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ABSTRACT
Plants provide awide range of useful chemicals for inanaging many ailments. Large numbers of
biologically active compounds with wide varieties of structures have been isolated from plants
with some developed into drugs. Plants are therefore a promising source of compounds for
management of dis~ases or use as templates for designing new' =detivatives with improved
properties. This is necessary because infective agents have developed resistance to most of the
existing drugs. The plants Cissampelos pare ira. Tinospora oblongifolia and Triclisia sacleuxii
are used widely in traditional medicine to manage varieties of ailments including malaria and
bacterial infections. [Iheir crude extracts have shown diverse biological activities but the active
compounds are not known. This research set out to isolate and characterise the antiplasmodial
and antibacterial compounds from the aerial parts Cissampelos pare ira, stems of Tinospora
oblongifolia and Triclisia sacleuxii. The crude extracts were subjected to antiplasmodial and
antibacterial assays. Antiplasmodial assay were done using a non-radioactive assay technique to
determine 50% growth inhibition on cultured parasites. Two parasitic strains, chloroquine (CQ)"
sensitive Sierra I (D6) and CQ-resistant Indochina I (W2), of Plasmodium falciparum were
grown. Chloroquine and mefloquine were used as positive controls. Staphylococcus aureus
Staphylococcus epidermidis, Escherichia coli and Pseudomonas aeruginosa were used in the
antibacterial assay by disc diffusion assay for the crude extracts and microdilution assay for the
isolates. For positive control streptomycin was used. With the exception of the n-hexane extracts,
all the other extracts from the three plants displayed moderate to good in vitro antiplasmodial
activity. However, the crude extracts had poor selectivity indices with methanol extract of C.
pareira displaying the best selectivity index (3.93). All the tested antibacterial strains were
susceptible to all the extracts of the three plants with the exception of the n-hexane extracts to
which they were resistant. The largest diameter of zone of inhibition (21.4 mm) was observed
with n-butanol extract of T. sacleuxii against S. aureus. A bisbenzylisoquinoline alkaloid,
isotetrandrine (172),i,two protoberberine alkaloids; palmatine (130) and columbamine (132) two
ferrulamides; trans-li-feruloyltyramine (167) and trans-N-caffeoyltyramine (168), three lignans;
yangambin (171) syringaresinol (166) and sesamin (170), a cyclitol, epiquercitol (173) an
aldehyde, 4-hydrox)'I:"benzaldehyde (165), two sterols; p-sitosterol (164) and stigmasterol (178),
a p-carboline alkaloid; 1-(6-hydroxy-l-( 4-hydroxybenzyl)-3,4-dihydro-l
H-pyrido[3,4-b [indol2(9H)-yl)tetracosan-l-one (sacleuximine),(169) two glucosides; ~-sitosterol glucoside (177) and
withanolide E glucoside (183), two esters; 2-(4'-hydroxyphenyl)-ethyl
lignocerate (174) and
docosyl-3, 4-dihydroxy-trans-cinnamate
(175), a ceramide; 2', 3'-dihydroxy-N-{(2S,3S,4R)1,3,4-trihydroxyicosan-2-yl} tetracosanamide (176), three triterpenes; lupeol (181), lanosterol
(179) and oleanolic: acid (180) and a flavonoid; epicatechin (182), were isolated. Three
compounds displayed potent antiplasmodial activity. Compound 172 displayed an IC50 of 0.31\
and 0.11 11M, compound 130 IC50 0[0.19 and 0.83 11M and compound 132 ICso 0[0.98 and o.ie
11M against the CQ sensitive D6 and CQ resistant W2 Plasmodium falciparum strains
respectively. They. also displayed good selectivity indices with compound 132 displaying the
highest index of 54.75. Compound 166 was the most active antibacterial compound with MlC
values ranging frornlO.9 to 14.8 J..lM:Isolation of compound 173 and lignans (166, 170 and 171'
are reported for the first time from the genus Triclisia. The compounds 169 and 176 are reporter
for the first time. Antibacterial activity of T. sacleuxii and antiplasmodial and antibacteria
activitie-Sof T. obl« .ngifolia are reported for the first time. This research validates the use of thes.
plants in folk medicine in the management of a variety of ailments. The identified COlTIl- ound
are recommended for further development into drugs to help reduce the disease burden.
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CHAPTER ONE
1.0. INTRODUCTION
1.1. Background of the Study
(

Plants have been sources of medicines since ancient times. The use of plant-derived drugs forthe
treatmentof diseases has a long and successful tradition. Of particular interest are the plants used
.

.

in popularmedicine, for some of which it has been possible to confirm their traditional uses, and

new biologically active molecules have been isolated such as quinine isolated from Cinchona
bark and Artemisinin from Artemisia annua L., which illustrates
investigating traditionally used medicinal

plants for development

the potential

value of

of pharmaceutical

drugs

(Srisilam and Veersham, 2003). Considering the importance of the traditional medicine, plant
drugs must be scientifically evaluated for their alleged uses, safety and as suitable approach for
developmentof new drugs (Calixto, 1996).

The resurgent interest in drugs of plant origin is due to resistance of some infective agents to
conventional drugs, and that approximately

80% of the rural population in sub-Sahara Africa

relies on traditional medicines for their primary healthcare needs (WHO, 2002a). Approximately

25% of the drugs prescribed worldwide come from plants. Of the drugs considered as basic and
essentialby WHO, 11% ate exclusively of plant origin or synthetic drugs obtained from natural
precursors (Shu, 1998). There are a number of plants that are used in traditional medicine to
manage various ailments for example malaria, but they have not been subjected to scientific
evaluation so as to establish their active constituents. These plants are potential sources of new
diseasemanagement agents. This is because infective agents have developed resistance to most
of the available drugs.

1
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.1.1. Malaria and Chemotherapy

Malaria, a preventable but often fatal disease, affects more than 90 countries, inhabited by more
an 2.4 billion people (40% of the world's population)
countries throughout the tropics and warm temperate

(WHO, 2000). :<-1tis endemic in 107
zones (WHO, 2005) and i~ the most

. portant tropical parasitic disease (Cattani et al., 1993).

The most affected region is sub-

aharan Africa (McGinn, 2002). In 2008, there were 247 million cases of malaria and nearly one
million deaths - mostly among children living. in Africa (WHO, 2010). In Africa a child dies
every 45 seconds of malaria, the disease accounts for 20% of all childhood deaths (WHO, 2010).
Other high-risk groups include pregnant women, non-immune

travelers,

refugees, displaced

persons and labourers entering endemic areas. The disease causes significant economic losses,
and can decrease gross domestic product (GDP) by as much as 1.3% in countries with high
levels of transmission (WHO, 2010). Over the long term, these aggregated annual losses have
resulted in substantial differences

in GDP between

countries

with and without

malaria,

particularly in Africa. The health costs of malaria include both personal and public expenditures
.

.

on prevention and treatment. In some heavy-burdened

countries, the disease accounts for up to

40% of public health expenditures, 30% to 50% of inpatient hospital admissions and up to 60%
of outpatient health clinic visits (WHO, 2010). Malaria disproportionately
who cannot afford treatment

affects poor people

or have limited access to health care, trapping

communities in a downward spiral of poverty (WHO, 2010). It undermines

families
investment

and
in

development since large amounts of development funds are channeled to disease prevention and
treatment. In highly endemic areas, learning capacity of 35-60% of all school children may be
impaired (WHO, 1999; 1998). As a broad social burden, malaria is estimated to cost Africa $3-

2

2 billion annually (McGinn, 2002).

In Africa, the average cost for each nation to implement

alaria control programs is estimated at > $300,000 per year.
elude control and lost working days-estimated

Costs to endemic countries

to be 1-5 % of GDP in Africa (WHO, 1998).
\

"-.
exception of a few cases

of trans-placental

smission, malaria parasites are exclusively
genus Anopheles (Collins and Paskewitz,

transmitted

and blood

transfusion-associated

by female adult mosquitoes of the

1995). Despite efforts directed towards the control of

malariavector, emergence of insecticide resistant insects has frustrated these efforts. Some of the
insecticides especially the synthetic have been banned because they are non-biodegradable

(Eliot

et al., 1974). The use of natural insecticides for example pyrethrum powder has been restricted
due to lack of prolonged residual action and high cost (Kumar,

1984). Other methods of vector

control include personal protection, biological control, genetic modification

and environmental

management (Alonso et aI., 1991; Popiel and Olkowski, 1990; Schrieber and Jones, 2000).

There are four species of human malaria parasites: Plasmodium

vivax, P. ovale, P. ma/ariae and

P. Jalciparum. P. Jalciparum is the most virulent species and predominates

in Africa, eastern

Asia, Oceania and the Amazons (WHO, 1997a). Malaria parasites can be controlled by use of
vaccines or chemotherapy (both prophylactic and curative). The development of vaccines against
malaria is an area where much effort has been directed but without much success (Cohen and
Mitchel, 1978). The absence of an effective and safe vaccine means that chemotherapy
only available method of managing malaria parasite. Thus continued

is the

search of antimalarial

agents especially from plant sources is imperative.

Some of the drugs used in malaria management give little protection against infection, but are
effective in treatment, while others serve as both prophylactic and curative drugs (Service, 1986).
3

nfortunately,the parasites have developed resistance to most anti-malarial

drugs (Trigg et al.,

997). This has necessitated the use of combination therapy to minimize the risk of resistance
velopment. Even so, there is evidence that resistance to Artemisinin

,Combination

Therapy

'-.

CIs), which is the WHO recommended

current method of malaria management,

may be

velopingin Zanzibar after a short period of use (Sisowath et al., 2005). Combination therapy
so increases the cost of treatment. This underlines the urgent need for continued search of new
timalarial drugs from medicinal plants. It has long been recognized

that natural product

compoundshave the characteristics of high chemical diversity, biochemical specificity, and other
molecularproperties that make them favourable structures for drug discovery, and which serve to
differentiatethem 'from libraries of synthetic and combinatorial

compounds (Clardy and Walsh,

2004). It is not known whether some of the plants that are used in traditional medicine for
managementof malaria contain compounds that can be developed into antimalarial drugs or used
as templatesfor the development of new antimalarial agents.

1.1.2. Microbial Diseases and Antibiotics
Antibioticswere considered to be 'miracle drugs' when they first became available half a century
ago, but their popularity rapidly led to overuse (Saleem et al., 2010). Over the last decade, it has
becomeclear that antibiotics are losing their effectiveness as pathogens evolve resistance against
them, a problem compounded by the fact that new drugs only rarely reach the market. Moreover,
bacteria can acquire drug resistance in a multitude of ways, so getting around the resistance
problem is not a straightforward matter (Saleem et al., 2010). The decreasing effectiveness of
antibioticsin treating common infections has quickened in recent years, and with the arrival of
untreatablestrains of carbapenem resistant Enterobacteriaceae,

the dawn of a post antibiotic era

arrived (CDC, 2013). Furthermore, WHO's 2014 report on global surveillance of antimicrobial
4

istance reveals that antibiotic resistance is no longer a prediction for the future; it is happening
t now, across the world, and is putting at risk the ability to treat common infections in the
mmunity and hospitals. Without urgent, coordinated

action, the world is heading towards a
l

st-antibiotic era, in which common infections and minor injuries, which have been treatable
r decades,can once again kill (WHO, 2014). In high-income countries, continued high rates of
tibiotic use in hospitals, the community, and agriculture have contributed to selection pressure
has sustained resistant strains, (Laxminarayan
nsive and more broad-spectruin

and Heymann, 2012) forcing a shift to more

antibiotics. In low income and middle-income

countries

MICs),antibiotic use is increasing with rising incomes, high rates of hospitalisation,
valence of hospital infections (eDe,

and high

2013). Resistance arises as a consequence of mutations

m microbes and selection pressure from antibiotic use that provides a competitive advantage for
mutated strains. Suboptimum antibiotic doses help stepwise selection of resistance. Resistance
genes are borne on chromosomal,
elements. The resulting resistant

and increasingly,

on transmissible

clones----e.g., methicillin

resistant

extrachromosomal

Staphylococcus aureus

(MRSA) USA 300, Escherichia coli ST131, and Klebsiella ST258) are disseminated
worldwide. This spread is facilitated by interspecies

gene transmission,

rapidly

poor sanitation and

hygiene in communities and hospitals, and the increasing frequency of global, travel, trade, and
diseasetransmission ceDe, 2013).
In fact, the theme of the World Health Day 2011 was 'Antimicrobial

resistance: no action today,

no cure tomorrow.' Recently

the urgent

different

authors

have

reported

antimicrobialagents to replenish the arsenal of anti-infective
Fischbach and Walsh, 2009; Martinez

need for new

agents (Gould, 2008; Wise, 2011;

et al., 2011). However,

owing to different,

mostly

financial,problems, a failure of antibiotic discovery was observed (Pitman et al., 2011). Among
5
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e known plant species on earth (estimated at 250,000-500,000)

,

only a small fraction have been

estigated for the presence of antimicrobial compounds and only 1-10% of plants are used by
umans (Osman et al., 2012; Borris, 1996). In addition, no major new types of antibiotics have
,

".

n developed over the last 30 years (WHO, 2014). This means that there has been a 30 year
iscoveryvoid. There are plants that are used in the management of bacterial infect!ons but they
ve not been scientifically evaluated to determine their efficacies. It is therefore not known if
ese plants contain new antibacterial agents that help combat the resistance problem.

The use of traditional and herbal remedies seems to be the alternative choice of treatment in

.

countries where malaria is endemic (Sofowora,

1982; Rasoanaivo

et al., 1992; Gessler et al.,

1995).In the Third World, 80% of people are thought to rely on herbal remedies (Zirihi et al.,
2005; WHO, 2002b). In Asia, Latin America and Africa, the extensive use of natural plants as
primary health remedies, due to their pharmacological

properties,

is quite common (Conco,

1991;Phillipson et al., 1987).

The Menispermaceae family of flowering plants is a medium-sized

family comprising

of 70

genera and about 420 species found in the tropics. A number of plants belonging to this family
are important plants being used in the traditional medicines of a number of countries. Several
plants from this family have been identified. as containing

phytochemical

constituents

with

important pharmacological activities. The rhizome of Cissampelos pareira is used against a lot
of ailments in traditional folk medicine. They have a bitter taste and possess diuretic, purgative
and antiperiodic properties. The leaves are used against dyspepsia, malaria, fever. snake bites,
veneral diseases, conjunctivitis, dysentery, asthma, heart disease, diarrhoea, dropsy, cough and

6
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. ary difficulties like cystitis (Kokwaro, 2009, Mukerji and Bhandari, 1959, Neuwinger, 1994).
e roots have been used against malaria in Tharaka (Rukunga et al., 2009). Burnt roots and

,

eaveshave been used for curing wounds (Kokwaro, 2009). In India, the leaf powder is used for
'-.

aria (Sudarsanam and Prasad, 1995) and the leaf decoction is used for malaria in Tanzania
Gessler et al., 1994; 1995). Biologically active compounds have been isolated from C. pareira
able 6). The infusion of the roots of Tinospora oblongifolia is a purgative (Kokwaro, 2009).
The root of Triclisia
., sacleuxii is chewed and the sap swallowed to treat kidney problems, sore
throat, schistosomiasis, intestinal worms and veneral diseases, while root scrapings are rubbed
into topical scarifications to treat snakebites

(Kokwaro, 2009, Pollard, 2008). A number of

biologicallyactive compounds have been isolated from T sacleuxii (Table 6).
Althoughthe leaves of C. pareira possess antimalarial and antimicrobial activities (Mukerji and
Bhandari, 1959), the antiplasmodial and antibacterial compounds from its leaves are not known.
Despite the traditional use of T sacleuxii to treat bacteriai infections such as sore throat and
veneraldiseases (Kokwaro, 2009, Pollard, 2008), their efficacy is not known. The stem of this
plant has also been shown to possess anti plasmodial activity (Murebwayire

et ai., 2008), but the

antiplasmodialcompounds are not known. Plants from the genus Tinospora are traditionally used
in the management of various ailments. For example the stems and leaves of T crispa and T

sinensis are used for their anti-inflammatory
(antimalarial), and antibacterial

properties

Yonemitsu et al., 1993; Fukuda

etai.,

(antirheumatic),

(Bisset and Nwaiwu,
1986). Biologically

febrifugal

or antiperiodic

1983; Pathak et aI., 1995;
active

compounds

including

antiplasmodial and antibacterial compounds have also been isolated from plants in this genus
(Table 6). Therefore, despite the use of T oblongifolia

in folk medicine, it is not known if it

containsantiplasmodial and antibacterial compounds.
7
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.2. TATEMENT OF THE PROBLEM
e malariaparasite has developed resistance to most of the available antimalarial agents. There
alsodecreasing effectiveness of antibiotics in treating common infections. Although the leaves

.

\

.

<,

f C. pareira possess antimalarial and antimicrobial

activities, the compounds responsible for

is activity have not been identified. Despite the traditional use of T sacleuxii to treat bacterial
ections,there has been no scientific evaluation of its extracts to determine their efficacies. The
cts of the stem of this plant has also been shown to possess antiplasmodial

activity, though

antiplasmodial compounds have not been isolated. Plants from the genus Tinospora are
traditionallyused in the management of various ailments. Biologically active compounds have
also been isolated from plants in this genus. Therefore, despite the use of T oblongifolia in folk
medicine,it is not known if it contains antiplasmodial

and antibacterial compounds.

1.3.RESEARCH OBJECTIVES
1.3.1General objective

To evaluate Cissampelos

pare ira,

Tinospora

oblongifolia

and Triclisia sacleuxii for active

compoundsagainst malaria parasite and selected bacteria in vitro
1.3.2Specific objectives
(i) To carry out bioassay on the crude extracts of Tinospora oblongifolia,

Cissampelos pareira

and Triclisia sacleuxii against malaria parasite and selected bacteria in vitro.
(ii) To isolate and characterize pure compounds from the active extracts by spectroscopic and
physicaltechniques

8

iii) To determine the bioactivities of the pure isolates against malaria parasite and selected
teria in vitro .
. JUSTIFICATION OF THE RESEARCH

"-.
ory shows that nature and particularly plants have been an important source for compounds

f medicinal importance with two of the major drugs used in malaria treatment, quinine and
misinin,both having been derived from plants. Plants are therefore a potential rich source of
gs against various ailments. Through this study antiplasmodial

and antibacterial compounds

y be identified. These compounds can then be developed into drugs or used as templates for
e development of new effective therapeutic

agents. This might ease the disease burden and

generateincome for the rural communities where such plants can be cultivated on a large scale
for commercial exploitation. In addition, these plants are locally available hence they can be
easilyaccessed by many poor Kenyan communities

9

CHAPTER TWO
O.LITERATURE REVIEW
.1. alaria Prevalence and Transmission

aria affects 200 million people at anyone

-c.
time and kills some 0.5-2.5 million each year

ostlychildren in Africa (White, 1996). Approximately half of the world population is at risk of
malaria infection. Most malaria cases and deaths occur in sub-Saharan

Africa (WHO, 2010).

However,Asia, Latin America, and to a lesser extent the Middle East and parts of Europe are
also affected. In 2008, malaria was present in 108 countries

and territories (WHO, 2010).

pecificpopulation risk groups include young children in stable transmission areas who have not
developed protective immunity against the most severe forms of the disease (WHO, 2010).
Thesechildren contribute the bulk of malaria deaths worldwide.

Non-immune pregnant women

are at risk as malaria causes high rates of miscarriage (up to 60% in P. Jalciparum infection) and
maternal death rates of 10-50%.

For semi-immune

pregnant

women

in areas of high

transmission,malaria can result in miscarriage and low birth weight, especially during the first
and second pregnancies. Semi-immune

HIV -infected pregnant women in stable transmission

areas are at increased risk of malaria during all pregnancies.

Women with malaria infection of

theplacenta also have a higher risk of passing HIV infection to their newborns.

People with HIV

and AIDS are at increased risk of malaria disease when infected (WHO, 2010).

International

travelersfrom non-endemic areas are at high risk of malaria and its consequences because they
lack immunity. Immigrants from endemic areas and their children living in non-endemic areas
andreturning to their home countries to visit friends and relatives are similarly at risk because of
waningor absent immunity (WHO, 2010).
10

alaria is caused by Plasmodium parasites which are spread to people through the bites of
ected Anopheles mosquitoes, called "malaria vectors", which bite mainly between dusk and

.

wn(WHO, 1997a). There are four types of human malaria: Plasmodium falciparum, P. vivax,
(

<,

. malariae and P. ovale (WHO, 1997a). P. falciparum and P. vivax are the most common. P.
ciparum is the most deadly parasite. In recent years, some human cases of malaria have also
urredwith P. knowlesi -a monkey malaria that occurs in certain forested areas of South-East
ia(WHO, 1997a; 2010).

lasmodium sporozoites may be injected when an infected female mosquito takes a blood meal,
althougha substantial proportion of blood feeding by infected mosquitoes
transmissionof sporozoites (Rosenberg-er
1991). Successfully transmitted

al., 1990; Beier et al., 1991 a, b; Ponnudurai et al.,

sporozoites

enter the liver parenchymal

developand undergo a form of asexual replication - schizogony.
to releasethousands of merozoites into the bloodstream,
(Bruce-Chwatt, 1985).

does not result in

Once inside the erythrocyte,

cells where they

Eventually, the schizonts burst

from where they enter red blood cells
parasites

begin to grow by ingesting

haemoglobinand other nutrients, Eventually, these growing trophozoites undergo schizogony on
a moremodest scale than in the liver. The bursting of infected red blood cells is associated with
the classic malaria paroxysm of chills and fever.
cells. Eventually some of them differentiate

Released merozoites

infect other red blood

into the pre-sexual forms (gametocyte)

of which

thereare two kinds; male and female (Figure 1). When a mosquito secures gametocytemic blood
meal from man, the merozoites differentiate
fertilization occurs.

Soon after fertilization,

into gametes inside the mosquito mid gut where
the gametes

(ookinetes)

migrate through the

peritrophicmembrane and the mid gut epithelium and attach to the outer wall of the gut where it

11

': i
I

mes an oocyst (Shahabuddin and Kaslow, 1994). Th'e oocysts develop and divide asexually
thousands of haploid sporozoites (Pringle, 1965; Rosenberg and Rungsiwongse,
rtion of the sporozoites make their way into the mosquito's

1991). A

salivary glands ready for re-

infectionof the vertebrate host. Knowledge of the parasite life cycle is imp-~rtant in the design of
effectiveanti-malarial vaccines and chemotherapeutic

or chemoprophylactic

agents.

Lymph vessel

-

"Sporozoitess: ,.- /
Capillary

--

Lymph
node

/\ •..
Liver cell rupture,

merozoite release
Liver cell
entry

Liver

Development
into gametocytes

Figure1: Schematic life cycle of Plasmodium parasite in humans (Jones and Good, 2006).
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alaria is transmitted exclusively through the bites of Anopheles mosquitoes. The intensity of
mission depends on factors related to the parasite, the vector, the human host, and the
vironment (Collins and Paskewitz, 1995). About 20 different Anopheles

species are locally

portantvectors around the world and bite at night. They breed in shallow collections of fresh
t water like puddles, rice fields, and hoof prints. Transmission
ere the mosquito is relatively long-lived

is more intense in places

(so that the parasite has time to complete

its

velopmentinside the mosquito) and where it prefers to bite humans rather than other animals.
or example,the long lifespan and strong human-biting habit of the African vector species is the
derlyingreason for the more than 85% of the world's malaria deaths in Africa (WHO, 2010).
There is also rapid spread of drug resistant malaria parasites (Talisuna et al., 2007) and this
means there has to be continued search for new antiplasmodial
developedinto drugs or used as templates for the development

compounds

which can be

of new effective drugs against

malaria.

