadec-9-enoyl)-
octadecasphingenine. (90).

10

NS> (CH,)¢CH;

(CHys

2 (CHy)12CH;
1 3 Y

OH (90)

11.2.4.3.Characterisation of TCO2

TCOs0 was obtained from the fruits of 7. contorta as a white powder in a mixture of

CH2Cl-MeOH (85:15). It is soluble in DMSO and pyridine.

From the spectroscopic data of TCOz such as HRESIMS, NMR 1D (including 'H,

13C), its structure was partially determined to be that of a cerebroside:

OH
0
(CH,)n'CH;
HO HN
O z
O H
0 3 (CH,)nCH,
Q0 OH
OH

Its molecular formula was determined to be C3sH71NO19 based on its HRESI-MS (at
m/z 703.5200 [M+2HJ*" calcd for 703.5234), indicating three double bond equivalents.
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Figure 87: HRESI-MS of TCO»o

The 'H NMR spectrum (Figure 88) of TCOx is also very similar to that of TiS;s. The

difference is the presence of protons at dc 6.12 (m) belonging to bouble bonds.
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Figure 88: 'H NMR spectrum (Pyridine-ds, 400 HMz) of TCOx

The *C NMR spectrum (Figure 89) of TCOx is also like that of TiS;s but the main
difference is the appearance of two double bonds at dc 130.3 and 130.5, 132.9 and 133.1.
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Figure 89: 1°C NMR spectrum (Pyridine-ds, 100 MHz) of TCOxo

On the basis of spectral analysis, the structure of TCOo was partially determined to be

that of a phytocerebroside.

OH
© (CH)n'CHj;
HO o HI;I
Hq{o ~ O\/E\(\/(CHZ)HCH3
OH

11.2.4.4 Characterisation of TC12

TC12was obtained from the stem-bark of 7. contorta as a white powder in a mixture of

CH2Cl>-MeOH (96:4). 1t is soluble in DMSO and pyridine.

From the spectroscopic data of TCi2 such as HRESI-MS, HRESIMSMS, NMR 1D

(including 'H, 13C), its structure was suggested to be that of a ceramide:




(CH,),7CH;

rOYG Y \ (CH,);CH;,

OH (91)

Its molecular formular was determined to be C32Hs2NOs based on its HRESI-MS (at
m/z 563.4548 [M+Na]" calcd for 563.4526), indicating two double bond equivalents.
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Figure 90: HRESI- MS of TC12

The 'H NMR spectrum (Figure 91) of TCi» reveals a group of proton signals
between dy 1.15 and 1.35 (m) with a terminal methyl group at du 0.88 (6H, t, 7.0 Hz), three
oxymethines at ou 3.35 ( 1H, m), 3.37 ( 1H, m), 3.85 ( 1H, m); an oxymethylene at on 3.53
(1H, m) and 3.58 (1H, m); four hydroxyl proton at éu 4.33 (d, 6.2 Hz) , 4.58 (brs), 4.66 (d,
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5.5 Hz), 5.49 (d, 7.7 Hz). This spectrum also reveals a doublet at 7.39 (d, 9.2 Hz) belonging
to the NH group suggesting that TCi» is a ceramide.
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Figure 91: 'H NMR spectrum (DMSO-ds, 500 MHz) of TC12

The *C NMR spectrum (Figure 92) of TCi» reveals characteristic signals of 2-
amino-3,4-dihydroxyl-1-ol hydrocarbon chain at dc 51.5 (C-2), 60.9 (C-1), 71.4 (C-3) and
75.0 (C-4) those of 1’-carbonyl-2’-o0l of the hydrocarbon chain were observed at dc 174.0
(C-1) and 71.5 (C-2) and two terminal methyl groups in aliphatic hydrocarbon chains at dc
14.3 confirming the ceramide nature of TCi,. In addition, it reveals a double bond at dc
130.1 and 130.6.
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Figure 92: 1°C NMR spectrum (DMSO-ds, 125 MHz) of TC1>
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Its ESI-MS/MS fragment analysis (Figure 93) shows one of the major fragments ions
at m/z [M]" 326 indicating that the 1’-carbonyl-2’-0l hydrocarbon chain presents a fatty
chain of 18 carbon atoms. The pic at 485 indicates an allylic fragment confirming that the

double bond is at position 6.
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Figure 93: HRESI- MS/MS of TC12

On the basis of spectral analysis the structure of TC1, was suggested to be that of (R)-
2-hydroxy-N-((2S,3S,4R,6E)-1,3,4-trihydroxydodec-6-en-2-yl)icosanamide (91).

(CH,),,CH;

¢ ~ (CH2)3CH;3

OH (91

I1.2.4.5.Characterisation of TCO14

TCO14 was obtained from the fruits of 7. contorta as a white powder in a mixture of

CH2Cl2-MeOH (86:14). It is soluble in pyridine and responds positively to the nitrogene test.
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From the spectroscopic data of TCO;s such as HRESI MS, NMR 1D (including 'H,

13Q), its structure was partially determined to be that of a ceramide:

(CHz)nCH:z,

It’s molecular formular was determined on the basis of interpretation of NMR

spectra to be C44HsoNOs indicating one double bond equivalent.

The "H NMR (Figure 94) spectrum of TCO14is similar to that of TCj».
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Figure 94: 'H NMR spectrum (Pyridine-ds, 400 MHz) of TCO14

The 3C NMR spectrum (Figure 95) of TCOy4 is also like that

difference being the absence of a double bond.

of TCi, with the
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Figure 95: °C NMR spectrum (Pyridine-ds, 100 MHz) of TCO14

On the basis of spectral analysis, the structure of TCO14 was partially determined to be

that of a phytoceramide.

