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ABSTRACT
The dried and ground whole root of Rhamnus prinoides (Rhamnaceae) were exhaustively 

extracted using dichloromethane/methanol (1:1) by cold percolation. The crude extract was 

subjected to chromatographic separations on oxalic acid impregnated silica gel, Sephadex LH-20 

and preparative TLC, which resulted in the isolation of six compounds. The structures of the 

isolated compounds were determined using spectroscopic methods including UV, 'll  and l3C 

NMR, COSY, NOESY, HMBC and HMQC and where necessary, by comparison with authentic 

samples. These were three anthraquinones [chrysophanol (1), physcion (2) and emodin (3)], a 

flavonol [rhamnazin (4)] and two naphthalenic derivatives [(3-sorigenin (5) and geshoidin (6)].

The rhizomes of Kniphofia foliosa (Asphodelaceae) were dried, ground and extracted using 

dichloromethane/methanol (1:1) by cold percolation. Chromatographic separation led to the 

isolation of three monomeric anthraquinones [chrysophanol (1), islandicin (7) and laccaic acid D 

(8)], a dimeric anthraquinone [chryslandicin (9)], a phenylanthraquinone [knipholone (10)], two 

dimeric phenylanthraquinones [joziknipholone A (11) and joziknipholone B (12)], a tetrameric 

phenylanthrone [Jozi-joziknipholone anthrone (13)], and a benzoic acid derivative [3,4- 

dihydroxybenzoic acid (14)]. The structures of these compounds were also determined using 

spectroscopic techniques.

The tetrameric phenylanthrone Jozi-joziknipholone anthrone (13) isolated from Kniphofia foliosa 

in this study is the first and the only example of a tetrameric phenylantraquinone. Furthermore, 

this is only the second report on the occurrence of the two dimeric phenylanthraquinones 

(joziknipholone A (11) and joziknipholone B (12)] in nature. Laccaic acid D (8) is reported here 

for the first time from the family Asphodelaceae.

xii



The in-vitro antiplasmodial activities of the isolated compounds were performed against the 

chloroquine-sensitive (D6) and chloroquine-resistant (W2) strains of Plasmodium falciparum. 

The naphthalenic derivative Geshoidin (6) from Rhamnus prinoides showed an IC50 value of 4.0 

±  0.9 pM and 0.4 ± 0.2 pM against the chloroquine sensitive (D6) and chloroquine resistant 

(W2) strains of Plasmodium falciparum. The dimeric anthraquinone 9 [IC5o= 6.5 pM (W2)], the 

phenylanthraquinone 10 [IC50 = 10.4 ± 2.4 pM (W2), 23.3 ± 0.1 pM (D6)], the two dimeric 

phenylanthraquinones 11 [ICso= 0.4 ± 0.01 pM (W2), 0.2 pM (K l)], 12 [IC5o = 3.3 ± 0.91 pM 

(W2), 0.3 pM (K2)] and the tetrameric phenylanthrone 13 [IC50 = 0.3 pM (Kl)] showed good to 

potent antiplasmodial activities. The antimicrobial activities of the isolated compounds were also 

tested, but no significant activity was observed for any of the compounds tested.

O
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CHAPTER 1

INTRODUCTION

1.0 GENERAL

Since prehistoric time, man has gradually identified poisonous and medicinal plants through 

trial and error and has used the later for the treatment of various health problems, including 

malaria [Kitua and Malebo, 2004]. For example, ancient Chinese, Indian and Egyptian papyrus 

writings describe the use of medicinal plants thousands o f years ago. This knowledge of 

traditional medicine was passed orally from healers, elders, herbalist and parents to some 

members of the family and the next generation.

At present, the majority of the population in developing countries depends on traditional 

medicine to meet some of the primary health care needs owing to the high cost of western 

pharmaceuticals and health care practices. Cultural and spiritual acceptance o f traditional 

medicine is also an important factor for the wide use of medicinal plants around the world.

Based on the knowledge accumulated over centuries, plant extracts continue to be used for the 

treatment of various infectious and chronic diseases in many societies. Furthermore, traditional 

medicinal knowledge is serving as a base line for the development of new drugs. For example, 

the antimalarial drug artemisinin (15) isolated from Artemisia annua commonly known as 

“qinghao” in Chinese herbal medicine has been used traditionally for the treatment of fever and
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malaria for almost 2000 years [Dewick, 2002; Derese, 2004]. The genus Taxus which is the 

source of the antitumor agent taxol (paclitaxel, 16) had been used for the treatment of cancer in 

the Indian ayurvedic medicine for a long time [Mitscher, 2007].

Malaria is a complex and life threatening vector borne infectious disease that has afflicted human 

beings since antiquity. It is among the world’s worst killers particularly in sub-Saharan Africa. It 

is caused by the protozoan Plasmodium species and is transmitted from the salivary gland during 

the bite of the female Anopheles mosquito, which multiplies in the victim’s liver and infects the 

red blood cells. Of the 40 different species of the Anopheles mosquito, Anopheles gambiae is the 

most difficult to control and is the predominant species in Africa [World malaria report, 2005].

Malaria, which causes about one to two million deaths per year in Africa, is considered as one of 

the most serious tropical diseases [Njoroge and Bussmann, 2006]. The major problem associated 

with the prevention and treatment of malaria is the spread of resistance of Plasmodium species to 

the available first-line anti-malarial drugs such as chloroquine (17); and the development of
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r c?sistant mosquito to conventional insecticides. Therefore, development of new drugs or drug 

com bination  therapy is required for the prevention and treatment of this infectious disease; 

preferably, drugs with a unique mode of action or with different chemical compositions from 

i  liose currently in use.

Most of the drugs used for the treatment of malaria are derived from plants used by indigenous 

societies in different parts of the world. For example the alkaloid quinine (18), first discovered 

from the South American plant Cinchona (Rubiaceae) has been used as an antimalarial agent for 

a long time and has saved many lives for the past 300 years [Dewick, 2002]. In recent years, the 

sesquiterpene lactone artemisinin (15) from the Chinese herbal remedy Artemisia annua 

(Compositeae/Asteraceae) has been found to be effective against the chloroquine-resistant 

Plasmodium falciparum  [Dewick, 2002]. These active plant ingredients often have served as 

molecular templates for the development of synthetic antimalarials that are safe and more 

effective than the mother molecules.

In Africa, the enormously rich biodiversity has allowed the use ol a variety of plants for the 

treatment of malaria in different societies. Among these are Rhamnus prinoides (Rhamnaceae),
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Rhamnus staddo (Rhamnaceae), Albezia gummifera (Mimosaceae), Vernonia lasiopus 

(Compositeae) and Toddalia astiatica (Rutaceae) [Muregi et al., 2007].