2.2.Current Malaria Chemotherapy

and Prophylaxis

The drugs used to treat malaria include the aryl aminoalcohols,
artemisinin derivatives (White,

1996, Baird

aminoalcoholsinclude the 4-aminoquinolines
example mefloquine (Lariam")

folate antagonists

and Hoffman,· 1996). Examples

and the

of the aryl

like chloroquine (1) and its modified template for

(2), The quinolines

kill malaria parasites

by inhibiting

the

polymerizationof heme, which is toxic to the parasite (Slater and Cerami, 1992). Others include
quinine(3), quinidine (a stereoisomer of quinine) (4), quinimax (a combination of four cinchoma
alkaloids;quinine (3), quinidine (4), cinchonine (5) and cinchonidine
(White,1996, Baird and Hoffman, 1996).
13

(6) and halofantrine (7)
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venousor intramuscular quinine (3) remains the first-line drug for severe malaria (Watt et
., 1992).Oral quinine may also be combined with an antibiotic such as chlorotetracycline
yeline (9) and fluoroquinolones

to treat uncomplicated

(8),

malaria in areas of multi-drug

istance(WHO, 1997b). The antibiotics act by damaging the P. falciparum mitochondria thus
reasingthe effectiveness of quinine (3) (Newton and White, 1999). However, there is poor
mpliance with oral quinine (3) because of its bitter

taste and consistent

adverse effects

cinchonism),comprising nausea, dysphoria, tinnitus and high-tone deafness (WHO, 1997b).
e main adverse effect of quinine (3) is hypoglycemia

especially in children and pregnant

omen (WHO, 1997b). Quinidine (4) is used in the USA; it has greater efficacy and toxicity
(WHO,1997b). Mefloquine (2) is used in both prophylaxis and oral treatment of uncomplicated
malaria.It should not be used in patients with severe malaria,
(2) in the previous two months,

those who have had mefloquine

the first trimester of pregnancy, or patients with pre-existing

neurologicalor psychiatric disease (WHO, 1997b). Halofantrine

(7) which is structurally related

to mefloquine(2), is better tolerated and also effective in the treatment of chloroquine-resistant
falciparummalaria. However, the development of cross-resistance
finding of an association with sudden death, probably

with mefloquine (2) and the

linked to the prolongation

of the

lectrocardiographic cardio contraction time (QTc) interval have raised doubts about the safety
d utility of halofantrine (7) (Nosten and van Vugt, 1996).
15

olatedrugs used in malaria treatment include pyrimethamine
R) inhibitor. This drug is used in synergistic

(10), a dihydrofolate reductase

combination

with the dihydropteroate

e inhibitor sulfadoxine (11) as Fansidar®. Proguanil (12), a pro-drug metabolized to the
arial DHFR inhibitor cycloguanil is used only in combination

with chloroquine (1) or

uone (13) (Newton and White, 1999).
Cl

° H
II I
II
S-N

11

°

__ 0

0__

10

12

CI

Artemisinin(14) and derivatives such as artemether (15), arteether (16) and artesunate (17), all
sesquiterpenelactone peroxides are effective drugs. Artemisinin (14) is derived from the leaves
of wormwood(Artemisia annua L.).
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16 R= OCH2CH3
17 R= OCO(CH2hCOOH

R
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sesquiterpenes kill all stages of the malaria parasite,
ting with heme to produce carbon-centered
parasites' microorganelles and membranes

including

'young

rings',

by

free radicals that alkyl ate protein and damage

(Meshnik et al., 1996). These drugs give faster

ite clearance compared to quinine (3) in the treatment

of severe malaria and have the

vantageof once-daily administration, absence of cinchonism or local toxicity and significantly
uced incidence of hypoglycemia. To prevent the high 'recrudescence
misinin (14) or one of its derivatives

rates that result when

is used alone, and to combat the development

resistance, they should always be combined

with another

unrelated

antimalarial

of

such as

mefloquine(2) or chlorotetracycline (8) (Meshnik et al., 1996, Hein and White, 1993).
Resistanceto chloroquine (1), one of the cheap curative drugs, by P. falciparum was reported in

1957 (Thailand), 1960 (Venezuela), 1978 (East Africa) and is now prevalent in many other
countriesin South America, sub-Saharan Africa, South East Asia and India (WHO, 1995). The
earliestrecord of resistance in P. falciparum to quinine (3) was reported in Brazil in 1910. Cure
rateswith quinine (3) have fallen substantially in other parts of the world including Thailand and
Africa. Resistance to quinine (3) is now increasing in parts of South-East
America(WHO, 1995). Resistance to mefloquine (2) by P. falciparum
17

Asia and South

has also been reported

ne strictdrug use regulations

(White, 1999). Resistance of P. falciparum

to artemisinin (14)

been demonstrated in-vitro (WHO, 1995). In addition, many of the antimalarial drugs have
side effects. Mefloquine (2) has neuro-psychiatric

side effects, cau~es vomiting, anorexia

dizziness.Halofantrine (7) is associated with sudden death (Newton and White, 1999).

possible to use a combination of two. or more anti-malarial
isms of action and different bio-chemical
ical combinations include sulfadoxine

drugs, which have different

targets in the parasite

(ll)/pyrimethamine

(10) (Fansidar'"),

)-proguanil(12) chloride (Malarone'"), sulfalene (18) -pyrimethamine
ethoxazole (19)-trimethoprim (20) (Co-trimoxazole").

(Sowurnni,

2002).

atovaquone

(10) (Metakelfinf)

and

This may dramatically reduce the

ces of the populations of parasites exposed to the treatment rapidly developing resistance
ite, 1999). By reducing the frequency of treatment failure, combination therapy may also be
re cost effective than monotherapy

in the long-term,

However,

this approach has the

vantagesof increasing the immediate costs of treatment and increasing the risk of adverse
reactions(Sowumni, 2002). Besides, resistance of P. falciparum
binationslike Fansidar" (sulfadoxine-pyrimethamine

18

has been reported to drug

combination) (Markwalder and Meyer,

/

S-NH-\
~
IT

I
j)
#'

N\
!/
~N

18

o

N-O

~-NH

Ij

II

)

CH3

0

~

o

/

19
20

discovery of the endoperoxide

sesquiterpenes,

.

artemisinin

(14) from Artemisia annua

.

videdthe impetus for the investigation of other species of plants for novel antimalarial drugs
hilipson and Wright, 1991). Antimalarial

therapies,

based on the use of the artemisinin

ivatives,combined with other drugs; artemesinin combination

therapy (ACT) is considered

best current treatment of Plasmodium falciparum malaria (Capela et al., 2009). However,
efficacyof artemisinin-based combination therapy and artesunate monotherapy has declined in
some areas particularly in western Cambodia (Denis et al., 2006a, 2006b; Alker et al.,.2007;
oedl et aI., 2008; Dondorp et al., 2009). Artemisinin resistance would definitely be disastrous
for global malaria control. In addition, ACT treatment regimens face the challenge of high
productioncost thus making the search for cheaper, yet effective alternatives imperative (Fidock

et al., 2004). From this foregoing review of antimalarial drugs it can be seen that there has
alwaysbeen a continuous search for new antimalarial drugs over the years. This is because the
parasitewould always develop resistance to the existing antimalarial

drugs at any given time

whichwould necessitate discontinuation of use or employment of combination therapy. But even
this did not solve the problem as parasites still developed resistance.
19

This was the case with

oxine-pyrimethamine combination

(Markwalder and Meyer, 1982). It is therefore likely

the malaria parasites will develop resistance to the artemesinin combination therapy (ACT)
is consideredthe best current treatment of Plasmodium falciparum \malaria (Capela et al.,
'-.

), This argument is supported by the fact" that efficacy of artemisinin-based

combination

y has declined in some areas particularly in western Cambodia (Denis et al., 2006a, 2006b;

et al., 2007; Noedl et al., 2008; Dondorp et al., 2009). Management of malaria can be
ed through vector or parasite control. An efficient method of vector control is currently
, able. There is also no safe effective vaccine against malaria (Beier et al., 1990). There is
needfor continued search for alternative methods of malaria parasite control seeing that the
'te continuesto develop resistance to available antimalarial agents.

Bacterial infections and antibiotics

ogenic bacteria are bacteria that cause bacterial infection.
ess or often beneficial, several are pathogenic.
ighestdisease burden is tuberculosis,

Although

most bacteria

are

One of the bacterial diseases with the

caused by the bacterium Mycobacterium

tuberculosis,

whichkills about two million people a year, mostly in sub-Saharan Africa. Pathogenic bacteria
ntributeto other globally important diseases, suchas pneumonia, which is caused by bacteria
such as Streptococcus and Pseudomonas,

and foodborne illnesses, which can be caused by

bacteria such as Shigella, Campylobacter,
infections such as tetanus,
www.sadoctors.co.za,

typhoid

fever,

arid Salmonella.
diphtheria,

Pathogenic

syphilis,

and

bacteria also cause
leprosy

(Table

1).

accessed on 29/4/2014). Bacterial infections are managed by antibiotics

hichare classified according to their chemical structures (Table 2).

20

Ie 1: Some human pathogenic bacteria. transmission

and disease they cause

Transmission

Diseases

Direct contact with infected animal,
Oral, by ingestion of unpasteurized
milk or milk products

Brucellosis

Faecal/oral from animals (mammals
and fowl), Contaminated meat
(especially poultry), contamiriated
water

Acute enteritis

Sexual (NGU, LGV), direct or
contamiriated surfaces and flies
(trachoma), passage through birth
canal (fCN)

Nongonococcal urethritis (NGU),
lymphogranuloma venereum (LGV),
trachoma, inclusion conjunctivitis of the
newborn (ICN)

Spores in soil infecting puncture
wounds, severe bums or surgery

Tetanus

Part of human flora, opportunistic or
entering through GJ tract or urinary
system wounds

Nosocomial

'-.

infections

Uririary tract irifections (UTI)
Part of gut flora, spreadirig
extraintestirially or proliferatirig in the Diarrhoea '
GI tract
Meningitis in infants
Bacterial menirigitis, upper respiratory
tract infections, pneumonia, bronchitis

Haemophilus
injIuenzae

Droplet contact, human flora of e.g.
upper respiratory tract

Mycobacterium
leprae

Prolonged human-human contact, e.g.
through exudates from skiri lesions to Leprosy (Hansen's disease)
abrasion of other person

Mycobacterium .
tuberculosis

Droplet contact

Tuberculosis

Human flora, droplet contact

Mycoplasma pneumonia

Neisseria
gonorrhoeae

Sexually transmitted, vertical in birth

Gonorrhoea, ophthalmic neonatorum,
septic arthritis

eisseria
meningitidis

Respiratory droplets

Meningococcal
meningitis

Mycoplasma
pneumoniae

(w\vw.sadoctors.co.za, 29/4/2014),
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disease including

le 2: Classesof antibiotics and their mechanisms of action

Class

tam antibiotics
.cillins, cephalosporins,
penems)

Mechanism

of action

Examples

.

Inhibit bacterial cell
wall synthesis

Penicillins: Amoxicillin (21)
Cephalosporins: Cefoxitin (22),
cefotaxime (23), ceftriaxone (24).
Carbapenem: Imipenem (25)

Inhibit bacterial DNA
synthesis
Inhibit bacterial protein
synthesis
Inhibit bacterial protein
synthesis
Blocks bacterial cell
metabolism by
inhibiting enzymes
Inhibit bacterial protein
synthesis
Inhibit bacterial DNA
synthesis
Inhibit bacterial cell
wall synthesis
Inhibit bacterial protein
synthesis
Inhibit bacterial protein
synthesis

Ciprofloxacin (26)
Tetracycline (9)
Erythromycin (27)
Co-trimoxazole (28), trimethoprim
(20)
Arnikacin(29)
Metronidazole (30)
Bacitracin
Clindamycin (31); lincomycin (32)
Fusidic acid (33)

overuseand inappropriate use of antibiotics has led to antibiotic resistance (WHO, 2014).
eria that were once susceptible to antibiotics have developed ways to survive the drugs that
re meant to kill or weaken them. This is also known as antibacterial

resistance or drug

resistance.Some diseases such as tuberculosis, gonorrhoea and childhood bacterial ear infections
thatwereonce easily treated with antibiotics are now again becoming difficult to treat as bacteria
havebecomeresistant to these drugs. Multidrug-resistance

- MDR- TB, strains require treatment

coursesthat are much longer and less effective. WHO estimates that there are about 630 000
22
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R-TB cases in the world (WHO, 2014). About 70% of bacteria that cause infections in

itals are resistant to at least one of the antibiotics most commonly used to treat infections.
erthe years resistance of bacteria to various antibiotics has been observed (Table 3) (Palumbi,
\
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3: Evolutionof resistance to antibiotics.
Year launched
1930s
1943
1943
1947
1948
1952
1956
1960
1960
1960s .

Year resistance observed
1930s
1946
1959
1959
1953
1988
1988
1961
1973
Late 1960s

decreasingeffectiveness of antibiotics in treating common infections has quickened in recent

(CDC, 2013). Treatment failure to the drug of last resort for gonorrhoea - third-generation
halosporins- has been confirmed in several countries. Untreatable
t in increased rates of illness and complications,

gonococcal infections

such as infertility,

adverse pregnancy

mes and neonatal blindness, and have the potential to reverse the gains made in the control

fthis sexually transmitted infection (WHO, 2014). Resistance to one of the most widely used
tibacterial drugs for the oral treatment
fluoroquinolonesis very widespread

of urinary

tract infections

(WHO, 2014). Resistance

caused by E. coli;

to first-line

drugs to treat

ections caused by Staphylococcus aureus, a common cause of severe infections acquired both
mhealth-carefacilities and in the community is also widespread (WHO, 2014). Resistance to the
treatmentof last resort for life-threatening

infections caused by common intestinal bacteria,

carbapenemantibiotics, has spread to all regions of the world. Key tools to tackle antibiotic
resistancesuch as basic systems to track and monitor the problem, reveal considerable gaps. In
manycountries,they do not even seem to exist (WHO, 2014).
25

ons caused by resistant microorganisms

often fail to respond to conventional

treatment.

, g in prolonged illness and greater risk of death. Antimicrobial resistance also hampers the
I of infectious diseases, increases costs of healthcare, jeopardizes

.

\

.

healthcare

gains to

, and has the potential to threaten health security, and damage trade and economies
0,2014). It is not known whether some of the plants for example C. pare ira, T sacleuxii

T. oblongifoliawhich are used traditionally in disease management contain lead compounds
canbe used as antibiotics or as templates in the development
compounds could have new mechanisms

of new antibacterial agents.

of action hence useful in overcoming

the

ce problem encountered with many antibiotics in use today.

Plant products and disease management
products play an important role in disease 'management

(Pezzuto, 1997; Cragg, 1998;

,1999; Schwarsmann, 2000). They offer a valuable source of compounds with a wide variety
biological activities and chemical

structures,

and provide

important

prototypes

for the

elopmentof novel drugs (Cassady et al., 1981; Cragg, 1998; Ponder, 2001; Verpoote, 1998;
uorelaet aI., 2004; Cimanga et al., 2006).

Africaherbal medicines are an important part of the culture and traditions of its people and its
iodiversityhas played major specific roles in the cultural evolution of human societies (Mugabe
and Clark, 1998). Apart from their cultural significance,

traditional

medicines

have been

accessibleand affordable and most people in. Kenya especially in rural areas use traditional
medicineand medicinal plants to treat many diseases including malaria and infectious diseases
~orogeand Bussmann, 2006). It is estimated that there is one traditional healer for every 200-

26

.'
pie in Uganda, one of East African countries. This contrasts sharply with the availability
medicalpersonnel for which the ratio is 1:20,000 or less (WHO, 2002c).

are a number of biologically active compounds that have been isolated from plants with
being developed into drugs. For example quinine (3) isolated from the bark of cinchona

es (Beckmann, 1958) and artemisinin

(14) from the Chinese

plant Artemisia

annua

yman, 1985) have been developed into antimalarial drugs. In addition, an array of natural

cts has been reported to have antiplasl'Il:odial activity. Bero et al., (2009) provided an
unt of 303 compounds with promising

antiplasmodial

activities (ICso values

between 2005 and 2008. These included 46 flavonoid

derivatives

:s

11 11M)

(Table 4), 127

oids, 55 alkaloids and 6 lignans (Table 5) amongst other classes of compounds. Saxena et
(2003)have also provided an account of crude extracts, essential oils and other compounds
antiplasmodial activities. A total of 127 alkaloids, 18 quassinoids,
noids, 21 flavonoids, 9 quinones and 25 miscellaneous

23 sesquiterpenes,

27

compounds were highlighted by

year2003 (Saxena et ai., 2003). Another account by Frederich et al., (2008) and Kaur et al.,
009) documents 266 antiplasmodial

compounds

isolated from both terrestrial and marine

cts between 1998 and 2008. These compounds included alkaloids, terpenes, quassinoids,
moids, chalcones, peptides, xanthones, quinones, coumarins and miscellaneous compounds as
II as 37 promising semi synthetic antimalarials (Frederich et al., 2008; Kaur et al., 2009).
Althougha large number of compounds with vast structural types have been reported to possess
antiplasmodialactivities, very few have been subjected to structure-activity

studies with the aim

ofdevelopingthem into antimalarial drugs.
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: Antiplasmodial activity of flavonoid

derivatives

Plant (plant part)

against P. Jalciparum

Activity in vitro
/-1M)

hin 5-gallate (34)

Piptadenia pervillei (I)

1.2 (FcBl)

hin 3-gallate (35)

Piptadenia pervillei (I)

1.0 (FcBl)

Bauhinia purpurea (r)

9.5(KI)

Artocarpus rigidus (rb)
Artocarpus rigidus (rb)
Artocarpus
champeden
(s)
Artocarpus
champeden
(s)
Artocarpus
champeden
(s)
Artocarpus
champeden
(s)
champeden
Artocarpus
(s)
Artocarpus
champeden
(s)
Artocarpus
champeden
(s)
Artocarpus
champeden
(s)
Artocarpus altilis (r)
Artocarpus altilis (r)
Artocarpus altilis (r)
Artocarpus altilis (r)
Artocarpus altilis (r)
Artocarpus altilis (r)
Artocarpus altilis (r)
Erythrtna fusca (sb)
Erythrina
sacleuxii
(sb,rb)
sacleuxii
Erythrina
(sb,rb)

4.8(Kl)
8.5 (K1)
0.12 (3D7)

F (37)
biloxanthone (38)
nes A (39)

loartocarpin(47)
in (48)
lashin(49)
in (50)
ninE (51)
avoneB (52)
biloxanthone(53)
hocarpolA (54)
- prenylpratensein(55)
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8.7

Namdaung et al., 2006.
Namdaung et al., 2006.
Widyawaruyanti
et al. ,
2007.
Widyawaruyanti
et al.,
2007.
Widyawaruyanti
et al.,
2007.
Widyawaruyanti
et al.,
2007.
Widyawaruyanti
et al.,
2007.
W idyawaruyanti
et al.,
2007.
Widyawaruyanti
et al.,
2007.
Widyawaruyanti
et al.,
2007.
Boonphong et aI., 2007a.
Boonphong et al., 2007a.
Boonphong et al., 2007a .:
Boonphong et al., 2007b.
Boonphong et al., 2007b.
Boonphong et aI., 2007b.
Boonphong et al., 2007.
Khaomek. et aI., 2008.
Andayi et al., 2006 ..

8.3

Andayi et al., 2006.

0.55 (3D7)
0.02 (3D7)
0.66 (3D7)
1.04 (3D7)
InM (3D7)
1.31 (3D7)

-Roots, sb- Stem bark, s-Stem, 1- Leaves, rb- Root bark

'-.
aI.,
Ramanandralbe
et
2008.
Ramanandralbe
et
al.,
2008.
Boonphong et al., 2007a.

0.18 (3D7)

9.9 (Kl)
6.9 (K1)
7.7 (Kl)
4.5 (Kl)
6.4 (Kl)
5.2 (Kl)
6.9 (KI)
3.9 (Kl)
6.3
(D6),
(W2)
6.6
(D6),
(W2)

Reference

"

,
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34 R[=Ga
35 R[=H

R2=H
R2=Ga
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0
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37R=~

OH
HO

OH

OH

0

OH
OH

o

OH

o

OH
41

0
42

29

/

OH

HO

o
OH

OH

OH

0
44.

OH

0
45

OR

OH

OH

R

OH

0

OH

OH

49

o
51

30

R=OH

HO

OH

o

o

52

rY
.",,\\\\0 .

0H

a

o

H

OH

OH

0
55

31

5: Antiplasmodial activity of lignans and alkaloids against P. falciparum
Plant
part)

8S,S'R)ethoxy-3' ,4'
ylenodioxy-2,7' -cyclolignan-7

(plant

Activity
vitro

Holostylis
reniformis

in Reference

Andredo-Neto
et al., 2007

-one

H.

1,8S,S'R)-3' ,4,4' ,5:.tetramethoxy-2, 7'lolignan-7-one (58)
R,SR,S'S)-3' ,4,4' ,5-tetramethoxy-2,7'lolignan-7-one (59)
R,8S,S'S)-3',4,4' ,5-tetramethoxy-2,7'lolignan-7-one (60)
R,SS,S'S)-3',4' -dimethoxy-4,5ylenodioxy-2;7' -cyclolignan- 7-one

reniformis

H. reniformis

H. reniformis
H. reniformis

0.32
(BHz26/86)
0.20
(BHz26/86)
0.63
(BHz26/86)
8.00
(BHz26/86)

Andredo- N eto
et al., 2007
Andredo- N eto
et al., 2007
Andredo- N eto
et al., 2007
Andredo-Neto
et al., 2007

)

hydroxy-5-normethylbudmunchiamine
5)
nonnethylbudmunchiamineK
(66) .

K

Albizia
gummifera
A. gummifera

. 0.18 (NF54)

A.. gummifera

0.20 (NF54)

A. gummifera

0.33 (NF54)

A. gummifera

0.24 (NF54)

Heimia

10.9

0.29 (NF54)

salicifolia

Epi-lyfoline (68)
1-0(30S)-hyciroxybutanoyllycorine (69)
Cassiarin A (70)
Dihydronitidine (71)
Dihydrochelerythrin (72)
Chelerythrine
acetonate (73)

Heimia
salicifolia
Lycoris traubii

6.7

Rukunga
2007
Rukunga
2007
Rukunga
2007
Rukunga
2007
Rukunga
2007
Rumalla
2008

et al. ,
et al.,
et al.,
et al.,
et al.,
et aI.,

Rumalla et al.,

2008
1.2 (FCR-3)

Toriizuka

et

al.,2008
Cassia siamea ' 23.5nM
(1)
Zanthoxylum
4.9 (FeBl)
rhoifolium
Z: jlavum
10.6 (D6)

Zc flavum
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5.7 (D6)

Morita

et al.,

2007
Jullian et al.,
2006
Ross
et al.,
2008
Ross
et al.,
2008
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been

isolated

from

0

plants.