(CHz)nCH::,

I1.2.4.6.1dentification of TiS13=TC~

TiS13 was obtained from fruits of 7. contorta and stem-bark of T.inconspicua as a

gummy white solid in a mixture of Hex/AE 10/90.1t is soluble in MeOH.

From the spectroscopic data of TiSi3 such as 'H and '*C NMR, compared to
published data, its structure was identified to be that of a fatty acid:

OH OH

132 11

CH,(CH,), LN (CH,),COOH

OH (92

Its molecular formula was determined based on the interpretation of its NMR spectra

to be C1sH3405being indicative of two double bond equivalents.

Its 'TH NMR spectrum (Figure 96) reveals a triplet at 1 0.91 (3H, 7.4 Hz, H-18) and
a large singlet at oy 1.34 integrating for fourteen protons showing the presence of a

hydrocarbon chain of about seven methylenes in the molecule. In addition, it reveals three

129




oxymethines at on 3.41 (1H, brs, H-12), 3.90 (1H, t, 5.6 Hz, H-9), 4.05 (1H, q, 5.9 Hz, H-13)
and two olefinic protons at du 5.68 (1H, dd, 15.9; 5.6 Hz, H-10) and 5.70 (1H, dd, 15.9; 5.6
Hz, H-11).
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Figure 96: 'H NMR spectrum (MeOD, 500MHz) of TiS:3

Its 1*C NMR spectrum (Figure 97) reveals eighteen carbon signals including an acid
carbonyl signal at dc 176.7, two olefinic carbons at dc 129.6 and 135.1 and three
oxymethines at oc 71.6, 74.3, 75.1.
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Figure 97: 1°C NMR spectrum (MeOD, 125 MHz) of TiSi3
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Based on the spectral analysis and by comparison of its spectral data to those
described in the literature (Choi ef al., 2012), the structure of TiS:13 was identified to be that

0f'9,12,13-trihydroxy-10(E)-octadecenoic acid commonly known as pinellic acid (92).

OH OH

Z 11

132
CH4(CH,), 2N (CH,),COOH

OH (92

Table XXIII: '*C NMR (MeOD) data for TiS13 compared to the literature (Choi et al.,
2012)

Position 13C (ppm) of TS12 (Choi et al., 2012)
1 176.3 177.9
2 33.5 35.1
3 25.1 26.2
4 28.5 29.9
5 28.9 30.1
6 29.1 30.3
7 25.2 26.3
8 36.9 38.8
9 71.6 72.7
10 129.6 130.4
11 135.1 136.4
12 75.1 76.2
13 74.4 75.5
14 32.1 33.2
15 24.6 25.9
16 31.7 32.8
17 224 23.5
18 13.0 14.3

11.2.4.7. Identification of TC;

TC; was obtained from the stem-bark of T’.conforta as a white powder in a mixture of

Hex/AE 95/05. 1t is soluble in CHCls.

On the basis of spectral analysis, its molecular formula was determined to be
C25H500: indicating one double bond equivalents.

Its proton NMR spectrum (Figure 98) shows a triplet at ou 0.81 (6.0 Hz),
attributable to a terminal methyl group which is linked to a methylene, another triplet

at ou 2.28 (7.0 Hz) attributable to another methylene adjacent to a carbonyl group.




This spectrum also shows an intense pic integrating for fourty-two protons at du 1.30
indicating the presence of about twenty-one methylenes in a long hydrocarbon chain.

The '*C NMR (Figure 99) spectrum reveals the presence of an acid carbonyl signal at
oc178.4.

Based on spectroscopic analysis and by comparison with the literature (Xian ef al.,
2010), the structure of TC; was identified to be that of pentacosanoic acid (93) commonly
known as hyenic acid.
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Figure 98: 'H NMR spectrum (CDCl3, 500 MHz) of TC,
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Figure 99: *C NMR spectrum (CDCls, 125 MHz) of TC;
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I1.3. BIOLOGICAL TESTS ON SOME ISOLATED COMPOUNDS

11.3.1. Anticancer effect

Compounds TCOs, TiSs, TiSs, TiS13, TiSs, TCi, TCO2 and TCs were tested for their
anticancer effects on human breast cancer MDA-MB 231 cells. Figure 100 shows a plot the
cell viability in percentage DMSO against concentration of all the compounds. TiSs reveals
to be the most cytotoxic. For that reason, its cytotoxic effect on thes ame cells was measured
over time (24 and 48 hours). The results (Figure 98) show that this compound is more
cytotoxic when treated for 48h (ICs0 2.19 + 0.15 uM) than 24h (ICso 3.35 + 0.50 uM). We
also observed that the cell viability of breast cancer cells decreased as the concentration of
the compound increases. These results indicate that TiSs inhibited the cell growth in both a
concentration and time-dependent manner, and it therefore suggested that this compound can

be used as a chemotherapeutic agent since it was found to be more effective overtime

exposure.
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Figure 100: Anti cancer effect of some isolated compounds on human breast cancer MDA -
MB 231 cells
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Figure 101: Anticancer effect of TiSs on human breast cancer MDA-MB 231 cells
I1.3.2. Anti-inflammatory assay

Compounds TCOs (compound 1) and TCO3 (compound 2) were evaluated for their
ability to inhibit nitric oxide (NO) production in lipopolysaccharide-stimulated RAW264.7
macrophage cells, but did not exhibit significant NO inhibitory activity (Figure 102A). The
cell viability was also determined using Cell Counting Kit-8 (CCK-8) and we found that
compound TCOs significantly (p<0.05) increased the proliferation of RAW 264 cells as
compared to cells treated with LPS and DMSO used as solvent (Figure 102B). This increase
in cell proliferation also correlates with the increased level of NO released by LPS-

stimulated RAW 264.7 cells treated with compound TCOs.
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Figure 102: Effect of compunds on nitric oxide inhibitory activity (A) on

lipopolysaccharide (LPS)-stimulated RAW 264.7 cells and their cell viability (B).