1.1 PROBLEM STATEMENT

Malaria is a major public health problem mainly in tropical and subtropical regions. Besides 

causing unimaginable suffering and disability, it costs up to 2 million lives annually [Njoroge 

and Bussmann, 2006; Kitua and Malebo, 2004]. It is estimated that about 80% of all clinical 

cases of malaria occur in tropical African countries and about 90% of the people residing in this 

region carry the parasite [Kitua and Malebo, 2004]. The chemotherapy of malaria has become 

challenging due to the increasing resistance of Plasmodium species to the first line anti-malarial 

drugs such as chloroquine (17). Therefore, investigation of medicinal plants for potential 

antimalarial agents has to continue in search of new, potent and safe antimalarial drug templates.

1.2 JUSTIFICATION

Traditionally used plants for the treatment of malaria have played a great role in the development 

of antimalarial drugs. The two most important and effective antimalarial drugs quinine (18) and 

artemisinin (15) were obtained from plants that have been used traditionally for the treatment of 

malaria. Based on the molecular framework of these two compounds, a number of more effective 

and safe synthetic derivatives have been developed. Therefore, plants used traditionally remain 

important sources o f new and more potent antimalarial drugs.
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fZ  hamrtus prinoides and Kniphofia foliosa are among the traditionally used plants for the 

tre a tm e n t of malaria in Eastern Africa. The leaves and root bark extract of the former and the 

r l t iz o m e  and the leave extracts of the later have shown promising in vivo and in vitro 

an tip lasm odial activities, respectively [Muregi et al., 2007, Wube et al., 2005]. However, the 

co m p o u n d s  responsible for the antimalarial activity have not yet been isolated and identified, 

therefore, it is worthwhile to isolate the metabolites of these plants and investigate their 

^antiplasmodial activities.

1.3 OBJECTIVES

1.3.1 GENERAL OBJECTIVE

T o  isolate and characterize antiplasmodial compounds from the roots of Rhamnus prinoides and 

the rhizomes of Kniphofia foliosa.

1.3.2 SPECIFIC OBJECTIVES

> To isolate the constituents of the roots of Rhamnus prinoides and the rhizomes of 

Kniphofia foliosa  using chromatographic methods.

> To characterize the structures o f the isolated compounds by the use ol spectroscopic 

methods.

> To establish the antiplasmodial activities of the crude extracts and isolated compounds ot 

the two plants.
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> To perform structural modification of some of the isolated compounds where necessary.



CHAPTER 2

LITERATURE REVIEW

2.1 BACKGROUND ON MALARIA

Malaria, the Italian word for ‘bad air’ has greatly influenced human history and has been noted 

for more than 4000 years [Sherman, 1998]. Malaria, an endemic and deadly disease is distributed 

in 101 countries, 45 o f these are in sub-Saharan Africa [Casteel, 2003]. Malaria which had a 

worldwide distribution in the early 18th century had been a major public health problem 

[Sherman, 1998]. However, at present it is mainly concentrated in the world's poorest countries 

particularly in areas with social, political and economic instabilities [Trigg and Kondrachine, 

1998].

O f the approximately 100 Plasmodium species, only four cause malaria in humans while the 

others affect birds, monkeys, livestock, rodents and reptiles [Lemke, 2002]. P. falciparum , P. 

malariae, P. ovale and P. vivax are the species that have an effect on humans. Among these P. 

falciparum is the most fatal, as it develops to the cerebral stage of the malaria rapidly and is 

responsible for most of the morbidities and mortalities in Africa [Casteel, 2003]. Although, 

infection with P. vivax is also common in temperate regions, it is rarely fatal, but can remain 

dormant in the liver and cause recurring and debilitating infection [Casteel, 2003]. Both P. 

falciparum and P. vivax have shown drug resistance to the commonly used first-line antimalarial 

drugs such as chloroquine (17). Even though the resistance differs with geographical distribution, 

P. falciparum has shown resistance to almost all anti-malarial drugs including the new
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artem isin in  based combination therapy; whereas incidents of P. vivax resistance to chloroquine 

( 1 7 )  and primaquine (19) is common [Bloland, 2001]. The major reason for the development of 

i^uch resistance is the indiscriminate use of anti-malarial drugs and the close similarities of 

chem ical structures o f most of the drugs in use. Although the loss of life due to malaria is 

^voidable and preventable, the development of drug-resistant strains of the parasite and the 

resistance of the mosquito vector to insecticides has become the greatest challenge in the control 

o f  the disease.

19

The World Health Organization estimates that between 1.5 and 2.7 million people, out of the 

300-500 million cases of malaria infection, die every year [Wube et al., 2005; Casteel, 2003]. 

The majority of deaths occur in children under the age of 5 years in Africa, south of Sahara 

[Casteel, 2003; Africa malaria report, 2003]. Besides the disease episodes and deaths in Africa, 

malaria also causes anemia in children and pregnant women, undesirable birth outcomes such as 

spontaneous abortion, stillbirth, premature delivery and low birth weight, and overall maternal 

and child mortality [World malaria report, 2005].

The global economic burden of malaria is enormous and is more prominent in poor countries 

with fewer resources. Countries with endemic malaria are estimated to experience loss of
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economic growth as high as 1.3% per year [World malaria report, 2005]. In addition, malaria 

causes loss in agricultural productivity and school absenteeism in children, permanent 

neurological, developmental and other damages which severely restrain investment and 

economic growth [Sachs and Malaney, 2002; Malaney el al., 2004; Trigg and Kongrachine, 

1998].

With the aim of reducing the mortality and morbidity due to malaria, several initiatives have 

been launched that are playing a major role in the establishment of goals, indicators and targets 

for the prevention, treatment and control o f malaria. One such program is Roll Back Malaria 

(RBM) which was launched by WHO and UNICEF in 1998. It was aimed at reducing the 

mortality due to malaria by 50% by the year 2010. The RBM which was supported by the Abuja 

Declaration by African Heads of States in 2000 made commitment to intensify efforts to halve 

the malaria mortality in Africa by 2010. Another program which was initiated by the World 

Health Assembly in 2005 planned to ensure a reduction in the burden of malaria by at least 50% 

by 2010 and by 75% by 2015. These goals are to be achieved by using long lasting insecticidal 

bed nets, artemisinin based combination therapy and indoor residual spraying of insecticides 

along with developing new drugs mainly from traditionally used plants [World malaria report, 

2009].