Pelalostemumol

(74) from

'elaJostemium have strong antifungal activity against many pathogenic fungi (Hufford et al.,

.

993). Galangin (75), derived from the perennial herb Helichrysum aureonitens, seems to be a
icularlyuseful compound, since it has shown activity against wide range of fungi (Afolayan
d Meyer, 1997). A flavone 3, 4', 5, 7-tetraacetyl quercetin (76) isolated from heartwood of

dina cordifolia exhibited moderate antifungal activity against A. fumigatus and Cryptococcus
~oformans (Rao et al., 2002). A flavonoid derivative phloretin (77) from Malus sylvestris has
antifungalproperties (Hunter and Hull, 1993). Isopiscerythrone

(78), allolicoisoflavone

A (79),

piscisoflavonesA (80) and B (81) from different plants were reported to be endowed with
antifungalactivity (Moriyama et al., 1992). Hydroxycoumarin

scopoletin (82) was isolated from

seed kernels of Melia azedarach (Carpinella et al., 2005) and reported to be antifungal against

34

/

verticillioides. Surangin 8 (83), a coumarin
to

from Mammea

longifolia

has been

possess antifungal properties (Deng and Nicholson, 2005). Phytoalexins, which are

lated derivatives of coumarins, . are produced in carrots in response
to fungal infection
l
<,

can be presumed to have antifungal activity (Hoult and Paya, 1996). A coumarin namely, 6,
ethoxycoumarin(84), isolated from P. digitatum-infected

the mycotoxigenic fungi A. parasiticus

Valencia fruit confers resistance

.(Mohanlall and Odhav, 2006). Clausenidin (85),

. nor-dentatin,and carbazole alkaloid clauszoline J (86) isolated from Clausena excavata
antimycoticactivity (MIC 50 ug/ml.).

OH

°
OH

74

0yo

OH

HO

OH

OH

0
77
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those with minimum inhibitory concentrations

(MICs) in the range 0.02-10 mg mL·1

mpounds,which total 145 from 13 structural classes included alkaloids, acetylenes,
. ,flavonoids and isoflavonoids,

iridoids, lignans, macrolides, :phenolics (other than
'-.

ids and lignans), polypeptides,

quinones, steroidal saponins, terpenoids, xanthones and

eous compounds. However, despite the myriad of compounds

that have displayed

e antimicrobialpotential, none has been developed into drugs. In fact, there have been no
new types of antibiotics developed in the last 30 years (WHO, 2014). However, the
ity and chemodiversity encountered

in nature still provide opportunities

letely new chemical classes of compounds,
wn disease management

agents,

Phytochemistry and bioactivity

to discover

some of which may present previously

and consequently,

of Menispermaceae

novel

and potentially

relevant

.

Menispermaceaefamily is well known for the production

of alkaloids of various kinds,

ng which those derived from a I-benzyltetrahydroisoquinoline

precursor

on (Ingkaninan et al., 2006). Alkaloids of the bisbenzylisoquinoline
commonly found in plants of this family (Ingkaninan

are the most

(BBI) type are the

et al., 2006). This group of

poundsis an integral part in the preparation of many of the dart poisons known as "curare",
bythe South American Indians to immobilize (anesthetise) animals and birds, and served as
odelsfor the potent drugs used in anesthesia (Ingkaninan et al., 2006). Bisbenzylisoquinolinic

(BBI) alkaloids have many pharmacological
inhibitors (Ingkaninan

et

al.,

2006;

activities,

Cometa

37

et

al.,

like acetyl cholinesterase
2012);

antibacterial,

(AChE)
antifungal,

/

odial, and cytotoxic activities (Lohombo-Ekomba

et al., 2004); antinociceptive

and

'ticactivity(Amresh et al. 2007a); anthelmintic activity (Ayers et al., 2007).
protoberberinealkaloids, stepharanine

(87), cyclaniline

(88) and ~N-methylstepholidine
c.

ve been isolated from the tubers of Stephania venosa (Ingkaninan

'ds were acetyl cholinesterase

inhibitors,

which have recently

ialdrugsin the management of Alzheimer's

et al., 2006), The

gained importance

as

disease (Ingkaninan et al., 2006);

I
~

~~

~

I~

6

HO/
87

I

HO

88

~

CI

OH
OH

-bacterial,antifungal, anti-plasmodial and cytotoxic activities have been reported for the root
alkaloidal extract of the plant Albertisia villosa
eanine(90) was isolated (Lohombo-Ekomba

from which a bisbenzylisoquinoline,

-etal., 2004).

ethylacetate soluble. extract of stems of Macrococculus pomiferus inhibit cyclooxygenase-2

et aI., 2004). The methanolic stem extract of Coscinium fenestratum
ivitywhen studied in streptozotocin-nicotinamide
, 2005). Phenolic alkaloids from Menispermum
bral myocardial cerebral ischemialreperfusion
alkaloids,dehydroemerine (91) and cepharanthine

possess anti-diabetic

induced type 2 diabetic rats (Shirwaikar et
dauricum

had a protective effect against

injury in rats (Wang et al., 2005). Two
(92) isolated from Stephania rotunda, as well

asa dichloromethaneextract of the plant showed inhibitory activity against P. falciparum

(Chea

eta!., 2007).Leaves and rhizome methanol extracts of Albertisia delagoensis were active against
38
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m (De Wet et al., 2007). A 70% aqueous methanolic leaf extract of Cyclea peltata
protectionagainst cisplatin-induced renal toxicity and oxidative damages (Vijayan et al.,
Dauricumidine(93), an alkaloid isolated from Hypserpa nitida showed
promising antic
'-.

ivity in hepatitis B virus-transfected Hep G2.2.1S cell line (Cheng et al., 2007).

OCH,

MeO

91

90

······""'11//

93

92

e hasubanane-typealkaloids, periglaucines A(94), B (95), C(96) and D (97) isolated from the

plant Pericampylus glaucus inhibited hepatitis B virus surface antigen secretion in Hep G2.2.1S
cells. Two other alkaloids

from

the same

oxotetrahydropalmatine (99) exhibited

plant,

inhibitory

namely

activity

virus,HIV-l CYan et al., 2008). Furanoditerpenoids,

norruffscine

against human

(98) and (-)-8immunodeficiency

isolated from the stems of Fibraurea

tine/aria showed anti-inflammatory activity against carrageenan-induced

mice paw edema (Su et

al., 2008).Prevention and regression of liver fibrosis induced by carbon tetrachloride in rats has
39

rvedwith the plant Stephania tetrandra (Chor et al., 2009). At present there is no safe
ivetreatmentfor liver fibrosis.

'-.

OCH,

R'=a-OCH3

~-H

97

R'= ~ -OCH3 a-H

NH

OCH3
98

.99

plantsof the family Menisperrnaceae

therefore exhibit a wide range of biological activities.

family, .the biologically
identified.Cissampelos pare ira, Triclisia

sacleuxii

and

active compounds
Tinospora

have not been

oblongifolia

are three

medicinalplants from this family. They are used in folk medicine to treat a number of ailments
(Table 6). The leaves of C. pareira

are reported to possess antimalarial
40

and antimicrobial

/

es (Mukerji and Bhandari, 1959), but the active compounds had not been identified.
the traditional use of T sacleuxii to treat bacterial infections such as sore throat and
diseases(Kokwaro, 2009; Pollard, 2008), there had been no scientific evaluation of its
\

to determine their efficacies. The stem of this plant has also be~n shown to possess
odial activity (Murebwayire

et al., 2008)' but the antiplasmodial

isolated.Plants from the genus Tinospora are traditionally
ailments.For example the stems and leaves ofT

their anti-inflammatory (antirheumatic),

febrifugal

compounds had not

used in the management

of

crispa and T sinensis have been used
or antiperiodic

(antimalarial),

and

ibacterialproperties (Bisset and Nwaiwu, 1983; Pathak et aI., 1995; Yonemitsu et aI., 1993;

et ai., 1986). Biologically active compounds have also been isolated from plants in this
(Table6). Therefore, although there is no phytochemical
medicine, it is possible

that it' contains
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report on T oblongifolia despite
antiplasmodial

and antibacterial

6: Summary of biological

activities,

ethnomedicinal

uses

and phytochemistry

of C.

va. T sacleuxii and some selected plants from the genus Tinospora
Biological activities

Ethnomedicinal

use

Phytochemistry
\

Antiplasmodial (Rukunga et
al.,
2009),
trypanosomial
(Ramirez
et
al.,
2003),
antinociceptive
and
antiathritic (Amresh et ai., 2007b),
antileukaemic (Morita et al.,
1993a), anti-tumour (Meng et
al., 2002),
anti-diarrhoeal
(Amresh et al., 2004), diuretic
(Sayana et al., 2014).
Antiplasmodial,
antitrypanosomal
(Murebwayire et
20{J8)

T.cordifalia

al., 2006,

Antimalarial (Rukunga
et al., 2009), diuretic,
purgative, asthma, heart
disease,
diarrhoea,
cough, veneral diseases,
etc. (Kokwaro,
2009,
Mukerji and Bhandari,
1959, Neuwinger, 1994)

Flavones
(Ramirez et al.,
i003), bisbenzoylisoquinoline
and
tropoloisoquinoline
alkaloids, (Tsibangu et al.,
2003; Morita et al., 1993a,
1993b

Treatment
of kidney
problems, sore throat,
chistosomiasis,
intestinal
worms,
.veneral
disease
(Pollard, 2008)

Bisbenzyl-isoquinoline
alkaloids,
amides
(Murebwayire et al., 2006,

No reports

Purgative
2009)
,

Anti-inflammatory
(antirheumatic), febrifugal or
antiperiodic (antimalarial), and
antibacterial properties (Bisset
and Nwaiwu, 1983; Pathak et
al., 1995; Yonemitsu et al.,
1993; Fukuda et al., 1986).

Treatment
of' coughs
and
other
throat
conditions, antimalarial
(Bisset and Nwaiwu,
1983).

Hepatoprotective
(Nagarkatti et al., 1994),
immunostimulatory (Kapil and
Sharma, .1997) and
hyperlipidemic properties
(Prince and Menon, 1999)

Treatment of diabetes,
jaundice, rheumatoid
arthritis, gout, general
weakness, skin diseases
and infections
(Devasagayam
and Sainis, 2002).
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(Kokwaro,

No reports

Aporphine alkaloids, N-acyl
aporphine alkaloids (Pachaly
et
al.,
1992),
tetrahydroprotoberberine
.
alkaloids, ecdysteroids (Guo
et al., 1999)

Alkaloids, diterpenoid
lactones, glycosides, steroids,
sesquiterpenoid, phenolics,
aliphatic compounds and
. polysaccharides (Singh et al.,
2003).

ytochemistry and bioactivity of the genus Cissampelos
are 37 plant species in the genus Cissampelos. These plants are widely distributed in the
andsubtropical parts of Asia, America and Africa (Ayers et al., 200:7). Some compounds

--.

fromthese plants have demonstrated a.wide range of biological activities. For example
. e alkaloidsisolated from the aerial parts of Cissampelos capensis demonstrated athelmic
against Haemonchu contortus (Ayers etal., 2007).

The leaf extract of Cissampelos

'aliswas observed as possible novel and safe treatment for psoriasis (Feily and Namazi,
) whileroraimine (100), a bisbenzylisoquinoline

alkaloid was isolated from the roots (De

eI 01., 2002). This alkaloid may contribute to the anti-allergic effects of C sympodialis
(Bezerra-Santoset al., 2012). Simpodialine (101) (Alencar, 1994), warifteine (102) and
lwarifteine(103) (Barbosa-Filho et al., 1997) have also been isolated from the roots of C.

ialis.From the leaves of C. sympodialis laurifoline (104) (Alencar, 1994), milonine (105)
itaset al., 1994), warifteine (102) and methylwarifteine
(De Lira et al., 2002). Methylwarifteine

o

OH

(103) and liriodenine (106) were

(103) was also isolated from C. ovalifolia

0

QJ
101

100
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HO
102 R=H
103 R=OCH3

OR

)

o
105

104

o

106

activity, relaxant effect in both vascular and nonvascular

th muscle tissues (Cortes et al., 1995; DeFreitas

et al., 1996; Melo et al., 2003),

inhibition of the mast cell degranulation and histamine
(Melo et al., 2003), antialergic action (Bezerra-Santos

et al., 2006). It also selectively

bits cAMP phosphodiesterase activity (Thomas et al., 1997), induces muscle relaxation by
'bitingCa2+ channels and modifying the intracellular Ca2+ stores sensitive to noradrenaline
rtes et al., 1995; DeFreitas,

1994). Methylwarifteine

(103) has shown significant

and

ucibleinhibitory activity against human carcinoma cells of the nasopharynx in cell culture
upchanet al., 1965). Laurifoline (104) considerably

inhibits the avian myeloblastosis

virus

ersetranscriptase, and could be a promising antiretroviral agent (Juca, 1998). Milonine (105)
44

tensive and vasorelaxant effects in normotensive

rats (Cavalcante

et al., 2011) and

litic effect (DeFreitas et al., 1996; Melo et al., 2003). It also has cytotoxic effects in
(Melo et al., 2003) and may contribute to the anti-

hepatocytes and V79 fibroblasts

~

c effects of C. sympodialis extract (Bezerra-Santos
ive pharmacological

activities,

idal activities, anti-Alzheimer's
the third-instar of Aedes

such

as

et al., 2012). 'liriodenine

antitumor,

antibacterial,

(106) has

antifungal

and

disease (Liu et al., 2011), as well as larvicidal activity

aegypti

larvae

(Feitosa,

2009).

Warifteine

(102)

and

lwarifteine (103) have also been isolated from the roots of C. ovalifolia (Snedden and

Cissampelos

capensis

pnine (108), glaziovine (109), pronuciferine
), cissacapine (113), salutaridine

cyc1eanine

(110), crotsparine

12-0- reticuline

(114),

(90), dicentrine

(111), lauroscholtzine

(115),

methyl curine

. e (117), insulanoline (118) have been isolated (de Wet et al., 2011).

R'

CH3

OH

R"
OCH3

R'O

H

o

R"
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(107),

109

R
R'
CH3 H

110
111

CH3
H

CH3
H

(116),

HO
.,\\

'\'\\~
""'11

I

N-CH
3

o
114

117 R=CH3
118 R= H

genus Cissampelos therefore consists of plants with a vast array of structural types and
ologicalactivities. Some of the plants in this genus have been phytochemically
46

evaluated to

,/

theirethno medicinal uses while others have not. These include the leaves of C. pareira
used in folk medicine for the management

of malaria and bacterial infections

and Prasad, 1995; Kokwaro, 2009).

bytochemistry and bioactivity of Cissampelos pareira

10spareira is a dioecious liana or scandent shrub, with rhizome; leafy stems, slender,
to densely hairy (Figure 2). The rhizomes

have bitter taste and possess diuretic,

e and antiperiodic properties. The rhizomes, leaves and stem are used against dyspepsia,
, asthma, heart disease, diarrhoea, dropsy, cough, veneral diseases, ulcers colic and
difficultieslike cystitis (Kokwaro, 2009, Mukerjiand

Bhandari, 1959, Neuwinger, 1994).

yesare used as an antiseptic against inflammation and can be put on wounds in order to
(Neuwinger, 1994). In India leaf powder used for malaria management (Sudarsanam
, 1995), leaf decoction used for malaria in Tanzania control (Gessler et al., 1995).
US

extractsof C.pareira have been reported to possess biological activities. These include
odial (Rukunga et al.,2009),

anti-diarrhoeal

0,2002), cardioprotective, antinociceptive

(Amresh et al., 2004), antitumour (Meng

and antiarthritic

(Amresh et al., 2007a), anti-

atory and antioxidant (Amresh et al., 2007b). The compounds

responsible

for the

activities have not been isolated in all cases. From the aerial parts of this plant, a
cone-flavonedimer, cissampeloflavone

(119) was isolated (Ramirez

et al., 2003). This

und(119) has good activity against Trypanosoma cruzi and T brucei rhodesiense. It also

low toxicityto the human KB cell line.
roots and leaves of the plant yielded the bisbenzoylisochinoline
IaY1tinin (121), haytidin (122) and cissampareine
47

alkaloids hyatin (120)

(123) (Tshibangu et al., 2003). The water and

I extracts of the roots of the Kenyan species of this plant exhibited activity against P.
in vitro with ICso values of 8.67 and 5.85 ug/ml respectively (Rukunga et al., 2009).
\

loisoquinolinealkaloids, pareirubrine A (124), pareirubrine B (125), grandirubrine, (126)
brine (127) and pareitropone (128) all of which showed potent antileukaemic activity
isolatedfrom the rhizomes of Cissampelos pareira (Morita et aI., 1993a, 1993b).

re2: Stem and leaves of Cissampelos pareira (www.africamuseum.be)
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OH

OCH)

R

1200CH)

R'

OH

121 OCH3 OCH3
122 OH

127 R=OCH) R'=<X:H)

OH

OH

128

oughthe leaves of C pareira are used as an antiseptic and in the treatment of infectious
lcIiare,s in folk medicine, no phytochemical

evaluation has been carried out to determine the

compoundsresponsible for this activity. The.leaves
antiplasmodial
principles are not known.
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are also used to treat malaria but the

OCH3

ytochemistry and bioactivity of genus Tinospora

a, a genus of deciduous woody climbers is distributed in the tropics of Asia, Africa and
Various species of Tinospora

are used in traditional

medicine in Asia and Africa
\

and Cordell, 1984). The stems of Tinospora hainanensis

have been used as an anti-

ory for the treatment of arthritis while the roots of T sagittata have been used for
coughsand other throat conditions (Bisset and Nwaiwu,1983).

And the stems and leaves

crispa and T sinensis have been used for their anti-inflammatory

(antirheumatic),

or antiperiodic (antimalarial), and antibacterial properties (Bisset and Nwaiwu, 1983;

et al., 1995; Yonemitsu et al., 1993; Fukuda et al., 1986). The extracts of T cordifolia,
loyedas.a febrifuge (antimalarial),
disorders, chronic diarrhoea,

for managing skin conditions, rheumatic conditions,

dysentery,

etc. (Dalziel,

). Thisgenus has very wide ethnopharmacological

1937; Dash, 1976; Nadkami,

information implying that other species

mvestigatedor lacking any reported use also have potentials not yet discovered.

ousclasses of compounds have been isolated from plants in this genus. These include
oids,lignans, flavonoids, terpenoids and sterols. From the stem of T cordi/alia berberine
) andpalmatine (130) were isolated (Pachaly and schneider, 1981). From the root extract of

capillipes quaternary

proberberine

alkaloids

palmatine

bamine(132), stepharanine (73) and dihydrodiscertamine
oidsmenisperine (134) and magnoflorine

(130),

jatrorrhizine

(131),

(133) and quaternary aporphine

(135) were isolated (Chang et al., 1984). The root

T. bakis yielded alkaloids, including the proto berberine type alkaloid palmatine (130) (Dialloet al., 1997). An aporphine alkaloid N-formyl anonaine

(136) was isolated from T

abarica(Atta-ur-Rahman and Ahmad, 1987). Compound (136) was also isolated from T.
50

ngwith two N-acyl aporphine alkaloids, namely N-formyl nomuciferine
muciferine(138) (Pachaly et al., 1992). Kokusaginine

(137) and N-

(139), a furoquinoline alkaloid

latedfrom T malabarica (Bowen and Motawe, 1985). Studies on T. tuberculata stems
\

'-.

twoalkaloids, N-trans feruloyltyramine

(140) and Nscis feruloyltyramine

(141) (Fukuda

ids and flavonoid glycosides have also been isolated from plants in this genus. Two
ids 5-alloxy-6, 7, 4'-trimethoxyflavone

(142) and 1-(2', 4'-dimethoxyphenyl)-3",

edioxyphenyl)-2-methyl propane-l , 3-dione (tinosporinone)

4"-

(143) were isolated from

ood and stem of T malabarica (Prakash and Zaman, 1982). A flavonoid, kaempferol
andtwo glycosidal flavonoids, kaempferol-Ltz-glucoside

(astragalin) (145) and quercetin-

coside(quercitroside) (146) have been isolated from T. malabarica (El-fishawy et al.,
Theroot of T bakis contained 2-4 % columbin (147), a diterpenoid furanolactone (Diallo1997).

The

lignans

3-( a-4-dihydroxy-3-methoxybenzyl)-4-(

xybenzyl)tetrahydrofuran (148) and (±) di-O-methylsyringaresinol

T.malabarica (Atta-ur-Rahmanand

Ahmad, 1987).
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4-hydroxy- 3-

(149) were reported

.~ ;
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o
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.

OCH,

148

of Tinospora capillipes displayed antimicrobial activity against Staphylococcus

aureus .

etal., 2007). B-Ecdysone was isolated from Tinospora cardifolia. This compound showed

ticial effects on joint epiphyseal cartilage tissue and trabecular bone in ovariectomized rats
et al. 20I0). This suggests that it may be of value in treatment of osteoporosis and
IIeoarthrt'tis,
The aqueous extract of the root of T. bakis containing the alkaloidal fraction had
rateactivity against a chloroquine-resistant

strain of P. falciparum

in vitro (Diallo-Sall et

1997).From this extract, columbin (147) in small doses increased the secretion of the bile
the glands of stomach and intestines while palmatine

(130) showed stronger antipyretic

t thanthe alkaloidal fraction in rabbits (Diallo-Sall et al., 1997, 1999, Oyen, 2008).
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.'

thisgenushaving a very wide molecular diversity with varied biological activities, not
ies in the genus have been studied. One such species not yet studied is Tinospora
ia. Sincea number of plants in this genus are used in the management of malaria and

'-.

.

oblongifolia contains antiplasmodial

and antibacterial

aoblongifolia is a liana which can grow up to 12m high with corky branchlets (Troupin,
Thisplant is widespread in the eastern part of Africa where it grows in the coastal region
. 1956):An infusion from its roots is used as

a purgative

of phytochemicals from this plant. Considering

(Kokwaro, 2009). There is no

the structural

diversity and varied

activities displayed by other plant in the genus Tinospora, it was possible that this

Phytochemistry and bioactivities

of the genus Triclisia

genusTriclisia produces the greatest diversity in structures of its metabolites of the three
i.e. Cissampelos, Tinospora and Triclisia. For example, several bioactive compounds
been isolated from T dictyophylla.

From the roots and stems bisbenzyl-isoquinolines

thine (150), N, N' -dimethylphaeanthine

(151),

tetrandrine

(152)

line dibenzodioxins, cocsuline (trigilletine) (153) and trigilletimine
, 2008; Tackie et al.,

1973). The, stems

ylmoschatoline(155) and indeno-isoquinoline
bisbenzyl-isoquinolines

stebisimine
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also

yielded

triclisine

(156}

and bisbenzyl-

(154) were isolated

the oxo-isoquinoline
Analyses

(157) and obamegine

0-

of the leaves

(stepholine)

(158),

.'
l-isoquinoline dioxins gilletine

(159) and isogilletine-N-oxide,

and the morphinan

id tridictyophylline (160) (Pollard, 2008).
o

,

MeCl~
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H

0
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01 extractof the stem bark of T dictyophylla showed strong activity against P. Jalciparum
and a less strong but significant effect. against Tripanosoma brucei. Phaeanthine (150)
c:ocsuline
(1?3) showed inhibitory activities against Leshmania spp. and T cruzei (Pollard,
). Gilletine(159) showed antimalarial

activity against Plasmodium

). T. patens exhibited activity against Leishmania

sp. in vitro (Pollard,

donovani promastigotes

and T brucei

i bloodstream trypomastigote form (Camacho et al.,,2002). Although the genus Triclisia
plantswith compounds of varied structural types displaying interesting biological activities,
allmembersof this genus have been fully evaluated phytochemically.