134



CONCLUSION AND PERSPECTIVES

This work led to the isolation of twenty compounds from the fruits of 7. contorta,
eighteen from the stembark of 7. contorta and fifteen from the stem of 7. inconspicua. A
total of twenty-eight compounds were compounds were isolated and twenty-six of them
characterized and classified as nine alkaloids including three new derivatives (aparicine-21-
one (74), 5,6-dioxo-11-methoxy voacangine (76) and 5,6-dioxo-11-hydroxy voacangine
(77)) and six known (ibogamine-16-carboxy-17,20-didehydro-5,6-dioxo-10-methoxy-
methyl ester (75), voacangine (22), perakine (78), tetrahydroalstonine (12), asperphenamate
(79), patriscabratine (80)); eight triterpeniods with one new derivative (contortic acid (81))
and seven known (usolic acid (65), 3-methoxy ursolic acid (82), asiatic acid (83),
cordepressenic acid (84), baurenyl acetate (68), lupeol (57), butelinic acid (59)); 1 known
monoterpene (isoboonein (88)); three steroids (stigmasterol (85), (24 R)-sito-5-ene-3- O-f-
D- glucopyranoside (86) and stigmasterol 3-O-S-D-glucopyranoside (87)) and five lipids
with one new cerebroside (contortanoside (89)) and six others (1-O-f-D-glucopyranosyl-
(2S,3S,4R)-N-(2-hydroxyheptadec-9-enoyl)-octadecasphingenine (90), (2R)-2-hydroxy-N-
((2S,3S,4R,6E)-1,3 4-trihydroxydodec-6-en-2-yl)icosanamide (92), pinellic acid (94) and

pentacosanoic acid (95)).

Aparicine-21-one (74) and 5,6-dioxo-11-methoxy voacangine (76) were tested on
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells to determine their
inhibitory effect on nitric oxide (NO) production and no significant inhibitory activity was
found. Meanwhille, compound (5,6-dicarboxo-11-methoxy voacangine (76)) slightly
increased the proliferation of RAW 264.7 cells which correlates well with the increased

level of NO released by these cells.

The anticancer effect of pinellic acid (92), pentacosanoic acid (93), isoboonein (88),
perakine (78), 5,6-dioxo-11-hydroxy voacangine (77), patriscabratine (80), asiatic acid (83)
and 3-methoxy ursolic acid (82) , was carried on human breast cancer MDA-MB 231 cells
and 5,6-dioxo-11-hydroxy voacangine (77) showed a significant activity. This compound
inhibited the cell growth in both a concentration and time-dependent manner, and it
therefore suggested that this compound can be used as a chemotherapeutic agent since it was

found to be more effective overtime exposure.

In order to complete this work, we hope in the future to characterize and test the rest
of compounds, further our tests on 5,6-dioxo-11-hydroxy voacangine (77) which could be

used as a chemotherapeutic agent. We also hope to extend our study to other parts of these
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plans as well as other plants of the genus Tabernaemontana, to carry out other tests such as
antibacterial, antiplasmodial, antifungi tests, for which plants of the the genus
Tabernaemontana were active, on the crude extract and isolated compounds. We will carry

out chemical transformations on the isolated compounds which may improve their activity.

We will now explain the procedures we followed to obtain the results given above.
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III.1. GENERAL EXPERIMENTAL PROCEDURES

Masses were measured using Mettler 472 or Sartorius microbalance.

Mass spectra were registered on a micromass A-F instrument on a Nermag R10-10C
spectrometer and the HP-5937 mass selective detector. EI (20 ev and 70 ev) with direct inlet.
FAB+ with glycerol as matrix. NMR spectra were recorded using from 400 or 800 MHz
Varian Gemini instrument and an NMR-Spectrospin Bruker AC from 400 or Advance 800.
All spectra were recorded in CDCl3, pyridine-ds, MeOD or DMSO-ds as solvent unless

otherwise stated. Tetramethyl silane was used as internal standard.

Micropipettes and glass columns ranging from 1 to 4 cm in diameter were used for
column chromatography. Silica gel 60 (240-400 mesh), 60H (5-40 pm), 60 AC (20-45 pum),
60 AC (35-70 um) were used as solid phase. Elution (gradient or isocratic) was allowed to
proceed via gravity or under atmospheric pressure. The development of column
chromatography and chemical reactions, were monitored by thin layer chromatography on
pre-coated aluminium and glass sheets [Si gel 60 F254, 0.25 mm (Merck, Darmstadt,
Germany)]. Compound spots were detected with UV light (254 and 365 mm, Spectroline
Model ENF-240 CFEO) and/or by spraying with vanillin/sulphuric acid reagent, followed by
heating at 150 °C. Fractions were bulked according to their retention factors. Eluents
included hexane, ethyl acetate, dichloromethane and methanol in varying proportions

depending on the polarity of the compounds involved.