One of the research strategies towards the development of new drugs involves the evaluation and 

validation of antimalarial traditional medicines since plants offer a good opportunity for the 

discovery and development of effective, affordable and alternative drugs for the prevention and 

treatment of malaria.
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^  .1.1 LIFE CYCLE OF MALARIA

I ’he malaria parasite which has a complex life cycle spreads by infecting both humans and the 

fe m a le  Anopheles mosquito which is the definitive host. In humans, the parasite undergoes 

^ sex u a l cycle [Rang et al., 2007]. The sporozoites are injected into the blood stream of the 

Fnuman host by the bite of the infected mosquito. After about an hour, the sporozoites travel to 

t h e  liver where they grow and asexualiy multiply in the liver cell to form merozoites before 

infecting the red blood cell [Faust et al., 1970]. At this stage, commonly known as the pre- 

<jrythrocytic stage the host is asymptomatic [Casteel, 2003]. After a variable period of time 

depending on the Plasmodium species, the merozoites are released as the liver cell raptures and 

re-enter the blood circulation to invade the red blood cell (erythrocytes) [Rang et al., 2007]. In 

case of P. vivax and P. ovale, some of the sporozoites which are responsible for the relapse of the 

disease remain in the liver and differentiate into hypnozoites or the dormant non-dividing stage 

[Fujioka and Aikawa, 2002]. Once the merozoites invade the red blood cell, they develop to the 

motile trophozoites [Casteel, 2003] where the nucleus divides asexualiy to produce schizonts 

containing several nuclei. In the erythrocytic stage, the schizont undergoes division inside the red 

blood cell and the successive broods of mononucleated merozoites are released along with the 

parasites waste and cell debris as the erythrocyte raptures and continue the cycle by invading 

other blood cells [Casteel, 2003]. These toxins (parasite waste and the cell debris) that are 

released to the victim’s body are responsible for the periodic cycles of fever and chill which are 

the common symptoms of malaria [Casteel, 2003]. Some of the merozoites in the erythrocyte 

differentiate sexually into male and female gametocytes which are latent in human [Casteel, 

2003]. As the erythrocyte containing the gametocytes do not rapture, the sexual forms of the
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p>arasite will be available in the blood stream of the infected individual when the mosquito takes 

\ t s  blood meal.

I n  the mosquito, only the sexual phase of the malarial life cycle takes place and can take 10-20 

c iay s  [Bloland and Williams, 2003]. The sporozoites are ingested by the mosquito during a blood 

m e a l from an infected human. Provided favorable conditions such as ambient temperature, 

Inumidity and rainfall, the male and female gametocytes fuse inside the gut of the mosquito 

producing the male and female gametes [Lemke, 2002]. The diploid zygotes differentiate into 

oocysts on the outside wall of the mosquito’s stomach which then undergo repeated mitotic 

division resulting in the formation of the sporozoites [Lemke, 2002]. These sporozoites migrate 

to  the salivary gland o f the mosquito and are injected into the blood stream ot another human 

during blood meal, beginning the life cycle of the parasite again [Dick and Parrish, 2007).

11



A  ■ Infect/ve Stage 

Ov*gr>o*tJC S tage H u m an  Live# S tag e*

M osqu ito  S tage*

R uptm td'
sctMtont

Fig 2.1 Life cycle of malaria (Source: www.dpd.cdc.gov/dpxlx/html/imagelibrary/malaria)

2.1.2 CHEMOTHERAPY OF MALARIA

Generally, antimalarial drugs are classified as per the site at which they terminate the life cycle 

of the parasite [Rang et al., 2007]. The efficacy of these drugs is measured by the clearance time 

of both the fever and the parasite [Casteel, 2003]. The majority of the drugs used for the 

prevention and treatment of malaria target the parasite either in the erythrocytic stage or the exo- 

erythrocytic stage. The blood schizonticides are used to cease the erythrocytic stage i.e. inside 

the red blood cells thereby treating acute attack to provide clinical cure [Rang et al., 2007]. 

These drugs are used to cure or suppress relapse of P. falciparum and P. malariae as there is
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neither reinfection nor relapse from the liver. The tissue schizonticide eradicates the liver stage 

o f  the parasite thus preventing re-entry to the blood stream resulting in radical cure [Casteel, 

2003]. Gametocytocides are required to destroy the sexual form of the parasite in the blood 

thereby preventing the transmission of the parasite from human to the mosquito and the 

sporonticides destroy the sporozoites as it enters the blood stream [Lemke, 2002].

In the case of P. vivax and P. ovale, both blood and tissue schizonticides have to be used to avoid 

relapsing infection since blood schizonticides alone will only suppress the blood infection and 

will not result in radical cure [Waller et al., 2005]. Based on their chemical structure, five classes 

of antimalarials are available in the market today.

2.1.2.1 Quinine and its derivatives

The 4-quinolinemethanol derivative quinine (18) and its dextroisomer quinidine (20) have been 

effective for long for the treatment of severe malaria [Bloland, 2001; Casteel, 2003]. The 

difference in the stereochemistry of the two drugs is responsible for the difference in potency 

making quinidine (20) more active than quinine (18) [Casteel, 2003]. Quinine (18) has been the 

drug of choice for the treatment of chloroquine-resistant strains of P. falciparum [Lemke, 2002 ]. 

The two synthetic 4-aminoquinoline derivatives of quinine, chloroquine (17) and amodiaquine 

(21) have been among the most widely used antimalarial drugs [Bloland, 2001]. Chloroquine, 

first synthesised in 1934, has been the drug of choice for the prophylaxis and treatment of all 

types of malaria for long since it is cheap and effective with few side effects when taken in the 

dose prescribed for malaria [Bloland, 2001]. Unfortunately, P. falciparum and some strains of P. 

vivax have developed resistance against this drug and have reduced its use. On the other hand.
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Ll.rnodiaquine (21), a structural analog of chloroquine [Goldsmith, 1983) is as effective as 

c  liloroquine. Even though amodiaquine was withdrawn from the market due to its side effects, it 

i  & being reintroduced in areas where chloroquine-resistant strains o f Plasmodium exists [Rang et 

t i l . ,  2007). Presently, it is used against the chloroquine-resistant strains of P. falciparum 

particularly  in combination with either artesunate or sulphadoxine/pyrimethamine [Rosenthal, 

2 0 0 9 ]. All the above drugs are blood schizonticides, however chloroquine (17) and quinine (18) 

e x h ib it moderate gametocidal activity against the human Plasmodium strains except P. 

falciparum  [Rosenthal, 2009). The only antimalarial with tissue schizonticidal activity is the 8- 

aminoquinolines derivative primaquine (19) [Neal, 2009). Although this drug has no activity 

against the erythrocytic stage, it has gametocidal activity against the four Plasmodium species 

[Lemke, 2002). In order to potentiate its activity, it is used in combination with either 

chloroquine or quinine for the treatment o f P. vivax and P. ovale infection thereby providing 

radical cure [Goldsmith, 1983]. Primaquine can also be used as a chemo-prophylactic agent in 

cases where mefloquine cannot be used [Rosenthal, 2009]. Mefloquine (22) another quinoline 

methanol derivative o f quinine is a blood schizonticide and is effective for the prophylaxis (in 

areas with chloroquine-resistance) and treatment of multidrug resistant strains of P. falciparum 

and P. vivax [Bloland, 2001; Harvey et al., 2009].
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^ .1 .2 .2 . Antifolate combination drugs

'T h e se  drugs are combination of dihydrofolate reductase inhibitors and the long acting sulfa drugs 

(  sulfonamides and sulfones) which are competitive inhibitors of dihydropteroate synthetase an 

en zy m e  responsible for the synthesis o f dihydropteroate from hydroxymethyldihydropterin 

['Casteel, 2003; Harvey et al., 2009]. As both these class of drugs influence the same pathway at 

different sites on the parasite, they have synergistic effect when used in combination thereby 

blocking the synthesis o f tetrahydrofolate [Lemke, 2002; Rang et a l 2007]. The advantage ol 

antifolate combination drugs is that they can be effective even in the presence of resistance to the 

individual components [Bloland, 2001]. The most common combination is the 2,4 

diaminopyrimidine pyrimethamine (23) and the sulfonamide sulphadoxine (24) [Rosenthal, 

2009; Casteel, 2003]. This combination drug can be used for the treatment of non-severe P. 

falciparum  infection [Bloland, 2001]. Pyrimethamine which is used for radical cure has both 

blood schizonticidal and sporocidal activity [Harvey et al., 2009]. Another combination ol 

antifolates introduced recently is the biguanide chlorproguanil (25) with the sulfone drug 

dapsone (26). Besides being cheaper than pyrimethamine/sulphadoxine, it is safe and effective in
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p la c e s  with uncomplicated P. falciparum malaria [Casteel, 2003]. However, it can neither be 

u ised  for prophylaxis nor for treatment of malaria in multidrug resistant areas [Casteel, 2003].