There was therefore

todothis because they are a potential source of biologically active compounds .

.1.Phytochemistry and bioactivities

of Triclisia sacleuxii

rootof T. sacleuxii is chewed and the sap swallowed to treat kidney problems, sore throat,
. somiasis, intestinal worms and veneral diseases,

while root scrapings are rubbed into

picalscarifications to treat snakebites (Pollard, 2008). Five bisbenzyl-isoquinoline
thine(150), 1, 2-dehydroapateline
I

2-dehydrotelobine were

isolated

(161), N-methylapateline
from

the

plant,

and

(162), gasabiimine (163) and
these

compounds

tiplasmodialand antitrypanosomal activity (Murebwayire et al., 2006; 2008).
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alkaloids;

displayed

o

o

MeO

o------..::v

MeO

0------0,.;/
H

o

o

OH

161

OH

162

o

oidfractions from the roots, stems and leaves of the plant inhibited acetylcholinesterase

to

, gdegrees(Murebwayire et al., 2009).

oughthe aerial parts of Triclisia sacleuxii have been reported to possess good anti plasmodial
, 'ty (Murebwayire et al., 2008), the compounds responsible

for this activity had not been

lated.In addition, this plant is used in treatment of bacterial infections such as, sore throat,
veneraldiseases (Pollard, 2008) but there is no report of antibacterial compounds from this
1. It was therefore necessary to isolate and characterize

the antiplasmodial and antibacterial

pounds from this plant so as to validate its use in folk medicine.
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CHAPTER THREE
TERIALS AND METHODS

from
3.l"S; 39°41'OO.9"E) in January

2012.

Cha

Simba

The. plant material

Rocks,

Kilifi

was identified

County
by a

ist and a voucher specimen. (2012/608) was deposited at the East African Herbarium.
m of Tinospora oblongifolia

SS.4"S; 39031'17.0"E)

was collected

in August

2012.

from

Kaya

Muhaka,

The plant material

Kwale County

was identified

by a

ist and a voucher specimen (2012/924) was deposited at the East African Herbarium.
leaves of Cissampelos pareira

were collected

from Chiromo,

Nairobi

(1016'24.8"S;

29.6"E) in January 201 L The plant material was identified by a taxonomist

and a

er specimen(FS2011101) was deposited at the Botany department, University of Nairobi.
collectedplant parts were dried under a shade for two weeks after which they were ground
ahammermill in readiness for extraction;

• g points were determined using a Koffler melting point apparatus and are uncorrected.
chromatography (CC) and thin layer chromatography

0.035-0.070nun, 60A and 60

F254,

(TLC) were performed over silica

respectively. Optical rotation was measured on a Perkin

polarimeter model 241 at 541 and 57~ nm and extrapolated

to 589 nm using Drude's

tion. IH, Be and 2D-NMR spectra were recorded on Bruker AVANCE lII-600 MHz, 300
and200 MHz spectrometers equipped with a 5 mm TCl cryogenic probe head (z-gradient)
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d pulse sequences. RP-HPLC-ES.I-MS

and the LC-MS were performed with an

Technology1200 series apparatus equipped with a Cg column (Ascentis Express, 3 ern x
2.7llm). HR-ESI-MS data were recorded on a Q-ToF UL TIMA~l!l (Waters) equipped

etion,isolation and identification

of isolates

ction and isolation of compounds

from Triclisia sacleuxii stem

driedground stem of T sacleuxii (2 kg) was extracted at room temperature three times

Iextract(62 g) was suspended in water (0,5 L) then partitioned successively into hexane

Lx 3), dichloromethane (~,S Lx 4) and n-butanol (~,S Lx 4), yielding 5.0 g, 26.2 g and
g of extracts, respectively.

The hexane

extract was not pursued

Iy inactive.in the bioassays. A portion of dichloromethane
to column chromatography

further since it was

(CH2Ch) extract (24.0 g) was

on silica gel, starting with 100% cyclohexane as eluent

by cyclohexane-ethyl acetate mixture with increasing polarity of the more polar solvent
ent 10%) and elution concluded with

100% ethyl acetate. A total of the 270 fractions

20 ml) were collected. The fractions were pooled (pool I to VI) together on the basis of
profiles,Pool I (fractions 1-20) contained no spots and the solvent was recovered.

Pool II

'on21-33, 2 g) was purified by column chromatography

(4:1) to

using cyclohexane-EtOAc

p-sitosterol(164, 40.3 mg). Pool III comprised of fractions 34-47 (3 g) and was further
fiedon silica gel using 100% CH2Cb to give 4-hydroxy-benzaldehyde

(165, 22,5 mg). Pool

(fractions50-100, 5 g) was also subjected to further purification on silica gel column (150 g;
x 50 em) using 1% methanol in CH2Cl2 as eluent, which achieved three compounds namely;
59

.'

mg), trans-N-feruloyltyramine
amine(168) (17.0 mg) after crystallization

(167)

(15.2

mg) and trans-N-

in methanol. Fraction 101-200 (Pool V,

showedthree spots on TLC using 5% methanol in CH2Ch and was further subjected to
<,

ionusing silica gel ( 150 g, 2.5 x 50 ern; 2-6% MeOH-CH2Ch)
ex LH-20 CC (100%

followed by purification

MeOH, 500 mL) to yield a white substance

orffreagent positive on TLC and further

purification

by preparative

that was

RP-HPLC on a

. ExpressC-18 column (3 ern x 2.1 mm, 2.7 urn, Agilent; flow rate 0.5 mUmin; H20 +
HC02H1H3CCN
+ 0.1 % HC02H, 1:4 isoctatic condition) yielded sacleuximine

(169) (35.6

Theremainingfractions constituted Pool VI (4 g) which upon further purification on silica
. g 2-6% MeOH-CH2Ch yielded sesamin (170, 28.6 mg) and yangambin (171, 42.2 mg).
n-butanolfraction (17 g) was also subjected tq silica gel column chromatography
of CH2Ch-methanol with increasing polarity of th~ more polar solvent.

using a

A total of 53

. nsof 100 ml, each were collected and those exhibiting similar TLC profiles were pooled
er (Pools VU- VIII).

Pool VII (fractions

1-20, 8 g) contained compounds

previously

from pool VI of CH2Ch and according to TLC analysis were resolved into individual
nents,sesamin (170,18.1

mg) and yangatnbin (171, 20.0mg).

Fractions 21-52 (pool VIII,

wasfurther subjected to purification on silica gel using 2-8% MeOH- CH2Ch to give three
iens(A-C). Fraction A 0.0 g) was further subjected to purification on Sephadex LH-20 CC

00% MeOH,500 mL) to yield palmatine (13o., 26.8 mg). On the other hand, fraction B (0.9 g)
Ided isotetrandrine (172, 20.8 mg) under similar purification procedure. Fraction C (1.2 g)
triturated with methanol

to yield

a white

amorphous

lizationin methanol yielded epi-quercitol (173, 19.3 mg).
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compound

which

upon re-

\

Physicaland spectroscopic data of compounds

,

isolated from Tricllsia sacleuxii stem

. (130):amorphous yellow solid mp. 205-207oC; IH and 13C~

,
data: see Table 7;

-erol (164): white amorphous solid, mp. 138-1390C; 'H and BC NMR data: see Table 8;
(positivemode) mlz 414 (C29HsoO).
lWUIoxv-benzaldehyde

(165): white crystals, mp. 114-117oC; IH and 13CNMR data: see Table

aresinol (166): white powder, mp. 182-184oC; IH and 13CNMR data: see Table 10; ESI-

N-Feruloyltyramine

(167): white solid mp. 145-1490C; 'H and 13CNMR data: see Table

ESIMS (negative) mlz 312 [M-H]-, 358 [M+COOH]-, 625 [2M-H]N-Caffeoyltyramine

(168): white solid mp. 215-217oC; IH and 13CNMR data: see Table

'mine (169): white amorphous solid, mp. 212-214°C;

UV (CHCh, C 0.02)').. max- 242

12),260(3.32) and 280 (3.60) nm; IR vrnax cm-I: 3414, 3316,2911,2592,

1679, 1653, 1524,

53,1238,1167, 1124; IH and 13CNMR data: see Table 12; ESI-MS (positive): mlz 645 [M +

(lOO), 354 [M - C'8H18N202t (20), 337 [M -C22lL6t (5) ; HR-ESI-MS: mlz 667.4917 [M

at (ealed.C421IMN203Na:667.4920).
Slsamin (170): white crystals mp. 122-12SoC; IR (KBr):

61

'H and 13CNMR data: see Table 13;

in (171):white crystals mp. 120-122oC; tH and l3C NMR data: see Table 14.

ine (172): yellow-white powder mp. 180-1830C;
cito/ (173): colourless crystals mp. 235-236oC;
etion and isolation of compounds

IH

'n and
and

l3C

l3C NMR data: see Table 15;
~

NMR data: see Table 16.

from Tinospora oblongifolia

stem

and ground stem of T oblongifolia (Ikg) was extracted with methanol and afforded an
(30g). This extract was suspended in water and partitioned between water and hexane,
methane, ethyl acetate and n-butanol

successively

to give hexane extract (4.0 g),

methaneextract (9.8 g), ethyl acetate extract (3.4 g), n-butanol extract (5.6 g) and water
(6.0g). The hexane extract and aqueous' extracts were relatively inactive in the bioassays

they were not pursued further. Dichloromethane

extract (9.4 g) was subjected to CC on

gelandeluted with a mixture of hexane and ethyl acetate under gradient conditions. A total
00fractionsof 100 ml each were collected. After pooling them based on TLC profile 20
wereobtained. Pools 1 to 7 were fatty acids and alcohols as was seen from NMR anlysis ..
8(400mg) was further chromatographed

on silica gel using 100% dichloromethane to give

fractions(20 ml each). P-sitosterol (164) (6.0 mg) was obtained from subfractions 16-19
subfractions 36-38 gave , 2-(4'-hydroxyphenyl)-ethyl

lignocerate

(174) (10 mg).

pt to purify the other sub-fractions did not yield any pure compound. Pool 9.(700 mg) was
subjectedto further chromatography
t

on silica gel using cyclohexane

and ethyl acetate

mixturestarting with 100% cyclohexane then increasing the polarity gradually to 10%

Iacetatein cyclohexane. A total of 80 subfractions were obtained and from subfractions 47docosyl-3,4-dihydroxy-trans-cinnamate

(175) (22.6 mg) was obtained at a polarity of 9: 1

lohexane:ethyl acetate). Attempts to purify the other subfractions
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did not yield any pure

Pools.10 to 20 did not yield any pure compounds.

n-Butanol

(5.0 g) was also

to CC on silica gel and eluted with an isocratic trinerary solvent mixture of ethyl
01 and water (9:1:0.5) to afford 120 fractions of 50 ml each. After pooling them
\

~.

TLC profile, eight main fractions were obtained and 2', 3'-dihydroxy-N-[(2S,3S,4R)xyicosan-2-yl]tetracosanamide

(176)

out of fraction 2 as a colourless

(12.0 mg) was isolated from fraction 2. It

gummy solid which was further crystallised in

j3-sitosterolglucoside (177) (27 mg) was obtained from fraction 4. Fractions 5-8 were
ofinseparablecompounds.

is was carried out on compound 176 by refluxing 2 mg at 80

-c

for 18 h in 2 ml of

taining 1 ml of 2 N HCI (1 ml) under magnetic stirring. The mixture was neutralized
aqueoussolution of NaHC03

and extracted with CH2Ch. The fatty acid methyl ester

was identified by RP-HPLC-ESl-MS

which

showed

the

peak

at mlz 437.4

t

ndingto [C2sHso04+Na with a retention time of 2.2 min.

Physical and spectroscopic data of compounds isolated from Tinospora oblongifolia

oxyphenyll-ethyl

lignocerate (174): white amorphous solid mp. 98-101 °C; ElMS mlz:

-CHl, C32HS603;IH and 13CNMR data: see Table 17.
-3,4-dihydroxy-trans-cinnamate (175): white solid; ElMS mlz: 474 [M-CH2t, C31HS204;
13C NMR

data: see Table 18.

J -Dihydroxy-N-[(2S, 3S, 4R)-1,

3,

4-trihydroxyicosan-2-yIJ

tetracosanamide

(176):

esswaxy material; [a]o20 +10.4 (c 0.09, THF); HRESlMS: mlz 750.6583 (calc. 750.6588
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I glucoside (177): white amorphous solid mp. 282-284oC; ESIMS, mlz (reI. int.): 397

.

t

0] (C29HSOO);

1

H and

13

.

C NMR data: see Table 20.

action and isolation of compounds

froni Cissampelos pareira leaves

andground leaves of C. pareira (lkg) was extracted sequentially with n-hexane, ethyl
and methanol to afford three extracts weighing

9.8g, 14.9g and 28.5g, respectively.

.

bioassay results indicated that the n-hexane extract was relatively inactive. It was
not pursued further.

The ethyl acetate

extract

(12g) was subjected

to column

graphyon silica gel starting with 100% hexane then gradually increasing the polarity to
ethylacetate. A total of 42 (l00 ml each) fractions were obtained. These were then pooled

6 mainfractions (CPLEI-CPLE6)

based on their TLC profiles. On further purification of

Ion silicagel using 10% ethyl acetate in .hexane stigmasterol (178) (20mg) and lanosterol
(25.3mg)were obtained. CPLE2 yielded oleariolic acid (180) (22.4mg) while CPLE3
lupeol(181) (l2.1mg) on further purification using column chromatography.
to further purification

CPLE4 was

using 20% ethyl acetate in n-hexane to yield lupeol (181)

. Attempts to obtain pure isolates from the other fractions were unsuccessful.

01 extract(20g) was subjected to column chromatography
romethanethen gradually

increasing

the polarity

The

on silica gel starting with 100%

by adding methanol

up to 100%

01. A total of 230 fractions of 100mi each were collected. Based on their TLC profiles,
fractionswere pooled into 15 main fractions (CPLMl-CPLM15).
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CPLM5 was subjected to
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colwnnchromatography on silica gel using 5% methanol in dichloromethane to yield 20
tions.Epicatechin (182) (20.2mg) was obtained from sub-fraction 6. Sub-fraction 8 was
to further purification

on Sephadex

LH-20

using

100% methanol

to afford

\

ine (132) (24.0mg)

and ,8-Sitosterol

10 as a white solid. CPLMll

glucoside

(177) (9.4mg) precipitated

was subjected to further column chromatography

. g 10% methanol in dichloromethane.

A total of 12 sub-fractions

I glucoside (177) (lO.2mg) precipitated
lideE glucoside (183) (l6.2mg)

from
on silica

were obtained. ,8-

from sub fraction 2.· From sub-fraction

3

was. obtained. Colourless crystals were obtained from

tion 7. These could only dissolve in water and NMR analysis resulted in a blank
suggesting that it was a salt. The other fractions from this extract were complex
s and attempts to separate them did not yield any pure compounds. No clear spots were
edonTLC with various solvent systems.
.

.1.Physical and spectroscopic

data of compounds

,

isolated from Cissampelos pareira

amine (132): Orange-yellow needles; mp. 194 -196°C; IH and 13CNMR data: see Table

'ostero/

glucoside (177): White amorphous solid; mp. 282-2840C; (KEr): v

,1645; 'n and

13C

NMR data: see Table 20. ESIMS m/z 397 [M+H-H20t

max

3450, 2920,

(C29HSOO).

ferol (178): Colourless needles; mp. 162-1650C; IH and l3C NMR data: see Table 22.

. crysta Is; mp. 144-14 60C; 1Hand
sterol (179): White
z449 [M+Nar (C30HsoO).
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13C NMR data: see. Table 23. ESIMS

ic acid (180): White amorphous powder; mp. 298°C-300°C; ElMS mlz 456 (C30H4803);
3CNMR data: see Table 24.
l

(181):White crystalline solid; mp. 215-216oC; ElMS mlz 426 (C8.0HsoO); IH and l3C

echin (182): White crystalline solid; mp. 175-177oC; ElMS mlz 290 (C1sHl306); IH and
data:see Table 26.

/ide E glucoside (183): White amorphous powder; mp. 195°C-197°; ESIMS mlz 1323

at and 673 [M+Nat

(C34Hso012). IH and l3C NMR data: see Table 27.

In vitro antiplasmodial activity assay
erodeextracts and pure compounds were assayed using a non-radioactive

assay technique

teinet al., 2004) to determine 50% growth inhibition on cultured parasites. An in vitro.
susceptibilityassay using the fluorochrome'
marker that accurately

depicts

SYBR Green 1', a non-radioactive

in .vitro parasite

uine-sensitive Sierra I (D6) and chloroquine-resistant

replication.

intercalating

Two parasitic

strains,

Indochina I (W2), of Plasmodium

m were grown (Johnson et al., 2007). The culture-adapted P. falciparum were added to
platecontaining dose range of drugs (5 x 10-4 ng/ml) and incubated in a gas mixture (5%

,5% 02 and 90% N2) at 37°C for 72 hours and frozen at -80°C. After thawing, lysis buffer
taining'SYBR Green I' (1 x final concentration)

was added directly to the plates and gently

edusingthe Beckman Coulter Biomek 2000 automated laboratory workstation.
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./

wereincubated for 10-15 minutes at room temperature in the dark. Parasite growth
were quantified by measuring

the per-well relative fluorescence

units (RFU) of

GreenI' dye using the Tecan Genios Plus with excitation and emission wavelengths of
\

and 535 run, respectively. Differential counts of relative fluorescence units (RFU) were
calculatingICso for each drug using Prism 4~0 software for windows (Graphpad software,

, USA). Three separate determinations

were carried out for each sample. Replicates

wdata ranges hence are presented as means ± SD. The crude extracts and pure isolates
subjected to cytotoxic assay so as to determine

their selectivity

indices in the

icassayfor the crude extracts and of isolates on the KB cell lines were determined by the
'c assay based on the cleavage of the 3-(4, 5-dimethylthiazol-2-yl)-2,

5-diphenyl

Hum bromide (MTT) method (Alley et ai., 1988). The KB cell lines seeded in 96-well
at a concentration of 1 x 104 cells/well were treated with various concentrations of test

and compounds and incubated in a humidified 5% CO2 atmosphere at 37°C. After 48 h .
'on,10mL of 5 mglmL MTT was added. to each well and incubated for another 4 h. After
of the supernatant, formazan crystals were dissolved in 100 mL dimethyl sulfoxide and
rbancevalues were measure at 570 nrn with a microplate reader. Camptothecin was used
positivecontrol and the optical density was measured. at 450 nrn and a dose-response

curve

plotted for each compound, and the concentration displaying 50% inhibition (CCso) was
by using MS Excel-based program. Selectivity index (SI
trationto 50% effective antiplasmodial

=

ratio of 50% cytotoxic

concentration) was used as a parameter of clinical

canceof the test samples by comparing general toxins and selective inhibitory effect on

odium jalciparum (Wright and Phillipson; 1990)
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tibacterial assays
organismswere Staphylococcus

aureus (ATCC 25923), Staphylococcus

epidermidis

l

25924), Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 27853).
·tivecontrolstreptomycin was used .

. Preparation of the agar culture
. e mediawas poured into sterile 90mm petri dishes to a depth of 4mm. The surface of the
driedto remove excess moisture before use.

Disc diffusion assay
used and is based on the diffusion through an agar gel of
'crobialsubstances which are impregnated

on paper discs (Murray et al., 1999). Sterile

discs(of 6mm diameter) prepared from Whatman No.1 filter paper were impregnated with
oftheplant extracts (5mg/ml) using a sterile micropipette and left for 30 minutes to dry at
temperaturein the hood. Overnight cultures· of bacteriai species were used for inocula

ion, The inocula were prepared by making microorganisms to grow in a sterile saline and

dity was adjusted to yield 0.5 McFarland .standard (approx. 108 colony-forming units per
Petri dishes containing Mueller-Hinton

agar were seeded with 100111 of the prepared

ialinocula.The discs were arranged and firmly pressed on the agar surface of each seeded
and then incubated at 37°C for 24 hours. Similarly,
ntrationsof antibiotic (streptomycin,

paper discs containing

standard

l Oug per disc) was used as positive control. A disc

ed with the solvent (5% DMSO) was used as negative control. All tests were done in
68

i

. Thepresence of zones of inhibition around the disc was interpreted as an indication of
bialactivity. Inhibition zones were measured as described by Reiner (1982).

Preparation pure isolates for MIe determination
urn. inhibitory concentration

(MIC) is defined as the lowest concentration of the test

in which there is no growth of microorganisms.

Antibacterial susceptibility tests were

asperNational Committee for Clinical Laboratory Standards (NCCLS) microdilution assay
(Murray et al., 1999). The bacterial strains were grown in prescribed media until
tial growth was achieved. Tests were performed in a 96-well microtiter plate in a final
e of 100ul.. Test compounds were dissolved in 5% DMSO at an initial concentration of 1
and serially diluted in plate (with BHI broth, Becton Dickinson) to provide decreasing
trations(geometric series, with a coefficient of 2) from a concentration Y down to the
tration Y: 256. Maximum tested concentration

was 500 J1M while minimum tested

trationreached 3.9 IlM. Each well was then inoculated with 2-5

x

105 bacterial cells and

ed at 37°C for 24 h. One well containing cells and 5% DMSO without test compounds
control) and one well containing only growth medium (sterility control) were used as

Is. Streptomycin was used as a positive control. The minimum inhibitory concentration
C) wasevaluated as the lowest concentration of the test substance that inhibited the growth
thebacterialstrain. The assays ware done in triplicate and are presented as means.
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CHAPTER FOUR
TS AND DISCUSSION
hemical analysis

dural elucidation of compounds

from Triclisia sacleuxii stem

compoundsisolated included: a protoberberine
) and bisbenzylisoquinoline

alkaloid

alkaloid; palmatine (130) (Grycova et

isotetrandrine

withtwo ferrulamides; trans-N-feruloyltyramine

(172) (Tanahashi

(167) (Al-Taweel

eoyltyramine (168). In addition three lignans; yangambin

et al., 2000)

et al., 2012) and

(171) (Ahmed et al.,

syringaresinol(166) (Das et al., 1999; Houghton, 1985) and sesamin (170) (Anjaneulu et
wereisolated alongside a cyclitol; epiquercitol (173) (Wacharasindhu

et al., 2009), 4-

-benzaldehyde(165) (Quo et al., 2011), ~-carboline alkaloid, sacleuximine (169) and ~-

I(164)(Wright et al., 1978). The structures of these compounds were established based
lealand NMR data with those in the respective literature except for compound 169 which

Palmatine

(130)

und130 was isolated as an amorphous yellow solid with a melting point of 205-207°C.