ITI1.2. CHARACTERISTIC ANALYTICAL TESTS

Phytochemical screening was realised by characteristic tests. About 25 mg of crude
extracts were dissolved in 12 ml of CHCIs. Portions of 5 ml were used for each test. For the

isolated compounds, a pinch was dissolved in about 1 ml and similarly tested.
Liebermann-Burchard’s Test

Objective: Identification of triterpenes and sterols

Reagents: Chloroform, acetic anhydride, concentrated sulphuric acid (50 ml/20 ml/1 ml).

To a chloroform solution of the sample to be analysed, a few drops of acetic
anhydride is added, followed by concentrated sulphuric acid. Triterpenes and their saponins
change colours from brick red, through purple, then blue and finally to green. Sterols give a

blue colour that rapidly changes to green.
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Molish’s Test
Objective: Identification of sugars.
Reagents: Ethanol, a-naphtol, concentrated sulphuric acid.

In a test tube, the sample is dissolved in a solution of 1% ethanol in napthol. Add a
few drops of concentrated sulphuric acid, letting it flow down the side of the tube. The
appearance of a purple-red ring at the interface, between the liquids indicates the presence of

a sugar.

Ferric Chloride Test

Objective: Identification of phenols
Reagents: Iron (III) chloride, methanol

A few drops of Iron (III) chloride are added to an alcoholic solution of the compound.

Phenols manifest a colour change from yellow to purple.
Meyer and Draggendorf’s test
Objective: identification of alkaloids

Reagents: HCl, Meyer’s reagent (potassiomercuric iodide solution) and Draggendorf’s

reagent (potassium tetraiodobusmate)

To a test tube containing 8ml of extract, add 2ml of HCI (2%). Separate the mixture
into two test tubes. To one, add 3 drops of Meyer’s reagent and observe a yellowish white
precipitate and to the other, add 2 drops of Draggendorf’s reagent and observe brown-red

precipitate.

II1.3. MATERIALS

II1.3.1. Plant material

The different parts of 7. contorta (fruits and stem-bark) and 7. inconspicua (stem)

were collected in December 2013 at mount Elounden and Kalla respectively, locations of the
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central region of Cameroon. These plants were identified by Mr NANA Victor
(identification numbers NHC 45445 and NHC 61026 respectively).

II1.4. EXTRACTION AND ISOLATION OF COMPOUNDS

111.4.1. Extraction

The air-dried and ground visible parts 7. contorta (1000 g of fruits and 2000 g of
stem-bark) and T. inconspicua (1200 g of stem) were macerated in a mixture of
CH2Clo/MeOH (1/1, 15 1) each for 48 hx3. After concentration at normal pressure using a
rotary evaporator, total masses of 200 g, 176 g, and 180 g of crude extracts were obtained

respectively.

111.4.2. Isolation

A part of the three extracts of 7. contorta (180 g of fruits and 150 g of stem-bark)
and 7. inconspicua (90 g of stem) was fractionated in a chromatographic column using silica
gel 60 (240-400 mesh, 500 g), at normal pressure, using a mixture of hexane-ethyl acetate
and ethyl acetate-methanol in increasing polarity. The obtained fractions were concentrated
and grouped according to their TLC profiles in 5 series A-F each as presented in the tables
24, 28 and 32.

Table XXIV: Chromatogram of the crud extract of the fruits of 7. contorta

Eluent Fraction | TLC Series | Observation

Hex 100% 1-5 Hex A A mixture of at least 9 compounds
Hex/AE 90/10 6-10 including a white precipitate
Hex/AE 80/20 11-15 Hex/AE B A mixture of at least 6 compounds

Hex/AE 70/30 16-20 90/10
Hex/AE 60/40 21-24

Hex/AE 50/50 25-30 Hex/AE C A mixture of at least 6 compounds
Hex/AE 40/60 31-34 50/50
Hex/AE 30/70 35-40
Hex/AE 20/80 41-44
Hex/AE 10/90 45-50

AE 100% 51-54 AE/MeOH | D A mixture of at least 4 compounds
AE/MeOH 90/10 | 55-60 95/5
AE/MeOH 80/20 | 61-64
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AE/MeOH 70/30

65-70

AE/MeOH | E

90/10

Mixture of 2 compounds at least +

tailing

The different Fractions were allowed to rest for a few days after which:

a precipitate in the form of white needlets was observed in fractions 6-9. It was washed

with hexane and indexed TCOy;

a precipitate in the form of white powder was observed in fractions 18-20, washed using

a mixture of Hex/AE and indexed TCO4;

- fractions 24, 38, 54 and 60 precipitated in the form of white powder, was washed using

Hex/AE and indexed TCO4, TCO1s, TCO16, TCOgs.

Treatment of Series B

Series B was further chromatograghed on silica gel (120 g) column using a mixture

of n-hexane-EtOAc of increasing polarity. Fractions of 100 ml were collected, concentrated

and grouped according to their TLC profiles in 3 sub-fractions, as presented in the following

table.

Table XXV: Chromatogram of series B

Eluent Fraction TLC Series Observation

hexane 1-5 Hex/EA 95/05 1 Yellow oil containing
Hex/EA 95/05 6-11 TCO;

Hex/EA 90/10 12-17 Hex/EA 85/15 2 A mixture of, TCOs
Hex/EA 85/15 18-28 and TCOg

Hex/EA 80/20 29-39 Hex/EA 75/35

Hex/EA 75/35 40-47 3 A mixture of TCO»,
Hex/EA 70/30 48 CHxCl, TCOs and tailings

Subfraction B1 was separated by column chromatography (CC) using n-hexane-

EtOAc (95/15) as an eluent, to obtain compound TCOs. B2 was separated by CC eluted with
an isocratic system of MeOH-CH>Cl, (2/98) to obtain TCOs and TCOs. B3 was separated by
CC eluted using n-hexane-EtOAc (72/38) to obtain TCO; and further eluted using n-hexane-
EtOAc (70/30) to obtain TCOs.
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Treatment of Series C

Series C was separated by means of CC on silica gel (100 g) using a mixture of n-
hexane-EtOAc of increasing polarity. Fractions of 50 ml were collected. These were
concentrated and grouped according to their TLC profiles in Ssub-fractions, as presented in

table 25.