2.1.2.3 Antibiotics

Tetracycline (27) and its deoxyderivative doxycycline (28) are blood schizonticides which act by 

inhibiting the synthesis of protein in the ribosomes of the parasite [ Vaidya, 2005; C asteel, 2003]. 

They are the most common antimalarial antibiotics used for prophylaxis and treatment ot malaria 

[Bloland, 2001]. Since these drugs are slow acting, they are used in combination with fast acting 

antimalarials such as quinine in areas with multidrug resistant strains as well as where the 

activity of quinine is declining [Casteel, 2003; Bloland, 2001].
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2.1 .2 .4  Artemisinin and derivatives

.Artemisinin (15) which is a blood schizonticidal and gametocidal antimalarial was first isolated 

from the leaves of Artemisia annua in 1971 [Klayman, 1985; Harvey et a i, 2009; Casteel, 2003]. 

It has been the drug of choice for the treatment of multidrug resistant P. falciparum and cerebral 

malaria [Rang et al., 2007]. Unlike most antimalarials which have nitrogen containing 

hetrocyclic ring system, artemisinin and its derivatives, arteether (29), artemether (30) and 

artesunate (31), are endoperoxide bearing sesquiterpene lactones [Klayman, 1985]. In order to 

increase the potency and avoid development of drug resistance these drugs are used in 

combination with long lasting antimalarials such as mefloquine (22) [Bloland, 2001].
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^  .1.2.5 Miscellaneous compounds

|  ^alofantrine (32) the most promising blood schizonticide is a phenanthrene-methanol [Bloland, 

3 0 0 1 ;  Scholar and Pratt, 2000]. It was recommended for chloroquine-resistant and multidrug 

f-esistant strains of P. falciparum , however its use is limited due to its serious side effect and 

irregular bioavailability [Bloland, 2001; Scholar and Pratt, 2000]. At present, a combination of 

th e  hydroxynaphthoquinone atovaquone (33) and the biguanide derivative proguanil (34) is used 

fo r prophylaxis and treatment of multi-drug resistant P. falciparum [Bloland. 2001]. Atovaquone 

has both tissue and erythrocytic schizonticidal activity whereas proguanil (34) is a dihydrofolate 

reductase inhibitor [Rosenthal, 2009]. Although atovaquone alone had a fast clearance ol lever 

and the asexual form of the parasite, it cannot be used single-handedly due to the development ol 

recrudescence [Viadya, 2001]. However, when combined with proguanil (34) increased potency 

as well as synergistic activity against P. falciparum malaria has been observed [Viadya, 2001; 

Muraleedharan and Avery, 2007].

N H  NH I

34
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1 .3 VACCINE DEVELOPMENT

-v en though a number o f drugs are available for the prophylaxis and treatment of malaria, the 

m ortality  and morbidity due to malaria is increasing. This is mainly due to the development of 

lr"U g resistant parasites and insecticide resistant mosquitoes. Besides the continuous use of 

- f i s t i n g  tools, the eradication of malaria from sub-Saharan Africa will require the development 

>1 new drugs as well as a vaccine [Butler, 2009]. Vaccines are effective mode of control since 

l^ e y  are comparatively cheap, easy to administer and in most cases have reduced the spread and 

-> u rden  of most infectious diseases.

I 'he  development of vaccine for malaria which started in the early 1980’s has been a challenge 

1 'o r  long [Maher, 2009]. Theoretically, inoculation of irradiated sporozoites, the form of the 

p>arasite which is introduced to the blood circulation of humans during the bite of the mosquito as 

x^vell as the transfer of immunoglobulin G from semi-immune individuals would have shown long 

t_erm protection [Maher, 2009; Chauhan and Bhardwaj, 2003]. However, both are impractical, as 

tJie  irradiated sporozoites require live mosquitoes and human blood for the production and the 

transfer of the immune sera cannot be attained for a large scale production [Maher, 2009; 

Chauhan and Bhardwaj, 2003]. During the development of the first vaccine FSV-1, antibodies 

against the sporozoites were used in order to identify the circumsporozoite protein and clone the 

relevant gene. The practical application of this vaccine was not feasible as it protected only one 

person in six. The recently developed malaria vaccine RI S,S which is the descendent of FSV-1 

is in the late stage of trial [Maher, 2009], I his vaccine is the first to show promising safety and 

significant protection (i.e. 30% protections) in children aged 1- 4 in Mozambique in 2004 and 

will soon undergo further trials in seven African countries including Kenya [Maher, 2009].

19



lthough RTS,S will not completely protect infection, the onset of the disease will be reduced. 

<jme indicators predict it might diminish levels of severe malaria by 50% which is enough to 

^jr iv e  infants and small children a better chance of survival during their most vulnerable age 

[ ^ la h e r, 2009].

:Z  .1.4 DRUG R E SIS T A N C E

C 3ne of the major factors that have hindered the control of malaria is drug resistance. The 

resistance developed by the currently available antimalarial drugs is summarized in Fable 2.1. 

I  rrational uses of drugs, lack of compliance as well as substandard and counterfeit drugs are the 

m a jo r  factors that have contributed to the development of resistance. Currently, P. falciparum 

Tias developed resistance against almost all the available antimalarial drugs including the new 

antimalarial artemisinin and its derivatives [Casteel, 2003]. On the other hand, chloroquine and 

primaquine resistant strains of P. vivax have been reported [Casteel, 2003]. Drug resistance can 

be reduced by the use of combination drug therapy, avoiding unnecessary use of drugs 

particularly new drugs, in areas where resistance have not been reported for the previously used 

drugs and if possible introducing direct observation treatment as in the case ol tuberculosis. 