IH NMR revealed 12 signals (Table 7) (Appendix 1), four singlets at 0 9.78, 8.82, 7.68 and
suggestedfour isolated aromatic protons. The signals at () 8.13 (lH, d, J=9.1Hz) and 8.03
d, J=9.1Hz) indicated a pair of ortho -coupled

aromatic protons. There were also two

ylenesignals at 0 4.94 (2H, m) and 3.30 (2H, m) which were shown to be coupled on the
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COSy spectrum (Appendix 3). The appearing of these methylene signals downfield
thepresence of an electron withdrawing

centre such as nitrogen or oxygen. Electron

. g groups cause a shift of methylene signals from 8 1.3-0.8 dowpfield. The remaining
gnalsat () 4.22,4.12,4.00

and 3.30 were due to methoxy groups attached to an aromatic

able7). The l3C NMR spectrum (Appendix 2) confirmed presence of aromatic carbons.
weresix signals attributable to protonated

aromatic carbons at 8 146.3, 128.1, 124.5,

, 111.4and 109.9. The signal at 8 146.3 indicated

a carbon was next to an electron

. g centre. The methylene carbon signal downfield at 8 57.3 confirmed presence of
atom. The other methylene carbon signal appeared at 8 27.8. There were also nine
carbon signals which could be identified on the HSQC spectrum (Appendix 4). These
110

protonsattached to them and they appeared at 8 148.7, 150.1, 128.4, 121.3, 143.6, 151.4,

~,133.1 and 118.9. Of these signals, those atS

148.7, 150.1, 143.6 and 151.4 suggested

tionon the aromatic ring system. The signals at 8 '62.5, 57.6, 56.9 and 56.7 suggested
of methoxy groups (Table 7). The HMBC spectrum (Appendix 5) revealed coupling
the methoxy protons at 83.95 and the carbon resonating at 8150.1. Methoxy protons at
00werecoupled to the carbon at 8 148.7 while the methoxy protons at 84.12 were coupled
1hecarbonat 8 151.4. The carbon resonating at 8 143.4 was also shown to be coupled to the
xy protons at 8 4.22.

These enabled determination

s onthe aromatic rings system.

of the exact positions of the methoxy

Based on this spectral data and literature (Grycova et al.,

)compound130 was identified as palmatine.
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""

OCH3

7:IH (600MHz) and

l3C

IH (OH,
Multiplicity,
in Hz)

DC
J

13C

C

(od

(od·

IH (OH'
Multi plicity,
Jin Hz)

13C

(od·

108.8

II

128.1

8.13 (lH, d,
9.1)

126.7

148.7

148.7

12

124.5

8.03 (IH, d,
9.1)

123.4

150.1

150.1

12a

133.1

111.4

13

121.3

128.5 .

13a

137.6

137.6
118.9

109.9

111.4

7.68 (IH, s)

(150 MHz) NMR (CD30D) data of palmatine (130)

7.07 (lH, s)

128.4

133.1
8.82 (lH, s) .

119.9

27.8

3.30 (2H, m)

25.9

13b

118.9

57.3

4.94 (2H, m)

55.3

2OCH3

56.9

4.00 (3H, s)

56.2

146.3

9.78 (lH, s)

145.3

3- .

56.7

3.95 (3H, s)

55.8

62.5

4.22 (3H, s)

61.9

57.6

4.12 (3H, s)

57.0

OCH3
121.3

121.3

9-

OCH3
143.6

143.6

151.4

151.4

10OCH3

cova et al., 2008
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P-sitosterol (164)
d (164)was isolated as white flaky solid with a melting point of 138-1390C.The ESI~

·tivemode) (Appendix 12) revealed a molecular ion peak at mlz '4J 4 corresponding to
formula(C29HsoO). The IH NMR spectrum (Appendix 10) revealed a signal at 8 5.35
) whichconfirmed the presence of a double bond. The signal at 8 3.48 (1H, m) suggested
of an a-proton typical of sterols hydroxylated at C-3 (Orabi, 2011) (Table 8). RMBC
(Appendix 13) showed 3J correlation between the proton at 8 3.48 (1R, m) and carbon

40.9. This carbon, in turn, showed another correlation with three protons resonating as a
ato 0.94. COSY spectrum (Appendix 14) showed that two methyl groups protons (80.80,

.5 Hz and () 0.71, d, J=6.5 Hz) coupled to a common proton resonated as a multiplet at 0
Thisestablished the presence of an isopropyl group, a common structural feature in many
(Orabi,2011). The presence of IJ cross peak between the signal at 0 1.58 (1H, m) and a
1carbonresonated at 0 12.2, made it possible to rule out other sterols but p-sitosterol. The

NMR spectrum (Appendix 11) of this compound showed twenty nine carbon resonances
ibutedas six quartets, eleven triplets, nine doublets and three singlets. Two of these carbons
Datedin the aromatic/olefinic

region at 8 140.9 (s) and 8 121.9 (d). This indicated the

ceof a double bond. One carbon resonance was in the oxygenated aliphatic region (8 72.0,
(Table8). Other carbon resonances

were in non-oxygenated

aliphatic region and were

icalto those of sterols (Orabi, 2011). The NMR data obtained was in agreement with that
lishedby Wright et al., (1978). Compound 164 was therefore identified as P-sitosterol.
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29
22

21111//

27

II",

18

23
26

13
14

16
15
164

H (OH' Multiplicity, J.
C
(Be)·
in Hz))

3.48·

5.35

H
Multiplicity,
Hz))

C

(OH'
J in

C
(oe)-

37.31

16

27.97

28.26

. 31.57

17

56.09

56.11

71.69

18

11.98

0.88

11.87

42.25

19

19.40

0.94

19.40

140.76

20

36.06

121.59

21

17.90

31.92

22

33.87

33.95

31.92

23

25.82

26.43

50.17

24

45.98

45.85

36.51

25

29.03

1.58

28.98

21.1 t

26

19.84

0.80

19.84

39.81

27

19.62

0.71

19.07

42.33

28

23.13

56.79

29

12.23

24.32
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36.17
0.91

18.82

23.09
0.83

12.32

4-hydroxy-benzaldehyde

(165)

167 was isolated as white crystals with a melting point l14-ll7oC.

ElMS spectrum

.

20) revealed a molecular ion peak at mlz 122 corresponding to the, molecular formula
IHNMR spectrum (Appendix 15) revealed three signals. The singlet at () 9.88 suggested
ofan aldehyde functional group. The signals at () 7.81 (2H, d, J=8.7Hz) and 6.95 (2H,
) suggested presence of two pairs of isolated aromatic protons on a para-substituted

ring (Table 9) (Guo et al., 2011). COSY spectrum (Appendix 17) showed coupling
the signals at 0 7.81 (2H, d, J=8.7Hz) and 6.95 (2H, d, J=8.6Hz). The

I3C

NMR

. 16) revealed five signals. The signal at 0 191.09 confirmed presence of an aldehyde
group.The remaining signal suggested presence of aromatic carbons, two of which
protonated(0116.02 and 132.47) (Table 9). HSQC spectrum (Appendix

18) enabled

ent of protons to their corresponding carbon atoms. HMBC spectrum (Appendix 19)
07.81 and the carbon signals at ()162.3and

191.1. The data obtained was consistent

inliterature (Quo et al., 2011). From this spectral data compound 165 was identified as

9: IH (600 MHz) and \3C (150 MHz) NMR (CDCh) data of 4-hydroxy-benzaldehyde

I3C

(od

H (OR' Multiplicity, J in Hz)

.I

130.4

(oc)*

130.5

132.5

7.81 (2H, d, 8.7)

131.5

116.0

6.95 (2H, d, 8.6)

115.9

162.3
191.1
el

13C

162.6
9.88 (lH, s)

196.2

al., 2011
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'-.

Syringaresinol (166)
166was isolated as a white powder with a melting point 182-184oC. The IH NMR
(Appendix21) revealed 6 signals at &'3.10 (2H, m), 3.89 (2H, dd, J=9.1, 3.7Hz), 3.90
4.28(2l!, dd, J=9.1, 6.9Hz), 4.73 (2H, d, J=4.4Hz) and 6.58 (2H, s). The multiplet at &
ed a tertiary centre or the presence of nitrogen whereas the signals at 0 3.89, 4.28
suggestedoxygenation at those carbons. The singlet at 0 6.58 suggested presence of
aromatic protons. There was also a singlet at 0 3.90 (12H) suggesting presence of
oxy groups on an aromatic ring. The IH)H COSY spectrum (Appendix 23) revealed
betweenthe signals at S 3.10 with those at 03.89,4.28

and 4.73 and also between 3.89

. Thissuggested that the proton resonating at 8 3.10 was in between those at 3.89, 4.28
73(Table10). The

l3C

NMR spectrum (Appendix 22) revealed 8 signals at 8 54.5, 56.5,

86.2,102.7,132.2, 134.3 and 147.8. The signals at 147.8 and 134.3 suggested oxygenation
aromaticring. Presence of aromatic protons was confirmed by the signal at 8 102.7. The.
lenesignalat () 72.0 suggested oxygenation at this carbon. The signal at 0 56.5 confirmed
e of methoxy groups which were all in the same chemical environment. The remaining
signalswere at 8 86.2 and 54.5. That at 8 86.2 suggested presence of an oxygenated methine
n while that at 0 54.5 confirmed presence of a tertiary carbon centre thus eliminating
~6

,

of nitrogen (Table 10). HSQC spectrum (Appendix' 24) enabled assignment of the
theirrespective carbon atoms. The signal at (5 4.73 was coupled to the carbon signals
7, 72.0 and 54.5 on the HMBC spectrum (Appendix 25). The HMBC spectrum also

dIat the signal at (5 5.59 was coupled to those at (5 147.8 and 134.3 while that at (5 4.28
.

~

ed to those that (5 86.2 and 54.5. This spectral data suggested presence a dimer. ElMS
26) revealed molecular ion (M+)· at mlz 418 consistent with the molecular formula
whichconfirmed presence of a dimer. From these spectral data and by comparison
1985; Das et al., 1999), compound

166 was identified as

. 01.
0:IH (600 MHz) and l3C (150 MHz) NMR (CDCh) data of syringaresinol (166).
IH (OH' Multiplicity,

J in Hz)

3.10 (2H, m)

54.4

4.73 (2H, d, 4.4)

86.0

4.28 (2H, dd, 9.1, 6.9), 3.89 (2H, dd, 9.1, 3.7)

71.8
l32.0

6.58 (2H, s)

102.9

147.8

152.9

\34.3

. 134.5
152.9

6.58 (2H, s)

102.9

5.59 (2H, s)
3.90 (l2H, s)

56.0

oughton, 1985; Das et al., 1999)
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OCH3

3"
OH
4"

OCH3

"-.

166

trans-N-Feruloyltyramine

(167)

167 was isolated as white solid with a melting point of 145-149°C.

'n

NMR

(Appendix27) showed one ABX type signal pattern which appeared at () 6.80 (lH, d,
),7.12 (lB, d, J=1.2Hz) and 7.03 (lH, dd, J=8.5, I.2Hz). The presence of an ABX
patternwas confirmed by the COSY spectrum (Appendix 29) which revealed coupling

the signal at () 6.80 and 7.03. The signalat

() was also coupled tothat

at () 7.12. This

a tri-substituted aromatic ring. The signal at () 3.88 (3H, s) was due to the presence of a '
group.There was also an AA'BB'

type signal at () 6.72 (2H, d, J=8.6Hz) and 7.06 (2H,

.6Hz) (Table 11). These two signals were shown to be coupled on the COSY spectrum
ix 29). This indicated presence of a di-substituted

aromatic ring. In addition, two
,

I

tripletsof methylene protons appeared at.f 2.75 and 3.46 (each 2H, t, J=7.5Hz). The H

further showed olefinic 'protons at 8 7.44 and 6.40 (each IH, d, J=15.5Hz), the large
. g constant indicated trans configuration

of the double bond. The

l3C

NMR spectrum

dix 28) revealed fourteen signals. The signal at () 169.2 indicated presence of a carbonyl
ienal group whereas those at

cS

149.9, 149.3 and 156.0 indicated oxygenated aromatic
78

,/

at cS 116.3, 111.5, 116.4 and 123.2 indicated hydrogenated

aromatic

Therewere also olefinic carbon signals at cS 142.1 and 118.5 (Table 11). The methylene
at ~ 42.6 indicated a carbon atom next to a nitrogen

atom. There was also another
\

signalat 0 35.8 whose protons were shown to be correlating with "-.
the signal at cS 131.1

HMBC spectrum (Appendix 31). This suggested that this methylene carbon was attached
aromaticring. The remaining

signal at 0 56.4 was for a methyl group attached to an

'c ring.HSQC spectrum (Appendix 30) was used to assign the protons to their respective

atoms.ElMS (Appendix 32) revealed a molecular ion peak at mlz 312 corresponding to
ecularformula ClsHI9N04.

Based on spectral data as well as literature (Al- Taweel et al.,

compound{167)was identified as trans-N-feruloyltyramine.

trans-N- Caffeoyltyramine

(168)

und (168) was isolated as a white solid with a me~ting point of 215-217oC. Its ElMS
a molecular ion peak at m/z 299 consistent with the molecular formula C17H17N04. Its
spectraldata was similar to that of compound 167 except for the absence of the signal at 0 .

(3H, s) and cS 56.4 in the IH and l3C NMR spectra, respectively (Table 11). This suggested
replacementof a methoxy

group by a hydroxyl

und 168 Was identified as trans-N-caffeoyltyramine
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group at C-3. From this spectral data
(168), in agreement with Al- Taweel

IH (600 MHz) and

l3C

(150 MHz) NMR (CD30D)

data 'of trans-N-feruloyltyramine

trans-N-caffeoyltyramine (168).
167

167
IH (OH, Multiplicity,
Hz)

J in

13C

168

168
13

(od-

168

\

IH (OH, Multiplicity,
Hz)

C

(oe)

J in

13C

(oe)128.2

128.2

128.2

111.5

111.5

149.3

149.3

149.3

149.8

149.9

149.8

6.80 (lH, d, 8.5)

116.4

116.4 .

6.80 (lH, d, 8.5)

116.4

7.03 (lH, dd, 8.5, 1.2)

123.2

123.2

7.03 (lH, dd, 8.5, 1.2)

123.2

7.44 (lH, d, 15.5)

142.0

142.1

7.44 (lH, d, 15.5)

142.0

6.40 (IH, dd, 15.5)

118.7

118.5

6.40 (lH, dd, 15.5)

118.7

169.2

169.2

169.2

169.2

131.3

131.3

131.3

131.3

7.12 (lH, d, 1.2)

7.12 (lH, d, 1.2)

111.5

130.7

7.06 (2H, d, 8.6)

130.7

130.7

7.06 (2H, d, 8.6)

130.7

116.3

6.72 (2H, d, 8.6)

116.2

116.3

116.3

i16.2

156.9

. 156.0

156.0

156.9

35.8

2.75 (2H, t, 7.5)

35.8

35.8

2.75 (2H, t,7.5)

35.8

42.6

3.46 (2H, t, 7.5)

42.5

42.6

3.46 (2H, t, 7.5)

42.6

56.4

3.88 (3H, s)

56.4

-

Taweel et al., 2012.
3'

N

~6
5

R=OCH3
R=OH

I
H

Trans-N- feruloyltyramine
Trans-N- caffeoyltyramine

6'

(167)
(168)
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OH

euximine (169)

169 was isolated as white amorphous solid with a molecular formula of C42H64N203
. edby positive pseudo molecular ion from HR-ESI-MS [M + N~t at mlz = 667.4917
".
). UV absorption at 242 (log G 4.12), 260 (log G 3.32) and 280 (log e 3.60) for a
indoleand hydroxyl benzyl chromophores

(Wu et al., 1989). IR vmax em- I: 3414,

11,25921 1679, 1653, 1524, 1453,' 1238, 1167, 1124 (Appendix 45). The IH NMR
(Table12) (Appendix 37) revealed two sets of aromatic signals, an ABX system {o

d,J= 8.6Hz), 6.67 (lH, dd, J= 8.6, 2.4Hz) and 6.86 (lH, d, J~ 2.4 Hz)}andAA'XX'
{ 0 7.15 (2H, d, J

=

8.4 Hz ) and 6.82 (2H, H, J = 8.4 Hz)} suggesting the presence of

ticrings. In addition, four aliphatic methylene protons between 0 2.35 to 4.07, an NH

(06.90 1H, s), a terminal methyl group (0 0.88 3H, s) and a broad singlet (8 1.25 br s)
observed.The presence of the terminal methyl group, the broad singlet and a down field
enegroup (0 2.35 t, J = 7.0 Hz) suggested the presence of a long aliphatic chain with a
connection to the carboline. nucleus. More over the presence of mutually coupled .
leneprotons (84.07 dd, J= 13.7,4.1

Hz) and (03.38

dd, J= 13.0,4.6

Hz) suggested a

ydroharmine(tetrahydro-B-carbolines)

derivative (Cao et al., 2007) whereas a methylene

. g IH)H COSY (Appendix 39) with a pair of the aromatic protons at 3 7.15 indicated the
ce of a benzyl moiety. The I3C NMR spectrum (Table 12) (Appendix 38) displayed 42
nsignals,which included 14 aromatic carbons, 27 aliphatic carbons, and an amide carbonyl
Based on the chemical

shift positions

and the HSQC (Appendix 40)

rimentthe compound was confirmed to have two benzene rings, two olefinic carbons, a
thylenecarbon (3 34.1) adjacent to a carbonyl carbon, methine carbon and a methylene
bonadjacent to nitrogen at 351.1 and 41.0, respectively. Analysis of the IH_IH COSY, HSQC
81

.'

C spectra (Appendix 41) (Fig 3) established three molecular fragments: CH2-CH2-O
),CH-C-CH-CH- (C5-C6-C7-C8)

established by comparing the spectral data with those

erdine(Salmoun et al., 2002) and the other fragment CH-CH2-q-CHlCH-CHlCH

(Cl-

'·C2'16'-C3'17') was deduced as 4- hydroxyl benzyl substituent together with an aliphatic
fragment.Based on the NOE (Appendix '42) signal between the aromatic proton at 8 7.00
andtheindolic NH proton at 8 6.90 coupled with the HMBC correlation of H-I to C-2', C-

·3 andin turn to C=O located the benzyl moiety on C-l and the aliphatic chain as an amide
2. Thealiphatic chain was deduced to be a tetracosan-l-one
basedon the ESIMS fragment ions (Fig 4) (Appendix

mlz 354 [M+2H - ClsHlSN202t

derived from a tetracosanoic

44) caused by a-cleavage of the

and a.less intense McLafferty rearranged fragment ion

OH

3: IH_IHCOSY (bold), key NOE (double arrow) and key HMBC (arrows) correlations of
unds169.
andIH NMR data indicated that this compound possessed a 6-hydroxy-,B-carboline moiety
ounet al., 2002). In addition, the NOE correlation between the benzylic methylene protons
theindolic proton -NH, justified the configuration at C-l as a ,8-orientation for H-l. All of
82

indicated that

169

possessed

a molecular

of

1-(6-hydroxy-l-( 4-

nzyl)-3,4-dihydro-l H-pyrido[3,4-b ]indol-2(9H)-yl)tetracosan-l-one,

a new alkaloid

+r~

HO

.~

skeleton

(CH,)"CH,
.

N.J

HyICH,)"CH,

OH~

+
mlz

=

646.5 [M+2Ht

H

OH

m/z= 354.73
mlz

4:ESIMSfragmentation ions from compound 169

83

=

337.16

.'

IH (600MHz) and

l3C

(150 MHz) NMR (CDCh) data of sacleuximine (169).
H_IH (COSY)

H COH, Multiplicity, J in Hz)
5.82 (lH, dd, 9.6, 4.3)

2.94,3.14

4.07(lH,dd,13.7,4.1)

2.76,3.30

3.38 (lH, dd, 13.0,4.6)

2.76,4.07

2.76 (2H, m)

3.38,4.07

6.86 (lH, d, 2.4) .

6.67

HMBC

"'.

6.67
7.00

111.6

6.67 (lH, dd, 8.6,2.4)

7.00,6.86

7.00 (lH, d, 8.6)

6.67

131.1
135.2

6.67

6.90 (lH, s)

39.3

3.14(IH,dd,13.0,4.6)

2.93,5.82

2.93 (IH, dd, 12.9,9.8)

129.8

"

6.82

131.0

7.15 (2H, d, 8.4)

6.82

115.7

6.82 (2H, d, 8.4)

7.15

2.93,3.14

154.9

6.82

177.1

2.35

34.1

2.35 (2H, t, 7.5)

1.67

24.9

1.67 (2H, m)

2.35, 1.25

l.25 (br. s)

l.67

0.88 (12H, t, 7.0)

1.25
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Sesamin (170)
d 170was isolated as white crystals with a melting point of 122-125°C. The 'H NMR

,
6signals(Table 13) (Appendix 46). The doublet at () 3.05 suggested. a tertiary centre or
ceof nitrogen whereas the signals at 0 3.86, 4.23 and 4.71 suggested oxygenation at
carbons.
The signal at 0 5.95 (2H, s) suggested a methylenedioxide

moiety. There were

maticprotons at 0 6.79 (2H, d, J=7.6Hz) and 6.85 (IH, s). The

"c NMR

spectrum

. 47) revealed 10 signals (Table 13). The signals at 0 148.2, 147.3 and 135.2 were
·c and quaternary with the first two suggesting

presence

of oxygenated

carbons.

aromatic carbons were revealed at 0 119.6, 108.4 and 106.7. The methylene signal at
suggestedoxygenation at this carbon. The remaining two signals were at 0 86.0 and 54.5
thatat 8 86.0.suggesting oxygenation while that at 54.5 suggesting a tertiary carbon. From

NMR data, a methylenedioxyphenylpropanoid
dix48) revealed a molecular ion
C20HlS06.

This

CMl

suggested

yJenedioxyphenylpropanoid skeleton

skeleton was suggested. Its ElMS spectrum

at mlz 354 that was consistent with the molecular
some

kind

and symmetry.

ison with published data (Anjaneulu

of

dimerization

the

From the spectral data and by

et al., 1977) compound

85

of

170 was identified as

3:IH(200MHz) and
(or)

l3C

(50 MHz) NMR (CDCh) data of sesamin (170).

lH (0", Multiplicity, J in Hz)

13C

54.5

3.05 (2H, Br. d, 1.4)

54.5

86.0

4.71 (2H, d, 3.7)

86.0

71.9

3.86 (2H, dd, 3.7, 9.1), 4.23 (2H, dd, 7.2, 9.1)

72.0

Ilc

(od-

<,

135.2
106.7

135.3
6.85 (2H, s)

106.7

147.3

147.3

148.2

148.2

108.4

6.79 (2H, d, 7.6)

108.4

119.6

6.79 (2H, d, 7.6)

119.6

101.3

5.95 (4H, s)

101.2

*Anjaneuluet al., 1977

Yangambin

(171)

und 171 was isolated as white crystals with a melting point of 120-122°C.