Table XXVI: Chromatogram of series C

Eluent Fraction TLC Series | Observation

Hex/EA 75/25 1-6 1 A mixture containing TCOy

Hex/EA 70/30 7-21

Hex/EA 65/35 12-17 Hex/EA 70/30 2 A mixture containing TCOy

Hex/EA 60/40 18-30

Hex/EA 40/60 31-50 Hex/EA 60/40

Hex/EA 45/55 51-68 3 A mixture containing TCO1,

Hex/EA 50/50 69-80 CHyCL,

Hex/EA 40/60 81-95 4 A mixture containing TCO;

Hex/EA 45/55 96-114 CH»Cl,/MeOH 5 A mixture containing TCO14
95/05

Hex/EA 40/60 115

The different subfractions were purified using CC. However, C1 was eluted using a
mixture of CH2Cl,-MeOH (98/02) to obtain TCOo; C2 was eluted using a mixture of
CH>CL>-MeOH (95/05) to obtain TCO1o; C3 was eluted using a mixture of CH>Cl,-MeOH
(92/08) to obtain TCO11; C4 was eluted using a mixture of CH2Cl>-MeOH (90/10) to obtain
TCOr2; C5 was eluted using a mixture of CH2Cl.-MeOH (90/10) to obtain TCO14.

Treatment of Series D

Series D was also chromatograghed on silica gel (100 g) column using a mixture of
n-hexane-EtOAc in increasing polarity and a mixture of EA/MeOH. Fractions of 50 ml were
collected. These were concentrated and grouped according to their TLC profiles in 3 sub-

fractions, as presented in the following table.




Table XXVII: chromatogram of series D

Eluent Fraction | TLC series Observation
Hex/EA 50/50 1-13 Hex/EA 60/40 1 A mixture containing
Hex/EA 40/60 14-32 TCO17
Hex/EA 35/65 33-43 CH:CL
Hex/EA 30/70 44-50 2 A mixture containing
Hex/EA 25/75 51-81 TCOs
Hex/EA 20/80 82-110 CH>Cl/MeOH
95/05
Hex/EA 15/85 111-131 3 A mixture containing
Hex/EA 10/90 132-142 TCOx20
EA 100% 143-159 | CH2Cl,/MeOH
90/10
EA/MeOH 95/05 160-180
EA/MeOH 90/10 181 tailings

The different subfractions were purified using CC. However, D1 was eluted using a
mixture of CH>Cl.-MeOH (90:10) to obtain TCO;7; D2 was eluted using a mixture of
CH>CL,-MeOH (88:12) to obtain TCOig; D3 was eluted using a mixture of CH>Cl,-MeOH
(85:15) to obtain TCOxo.

Table XXVIII: Chromatogram of the crud extract of the stem-bark of 7. contorta

Eluent Fractio | TLC Series | Observation

n
Hex 100% 1-5 Hex/AE 95/5 A A mixture of at least 9 compounds
Hex/AE 90/10 6-10 including a white precipitate
Hex/AE 80/20 11-15 Hex/AE 90/10 B A mixture of at least 6 compounds
Hex/AE 70/30 16-20
Hex/AE 60/40 21-24
Hex/AE 50/50 25-30 Hex/AE 50/50 C A mixture of at least 6 compounds
Hex/AE 40/60 31-34
Hex/AE 30/70 35-40
Hex/AE 20/80 41-44
Hex/AE 10/90 45-50
AE 100% 51-54 CH2CI12-MeOH D A mixture of at least 4 compounds
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AE/MeOH 90/10 | 55-60 | 95/5

AE/MeOH 80/20 | 61-64

AE/MeOH 70/30 | 65-70 CH2CI2-MeOH E Mixture of 2 compounds at least
90/10 + tailing

The different Fractions were left to rest for a few days after which:

a precipitate in the form of white needlets was observed in fractions 5-12. It was washed
with hexane and indexed TCi;
a precipitate in the form of white powder was observed in fractions 12-14, washed using
a mixture of Hex/AE and indexed TC»;

- fractions 20-24, 26-30, 54-56 and 73 precipitated in the form of white powders, was
washed using Hex/AE and indexed TCs, TCio, TCi3, TCis.

Treatment of Series B

Series B was chromatograghed on silica gel (150 g) column using a mixture of n-
hexane-EtOAc in increasing polarity. Fractions of 100 ml were collected. These were
concentrated and grouped according to their TLC profiles in 4 sub-fractions, as presented in

the following table.

Table XXIX: Chromatogram of series B

Eluent Fraction | TLC series | Observation

hexane 1-6 Hex/EA 95/05 | 1 Yellow oil containing TC;
Hex/EA 95/05 6-12

Hex/EA 90/10 13-17 Hex/EA 85/15 |2 A mixture containing TC3
Hex/EA 85/15 18-30

Hex/EA 80/20 31-39 Hex/EA 75/35 |3 A mixture containing TC4
Hex/EA 75/25 40-56

Hex/EA 70/30 57 CH:Cl A mixture containing TC;

The different subfractions were purified using CC. However, B2 was eluted using a
mixture of Hex-EA (75/25) to obtain TC3; B3 was eluted using a mixture of Hex-EA (75/35) to

obtain TCy4; B4 was eluted using a mixture of CH>Cl> to obtain TC.