However, the most important and long lasting approach for the eradication and treatment ol drug 

resistant malaria would be searching for safe, affordable and effective antimalarial drugs.
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I  >1® 2.1: Drug resistance developed by some of the available antimalarial drugs
■  1 11 i n  : i  l : i  r i ; i  I
■  Ugs
■  inline (IS) 

Iiin id ine (20)

Plasmodium
strain
P. falciparum

Resistance first 
reported year
1910

Resistance reported 
Areas
Brazil, Brazil- 
Bolivia border, Thai- 
Cambodian border, 
Thailand, Vietnam, 
Southeast Asia, 
Western Oceania

Reference

ICMR bulletin, 
2008; Gregson 
and Plowe, 2005; 
Bloland, 2001;

C lloroquine
V )

P. falciparum 1960

P. vivax 1989

S. America 
Southeast Asia and 
Oceania, East Asia, 
Africa and Indian 
subcontinent

ICMR bulletin, 
2008; Bloland, 
2001

Indonesia, Papua 
New Guinea, 
Myanmar, Thailand, 
Borneo, India, Brazil

ICMR bulletin, 
2008; Mendis el 
al., 2001

I  modiaquine 
I !1) (Cross 
Bsistance with 

hloroquine
11_________

P. falciparum Areas where 
chloroquine 
resistance is high

Ochong el al., 
2003; Bloland, 
2001

roguanil (34) P. falciparum 1949 South-east Asia, 
Brazil

Gregson and 
Plowe, 2005

■ ulphadoxine 
•4)

I  n rimethamine 
>3)

P. falciparum 1967 Southeast Asia and 
Oceania, South 
America, Africa and 
East Asia

ICMR bulletin, 
2008; Bloland, 
2001

lefloquine (22) P. falciparum 1981 Thailand, Southeast 
Asia and Oceania, 
Amazon region of 
South America, 
Western Africa

ICMR bulletin, 
2008; Bloland, 
2001

I Uovaquone 
53)

P. falciparum 1996

(Artemisinin
i s ______

Areas where 
multidrug resistant 
falciparum is 
reported_________

ICMR bulletin, 
2008

P. falciparum Thailand- 
Cambodian border

World malaria 
report, 2009



Table 2.1: Drug resistance developed by some of the available antimalarial drugs
Antimalarial
drugs

Plasmodium
strain

Resistance first 
reported year

Resistance reported 
Areas

Reference

Quinine (18) 

Quinidine (20)

P. falciparum 1910 Brazil, Brazil- 
Bolivia border, Thai- 
Cambodian border, 
Thailand, Vietnam, 
Southeast Asia, 
Western Oceania

ICMR bulletin, 
2008; Gregson 
and Plowe, 2005; 
Bloland, 2001;

Chloroquine
(17)

P. falciparum 1960 S. America 
Southeast Asia and 
Oceania, East Asia, 
Africa and Indian 
subcontinent

ICMR bulletin, 
2008; Bloland, 
2001

P. vivax 1989 Indonesia, Papua 
New Guinea, 
Myanmar, Thailand, 
Borneo, India, Brazil

ICMR bulletin, 
2008; Mendis et 
al., 2001

Amodiaquine 
(21) (Cross 
resistance with 
Chloroquine 
(17)

P. falciparum Areas where 
chloroquine 
resistance is high

Ochong et al., 
2003; Bloland, 
2001

Proguanil (34) P. falciparum 1949 South-east Asia, 
Brazil

Gregson and 
Plowe, 2005

Sulphadoxine
(24)
/pyrimethamine
(23)

P. falciparum 1967 Southeast Asia and 
Oceania, South 
America, Africa and 
East Asia

ICMR bulletin, 
2008; Bloland, 
2001

Mefloquine (22) P. falciparum 1981 Thailand, Southeast 
Asia and Oceania, 
Amazon region of 
South America, 
Western Africa

ICMR bulletin, 
2008; Bloland, 
2001

Atovaquone
(33)

P. falciparum 1996 Areas where 
multidrug resistant 
falciparum is 
reported

ICMR bulletin, 
2008

Artemisinin
(15)

P. falciparum - Thailand- 
Cambodian border

World malaria 
report, 2009
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2.2 BOTANICAL INFORMATION

The genera Rhamnus and Kniphofia belong to the family Rhamnaceae and Aspodelaceae, 

respectively.

2.2.1 THE FAMILY RHAMNACEAE

The Rhamnaceae commonly known as the Buckthorn family is a large family of flowering plants 

in the order Rhamnales [Medan and Schirarend, 2004]. It comprises of 59 genera and about 900 

species, most of which are small trees, scrambling shrubs and frequently climbers, the majority 

of which have strong, hooked spines [Evans, 1996; Dharani, 2002]. The family is widely 

distributed throughout the world mainly in the tropical, subtropical and temperate regions 

[Preston and Braham, 2002; Medan and Schirarend, 2004], The leaves are simple and stipulate, 

alternate or opposite [Dharani, 2002]. In many genera, the leaves are modified in to spines. The 

inconspicuous flowers are small with four or five petals and are mostly white or greenish in 

colour and rarely yellow, pink, red or blue [Preston and Braham, 2002; Medan and Schirarend, 

2004]. The flower bloom mainly in spring and summer with the exception of Rhamnus which 

flowers in winter and the genus Colletia throughout the cold season [Medan and Schirarend, 

2004]. The one-seeded fruits are drupaceous [Dharani, 2002; Medan and Schirarend, 2004].

The family is known to have economic importance; for example, the genus Rhamnus is used as 

medicine and dye and the genus Ziziphus have fruits that are edible [Preston and Braham, 2002].
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2.1.1.1 The genus Rhamnus

The genus Rhamnus which comprises about 150 species of shrubs and small trees occurs both in 

temperate and tropical countries [Evans, 1996]. It is evergreen or deciduous plant and is resistant 

to frost [Knsten, 2001]. The simple leaves are either alternate or sub-opposite. The 

hermaphrodite small flowers are weakly scented [Preston and Braham, 2002; Medan and 

Schirarend, 2004]. The fruits are drupaceous and contain two to four cartilaginous nuts [Preston 

and Braham, 2002], There are only two species of Rhamnus in Africa, Rhamnus prinoides and 

Rhamnus staddo, both of which are found in Kenya.

2.2.1.2 Rhamnus prinoides

The African dogwood, Rhamnus prinoides L’Herit also known as Rhamnus pauciflorus or 

Rhamnus celifollius is a climbing shrub or small tree that grows up to 4 m high [Schmidt et al., 

2002]. It is prevalent on grasslands, forest margins and at the side of streams and is known to be 

frost resistant [Johnson and Johnson, 2002]. In Africa, it is widely distributed from South Africa 

to Ethiopia and to Angola and grows at an altitude between 1400 m and 3200 m above sea level 

[Edwards, 1991; Schmidt et al., 2002]. The leaves which are glossy and dark green from above 

and pale green below are simple and alternate [Schmidt et al., 2002]. The green inconspicuous 

flowers appear as small clusters in the leaf axils and bloom between October and January 

[Schmidt et al., 2002]. The round drupe fruits appear between November and June and are red to 

purple in colour [Kristen, 2001; Schmidt et al., 2002].

In Ethiopia, where the plant is commonly known as Gesho, it is widely cultivated particularly in 

the Northern part of the country besides being a natural constituent in the forests [Edwards,
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1991]. The dried leaves and stem of Gesho are used as a bittering principle in the preparation of 

the local alcoholic beverages Telia and Tej. Ethnomedicinally, in Ethiopia the fruits are used for 

the treatment of ring worm infections [Abegaz et al., 1999].