IH NMR

ed 7 signals (Table 14) (Appendix 49). There was a multiplet at (5 3.1l(2H)suggested

a

.ary centre or the presence of nitrogen. The other signals appeared at 8 3.94 (2H, dd, J=9.2,
7Hz), 4.31(2H, dd, J=9.2, 6.9 Hz) and 4.75 (2H, d, J=4.3 Hz).These three signals suggested
genationat the carbons to which they were attached. The singlet at 8 6.57 resulting from two
tonssuggested two isolated aromatic protons. There were also singlets at b 3.88 (l2HYand
.84 (6H) suggesting presence of six methoxy groups on two aromatic rings. The IH_IH COSY
spectrum
(Appendix 51) revealed coupling between the signals at 8 3.11 with those at (5 3.94,

.31 and4.75 andbetween

3.94 and 4.31. This suggested that the proton resonating at 8 3.11 is

86

eenthose at 3.94, 4.31 and 4.75. The

l3C

NMR spectrum (Appendix 50) revealed 9

(Table14). The presence of methoxy groups was confirmed by the signals at 8 56.4 and
Thesignalat ()102. 8 suggested presence of a protonated aromatic carbon atom. The signals

153.6 and 137.0 suggested presence of oxygenated aromatic carbon atoms. The signals at 8
and 54.6 suggested presence of a methine carbon and a tertiary carbon centre respectively.
ceof this tertiary carbon centre ruled out the presence of a nitrogen atom. Furthermore,
HSQCspectrum (Appendix 52) revealed that the proton resonating at 8 3.11 was attached to
carbonatom. The HSQC spectrum enabled the assignment of the remaining proton signals
thecorresponding carbon signals. HMBC spectrum (Appendix

53) showed the following

lingpattern; signal at cS6.57 with those at cS85.1, 137.0 and 153. 6; signal at cS4.75 with
atB56.1, 72.2,102.8

and 137.0 and finally that at 84.31 with the carbon signals appearing

656.1 and 85.1. This spectral data suggested presence of a dimer or a symmetrical molecule.
thisspectral data compound 171 was identified as yangambin (171). This spectral data was
agreement
with that published by Ahmed et al., 2002.
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14:'H (600 MHz) and l3C (150 MHz) NMR (CDCh) data ofyangambin
IH (OH, Multiplicity,

72.2

J in Hz)

4.75 (2H, d, 4.3)

86.2

4.31 (2H, dd, 9.1, 6.9), 3.94 (2H, dd, 9.2, 3.7)

72.2

3.11 (2H, m)

54.6

137.4
102.8

I

<,

137.0
6.57 (2H, s)

103.1

153.6

153.7

137.0

137.0

153.6 .

153.7

, 102.8

(171).

6.57 (2H, s)

103.1

3;88 (12H, s)

56.4

3.84 (6H, s)

61.1

Isotetrandrine

(172)

pound172 was isolated as a yellow-white powder with a melting point of 180-183°C. The
NMR spectrum (Appendix 54) revealed 30 signals. Presence of one AA'BB' aromatic system
suggestedby the signals at 8 6.40 (IH, dd, J=2.2, 8.3Hz), 6.78 (lH, dd, J=2.6, 8.2Hz), 7.07
H,dd, J=2.6,8.2Hz) and 7.46 (lH, dd, J=2.2, 8.3Hz). This aromatic system was confirmed by

COSY spectrum (Appendix 56).There was also an ABX aromatic system with signals at 6.56
H, d, J=1.9Hz), 6.93 (lH, d, J=8.2Hz) and 6.87 (lH, dd, J=2.0, 8.2Hz). This system was also
nfirmedby the COSY spectrum (Appendix 56). The two singlets at 8 6.44 (lH, s) and 6.68

IH, s) were due to isolated aromatic protons. The two singlets upfield at 8 2.30 (3H) and 2.65
3H) weredue to two N-methyl groups. The other four singlets upfield at 83.74 (3H), 3.17 (3H),
189 (3H) and 3.38 (3H) suggested presence of four aromatic methoxy groups (Table 15).
88

15:'H (600 MHz) and l3e (150 MHz) NMR (eDe13) data of isotetrandrine (172).

c

IH
(OH,
Integral,
Multiplicity, J in Hz)

IH
(OH'
Integral,
Multiplicity, J in Hz)

(oe)·

DC

63.1

3.86(IH,m)

63.4

12OCH3

56.7

3.89 (3H,4S)

56.8

45.2

3.50 (lH, m), 2.86 (IH, m)

65.5

l'

64.5

4.06 (lH, m)

64.4

23.6

2.95 OH, m), 2.58 (lH, m)

24.9

3'

45.7

3.50 (l H, m), 2.96 (l H,
m)

46.2

130.5

4'

25.9

3.03 (IH, m), 2.58 (IH,

26.2

130.5

m)

107.3

6.44 (l H, s)

107.1

4'a

129.1

153.5

153.5

5'

113.6

138.4

138.4

6'

150.3

151:3

149.2

149.3

7'

145.2

145.0

123.6

121.6

8'

121.4

38.9

8'a

128.9

136.5

0.'

37.4

117.4

9'

136.4

151.0

151.0

10'

133.8

6.40 (lH, dd, 2.2,8.3)

133.5

148.8

148.9

11'

122.9

6.78 (lH, dd, 2.6,8.2)

122.5

42.4

2.78 (lR, dd, 10.1, 14.4),
2.50 (lH, d, 14.4)

135.5

113.2

6.56 (lH, d, 1.9)

129.9
6.68(IH,s)

112.6

121.2

6.03 (lH, s)

128.8

3.30 (lH,
m)

m), 2.87 (IH,

37.3

136.4

116.6

6.93 (lH, d, 8.2)

113.4

12'

155.1

124.3

6.87 (lH, dd, 2.0, 8.2)

124.5

13'

122.8'

7.07 (lH, dd, 2.6, 8.2 )

122.3

43.0

2.30 (3H, s)

43.1

14'

131.9.

7.46 (IH,

131.5

56.3

3.74 (3R, s)

56.3

2'NCH3,

42.4

2.65 (3H, s)

42.7 .

60.7

3.17 (3H, s)

61.0

6'OCH3

56.0

3.38 (3H, s)

55.9

'Ianehashi et

155.9

dd, 2.2, 8.3)

«, 2000

These signals suggested that this compound was a bisbenzyl-isoquinoline

alkaloid. The presence

of aromaticring systems was further confirmed by the "c NMR spectrum (Appendix 55) which
89

twentyfour aromatic carbon signals of which ten were hydrogenated

(Table 15). The

oftwoN-methyl groups was also confirmed by signals at () 42.4 and 43.0. The signals
,56.3,60.7 and 56.7 were due to aromatic methoxy groups. From this spectral data and
(Appendix57) and HMBC (Appendix

58) spectra compound (172) was identified as
~

. e. The spectral data was in agreement with that published by Tanahashi

5'

et al.,

4'
3'

7
7'

1 •

MASEN(J tJNl'JERSrry
S.G. S. L18RARY

I
172

12'
13'

Epi-quercitol

(173)

und 173 was isolated as colourless crystals with a melting point of 235-236oC. The IH
(Appendix59) revealed ten signals. There was a signal at () 4.82 (lH, m) coupled to two
sat 6 2.77 (lH, ddd, J=3.0, 10.9, 13.7Hz) and 4.68 (lH, t) according to the COSY
(Appendix 61). Other signals appeared at () 2.69 (IH, dt, 4.1, 13.2 Hz), 4.75 (lH, m)
4.97(lH, br d). The remaining three signals were at () 6.74 (2H, br d), 6.50 (2H, s) and 6.61
s) (Table 16). These last three signals were not attached to carbon atoms as was seen on the

C spectrum. They therefore indicated presence of five hydroxyl groups. The

I3C

NMR

trum(Appendix 60) revealed six signals at 8 37.1, 70.6, 71.3, 74.1, 75.4 and 77.6. The
tonsignals at 82.77 (lB, ddd, J=3.0, 10.9, 13.7Hz) and 8 2.69 (lH, dt, J=4.1, 13.2 Hz) were

90

be attached to the same carbon atom according to the HSQC sp ctrum (Appendix 62).
ofa C6 straight chain was ruled out because of the proton-proton

coupling pattern that

ed by the COSY spectrum. This inc;licated presence of a cyclic six-membered

ring

edat five positions. The HSQC spectrum revealed correlation between the signal at 8
br s) and that at 8 34.9. Comparison of this data with literature va~es (Wacharasindhu
2009)led to the identification of compound 173 as epi-quercitol.

OH

OH

173

16:IH (600 MHz) and l3C (150 MHz) NMR (CsDsN) data of epi-quercitol (173).
IlC (od

IH (ou, Multiplicity, J in Hz)

71.3

4.82 (lH, m)

68.9

77.6

4.68 (lH, t, 6.0)

75.0

70.6

4.75 (lH, m)

68.4

75.4

4.80 (1H, br d)

72.9

74.1·

4.97 (1 H, br d)

71.4

..

37.12.77

(lH, ddd, 3.0,10.9,13.7),.2.69
6.74 (2H, br s)
6.61 (lH, s)
6.50 (2H, s)

*Wacharasindhu et al., 2009.
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(lH, dt, 4.1,13.2)

34.9

StructuralElucidation

of compounds

from Tinospora oblongifolia stem

!he stembark of T. oblongifolia six compounds were isolated. The dichloromethane extract
twoesters, 2-( 4'-hydroxyphenyl)-ethyl
.

lignocerate

.

(174) and dbcosyl-3, 4-dihydroxy-

. amate (175) and a sterol, ~-sitosterol (164). The n-butanol extract realized a ceramide
3'-dihydroxy-N-{(2S,3S,4R)-1,3,4-trihydroxyicosan-2-yl}
'de,p-sltosterolglucoside

tetracosanamide

(176) and a

(177). Compound 176 is being reported for the first time.

2-( 4' -hydroxyphenyl)-ethyllignocerate

(174)

und 174 was isolated as a white amorphous solid with a melting point of98-10loC. ElMS
dix 67)re.vealed a molecular ion peak at mlz: 474 [M- CH2t, C32Hs603.The IH NMR
(Table 1.7) (Appendix

63) showed presence of a 4-hydroxyphenethoxy

ticregion showed the typical A' AXJe system of a p-disubstituted
d,.J=8.5Hz)and 06.77 (2H, d, J=8.5Hz).

moiety. The

benzene ring at 0 7.08

These two-signals were shown to be coupled on

COSY spectrum (Appendix 65). The resonances of the phenethyloxy unit were observed at O.
(2B,t, J=7.1Hz) and 4.23 (2H, t, J=7.1Hz) and they were shown to be coupled on the

SY spectrum (Appendix 65). The resonances of the acid moiety included those of methylenes
and p to an ester function [0 2.27 (2H, t, J=7.5Hz) and 1.58 (2H, m)], a terminal methyl group
0.88 (3H, t, J=7.1Hz)] and those of the remaining methylenes of the aliphatic chain [01.25-

.05(38B,br s)] (Table 17). The l3C NMR

spectrum (Appendix 64) revealed aromatic carbon

Rgnals
at 0 135.1, 130.2, 115.4 and 154.3 with the last one. suggesting

oxygenation on the

IOmaticring. The signal at 0 174.0 suggested presence of carbonyl carbon hence an ester

function. The methylene signal shifted downfield at 8 65.1 showing that it was attached to an
oxygenatom, confirming

further the presence
92

of an ester function.

Presence of another

,

signal at 8 32.1 confirmed the presence of a phenethyloxy unit. The presence of a
ticchain was confirmed by the presence of the characteristic signals at 8 33.6, 25.9,
8 and 14.2 (Table 17). HSQC

spectrum (Appendix

66) enabled assignment

of the

tothecorresponding carbon atoms. From this spectral data and literatqre (Acavedo et al.,
compound174 was identified as 2- (4'-hydroxyphenyl)

- ethyllignocerate.

2
I'

174

17:'H (600 MHz) and
te(174)
1Jc

(od

l3C

(150 MHz) NMR (CDCh)

'n (OH, Multiplicity,

J in Hz)

13C

(oc)*

data of2-(4'-hydroxyphenyl)-ethyl

lH (OH, Multiplicity, J in Hz)*

65.1

4.23 (2H, t, 7.1)

64.8

4.23 (2H, t, 7.0)

32.1

2.86 (2H, t, 7.1)

34.4

2.86 (2H, t, 7.0)

135.1

130.1

130.2

7.08 (2H, d, 8.5)

130.0

7.08 (2H, d, 8.9)

115.4

6.77 (2H, d, 8.5)

115.2

6.76 (2H, d, 8.9)

154.3

154.2

"

174.0

173.8

33.6

2.27 (2H, t, 7.5)

34.3

2.30 (2H, t, 7.4)

25.9

1.58 (2H, m)

24.8

1.57 (2H, m)

22" 29.8-32.1

1.25 (38H, br s)

29.2- 31.8

1.25 (br

14.2

0.88 (3H, t, 7.0)

14.1

0.88 (3H, t, 6.5)

*Acavedoet al., 2000.
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S,

-CHz)

Docosyl-3, 4-dihydroxy-trans-cinnamate

(175)

d 175 was isolated as a colourless waxy material. ElMS (Appendix 71) displayed a
ionpeak at m/z 474 [M-CH2t

corresponding to the molecular formula C31Hs204. The

spectrum (Appendix 68) exhibited signals for three aromatic 'protons in a 2, 5, 6
<C.

ionpattern (Table 18). These were observed atS 7.07 (lH, dd, J=8.2, 1.9 Hz), 7.03 (lH,

9Hz) and 6.92 (lH, d, J=8.2 Hz). The COSY spectrum (Appendix 70) indicated that the
at&6.92was coupled to that at 07.07 which was also coupled to the signal at 07.03. The
adsinglets at 0 5.84 and 5.30 indicated presence of two phenolic hydroxyl groups. The
signalsat 07.61 (lH, d, J=I5.9Hz)

and 6.29 (lH, d, J=I5.9Hz)

suggested presence of a

oublebond. These data indicated presence of a 3,4-dihydroxy-trans

cinnamate (caffeate)

. Furthersignals for a deshielded methylene (0 4.18), a methylene envelope and a methyl
(& 0.88) suggested presence of a long alkyl chain (Table 18). J3C NMR (Appendix 69)
ed13 signals. There were six aromatic carbon signals appearing at 0 123.1, 109.1, 115.5,
3,144.6and 147.9. The last two suggested oxygenation on the aromatic ring confirming the
ceof two phenolic hydroxyl groups. The presence of a trans-double bond was confirmed
the signalsat 8 144.2 and 116.2 (Table 18). These two carbons were hydrogen bearing as was

inthe HSQC spectrum (Appendix 72). The presence of an alkyl chain was confirmed by the
s appearing at 0 31.6-22.7 and the signal at 0 14.2 which was for the terminal methyl
p.The signal at 0 163.0 suggested presence of
pound 175 was identified

a carbonyl

carbon. From this spectral data,

as docosyl-~,4-dihydroxy-trans-cinnamate.

parablewith published data (Gibbons et al., 1999).
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This

data was

o
7

\'

~8

9

»<:(CH h CH
o
z o

3

'-.

175

18:'H (600 MHz) and
innamate(175)

"c (oe)

l3C

(150 MHz) NMR (CDCh) data of docosyl-3,4-dihydroxy-

IH (OH' Multiplicity, J in Hz)

123.1
109.1

13C

(oe).

127.8
7.03 (lR, d, 1.9)

114.6

144.6

144.0

147.9

146.5

7.09 (lR, d, 1.9)

115.5

6.92 (lH, d, 8.2)

115.7

6.87 (IH, d, 8.2)

123.3

7.07 (lR, dd, 8.2, 1.9)

122.6 .

7.01 (IR, dd, l.7, 8.2)

144.2

7.61 (lR, d, 15.9)

144.9

7.61 OR, d, 15.9)

116.0

6.27 (JR, d, 15.9)

116.2

. 6.29(lR,

d, 15.9)

163.0
]'

168.0
5.30 (lR, br s)

5.65 (lR, br s)

5.84 (l H, br s) .

11'

IH(OH, Multiplicity, J in Hz)*

.. 6.05 (IR, br s)

65.4

4.18 (2R, t, 6.8)

65.1

28.8

1.64 (2R, m)

32.1

31.7-22.7

1.42-l.1 0 (36H, m)

32-22

1.10-1.40 (36H, m)

14.2

0.88 (3R, t, 7.0)

14.3

0.88 (3H, t, 6.4)

may be interchangeable *Gibbons et al., 1999.
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4.19 (2R, t, 6.7)
. 1.68 (2R, m)

"
2', 3'-dihydroxy-N-{(2S, 3S, 4R)-1, 3, 4-trihydroxyicosan-2-yl}

tetracosanamide

d 176was isolated as a gummy material. The IR spectrum exhibited
an absorption
-:..
forafreeOH group (3335 em"), and a secondary amide (3201, 1637 and 1542 em"). The
modeHR-ESI-MS spectrum (Appendix 80) gave a pseudo-molecular ion at mlz
83 (calc.750:6588 for [C44Hs906N+Nat).

The IH NMR spectrum (Appendix 73) of

und 176 displayed signals close to those of phytoceramides (Dongfack et al., 2012)
. gtwotriplets at () 0.87 and 0.88 (6H) which suggested two terminal methyl groups. The
singletat 0 1.20~1.35 corresponded to a sequence of CH2 groups in the fatty acid and
triolparts. Another notable feature was the signal at () 8.77 appearing as a doublet and
tingto one proton. This suggested. pre~ence of an exchangeable proton of N-H. The
ceofa nitrogen atom was further supported by the signal at 8 5.21 which was due to an N. egroup(Table 19). Presence of a carbonyl group was evident in the l3C NMR spectrum
ndix 74) with observation of a signal at 8 174.3. Some long-range correlations were
ed in the HMBC spectrum (Appendix 77) between the exchangeable proton at 8 8.77 and
signals corresponding to the carbonyl and N-methine carbons at 8 174.3 and 53.4,
lively.Other notable correlations in the HMBC spectrum were between the proton signal
64.40 and the carbon signals at 8 34.7, 53.4, 62.3 and 73.4 which further supported the

estion that this compound was a phytoceramide (Dongfack et al., 2012) (Table 19). HSQC
(Appendix 76) was used to assign the protons to their corresponding carbon signals.
relativeconfiguration of the chiral carbons was deduced from the NOESY spectrum
pendix78) which revealed correlations between protons at () 5.21 and 4.32. Comparison of
chemical
shifts in the

IH

and

13C NMR

spectra with literature values (Gao et al., 2004) led to
96

ignment of the absolute
olysis of this compound

configuration

of the chiral carbons as (S),

(S)

and (R).

gave the fatty acid methyl ester (FAME) characterized

·ESI·MSin reverse phase at mlz 437.4 [C25H5004+Nat

by

(retention \ time 2.0-2.4 min.)

dix 79). This suggested that the fatty acid chain was made up of 24 carbon atoms. The
of the fatty alcohol chain was determined from the HR·ESI-MS spectrum (Appendix 80)
hada pseudo-molecular

ion at mlz 750.6583. This indicated that the fatty alcohol chain

20 carbon atoms. The data led to identification
S,4R)-l ,3,4-trihydroxyicosan-2-yl}

of compound

176 as 2', 3' -dihydroxy -N-

tetracosanamide.

19:'H (600 MHz) and l3C (150 MHz) NMR (CsDsN) data of2', 3'-dihydroxy-N-{(2S,
1,3, 4-trihydroxyicosan-2-yl} tetracosanamide (176).
OH (multiplicity, J) .

Oe

8.77 (d, 9.6)

COSY

HMBC

H-2

C·2, C·I'
C·2, C·3

4.47~4·51(m, Ha) 4.52-457 (m, Hg) .

62.3

H-2,OH

5.20·5.24 (m)

53.4

H-I, H-3, NIl

4.38·4.43 (m)

77.1

. H-2, H-4, Oll

4.32·4.37 (m)

73.4

H-3, H-5, Oll

C·3, C-6

1.97-199(m,Ha), 2.28-2.36 (m, Hb)

34.7

H-4, H-6

29.1-32.2,73.1

1.67-1.72 (m, H.), 1.90-1.97(m, Hb)

27.1

H-5, (CH2)n

C-4

C-I',C-3'

3S,

c-t. C·2, C·4, C·5

174.3

J)

4.83 (t, 4.8)

76.9

H-3',OH

4.60·4.65 (m)

74.1

H-2'. H-4', OH

1.20·1.28 (m, H.), 2.05-2.15 (m. Hb)

32.9

1.15-1.22, 1.82, 2.18

1.22-1.50 (br s)

30.5-30.8

H-18, H-22'

1.20·1.28(br s)

32.6

H-19, H-23', H·20, H·24' (CH2)n

(CH2)n

1.22-1.50(br s)

23.4

H-18, H-22', H-20, H-24'

C-20, C-24' (CH2)n

0.88 (t, 7.1)

14.7

H-18, H-22', H-19, H-23'

C-18, C·22'. C-19. C-23'

C-2', C-3'

6.79 (t, 5.4)

H-I

6.81 (d,6.4)

H-3

C-2, C-3, C·4

6.32 (d, 6.4)

H-4

C-4, C-5

7.96 (d, 5.2)

H-2'

c-r,

6.47 (d, 5.2)

H-3'

C-3'. C-4'
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C-2', C-3'

OH
23'
22'

4'

24'

o
18

HO

20
19

OH

176

P-Sitosterol-3-

glucoside (177)

und 177 was isolated as an amorphous white solid with a melting point of 282-2860C.
IHNMR spectrum of 177 showed the following signals: an olefinic proton at 0 5.08 (lH, m)
methylsignals at 0 0.68 (s), 0.99 (s), 0.83 (d, J = 7 Hz), 0.68 (t, J = 6.0 Hz) and 0.92 (d, J =
Hz) (Table 20) (Appendix 81). These are the typical signals for ~-sitosterol (Iribarren and
ilio,1984). The signal at 0 5.10 (lH d, J=6.0Hz) suggested the presence of one anomeric
n.The chemical shift and coupling constant of this proton suggested axial-axial coupling
showingthat the sugar moiety was p-linked to the aglycone (Iribarren and Pomilio, 1984).
I3e

NMR (Appendix

82) showed a C-3 signal at 79.0 shifted downfield by +8.32 as

paredto ~-sitosterol due to glycosylation

shift, suggesting that the sugar moiety was linked

theoxygen at C-3 of the aglycone. The presence of a sugar moiety was further confirmed by
signalat 8103.1 which was assigned to the anomeric carbon, The signals for the other sugar
nswere observed at 0 75.9, 79.1, 72.2 and 63.3. These chemical shifts confirmed that the
ar moiety was glucose (Table 20). ESIMS (Appendix

83) displayed

a peak at mlz 397

rrespondingto the aglycone after loss of a water molecule. Compound 177 was therefore
ilentified
as ~-sitosterol glucoside. The data obtained was in agreement with literature values
~laminiet al., 2001).
98

,I

20:IH (600 MHz) and !3C (150 MHz) NMR (CsDsN) data of ~-sitoterol glucoside (177)

Ie
(od-

e

13e
(od

IH (OH, Multiplicity, J in
Hz)

13e
(od'"

37.4

37.5

19

19.7

0.99 (3H,s)

19.4

30.8

30.0

20

36.9

78.1

21

19.5

38.0

39.3

22

34.2

34.2

141.4

140.6

23

26.8

26.3

123.8

24

46.5

46.0

32.6

32.0

25

29.9

29.4

32.7

32.2

26

20.0

0.83 (3R, d, 7.0)

19.2

51.9

50.3

27

20.5

0.83 (3R, d, 7.0)

20.0

36.9

36.9

28

23.9

21.8

21.3

29

12.7

0.68 (3R, t, 6.0)

12.2

40.4

39.9

l'

103.1

5.10 (lR, d, 6.0)

102.5

43.0

42.4

2'

75.9

4.12 (lR, d, 6.0)

75.3

. 57.3

56.8

3'

79.1

4.05 (1 H, d, 6.0)

78.5

25.0

24.5

4'

72.2

4.62 (1 H, d, 6.0)

71.7

29.8

28.5

5'

79.1

3.98 (lH, m)

78.5

56.7

56.2

6'

63.3

4.32 (2R, m)

62.8

C(lie)

79.0

122.4

I 12.5

IH (OH, Multiplicity,
Hz)

3.96 (lR,m)

5.08 OR, m)

0.68 (3R, s)

J in

12.0

*Flamini et al., 200 1.
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36.4
0.92 (3R, d, 3.0)

19.0

23.4

29

28
21

22

24

~7

~3

as
26

'-.
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StructuralElucidation

177

of compounds

from Cissampelos pareira leaves

compoundswere obtained from the leaves of C. pareira. From the ethyl acetate extract,
erol(178), lanosterol (179), oleanolic acid (180) and lupeol (181) were obtained. From
methanol
extract,' a protoberberine
~-sitosterol

Columbamine

alkaloid columbamine

glucoside

(132), a flavonoid, epicatechin

(177) and withanolide

E glucoside (183) were

(132)

.