Treatment of Series C
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Series C was chromatograghed on silica gel (120 g) column using a mixture of n-

hexane-EtOAc in increasing polarity. Fractions of 50 ml were collected. These were

concentrated and grouped according to their TLC profiles in Ssub-fractions, as presented in

the following table.

Table XXX: Chromatogram of series C

Eluent Fraction TLC series | Observation

Hex/EA 75/25 1-10 1 A mixture containing TCs
Hex/EA 70/30 11-17

Hex/EA 65/35 18-24 Hex/EA 70/30 2 A mixture containing TCy
Hex/EA 60/40 25-30

Hex/EA 40/60 31-37 Hex/EA 60/40

Hex/EA 45/55 38-42 3 A mixture containing TC;
Hex/EA 50/50 43-48 CHuCL,

Hex/EA 40/60 49-59 4 A mixture containing TC;
Hex/EA 45/55 60-71 CH,Cl/MeOH 95/05 | 5 A mixture containing TCs
Hex/EA 40/60 72

The different subfractions were purified using CC. However, C1 was eluted using
CH2Clz to obtain TCs; C2 was eluted using a mixture of CH2Cl.-MeOH (98/02) to obtain
TCo; C3 was eluted using a mixture of CH2Cl,-MeOH (92/08) to obtain TC11; C4 was eluted

using a mixture of CH,Cl,.-MeOH (90/10) to obtain TCi2; C5 was eluted using a mixture of

CH>Cl,-MeOH (90/10) to obtain TCjs.

Treatment of Series D

Series D was also chromatograghed on a silica gel (100 g) column using a mixture of

n-hexane-EtOAc of increasing polarity and a mixture of EA/MeOH. Fractions of 50 ml were

collected. These were concentrated and grouped according to their TLC profiles in 3 sub-

fractions, as presented in the following table.

Table XXXI: Chromatogram of series D

Eluent Fraction TLC

series

Observation
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Hex/EA 50/50 1-13 Hex/EA 60/40 1 A brown mixture
Hex/EA 40/60 14-32

Hex/EA 35/65 33-43 CH.CL

Hex/EA 30/70 44-50 2 A mixture containing
Hex/EA 25/75 51-81 TCyy

Hex/EA 20/80 82-110 CH>ClL/MeOH 95/05

Hex/EA 15/85 111-131 3 A mixture containing
Hex/EA 10/90 132-142 TCis

EA 100% 143-159 CH>CL/MeOH 90/10

EA/MeOH 95/05 160-180

EA/MeOH 90/10 181 tailings

The different subfractions were purified using CC. However, D2 was eluted using a
mixture of CH>Cl,.-MeOH (85/15) to obtain TC17; D3 was eluted using a mixture of CH>Cl,-
MeOH (83/17) to obtain TC;s.

Table XXXII: Chromatogram of the crud extract of the stem of 7. inconspicua

eluent fraction | TLC series | observation

Hex 100% 1-5 Hex/AE 95/5 A A mixture of at least 9 compounds
Hex/AE 90/10 6-10 including a white precipitate
Hex/AE 80/20 11-15 Hex/AE 90/10 B A mixture of at least 6 compounds

Hex/AE 70/30 16-20

Hex/AE 60/40 21-24

Hex/AE 50/50 25-30 Hex/AE 50/50 C A mixture of at least 6 compounds

Hex/AE 40/60 31-34

Hex/AE 30/70 35-40

Hex/AE 20/80 41-44

Hex/AE 10/90 45-50

AE 100% 51-54 CH»Cl,-MeOH D A mixture of at least 4 compounds

AE/MeOH 90/10 | 55-60 95/5

AE/MeOH 80/20 | 61-64

AE/MeOH 70/30 | 65-70 | CH2CI2-MeOH | E Mixture of 2 compounds at least +
90/10 tailing

The different Fractions were left to rest for a few days after which:




a precipitate in the form of white needlets was observed in fractions 6-10. It was washed
with hexane and indexed TiS;;
precipitate in the form of white powders were observed in fractions 16-20, and 22-28
washed using a mixture of Hex/AE and indexed TiSz and TiS13 respectively.

- fractions 31-33, 35-40, 55 and 67 precipitated in the form of white powders, was
washed using Hex/AE and indexed TiSs, TiS7, TiSs.

Treatment of Series B

Series B was chromatograghed on a silica gel (120 g) column using a mixture of n-
hexane-EtOAc of increasing polarity. Fractions of 100 ml were collected. These were
concentrated and grouped according to their TLC profiles in 3 sub-fractions, as presented in

the following table.

Table XXXIII: Chromatogram of series B

Eluent Fraction | TLC Series | Observation

hexane 1-5 Hex/EA 95/05 1 Yellow oil

Hex/EA 95/05 6-11

Hex/EA 90/10 12-17 Hex/EA 85/15 2 A mixture containing TiS4
Hex/EA 85/15 18-28

Hex/EA 80/20 29-39 Hex/EA 75/35

Hex/EA 75/35 40-47 3 A mixture containing TiSs
Hex/EA 70/30 48 CH:CL

Subfraction B2 was separated by column chromatography (CC) using n-hexane-
EtOAc (95:15) as an eluent, to obtain compound TiS4. B3 was separated by cc eluted using
n-hexane-EtOAc (72:38) to obtain TiS:s.