2.2.2 T H E  FA M ILY  A SPH O D E L A C E A E

The family Asphodelaceae which comprises of 15 genera and about 780 species is widely 

distributed in the temperate, tropical and subtropical regions of the Old World [Smith and Van 

Wyk, 1998]. The family is characterized by small to medium sized perennial rhizomatous herbs 

that is rarely bulbous, shrubs or pachycaul trees that are mostly found in arid environment 

particularly in the Southern part of Africa [Jussien, 2004]. The roots are yellowish in colour due 

to the presence of anthraquinones and are fibrous, often succulent and in some genera with 

velamen [Smith and Van Wyk, 1998; Whitehouse, 2002]. The leaves which appear as vascular 

bunch surrounding an inner mucilaginous region are lanceolate to linear or subulate, terete, 

frequently succulent and exist in a basal rosette or a short woody stem [Smith and Van Wyk, 

1998; Whitehouse, 2002; Jussien, 2004]. The family has spike, racemous or paniculate 

inflorescence on a stalk that arise from the axils of the leaf close to the hub of the rosette 

[Llamas, 2003; Jussien, 2004]. The flowers are bisexual and have bright colours i.e. red, orange, 

and yellow and white [Smith and Van wyk, 1998]. The fruits appear as loculicidal capsule with 

the seeds enclosed in a dull brown or grayish black aril [Whitehouse, 2002]. . Economically, 

besides having ornamental value the family especially the genus Aloe is used in medical and 

cosmetic industries [Smith and Van Wyk, 1998].
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I he genus Kniphofia named after the German botanist Johann Hieronymus Kniphof belongs to 

the subfamily Asphodeloidea [Armitage, 2000]. The genus is common among horticulturists and 

is entirely African (main land) with only three species occuring outside Africa [Ramdhani, 2006] 

i.e. Kniphofia pallidiflora, Kniphofia ankaratrensis and Kniphofia sumarae, where the first two 

are indigenous to Madagascar and the later to Yemen [Bringmann el al., 2008a]. Due to their tall 

scarlet or red flowers the genus is commonly known as ‘red hot pokers’ and encompasses about 

70 species [Bosch, 2008; Bringmann et al., 2008a]. It is widely distributed in the Eastern and 

Southern part of Africa, of which about 47 of them occur in Southern Africa [Droop, 1986; 

Bringmann et al., 2008a]

Kniphofia are perennial, rhizomatous herbs, rarely with aerial stem [Smith and Van Wyk, 1998]. 

With few exceptions which favour dry conditions with good drainage, most species grow in 

mountainous grasslands, alongside tributaries and in moist and swampy grounds [Bringmann et 

al., 2008a; Anisko, 2008]. The leaves which are usually kneeled with smooth to serrulate 

margins are mostly rosulate, basal, long and linear, that narrows gradually to the apex 

[Whitehouse, 2002]. They have elongated inflorescences with a dense raceme on a simple erect 

peduncle [Whitehouse, 2002]. The small tubular flowers are bisexual with tantalizing colours 

ranging from white, yellow, lime green to various shades of red that are more conspicuous at the 

apex of the inflorescence producing a bicolourous appearance [Whitehouse, 2002]. The fruits are 

globose to spherical capsules and house seeds that have fleshy endosperm, usually flattened, 

acutely three angled or winged [Whitehouse, 2002; Rhamdani, 2006].

2.2.2.1 The genus Knipltofia
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2 2 2 2  Kniphofia foliosa

Of the seven species found in hthiopia, Kniphofia foliosa is one of the five endemic species to 

hthiopia [Bosch, 2008]. It is a perennial herb widely distributed along roadsides, grasslands, hills 

and on mountains at altitudes between 2050 and 4000 m particularly in the Bale mountains 

[Philips and Carillet, 2006]. Mostly, it is stemless with thick erect rhizomes [Bosch, 2008]. The 

simple, linear to lanceolate leaves have basal rosette with kneeled apex and have finely toothed 

margins [Bosch, 2008]. The inflorescence appears as a long terminal raceme and is compactly 

flowered [Bosch, 2008]. The hermaphrodite flowers which bloom from May to October and 

from December to January are long and funnel shaped, gradually broadening from the base to the 

mouth [Philips and Carillet, 2006; Bosch, 2008]. The ovoid capsule shaped fruits are brown to 

black in colour with few seeds [Bosch, 2008]. The slightly flattened 3-angled seeds are grey- 

black in colour [Bosch, 2008]. The rhizomes which are considered to be edible are used 

medicinally by the Bale people of Ethiopia and to exterminate endoparasites in cattles [Bosch, 

2008].
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2.3 ETHNOMEDICINAL USES OF THE GENUS R H A M S  V S

I The different species of the genus Rhamnus have spiritual and medicinal values in many 

societies throughout the world. For instance, in the Southern part of Africa, where Rhamnus 

prinoides is most popular, the plant is used traditionally for the preparation of charms for 

bewitching as well as protection against witchcraft, for protection against lightening and as good 

luck charisma for hunters [Schmidt et al., 2002; Mwangi, 2005]. In Kenya, where the plant is 

believed to have wide medicinal use, it is a major ingredient in the preparation of the "muteta

I s o u p a soup prepared by many local communities as an appetizer [Mwangi, 2005]. Some of the 

ethno- medicinal uses of the genus are listed in table 2.2.

Table 2.2: Ethnomedicinal uses of Rhamnus species

Species Plant part Used for/as Reference

R. a la te  rn  u s

Young branches 

Fresh leaves

Jaundice Dafni et al., 1984

Dried bark Purgative Abou-Chaar and Shamlian, 
1980

Leaves, stem Hypertension and cold Martinez-Lirola et al., 1996

Part not mentioned Prevention and treatment of 

liver disease, hepatitis, 

inflammation

Saad et al., 2008

R. a ln ifo lia

Whole plant Antidote, dermatological aid, 

back pains
Moerman, 2004

Bark Blood purifier, tonic, physic, 

sedative in children, laxative

R. a ln ifo lia Roots Gonorrhea Moerman, 2004

Inner bark Cathartic
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Table 2.2: Ethnomedicinal uses of Rhamnus species cont....