.

und132 was isolated as orange-yellow needles with a melting point of 194 -196°C. The
NMR
spectrum revealed 11 signals (Table 21) (Appendix 6). The four singlets at 89.78,8.82,
and7.07 suggested four isolated aromatic protons. The signals at (5 8.13 (lH, d, J=9.lHz)

8.03(lH, d, J=9.1 Hz) indicated a pair of orthocoupled

aromatic protons. There were also

methylenesignals at (5 4.94 (2H, m) and 3.30 (2H, m). The signal at (5 4.94 indicated that it
attachedto an electron withdrawing centre. The remaining three signals at (5 4.22, 4.12 and
were due to methoxy

groups attached to an aromatic

ring. The

l3C

NMR spectrum

ndix 7) confirmed presence of aromatic carbons. There were six signals attributable to
ogenatedaromatic carbons at (5 146.3, 121.3, 124.5, 128.1, 109.9 and 112.2. The signal at (5
100

indicatedthat this carbon was next to an electron withdrawing

centre. The methylene

signalsappeared at 8 57.3 and 27.8. The appearance of one methylene signal downfield at

:3 confirmedfurther the presence of an electron withdrawing centre. There were also nine
l

carbon signals which could be identified on the HSQC spectrum '(Appendix 9). The
xy group signals were at 8 62.5, 57.6 and 56.7 (Table 21). Their exact positions on the

ticrings systems were determined using HMBC spectrum (Appendix 9). Based on this
dataand comparison with literature (Grycova et al., 2008), compound 132 was identified

e21: IH (600 MHz) and l3C (150 MHz) NMR (CD30D) data of columbamine (132)
l3e

(3d

IH (0""
Multiplicity,
in Hz)

13e

J

13C (oc)

e

(oc)·

IH (OH'
Multiplicity ,

l3e

(oc)·

108.8

10

151.4

148.7

148.7

11

128.1

8.13 (lR, d,
9.1 )

126.7

150.1

150.1

12

124.5

8.03 (I H, d,
9.1 )

123.4

111.4

12a

133.1

109.9

111.4

7.68 (lR, s)

7.07 (lH, s)

128.4

128.5

13

121.3

151.4

133.1
8.82 (lH, s)

119.9

27.8

'3.30 (2R, m)

25.9

13a

137.6

137.6

57.3

4.94 (2H, m)

55.3

13b

118.9

118.9

146.3

9.78 (JR, s)

145.3

3OCH3

56.7

3.95 (3H, s)

55.8

121.3 .

9-.

62.5

4.22 (3R, s)

61.9

57.6

4.12 (3H, s)

57.0

121.3

OCH3
143.6

3:

JinHz)

143.6

10- '
OCH3

cova et al., 2008
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Stigmasterol (178)

und 178 was isolated as colourless needles with a melting point of 162-16S°C. ElMS
(Appendix 86) revealed a molecular ion peak at mlz 412 consistent with the molecular
ulaC29IitgO. The iH NMR spectrum (Appendix 84) revealed olefinic signals at 0 S.32 (1H,

5.16 (IH,dd, J=12.0, 6.0 Hz) and 5.03 (lH,dd,

J=12.0, 6.0 Hz) which suggested presence of

two double bonds. The signal at 0 3:51 (IH, m) suggested presence of an a-proton typical

sterols hydroxylated at C-3 (Orabi, 2011). There were also six methyl signals at 0 0.69 (s),
1(s),1.02 (d, J=3.0 Hz), 0.84 (d, J=6.0 Hz), 0.79 (d, J=6.0 Hz) and 0.81 (t, .1=6.0 Hz) (Table
,Theappearance of six methyl signals suggested further the presence of a sterol. The \3C
spectrum (Appendix

85) of this compound

showed twenty

nine carbon resonances

ibuted as six quartets, nine triplets, eleven doublets and three singlets. Four of these carbons
natedin the aromatic/olefinic

region at 0 140.6 (s), 121.6 (d), 138.2 and 129.l. This

icated the presence of two double bonds. One carbon resonance was in the oxygenated
'phatic region (0 7l.8, d) (Table 22). Other carbon resonances

were in non-oxygenated

'phatic region and were identical to those of sterols (Orabi, 2011). Compound

102

178 was

\

re identified as stigmasterol. The data obtained was in agreement with that published by
tI 01., (2011).

\

22:'H (300 MHz) and l3C (75 MHz) NMR (CDCh) data of stigmasterol (178).
C
(6c)

'n (ou, Multiplicity,
Hz)

J in

13e

e

(oe)·

13e

'a (ou,

(oe)

Hz)

Multiplicity, J in

13e
(oe)·

37.3

37.3 -

16

28.4

28.6

31.7

31.7

17

56.0

56.1

71.8

18

12.0

0.69 (3R, s)

12.1

42.3

42.4

. 19

18.9

1.01 (3R, s)

19.4

140.6

140.8

20

36.2

121.92

21

20.0

1.02 (3R, d, 3.0)

21.2

34.0

31.9

22

138.2

5.16 (lR, dd, 12.0,6.0)

138.3

32.0

31.9

23

129.1

5.03 (lH,dd,

129.3

50.1

50.2

24

51.3

56.0

36.6

36.6

25

29.2

32.1

21.0

26

19.5

0.84 (3R, d, 6)

21.0

39.7

39.8

27

19.1

0.79 (3R, d, 6)

19.0

45.9

42.3

28

24.4

56.8

56.8

29

12.2

23.2

24.4

71.8

121.6

21.2

3.51·(IR, m)

. 5.32 (lR,,d, 5.2)

-

o et al., 2011.
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40.4

12.0.0,6.0)

25.4
0.81 (3R, t, 6)

12.2

29

28
21

24

27

~
23

25

26

<,

Lanosterol (179)

und 179 was isolated as white crystals with melting point of 144-l46°C. The ElMS
(Appendix 89) revealed a molecular ion peak at mlz 426 which corresponded to the

ular formula C30HsoO. 1H NMR (Appendix 87) revealed presence of eight methyl signals
0.69 (s), 0.81(s), 0.87(s), 0.98(s), 1.01(s), 1.60(s), 1.68(s) and 0.95 (d, J=6.3Hz) (Table 23).
signal at 83.24 (lH, dd, .1=10.7,4.4 Hz) was for a proton attached to

an oxygenated

the signal at 8 5.08 (lH, t, J=6.6Hz) suggested presence of an olefinic proton.
(Appendix 88) revealed

presence

of four olefinic· peaks corresponding

carbon

13C

NMR

to three

ary carbons at 6 134.05, 134.05 and 130.56 and a methine carbon at 6 124.91 (Table 23).
signalat 8 78.68 confirmed presence of an oxygenated carbon. The presence of eight methyl
s was confirmed by the signals at S 15.52, 15.52, 17.80, 19.27, 21.25, 21.90, 25.93 and
.Basedon the spectral data and comparison with literature data (Orabi, 2011) compound
was identified as lanosterol.
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23:IH(300 MHz) and l3C (75 MHz) NMR (CDCb) data of lanosterol (179).
H (OH, Multiplicity,
Jin Hz)

C
(oc)*

.C

H (OH' Multiplicity,
Jin Hz»

C
(oc)*

36.00

16 35.93

27.73

17 36.68

78.56

18

15.83

0.69 (3H, s)

15.76

38.50

19

19.27

0.98 (3H, s)

19.20

50.06

50.01

20

36.68

18.25

18.14

21

18.90

28.25

28.24

22

36.02

36.01
26.32

3.24 (lH, dd, J = 4.6,
12.0 Hz)

35.65
36.08

"-.

36.70
0;95 (3H,d,
Hz)

J = 6.3

18.80

134.05

-

134.00

23

26.49

134.05

-

134.00

24

124.91

5.08 (lH, t, J = 6.9
Hz)

124.88

35.25

35.21

25

130.56

-

130.42

21.00

20.94

26

28.00

1.68 (3H, s)

27.87

39.18

39.00

27

17.80

1.60 (3H, s)

17.64

44.14

44.09

28

25.93

0.81 (3H, s)

25.76

·49.47

50.00

29

15.50

1.01 (3H, s) .

15.32

24.25

24.22

30

21.25

0.87 (3H, s)

21.22

bi,2011
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23

12
19

6

27

16

14

"'.
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Oleanolic acid (180)
pound180 was isolated as a white amorphous powder with a melting point of 298-300oC.
IH NMR spectrum (Appendix 90) showed the presence of seven methyl groups at 8 0.72,
,0.88,0.84,0.92,

-1.00 and 1.04. The signal at 8 3.14 (lH, dd, J=10.3, 5.1 Hz) suggested

nee of an oxymethine proton while that at 8 5.24 (br. s) was for an olefinic proton (Table
. 13C

NMR spectrum (Appendix 91) confirmed the presence of seven methyl groups with

sat 813.9, 14.3, 15.8, 22.2, 24.7, 26.9 and 32.2. This is a common feature of triterpenes.
weretwelve methylene signals, six methine signals and six quaternary carbon signals. The .
icalshifts at 8 179.8, 121.4 and 142.9 suggested presence of a carbonyl carbon and a double
d. This is a characteristic feature of oleanolic type skeleton literature (Mahato and Kundu,
),(Table24). ElMS (Appendix 92) exhibited a molecular ion peak: at mlz 456 corresponding
the molecular formula

C30H4803.

Based on this spectroscopic

data and comparison

lure(Mahato and Kundu, 1994), compound 180 was identified as oleanolic acid.
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with

24:'n (300 MHz) and

13C

'n (OH, Multiplicity,

(75 MHz) NMR (CDCb) data of oleanolic acid (180).

J in

l3C

C

13C

'a (Oll' Multiplicity,

(oe)

Hz)

(od*

1.53-1.61 (2R, m)

23.4

J in

l3C

Hz)

(oe)-

1.55-1.78 (2R, m)

38.5

16

22.1

1.58-1.63 (2R, m)

27.4

17

45.6

3.14 (lH,dd,

78.7

18

40.6

2.85 (lH, dd, 13.6,3.6)

41.3

38.7

19

37.8

1.21-1.36 (2R, m)

45.8

0.71 (br.s)

55.2

20

32.9

2.45 (IR, m)

30.6

1.52-1.57 (2R, m)

18.3

21

29.7

1.21-1.36 (2H, m)

33.8

1.26-1..38 (2R, m)

32.6

22

45.3

1.95 (2R, m)

32.3

39.3

23

14.3

0.72 (3R, s)

15.6

47.6

24

26.9

0.92 (3R, s)

28.l

37.0

25

13.9

0.84 (3R, s)

15.3

1.85-1.89 (2R,m)

23.1

26

15.8

1.00 (3R, s)

16.8

5.24 (br.s)

122.1

27

24.7

0.88 (3R, s)

26.0

143.4

28

179.8

41.6

29

22.2

1.04 (3H, s)

33.1

27.7

30

32.2

0.77 (3R, s)

23.6

10.3,5.1)

1.58 (lR, t, 6.7)

1.03-1.09 (2R, m)

46.6

181.0

to and Kundu, 1994.
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Lupeol (181)
compound
was isolated as white crystalline solid with a melting point of 215-216oC. The

~.

(Appendix95) revealed a molecular ion peak at m/z 426, which :corresponded

to the

arformula,C30HsoO. The 1H NMR spectrum (Appendix 93) revealed presence of seven
Jgroupsresonating at 8 0.75 (s), 0.78 (s), 0.81 (s), 0.92 (s), 0.94 (s), 1.02 (s) and 1.67 (br
.5Hz) (Table 25). The signal at 8 4.67 (lH, s) and 4.56 (lH, s) suggested presence of a
methylene group whereas that at 8 3.16 (lH, dd, J=9.8, 5.2 Hz) was for a proton
to an oxygenated carbon. There was also a multiplet at 8 2.30-2.43 OH, m) which was
toanallylic CH group. The

13C

NMR spectrum (Appendix 94) revealed 30 signals (Table

Thepresence of a terminal methylene group was confirmed by the signal at 8 109.3, while
signalat 8 79.0 indicated the presence of a hydroxylated

carbon. The presence of seven

ylgroups was confirmed by signals at 8 28.0, 19.3, 18.0, 16.1, 15.9, 15.4 and 14.5. This
ed a triterpene skeleton.

There were also 11 CH2, 6

spectraldata compound

181 was identified

as lupeol

ableto published data (Mahato and Kundu, 1994).
29

21
22
28

25

15

4
24

7

5

23 6

181
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cn and

6 quaternary carbons. From

(181). This spectral data was

25:IH (300 MHz) and

13C

IH (OH, Multiplicity,
Hz)

(75 MHz) NMR (CDCh) data oflupeol (181)

J in

DC

C

(od*

13C

(od

J in

IH (OH' Multiplicity,
Hz)

13C

(od*
35.5

38.7

16

35.5

27.4

17

43.0

78.9

18

48.3

38.8

38.8

19

48.0

55.2

55.3

20

151.0

150.9

en»
.C/)

18.3

18.3

21

29.8

29.7

G)m
·z

34.2

34.2

22

40.0

40.0

40.8

40.8

23

28.0

0.78 (3H, s)

28.0

50.4

50.4

24

15.4

0.81 (3H, s)

15.4

37.1

37.1

25

16.1

0~92 (3H, s)

16.0

20.9

20.9

26

15.9

0.94 (3H, s)

16.0

25.1

25.1

27 . 14.5

1.02 (3H, s)

14.5

38.0

38.0

28

18.0

0.75 (3H, s)

18.0

43.0

42.8

29

109.3

4.56 (1 H, s), 4.67 (1 H, s)

109.3

29.7

27.4

30

19.3

1.67 (3H, br d, 0.5)

19.3

79.0

3.16 (lH,dd, 9.8, 5.2)

.:..,

43.0
48.2

2.45 (lH, m)

!:

47.9

!JlO

.e

-Z
OJ~~

:;0::0

-

-<(I)
~

toand Kundu, 1994.

Epicatechin (182)
pound182 was isolated as a white crystalline solid with a melting point of 175-177°C. The

NMRspectrum (Appendix 96) exhibited signals for five aromatic protons, two of which were
a-coupled(8 5.91 and 5.93, J=2.1Hz). The 'other three were on an ABX system [8 7.03 (d,

l.2Hz), 6.96 (d, J=8.5Hz) and 6.80 (dd, J=1.2, 8.5Hz)]. This system was confirmed by the
SYspectrum (Appendix 98) which showed coupling between the signal at () 6.96 and that at

o which was also coupled to that at 7.03. There were also methine signals at 0 4.82 (br s) and
109

).The signals at 8 2.87 (lH, m) and 2.15 (lH, m) were for two diastereotopic hydrogen
Allthese signals suggested presence of an epicatechin unit (Ferrari et al., 1998) (Table
'swas confirmed by

13C

NMR spectrum (Appendix 97) which exhibited twelve aromatic

of which five were hydrogenated (8 96.3, 95.8, 119.4, 115.8 and 1fS.3) while four were
ted (145.8, 145.9, 158.0 and 157.8) (Table 26). HSQC spectrum (Appendix 100) was
to assignprotons to corresponding carbon atoms. The EI-MS (Appendix 101) of compound
gavea molecular ion peak [M+] at mlz 290 consistent with the molecular formula C1sH1306.

'H,

"c NMR

and MS data of 182 established

it to be epicatechin

having the 2,3-cis

gurationas .indicated by the appearing of H-2 signal as a broad singlet at 8 4.82 and the
ceposition of C-2 at (5 79.1 This spectral data was comparable to published data (David

OR
3'

OR

OR

110

26:IH (600 MHz) and
(oe)

I3C

IH (Oil, Multiplicity,

(150 MHz) NMR (CH30D) data of epicatechin (182)

J in Hz)

J3C

4.82 (IH, br s)

79.1

4.18 (lR, m)

66.8

2.87 (1R, m), 2.75 (lH, m)

28.6

(oe)-

<,

157.1a .
5.93 (lR, d, 2.1)

96.8
156.7a

5.91 (lR, d, 2;1)

96.0
156.r
131.8

7.03 (lR, d, 1.2)

115.4

145.9

145.2

145.8

145.0

115.8

6.76 (lR, d, 8.5)

116.4

119.4

6.80 (lR, dd, 8.5, 1.2)

119.6

'valuesmay be interchanged

Withanolide

*David et al., 1994.

E glucoside (183)

und 183 w~s isolated as a white amorphous powder with a melting point of 195-197oC.
IH NMR spectrum (Appendix

.

101) showed the typical. pattern of five methyl signals of
.

olidesat 0 1.38(s), 1.47 (s), 1.54 (s), 1.84 (s) and 1.95 (8) for H-18, H~19, H-21, H-27 and
,respectively. The signal at 0 5.67 (br. s) indicated presence of one olefinic proton. The
at 8 4.54 (lH, d, J=7.9Hz)

suggested presence of one anomeric proton (Table 27). The

ical shift and coupling constant of this proton suggested axial-axial coupling thus showing
thesugarmoiety was fJ-linked to the aglycone (Iribarren and Pomilio, 1984). The
111

I3C

NMR

,/

102) confirmed the presence of five methyl groups with signals at 8 12.5, 18.8, 19.6,
21.1. The signals at 8 214.3 and 169..2 suggested presence of two carbonyl carbons.

werealso four olefinic carbons at 8 122.0, 126.9, 136.4 and 153.5. This spectral data
presenceof a withanolide skeleton. The signal at 8 76.9 was assigned to C-3 of the
!ideskeleton indicating that a sugar moiety was linked to the oxygen at C-3 of the
e.Thesignal (it 8 103.1 was assigned to an anomeric carbon confirming presence of one
moiety.
The other carbon signals for the sugar appeared at 8 75.9, 79.1, 72.2, 79.1 and

By comparisonof this spectral data with literature (Lal et al., 2006) compound 183 was
. edaswithanolide E glucoside. The presence of a sugar moiety was further confirmed by
ignalat 3103.0 which was assigned to the anomeric carbon. The signals for the other sugar
wereobserved at 8 75.0, 79.9, 79.9, 71.6 and 62.7 (Table 27). From this the sugar
was confirmed as glucose. The anomeric configuration of the sugar moiety was
inedas ~-configuration from the chemical shifts., ESIMS spectrum (Appendix 103)
eda molecular ion peak at mlz 1323 [2M+Nat and another notable peak at mlz 673
Nat corresponding to the molecular' formula C34Hso012.Compound 183 was therefore
tifiedas withanolide E glucoside. The data obtained was.in agreement with literature values

0
OH
16

IU

15

OH
0
183
H
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0

27:IH (300 MHz) and

l3C

(75 MHz) NMR (CD30D) data of wit hanol ide E glucoside

IH (I>H,Multiplicity, J in
Hz)

Ie

e

(od*

J3

J3

(od

IH (OH, Multiplicity, J in
Hz)

(I>d*

12.5

e

e

208.9

18

12.5

1.38 (s)

49.6

19

18.8

1.47 (s)

75.9

20

79.9

39.9

21

19.6

132.8

22

78.0

78.0

129.1

23

37.1

37.1

31.9

24

153.5

154.5

33.5

25

122.0

127.8

43.6

26

169.2

166.9

50.4

60.2

27

12.5

1.95 (s)

12.5

20.7

24.1

28

20.7

1.84 (s)

20.6

~.7

40,6

l'

103.1

4.54 (lH, d, 7.9)

102.5

48.3

43.5

2'

75.9

3.62 (lH, d; 7.9)

75.3

14.0

84.0

3'

79.1

3.48 (lR, d, 7.9)

78.5

21.1

25.0

4'

72.2

4.38 (1H, d, 7.9)

71.7

27.0

27.6

5'

79.1

3.16 (IH, m)

78.5

88.8

88.0

6'

63.3

4.00 (2H, m)

62.8

3.66 (lR,m)

5.67 (l H br. s)

"-.

18.0
79.9

1.54 (s)

19.6

*Lal et al., 2006.

Biological activity studies
say guided isolation of active compounds
euxii, Tinospora oblongifolia

was carried out on the three plants (Trictisia

and Cissampelos pareira).

. lasmodial,antimicrobial and cytotoxic activities.
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The bioassay experiments

were

.'

Biological activities of the crude extracts from Triclisia sacleuxii, Tinospora
oblongifolia and Cissampelos pareira
Antiplasmodial

activity of the crude extracts from Triclisia sacleuxii,

Tinospora oblongifolia

~.

and Cissampelos pareira

thecrude extracts from the three plants were screened

'que (Smilkstein et al., 2004) to determine

using a non-radioactive

50% growth inhibition

assay

of the cultured

uine-sensitive (D6) and resistant strains (W2) of Plasmodium Jalciparum (Table 28).
theexception of the hexane extracts, all the other extracts exhibited in vitro antiplasmodial
against both the chloroquine

sensitive

and the chloroquine

resistant

Plasmodium

m strains. The n-butanol stem extract of T sacleuxii was the most active extract against
sIIain
(ICso=9.65 ug/rnl) while the methanol extract of C. pareira aerial parts was the most
againstthe W2 strain (ICso=6.22 ug/ml) (Table 28). The activity of n-butanol stem extract
sacleuxii obtained was lower than that reported by Murebwayire

et at. (2008) which was

and0.91 ug/rnl against the chloroquine sensitive D7 and the chloroquine resistant W2 strain
tively.This was because

the activity

reported

by Murebwayire

et al. (2008) was

. callyfor the stem tertiary alkaloid fraction while that reported in this study was for the
en-butanolextract. The activity reported for the methanol extract of C. pareira (aerial) was
ble to that reported by Rukunga et al. {2009) which were 5.85 and 7.70 ug/ml against

W2 and D6 strains respectively. The activity reported by Rukunga et al. (2009) was for the
whilein this study the aerial parts were used.
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28:In vitro antiplasmodial (ICso) and cytotoxic (CCso) activity of crude extracts of T
ii, T oblongifolia and C. pareira against D6 and W2 strains of Plasmodiumfalciparum.