Treatment of Series C

Series C was chromatograghed on silica gel (150 g) column using a mixture of n-
hexane-EtOAc in increasing polarity. Fractions of 50 ml were collected. These were
concentrated and grouped according to their TLC profiles in 4 sub-fractions, as presented in

the following table 33.

Table XXXIV: Chromatogram of series C

Eluent Fraction TLC series Observation

147




Hex/EA 75/25 1-8 1 A mixture containing
Hex/EA 70/30 9-18 TiSe

Hex/EA 65/35 19-22 Hex/EA 70/30 2 A mixture containing
Hex/EA 60/40 23-30 TiSo

Hex/EA 40/60 31-50 Hex/EA 60/40

Hex/EA 45/55 51-68 3 A mixture containing
Hex/EA 50/50 69-80 CHxCL, TiS1o

Hex/EA 40/60 81-95 4 A mixture containing
Hex/EA 45/55 96-114 CH>ClL,/MeOH 95/05 TiSy

The different subfractions were purified using CC. However, C1 was eluted using a
mixture of CH2Clb-MeOH (94/06) to obtain TiS¢; C2 was eluted using a mixture of CH,Cl,-
MeOH (95/05) to obtain TiSo; C3 was eluted using a mixture of CH2Cl-MeOH (92/08) to
obtain TiS10; C5 was eluted using a mixture of CH>Cl,-MeOH (90/10) to obtain TiSi;.

Treatment of Series D

Series D was also chromatograghed on a silica gel (100 g) column using a mixture of
n-hexane-EtOAc in increasing polarity and a mixture of EA/MeOH. Fractions of 50 ml were
collected. These were concentrated and grouped according to their TLC profiles in 3 sub-

fractions, as presented in the following table.

Table XXXV: Chromatogram of series D

Eluent Fraction | TLC Series Observation

Hex/EA 50/50 1-13 Hex/EA 60/40 1 A mixture containing
Hex/EA 40/60 14-32 TiS12

Hex/EA 35/65 33-43 CH:CL

Hex/EA 30/70 44-50 2 A mixture containing
Hex/EA 25/75 51-81 TiS14

Hex/EA 20/80 82-110 CH:Cl/MeOH 95/05

Hex/EA 15/85 111-131 3 A mixture containing
Hex/EA 10/90 132-142 TiS1s

EA 100% 143-159 | CH2Cl/MeOH 90/10

EA/MeOH 95/05 160-180

EA/MeOH 90/10 181 tailings

148




The different sub fractions were purified using CC. However, D1 was eluted using a
mixture of CH2Clb-MeOH (90/10) to obtain TiSi2; D2 was eluted using a mixture of
CH2CL2-MeOH (88/12) to obtain TiS14; D3 was eluted using a mixture of CH2Cl.-MeOH
(85/15) to obtain TiSys.

ILS. BIOLOGICAL TESTS

OIIL.S.1. Anti cancer activity

MDA-MB 231 cells were grown at 37 °C with 5% CO> in a humidified environment
in Dulbecco’s Modified Eagle’s Medium (DMEM) high glucose (4.5 g/L) containing L-
glutamine (4 mM) supplemented with 10% (v/v) fetal bovine serum (FBS). The cells were
seeded at a density of 10,000 cells per well in 96-well microtitre plate. After seeding, they
were treated with 10 uM of the compounds dissolved in dimethyl sulfoxide (DMSO) and
diluted in fresh culture medium. During each experiment, the maximal concentration of
DMSO in the medium did not exceed 0.5%. Staurosporine (STS) at 2 uM was used as a
positive control. After incubation for 48 h at 37 °C with 5% CO2, the cell viability was
determined by adding 10 pL of CCK-8 solution as described by the manufacturer. After
incubation for 1 h at 37 °C with 5% CO,, the absorbance was measured
spectrophotometrically at 550 nm in a microplate reader. Each assay was done in triplicate

and results are presented as means + standard error. *p < 0.05, ***p < 0.001.

IIL5.1.1. Anticancer effect of compound TiSs

MDA-MB 231 cells were grown at 37 °C with 5% CO: in a humidified environment
in Dulbecco’s Modified Eagle’s Medium (DMEM) high glucose (4.5 g/L) containing L-
glutamine (4 mM) supplemented with 10% (v/v) fetal bovine serum (FBS). The culture
medium was changed every 48h and the cells in a logarithmic increase phase were seeded at
a density of 10,000 cells per well in 96-well microtiter plate. After seeding, the cells were
allowed to attach overnight (at 37°C, 50% CO) after which they were treated with
increasing concentrations of TiSs for 24 and 48 h respectively. The cell viability was
measured by Cell Counting Kit-8 (CCK-8) assay, and the results are presented as percentage
of DMSO (0.5%) used as negative control. The inhibitory rate at 50% (ICso) was determined
by using the non-linear regression analysis with GraphPad Prism 6.0. Each experiment was

carried out in triplicate and data are presented as mean + SEM, p < 0.05, ***p <0.001.
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IIL.5.2. Anti-inflammatory assay

I11.5.2.1. Cell culture

RAW 267.4 cells were cultured in DMEM medium containing 10% FBS, 100 ug/mL

streptomycin and 100units/mL penicillin at 37 °C in a humidified incubator with 5% CO».
IIL5.2.2. Cell viability assay

Cell viability was measured by Am-Blue assay. In brief, 1x10* RAW 264.7 cells
were seeded into 96-well plates, then treated with compounds at different concentrations or
DMSO for 24 h, Am-Blue reagent (10 uL per well) was added to each well and detected by
Thermo Scientific VarioskanFlash Multimode Reader with excitation at 544 nm and

emission at 590 nm, respectively. Each sample was performed in triplicate.
I11.5.2.3. Nitric Oxide measurement