Species Plant part Used for/as Reference

R. cathartic a Branches Analgesic, anti-inflammatory, 
stomach ulcer, externally for 
cuts (as a compress)

Zevin e ta l . ,  1997

Fruits Purgative, chronic constipation, 
hemorrhoids, anal irritation

R. cathartic a Bark Gastritis due to hyperacidity, 
analgesic, anti-inflammatory

Zevin et a l ., 1997

Fruits Skin cancer Spiridonov, 2008

Bark (boiled in ale) Jaundice Page, 1999

Bark Cathartic, itch, sore and 
inflammed eye

Moerman, 2004

Fruits Cathartic

R. crenata Roots or root bark To clear away heat, remove 
dampness, destroy intestinal 
worms, detoxify body

Yang, 2003

Bark As an analgesic in intestinal 
soreness, as blood medicine, to 
relieve cough

R. crocea

Whole plant To relieve headache, 
rheumatism, used for boils and 
carbuncles, for stomach 
disorders, spleen and liver 
stimulant

Moerman, 2004

Roots Used by women for blood 
shortage, diuretics, laxative, 
gonorrhea, as an analgesic in 
intestinal soreness, as blood 
medicine, to relieve cough

R. da varied

Fruits To remove heat, diuretic, to 
cease stagnancy, to kill parasites

Yang, 2003
Bark To release noxious heat and 

pathogenic wind

R.frangula Bark Cathartic Belkin and Fitzgerald, 
1952

Dried stem bark Diabetics Tucakov, 1978
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Table 2.2: Ethnomedicinal uses of Rhamnus species cont

Species Plant part Used for/as Reference

Dried stem bark Skin irritation, Cathartic Anon, 1931

Dried stem bark Constipation Lokarand Poldini, 1988

R. glandulosa Leaves Antiviral Silva et al., 1997

R.
heterophylla

Roots, branch 
leaves

To remove heat from blood, to 
cease bleeding

Yang, 2003

R. japonica Dried bark Antifungal Ito and Ota, 1951

R. prinoides

Dried entire 
plant

Sprains Chhabra ei al., 1991

Dried leaves Sedatives Chhabra et al., 1991
Dried leaves treatment of pneumonia, 

gonorrhea, colic and rheumatism
Chhabra and Uiso, 1991

Dried roots Blood purifier, pneumonia, 
gonorrhea. Colic (mixed with E. 
abyssinica) and rheumatism

Chhabra et al., 1991

Leaves, Root 
bark

Malaria Muregi et al., 2007

Fruits Ring worm infection Abegaz e/a/., 1999

Fungal and ring worm infection Abegaz and Dagne, 

1988

Whole plant Pneumonia, malaria Schmidt et al., 2002

Part not 
specified

Malaria Kuria et al., 2001

Roots with the 
bark of 
Erythrina 
abyssinica

Colics

Kokwaro, 1993

Roots Gonorrhoea, rheumatism, 
eradicate intestinal worms

Roots Indigestion, gonorrhea, malaria 
and rheumatism

Beentje, 1994

Dried bark Treatment of spleen, emetic and 

purgative, tonic and astringent

Libster, 2002
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Table 2.2: Ethnomedicinal uses of Rhamnus species corn....

Species Plant part Used for/as Reference
R. prinoides Bark Digestive complaint, 

tonic laxative for 
habitual constipation, 
hemorrhoids

Small and Catling, 

1999

R. purshiana Parts not mentioned Constipation, cancer Stargrove et a l 2008

Bark Laxative, body 
cleansing tonic 
particularly for 
intestinal worms

Page, 1999

R. serrata Part not specified To stop bloody 
bowels, to cure 
dysentry

Ortiz de Montellano, 
1975

R. staddo Shade dried root Used for fertility 
control

Desta, 1994

Dried root bark Malaria and fever Gakunju et a l 1995

Roots Women for fertility, 
venereal disease

Kokwaro, 1993

Fresh leaves Cold Yineger et a l 2008

R. virgata Fruits Emetic

Rana and Datt, 1997Fruits Spleen infection

Fruits Purgative
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2.4 ETHNOMEDICINAL USES OF THE GENUS K N IPH O FIA

Although the genus is widely recognized for its ornamental value owing to their colourful 

flowers, the use of the genus in traditional medicine is limited to few species which is 

summarized in table 2.3.

Table 2.3: Ethnomedicinal uses of Kniphofia species

Species Plant part Used for/as Reference

K. b u ch a n a n ii Plant infusion Snake deterrents, chest 
ailments

Ramdhani, 2006; 
Bringmann et al., 2008a

K. c a u les  c e n s Part not specified Charm against lightening Ramdhani, 2006

K. f o lio s a Roots

Abdominal cramp and ache Wube et al., 2005; Philips 
and Carillet, 2006; Bosch, 
2008; Bringmann et al., 
2008a

Wound healing Wube et a l ., 2005

K. iso e tifo lia Roots Gonorrhea, hepatitis B Yineger et al., 2008

K. lax iflora Plant infusion Snake deterrents; chest 
aliments

Ramdhani, 2006; 
Bringmann et al., 2008a

K. lin earifo lia Roots To treat infertility in women Bosch, 2008

K. p u rv ijlo ra Plant infusion Snake deterrents, chest 
ailment

Ramdhani, 2006; 
Bringmann et al., 2008a

K. r itu a lis Part not specified Shoulder pains Ramdhani, 2006

K. ro o p eri Plant infusion Chest aliments, snake 
deterrent

Ramdhani, 2006; 
Bringmann et al., 2008a

K. uvaria Part not specified Included in enemas, 
administered for painful 
menstruation and to treat 
infertility

Ramdhani, 2006
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2.5 BIOLOGICAL ACTIVITY OF THE GENUS RHAMNUS

In addition to its wide use as laxative, the genus Rhamnus has shown a wide range of biological 

activities which are summarized in table 2.4. It is worth to note that the two African species, 

Rhamnus prinoides and Rhamnus staddo have shown to possess antimalarial activity.

Table 2.4: Biological activity of some species of Rhamnus

Species Plant part Biological activity References

R. ala tern us

Part not specified Anti-proliferative (Human 
leukemia K562 cells)

Ammar et al., 2008Roots, leaves Radical scavenging activity, 
antioxidant effect, 
antimutagenic activity

R. frangula Part not specified Anti-leukemic activity (P-338 
lymphocytic leukemia)

Kupchan and Karim, 
1976

R. nakaharai Stem bark Anti-platelet effect 
(Arachidonic acid and 
collagen-induced platelet 
aggregation)

Lin et al., 1995

R. nepale ns is Fruits Cytotoxic activity (KB cells) Mai et al., 2001

R. prinoides

Flowers, leaves, 
stems

Antimutagenic activity Wall et al., 1988

Leaves Antibacterial activity, Chhabra and uiso, 
1991

insecticide activity Van Puyvelde et al., 
1985

Root bark Cytotoxic activity Koch et al., 2005

Leaves, Roots Antimalarial Kuria et al., 2001

Leaves, Root bark Antimalarial Muregi et al., 2007

R. staddo Shade dried 
leaves

Taenicide activity Desta, 1995

Part not specified Antimalarial activity Kuria et al., 2001

Shade dried roots Anti-implantation activity, 
uterine stimulant effect

Desta, 1994

Root bark Cytotoxic activity Koch et al., 2005

Leaves, Root bark Antimalarial Muregi et al., 2007
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2.6 BIOLOGICAL INFORMATION ON K N IPH O FIA  SPECIES

Some of the compounds isolated from Kniphofia foliosa have shown promising antimalraial 

activity. The diverse biological activity of the compounds isolated is summarized in table 2.5.