Chloroquine

D6 Clone ICso
(ug/ml ±SD)

W2 Clone ICso
(ug/ml ±SD)

KB(CCso
Il-g/nil)

Selectivity
Index (SI)

>50

>50

>50

NA

16.06±3.20

. 22.64±2.53

25.76±2.08

1.60

26.33±2.67

18.44±1.23

22.65±2.21

1.23

9.65±1.52

8.47±0.45

17.46±2.01

2.06

>50

>50

>50

22.08±1.26

25.88±2.01

10.6±1.21

0.48

26.21±1.14

30.54±3.60

23.67±2.15

0.90

19.47±2.63

20.87±1.58

12.60±1.41

0.65

>50

>50

>50

NA

32.42±1.75

40.44±3.21

>50

NA

10.86±0.82

6.22±1.47

24.46±1.22

3.93

0.007±0.001

0.027±0.004
0.98±0.010

Camptothecin.
= Not active;

- = Not done
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A

the exception of the n-hexane extracts, all the other extracts displayed moderate to good in
antiplasmodialactivity. This was according to the criteria adopted from Basco et al. (1994)
considersthe in vitro antiplasmodial
lessthan 10 ug/ml and "moderate"

activity of a crude extract asi''good"
if the ICso value
""-.i
if the ICso value was 10-50 ug/ml. The most active

(T sacleuxii DCM and n-butanol extracts, T oblongifolia DCM and n-butanol extracts,

eira methanol extract) were subjected to column chromatography

to isolate and identify

~ve compounds. These results validate the use of these plants as antimalarial agents in
'onalmedicine. However, the selectivity indices displayed by the extracts was poor with the

01 extract of C pareira displaying the best selectivity index (3.93). The poor selectivity
weredue to the high cytotoxicity displayed by most of the extracts.

isiasacleuxii and Tinospora oblongifolia n-butanol extracts were the most cytotoxic (Table
Apartfrom the n.:.hexane extracts which did not display any cytotoxic activity, all the other
tsexhibited cytotoxic activity. This cytotoxocity was attributed to the fact that these plants
gto the family Menispermaceae

which consists of plants rich in alkaloids which have been

to be cytotoxic in a number of studies. The cytotoxicity

observed for the extracts of T

euxiiwas supported by what has been observed for other plants from the genus Triclisia.

For

pleextracts of Triclisia gilletii were cytotoxic against MRC-5 cells (Kikueta et al., 2013).
oughthese results validate the use of these plants in management of malaria, they also reveal
of these plants are cytotoxic
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and hence have potential

for use in cancer

Antibacterial

assay

of crude'

extracts

from

Triclisia

sacleuxii,

Tinospora

oblongifolia and Cissampelos pareira

crude extracts of T sacleuxii, T oblongifolia and C. pareira
. strains;E.coli, P. aeruginosa, S. epidermis

were assayed against the
\

and S'. aureus.

29:Antibacterial activity of the crude extracts (Smg/rnl) of T sacleuxii,
pareira against selected bacterial strains.
Plant

T oblongifolia

Diameter of zone of growth inhibition (mm)
Extracts
n-

Control

DCM

EtOAc

n-But

MeOH

Streptomycin
26.9±O.10

Hexane

",eus**

=Gram

T sacleuxii

NA

16.3±O.1O

14.4±O.17

19.7±O.26

-

T
oblongifolia

NA

14.8±O.17

lS.2±O.2O

18A±O.1O

-

C. pareira

NA

14.2±O.1O

-

2O.6±O.20

T sacleuxii

NA

18.S±O.SO

16.7±OAO

22.8±O.30

-

T
oblongifolia

NA

16.6±O.36

18.8±O.26 ' 19.2±O.26

-

C. pareira

NA

T sacleuxii

10.S±O.43

T
oblongifolia

9.2±O.17

C. pareira

S.O±O.30

T sacleuxii

1O.O±O.20

T
oblongifolia

9.1±O.20

C. pareira

8.2±O.26

29.4±O.36

13.9±O.20

-

18.0±O.20

20.6±O.26

21.0±O.20

20.5±O.26

-

17.2±OA4

16.6±OAO

lS.5±O.36

17.S±O.36

-

22.8±O.20

16.7±O.20

lS.6±OAO

21A±O.26

-

17A±OAO

16.8±O.Z6

ZO.8±O.26

-

lS.2±O.44

24.6±O.40

26.8±O.20

19.9±O.36

negative; ** = Gram positive; NA = Not active in the tested range (5mglml); - = Not available

. ical and Laboratory Standards Institute (eLSI) consensus cut off levels were used for the
gorizationof anti-bacterial

activity. Crude extracts susceptibility
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was assessed using the

. g cut off levels for classification as sensitive, intermediate and resistant: Staphylococcus

:s 13 rnrn respectively;

~23nun, 14-22 mm and

E. coli; ~ 15 rnrn, 12-14 mm and :S11 mm

ively(CLSI, 2007). No break points are defmed for the activity of streptomycin against P.
~

CLSI

and

European

Committee

on Antimicrobial

S~sceptibility

Testing

i wassusceptible to the DCM and n-butanol extracts of T sacleuxii resulting in diameters
nesof inhibitions of 16.3 mm and 19.7 rnrn respectively.

It was also susceptible to the

c andn~butanol extracts of T oblongifolia exhibiting zones of inhibiton of diameters 15.2
and 18.4mm respectively. Susceptibility of E. coli was also observed with methanol extract
pareirawith a zone of inhibition of diameter 20.6 nun.
tible to the DCM, EtOAc and n-butanol
er of zone of inhibition

S.

aureus and S. epidermis were

extracts of the three plants with the largest

(21.4 nun) observed with the n-butanol extract of T sacleuxii

S. aureus. S. aureus and S. epidermis were susceptible

to the EtOAc and methanol

tsof C. pareira. All the tested bacterial strains were resistant to the n-hexane extracts of the

resultsindicate that all the three plants have potential for use as antibacterial agents. The
positive bacteria were more responsive to the treatment than the Gram negative bacteria.
extractswere active on both Gram positive and Gram negative bacteria tested, suggesting
theantibacterial principles in these three plants have a broad spectrum antibacterial activity

. g them good candidates for drug development.
resultsobserved for C pareira support the use of its leaves as an antiseptic and in the
ent of veneral diseases, diarrhoea and conjunctivitis

(Tshibangu et al., 2002). They also

sacleuxii in the treatment of infectious diseases. In addition, the results
118

thatT. oblongifolia has potential for use in the treatment of infectious diseases. This is in
entwith what has been observed for other plants in the genus Tinospora. For example the
andleaves of T. crispa and T. sinensis have been used for theit. antibacterial properties
andNwaiwu, 1983; Pathak et al., 1995; Yonemitsu et al., 1993; Fukuda et al., 1986).

Biologicalactivities of pure isolates.

1. Antiplasmodial (ICso) and cytotoxic (CCso) activity of pure isolates from Triclisia
sacleuxii, Tinospora oblongifolia and Cissampelos pareira
pureisolates from the three plants were subjected to antiplasmodial
30). The alkaloids

were

the

most

active

compounds.

and cytotoxic assay

Isotetrandrine

(172), a

lisoquinoline type alkaloid displayed high activity against both strains (ICso 0.34 /-lM
·

D6 and O.IIIlM

against W2). This activity was comparable

itwitayawuidet al. (1993) which were 165.1 ng/ml(0.27

to that published by

11M) and 54.6 ng/ml (0.09 /-lM)

· D6 and W2 strains respectively. This compound (172) had a satisfactory selectivity index
136) (Table 30). The protoberberine

type alkaloids palmatine (130) and columbamine (132)

displayedvery high activity. Palmatine (130) had an activity of 0.19 /-lM and 0.83 /-lM
· t D6 and W2 respectively while columbamine (132) had an activity of 0.98 /-lMand 0.16
againstD6 and W2 respectively.

The antiplasmodial

activities for palmatine (130) and

bamine (132) were comparable to those published by Ma1ebo et al. (2013) which were

080ug/ml (0.23/-lM) and 0.14 ug/ml (0.41 /-lM) respectively against the multi drug resistant Kl
· .Palmatine (130) had a moderate selectivity index (12.42) while columbamine (132) had a

sfactory selectivity index (54.75).
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30:In vitro antiplasmodial (ICso) and cytotoxic (CCso) activity of isolated compounds
D6 Clone
(p.M±SD)

W2 Clone
(p.M±SD)

KB<,

SI
D6

SI
W2

(ICso
p.M±SD)

..

e (169)

'·hydroxyphenyl)-ethyllignocerate

>50

>50

>50

35.60±2.16

42.98±2.55

38.46±2.35

1.08

0.89

23.65±1.10

30.43±3.58

1.1±0.31 .

0.05

0.04

20.43±2.05

22.07±3.21

1O.70±0.62

0.52

0.48

24.97±2.24

30.76±1.54

16.23±1.31

0.65

0.53

17.65±1.62

20.97±1.50

0.81±0.26

0.05

0.04

32.49±2.51

34.42±1.l0

5.82±0.64

0.18

0.17

27.56±1.21

30.95±2.07

1.61±0.36

0.06

0.05

0.19±0.03

0.83±0.014

2.36±0.25

12.42

2.84

0.34±0.01

0.11±0.02

3.45±0.49

10.15

31.36

>50

>50

30.88±1.07

22.46±0.85

24.54±1.05

4.81±0.68

0.21

0.20

21.68±1.42

23.90±1.03

5.43±0.71

0.25

0.23

19.07±1.35

26.22±1.27

>50

>50

>50

>50

>50

>50

>50

29.56±2.36

20.45±1.78

>50

24.56±1.65

>50

>50

30.54±O.06

32.49±1.57

>50

0.98±0.05

0.16±0.009

8.76±1.32

8.94

54.75

~
1-3,4- trans cinnamate (175)

0.017±0.01
0.04±0.01
0.30±0.007

.

= Not

done .
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~vity of these compounds

(130, 132 and 172) was considered potent according to a

adoptedby Muriithi et al. (2002). This criterion considered an activity of ICso less than 1
ill knowncompounds

as potent or excellent activity. These results indicate that palmatine

andisotetrandrine (172) were the major antiplasmodial

.

compounds

in the stem of T

iiwhereas columbamine (132) was the main antiplasmodial compound in the leaves of C.
·lI.

The other nitrogen containing compounds

displayed moderate activity ranging from

to 24.97IlM and 20.97 to 22.07 against D6 and W2 respectively

but they had poor

ivityindices. The flavonoid, epicatechin (182) displayed an activity of 30.54 and 32.49 11M
againstthe D6 and W2 strains respectively.

This activity was comparable to that of other

flavonoids which displayed activities in the range of 11-66 11M Iml against the CQ
.ive3D7 and CQ resistant 7G8 strains (Lehane and Saliba, 2008). Oleanolic acid (180)
yedan activity of 29.56 and 20.45 11MImlagainst

the CQ sensitive D6 and CQ resistant

strainrespectively. This activity was comparable to that published by Cimanga et al., (2006)

h was32.3 and 19.8 11Magainst the CQ resistant and CQ sensitive 3D7 strains respectively.
I (181) had a low activity of 24.56 11Magainst the CQ sensitive D6 strain and no activity
. t the CQ resistant W2 strain respectively,

similar to results of Fotie et al., (2006) which

41flgiml (96IlM). and 45 ug/ml (12 11M) against the chloroquine

resistant FCR-3 and

roquinesensitive 3D7 strains respectively. The lignans syringaresinol

(166), sesamin (170)

yangambin(171) displayed high to moderate antiplasmodial

activity. This was in agreement

thedata published by Bero et aI., (2009) where 1ignans were reported to possess high to
erateantiplasmodial activity. Sesamin (170) has exhibited an ICso value of3.37 ug/rnl (9.51
)againstthe CQ resistant FcB1 strain (Ortet et al., 2011). Furthermore syringaresinol

(166)

antimalarial(Zhang et al., 2001). However, the selectivity indices of the lignans were poor;
121

.05), 170 (0.18) and 171 (0.06). The steroids did not display antiplasmodial activity at the
range.These results validate the use of T sacleuxii and C. pareira as antimalarial agents.
1150

,

revealthat T oblongifolia has potential for use as an antimalarial agent.
oids, palmatine (130), sacleuximine

(169) and isotetrandrine

(172) and the lignans

sinol(166), sesamin (170) and yangambin (169) showed strong cytotoxicity while the
amides {trans-N-feruloyltyramine

(167) and trans-'N-caffeoyltyramine

(168) showed

orlessinverse activities which may be attributed to the ortho dihydroxy substitution in 168
sedto 167 with one hydroxyl group (Table 30).Syringaresinol

(166) was reported to be

xic(Badawi etal., 1983). Sesamin (170) had shown cytotoxicity against human leukemia
)cellswith an ICso value of2.71 ppm (Ju et al., 2001). The cytotoxicity ofisotetrandrine
isinagreement with that published by Kuroda et al. (1976) where it displayed an activity
~glmlagainst HeLa cancer cells. The activity of the carboline alkaloid were in agreement
the previously reported broad spectrum cytotoxicity

of harmine type carboline alkaloid

severalhuman cancer cell lines with EDso values ranging from 0;3 to1.2 ug/ml. (Cao et

2007). The lignans and the alkaloids were the major cytotoxic constituents of the stem of T
ii. 2',3' -dihydroxy-N-{ (2S,3S,4R)-1 ,3,4-trihydroxyicosan-2-yl}

the most cytotoxic component of the stem of T oblongifola.

tetracosanamide

(176)

The cytotoxic compounds

yed activities inferior to those of the standard cancer drug camptothecin. The sterols did
exhibit cytotoxic activity against the tested cell line. The high selectivity indices and potent
lasmodialactivity observed for compounds

130, 132 and 172 is an indication that it is

'bleto achieve therapeutic doses at safe concentrations.
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Antibacterial
oblongifolia

assay of pure isolates from Triclisia sacleuxii, Tinospora
and Cissampelos pareira
~

thepure isolates from T sacleuxii, T oblongifolia and C. pareira were assayed against the
ial strains; E. coli, P. aeruginosa,

S. epidermis and S. aureus. Clinical and Laboratory

ds Institute (CLSI) consensus cut off levels were used for the categorization

ial activity. The susceptibility

of anti-

of the isolates was assessed using the following cut off

Is forclassification as resistant or sensitive: Staphylococcus spp. MIC 2:: 8 ug/ml (13.77

flM)

~O.5ug/ml (0.86 MM). No break: points are defined for the activity of streptomycin against

coli andP. aeruginosa by CLSI and EUCAST. Based on this threshold, it was observed that S.
rmis and S. aureus were resistant to all the tested compounds except syringaresinol

(166)

exhibited the lowest MIC value of 10.9 flM against both strains (Table 31). When this
ed activity of the pure isolates is compared with that of the crude extracts, it suggests that
issynergism amongst the compounds which results in the bacteria being susceptible to the
extracts.. Isotetrandrine (172) exhibited an MIC of 125 llM against both S. epidermis and
aureus and an MIC

>125 llM against both P. aeruginosas and E. coli (Table 31), These results

comparableto those published by Kuroda et al. (1976) where isotetrandrine (172) displayed

MIC of 125 !lM against both S. epidermis and S.. aureus and an MIC of 1000 llM against E.
i, Sacleuximine (169) exhibited

low antibacterial

activities,

again in agreement with the

iouslyreported activities most of the carboline alkaloids displaying modest antimicrobial
'vities(patel et al. 2012).
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31: Minimum Inhibitory
Bacterial Strains

. ine (169)

Concentrations

(~M) of isolated compounds against Selected

E.co/i"

P. aeruginosas"

s. epidermis"

S. aureus"

125

31.3

62.5

625.

62.5

31.3

31.3

15.7

>125

>125

125

125

15.7

15.7

15.7

15.7

31.3

62.5

31.3

62.5

17.8

17.8

17.8

13.9

14.8

12.8

10.9

10.9

16.8

15.8

17.8

15.8

(j»

125

125

62.5

125

p~

125

125

125

125

(1)0

~

.W
•

,e

-z
tXl-

>125

>125

>125

>125

>125

>125

>125

>125

>125

>125

>125

>125

::0(1)
»
~\
-<-

>125

>125

>125

>125

~

> 125

> 125

> 125

> 125

125

125

>125.

>125

62.5

62.5

62.5

125

0.97

0.97

0.97

0.97

a Gram negative; b

::0<

Gram positive

s possess a wide spectrum of biological activities, including antimicrobial (Saleem et al.,
5).In this study, the lignans showed better antibacterial

activity compared with the other

poundsagainst the tested strains. The significant antibacterial
124

activity displayed by the

couldbe linked to their cytotoxicity (Barbary et al., 2010). However for the alkaloids that

not the case. Moreover, free hydroxyl groups in the lignans could be enhancing the activities
. erofthe two bioassays (Barbary et al., 2010). Since there were no break points are defined
\

1he activity of streptomycin against E. coli and P. aeruginosa by CLS(and
adoptedthe breakpoints set for Staphylococcus

EUCAST, this

spp. Based on this threshold; E.coli and P.

nosa were resistant to all the tested compounds (Table 31). For example, the alkaloids;
drine(172), palmatine (130), sacleuximine (169) and columbamine (132) displayed MIC
rangingfrom 31.3 to 125 IlM. Lupeol (181) was inactive on the tested bacteria. This was
agreement
with results of Muthabe et ai. (2008) in which it was inactive against eight bacterial
. displaying MICs >200 ug/ml. Conversely

lupeol (181) showed significant zones of

itionin the cultures of 18 hospital strains of the Gram-negative
'nasa and Klebsiella pneumonia

bacteria Pseudomonas

at a concentration of 30 llg/lOOIlL (Ahamed et at" 2007).
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thetested antibacterial strains were susceptible to all the extracts of the three plants with the
tionof the n:'hexane extracts to which they were resistant. The largest diameter of zone of
ibition
(21.4 mm) was observed with n-butanol extract of T sacleuxii against S. aureus. In the
'Iasmodialassay the hexane extracts did not display any activity. With the exception of the
aneextracts, 'all the other extracts from the three plants displayed moderate to good in vitro
lasmodialactivity. However, the crude extracts had poor selectivity indices with methanol
t of C. pareira displaying the best selectivity index (3.93). The poor selectivity indices
dueto the high cytotoxicity observed for the crude extracts. The lack of activity of the ne extracts is the reason why these extracts were not subjected to phytochemical analysis.
'bacterialactivities of T sacleuxii

and antiplasmodial

and antibacterial

activities of T '

ngifoliaare being reported for the first time.

say guided fracti~nation

led to the isolation of eleven compounds

berberinealkaloid; palmatine (130) and bisbenzylisoquinoline
ferrulamides; trans-N-feruloyltyramine

from T. sacleuxii; a

alkaloid isotetrandrine (172),

(167) and trans-N-caffeoyltyramine

(168), three

s;yangambin (171), syringaresinol (166) and sesamin (170) , a cyclitol; epiquercitol (173),
droxy-benzaldehyde (165), p-carboline alkaloid, sacleuximine

(169) and p-sitosterol (164);

compounds from C. pareira;

(179), oleanolic acid (180),

I (181), a protoberberine

stigmasterol

(178), lanosterol

alkaloid columbamine
126

(132), a flavonoid, epicatechin (182), two

· es,p-sitosterol glucoside (177) and withanolide E glucoside (183) and five compounds

r oblongifolia;

two esters, 2-( 4'-hydroxyphenyl)-ethyl

lignocerate (174) and docosyl-3, 4-

xy-trans-cinnamate (175) and a sterol, ~-sitosterol (164), a ceramide 2', 3' -dihydroxy-NS,4R)-1,3,4-trihydroxyicosan-2-yl}

tetracosanamide

"-.

(176) and a glucoside, ~-sitosterol

'de(177). In the course of this study two new compounds were isolated and characterized;
line alkaloid, sacleuximine

(169) from the DCM extract of T. sacleuxii stem and a

'de 2',3' -dihydroxy-N-{ (2S,3S, 4R)-1 ,3,4~trihydroxyicosan-2-yl}
then-butanol extract of T. oblongifolia

tetracosanamide

(176)

stem. Isolation of the cyclitol 173 and lignans 166,

and171 is being reported for the first time from the genus Triclisia. This is also the first
ofisolation of compounds from T. oblongifolia.

alkaloidspalmatine (130), columbamine

(132) and isotetrandrine

(172) displayed potent or

entantiplasmodial activity against both the CQ sensitive D6 and CQ resistant W2 P.
m strains. The activities ranged between 0.11 to 0.98 /-lM. These compounds

had

toryto moderate selectivity indices (54.75 for 132, 12.42 for 130 and 31.36 for 172). The
compoundsdisplayed moderate to low activity while some like the sterols were inactive in

selectedbacterial strains were resistant to the tested compounds
t syringaresinol (166) which displayed

intermediate

(MI Cs above 13.77 /-lM)

activity against the Gram positive

riaS.aures and S. epidermis with an MIC of 10.9 J.lM against both strains.
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theexception of the n-hexane

extracts', the other crude extracts

ifolia and C pareira possess antiplasmodial
poorselectivity indices in the antiplasmodial

of T sacleuxii, T

~.

and antibacterial

activities. However, they

assays. The antibacterial

activities of the

fromthese plants are broad spectrum since they were active on both the Gram negative

Gram positive bacteria. These results show that natural products are still a viable source of

of the family menispermaceae
lisoquinoline alkaloids,

are rich in nitrogen

containing

compounds including

amides and proto berberine

alkaloids.

T sacleuxii is also a

of lignans with three lignans [syringaresinol

(166), sesamin (170) and yangambin (171)]

. g beenisolated from the stem of this plant.

trandrine(172) and palmatine (130) are the main antiplasmodial
wcleuxii· while columbamine (132) is the main antiplasmodial

compounds in the stem of

compound in the leaves of C

eira. These compounds displayed potent antiplasmodial activity against both the CQ sensitive
andCQ resistant W2 P. Jalciparum

strains. They also had satisfactory to good selectivity

kes. The high selectivity indices and potent antiplasmodial activity

observed for

, 132 and 172 is an indication that it is possible to achieve therapeutic

compounds

doses at safe

centrations. The anti plasmodial activity of the extracts of T oblongifolia is due to synergism
thecompounds in them. This is because there was no individual compound from this plant
t showedpotent antiplasmodial

activity although the extracts displayed good antiplasmodial

128

the bacteria selected were susceptible to most of the crude extracts, they were resistant
pureisolates except syringaresinol (166). This means that the antibacterial activities of the
extractsof these plants results from synergism amongst the compounds in them.
~

extractsof Triclisia sacleuxii, Cissampelos pareira and Tinospora oblongifolia
'singnatural therapeutic

stem are a

remedy against malaria this is because they displayed potent

lasmodialactivity. However, the poor selectivity indices displayed by the extracts means
theiruse in malaria management

needs to be reconsidered.

The bacteria

were also

tibleto the extracts. of these plants. meaning that the use of these plants as antibacterial

the alkaloids palmatine

(130), columbamine

(132) and isotetrandrine

(172) displayed

t antiplasmodial activity with satisfactory selectivity indices, it is an indication that it is
ibleto achieve therapeutic

doses at safe concentrations.

to be considered for development

into antimalarial

These three compounds therefore
drugs or as templates for the the

elopmentof new drugs .

.Suggestions for further

studies

1. The extracts need to be subjected to further studies to determine their suitability in
malaria management. This is due to the P90r selectivity indices that they displayed.

129

2. In vivo studies to determine toxicity, pharmacological

activity, and pharmacokinetics

of

the pure isolates and chemical synthesis of the active principles should be carried out.
3. Cytotoxicity assay of the extracts and pure isolates of these plants \~ould be carried out
usinga different cell lines so as to compare the selectivity indices.

4. More.studies should be carried out on the pure isolates to establish whether they can
withstand resistance and also if they have adverse effects.
5. The absolute configurations

of the isolates should be determined.

6. Synergistic and antagonistic studies of the pure isolates need to be determined.
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