RAW 264.7 cells were seeded in 48-well plates and treated with compounds for 2 h
before exposure to LPS (1 pg/mL) for another 24 h. NO measurements were conducted in
the cell culture medium by using commercially available kits based on the Griess reaction

(Beyotime). Data reported are the mean values from triplicate analyses.
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I11.6. PHYSICO-CHEMICAL PROPERTIES OF
COMPOUNDS DESCRIBED

CHARACTERISTICS

TCOg: apparicine-21-one.
Physical appearance: black powder
Molecular formula: CisHisON>

'H and '*C NMR data: see Table 6

TCOs: 5,6-dioxo-11-methoxy
voacangine Physical appearance:
yellow powder

Molecular formula: C23H2606N2
'H and *C NMR data: see Table 7

TiSs: 5,6-dioxo-11-hydroxy
voacangine

Physical appearance: yellow powder
Molecular formula: C22H2406N2

'H and '*C NMR data: see Table 8

TiS10: ibogamine-16-carboxy,17,20-
didehydro-5,6-dioxo-10-methoxy-
methyl ester

Physical appearance: yellow powder
Molecular formula: C22H2405N>

'H and '*C NMR data: see Table 9

TiSs = TCO7: voacangine

Physical appearance: greyish needlets

Molecular formula: C22Hz803N>
'H and '>C NMR data: see Table 10

STRUCTURES

MeO

MeO
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TCs: perakine

Physical appearance: yellowish
crystals

Molecular formula: C21H2203N>

"H and *C NMR data: see Table 11

TiS7: tetrahydroalstonine

Physical appearance: yellow needlets
Molecular formula: C21H2503N>

"H and *C C NMR data: see Table 12

TCs: asperphenamate

Physical appearance: yellowish-white
powder

Molecular formula: C32H3004N2

"H and '*C NMR data: see Table 13

TiSs: patriscabratine

Physical appearance: white

powder

Molecular formula: C27H2804N2

"H and *C NMR data: see Table 14

TCOy: contortic acid

Physical appearance: white powder
Molecular formula: C3oH4606

'H and *C NMR data: see table 15

16
O\ 22

17 18
O/l.

9 19

10 ' 20
‘s
/2 3 ‘CHO

) 137N 1 21

12 (78)
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TC4=TCO4: usolic acid

Physical appearance: white powder
Molecular formula: C3oH4303

'H and '*C NMR data: see Table 16

TiS;3: 3-methoxy ursolic acid
Physical appearance: white powder
Molecular formula: C31Hs0O3
'H and '3C NMR data: see Table 17

TCOs: asiatic acid

Physical appearance: white powder
Molecular formula: C3oH4s0s5

'H and '3C NMR data: see Table 18

TiSo: cordepressenic acid

Physical appearance: white powder
Molecular formula: C30H4406

'H and '3C NMR data: see Table 19

30

g
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TC3: baurenyl acetate

Physical appearance: white powder
Molecular formula: C31Hs20

"H and '*C NMR data: see Table 20

TiS2: lupeol
Physical appearance: white powder
Molecular formula: C30Hs0O

TiS4: butelinic acid
Physical appearance: white powder
Molecular formula: C30Hs303

TCO=TC,=TSi: stigmasterol.
Physical appearance: white needlets
Molecular formula: C29H4g0

TCO1s =TCjis: sitosterol-3- O-p-D-
glucopyranoside

Physical appearance: white powder
Molecular formula: C3sHgoOs
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TiS14: stigmasterol-3-O-f-D-
glucopyranoside

Physical appearance: white powder
Molecular formula: C35HsgOs

TCOz: Isoboonein

Physical appearance: colorless
crystals

Molecular formula: CoH1403

'H and '3C NMR data: see table 21

TiS1s: contortanoside

Physical appearance: white powder
Molecular formula: C39H77NOg

'H and '*C NMR data: see table 22

TCO19: 1-O-f-D-glucopyranosyl-

(2S,3S,4R)-N-(2-hydroxyheptadec-9-

enoyl)-octadecasphingenine.
Physical appearance: white powder
Molecular formula: C2sHs3NOg

TCOz0: phytocerebroside
Physical appearance: white powder
Molecular formula: C32Hs9NOg

H50 -3

2_(CH;),,CH;

(89) OH

/\/\(CH2)6CH3

(CHys o

HO6” o I;]H Ol

4 5 8] H -
3 . A A (CH)12CH;3

Hcﬁo o OH 1 ’ 3 X

OH (90)
OH

O
(CH,)n'CH,

/gé/ \/Y\/(CHz)nCH3
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TC12: (2R)-2-hydroxy-N-
((2S,3S,4R,6E)-1,3,4-
trihydroxydodec-6-en-2-
yl)icosanamide

Physical appearance: white powder
Molecular formula: C37H73NO

TCOn14: phytoceramide
Physical appearance: white powder
Molecular formula: C44HsoNOs

TiS13:=TCOs: pinellic acid

Physical appearance: white powder
Molecular formula: Ci1sH3405

'H and *C NMR data: see table 23

TC:: pentacosanoic acid
Physical appearance: white powder
Molecular formula: C39H77NOg

CH,(CH,),

HO

0)

A

93)

(CH3),3CH3

(CH,)nCHj;

(CHpn'CH;

OH

¢~ ° (CH,),COOH
92)

(CH»)3CHj;
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