Table 2.5: Biological activity o f compounds isolated from Kniphofia foliosa

Biological activity Compound Reference
Antioxidant activity Knipholone anthrone (76) Habtemariam, 2007; 

Bringhmann et al., 
2008a

Antiprotozoal activity, 
radical scavenging effect 
against DPPH

Knipholone anthrone (76) Habtemariam, 2007

Antitumour activities 
(HSC-2 cells)

Knipholone (9), isoknipholone (74)

Bringhmann et al., 
2008aAntimalarial (K1 and 

NF54 strains of 
Plasmodium falciparum)

Isoknipholone (74), knipholone anthrone 
(76)

Inhibition of the growth 
of P. falciparum

Chryslandicin (8) Wube et al., 2005

Inhibition of leukotriene 
(treatment of asthma and 
other inflammatory 
diseases),free radical 
scavenging, lipid 
peroxidation inhibitor

Knipholone (9)

Wube et al., 2006
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2.7 PHYTOCHEMISTRY OF THE RHAMNACEAE AND ASPHODELACEAE

Quinones are the principal secondary metabolites found in both the Rhamnaceae and 

Asphodelaceae. They are coloured compounds that are widely distributed in higher plants, fungi, 

lichen and insects and are responsible for pigments in some organisms (Adzet and Camarasa, 

1996; Harbome et al., 1999]. Depending on the aromatic rings they contain, quinones can be 

classified as benzoquinones such as embelin; naphtoquinones e.g. juglone and anthraquinones 

like aloe-emodin. Anthraquinones are the largest group of plant quinones and are found 

concealed in the bark, heartwood, roots or leaves [Harbome el al., 1999]. Both Rhamnaceae 

(particularly the genus Rhamnus) and Asphodelaceae are among the families known to contain a 

wide array o f anthraquinones that have been used for long, both medicinally and commercially. 

By 1995, over 300 naturally occurring anthraquinones had been identified [Hao el al., 1995]. 

Some studies associate the production of anthraquinone in plants with the production of fruits 

and seeds [Miller, 1973].

Medicinally, anthraquinones have shown to possess anti-inflammatory, wound healing, 

analgesic, antipyretic, antimicrobial and antitumor properties [Leu et al., 2008]. The O- or C- 

anthraquinone glycosides found in Senna, Cascara, Frangula, Rhubarab and Aloe are known to 

possess laxative and purgative activities [Dewick, 2002]. In addition, the anthraquinones isolated 

from Hemerocallis fulva were found to inhibit the proliferation of breast, central nervous system, 

colon and lung cancer cells [Cseke, et al., 2006]. Though the combined free anthraquinones had 

some purgative activity, the presence of water soluble glycosides potentiates their therapeutic 

use. Commercially, natural and synthetic anthraquinones are assimilated as colorants in food, 

drug, cosmetics, hair dye and as dyestuff in textile manufacturing industries [Hao et al., 1995].
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Biosynthetical 1 y, anthraquinones found in the families Rhamnaceae and Asphodelaceae are 

derived through the polyketide pathway where the anthraquinone skeleton is derived by 

cyclization of the octaketide chain. Folding of the octaketide chain can take place in two ways. 

1 he 1,8-dihydroxy-3-methylanthraquinones such as chrysophanol (1) are obtained through the 

customary folding (Scheme 1) where as the rare type of folding (Scheme 2) which is mainly 

observed in the Aloe species (Asphodelaceae) results in the formation of 3,8-dihydroxy-1- 

methylanthraquinones with the typical example being aloesaponarin II (35).

Scheme 2: Formation of 3,8-dihydroxy- 1-methylanthraquinone from octaketide chain
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2.7.1 PHYTOCHEMICAL INFORMATION ON RHAMNUS SPECIES

Phytochemically, the family Rhamnaceae consist calcium oxalate, tannins, flavanols, 

leucoanthocyanins and certain alkaloids [Medan and Schirarend, 2004]. The different classes of 

compounds reported from the genus Rhamnus include anthraquinones, alkaloids, coumarins, 

tlavonols, sterols, triterpenes, tannins and miscellaneous lactones. Anthraquinones, anthranols 

and their glycosides are restricted to the genus Rhamnus and are known to possess laxative 

property [Evans, 1996; Medan and Schirarend, 2004]. The different compounds isolated from the 

genus Rhamnus are summarized in table 2.6 below.

Table 2.6: Compounds reported from Rhamnus species

Compounds Species (Plant part) Reference

Monomeric and dimeric Anthraquinones

Chrysophanol (1) R. formosana (Roots)

R. prinoides (Leaves, Stem)

Lin et al., 1990 

Abegaz and Kebede, 1995

Emodin (3) R. formosana (Roots) 

R. prinoides (Fruits) 

R. prinoides (Leaves)

Lin et al., 1990 

Abegaz and Peter, 1995 

Abegaz and Dagne, 1988

Emodinanthrone (36) R. prinoides (Leaves, Stem) 

R. prinoides (Fruits)

Abegaz and Kebede, 1995 

Abegaz and Peter, 1995

Emodinbianthrone (37) R. prinoides (Fruits) Abegaz and Peter, 1995

Physcion (2)

R. formosana (Roots)

R. prinoides (Leaves)

R. prinoides (Leaves, Stem)

Lin et al., 1990 

Abegaz and Dagne, 1988 

Abegaz and Kebede, 1995
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Table 2.6: Compounds reported from Rhamnus species cont...

Compounds Species (Plant part) Reference

Anthraquinone glycosides

Emodin 6-OL-rhamnoide (38) R. libanoticus (Bark) Coskun et al., 1990

Emodinanthrone-6-0- 
rhamnopyranoside-2’,3’,4’- 
triacetate (39)

R. prinoides (Fruits) Abegaz and Peter, 1995

Frangulin B (40) R. formosana (Roots) Lin et a l 1990

Glucofrangulin A (41) R. prinoides (Fruits) Bezabih and Abegaz, 
1998

Physcion 8-0-p-rutinoside (42) R. libanoticus (Bark) Coskun et al., 1990

1,6,8- trihydroxy-3- 
methylanthraquinone 1 -O- 
rhamnosyl (1 —>2) glucoside (43)

R. formosana (Roots) Lin et al., 1991

1,8-dihydroxy-6-methoxy-3- 
methyl anthraquinones 8-0- 
rhamnosyl-(l—>2)-glucoside (44)

R. formosana (Roots) Lin et al., 1990

Anthrone rhamnoside

Prinoidin (45) R. prinoides (fruits) Abegaz and Peter, 1995; 
Abegaz and Kebede, 
1995

Napthalenic derivatives

Geshoidin (P-sorigenin-8-0-p-D- 
glucoside) (6)

R. prinoides (Leaves and stem)

Abegaz and Kebede, 
1995

Musizin (46) R. prinoides (Leaves and stem)

P-sorigenin (5) R. prinoides (Leaves and stem)

P-sorigenin-1-0- p-glucoside (47) R. wightii

a-sorinin (48) R. pallasii, R. japonicus
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Table 2.6: Compounds reported from Rhamnus species cont...

Compounds Species (Plant part) Reference

Flavanol glycosides

Kaempferol-3-O-P-rhamninoside (49) R. petiolaris (Dried fruits) Ozipek e/a/., 1994

Rhamnazin 3-0-[L- 
rhamnopyranosyl( 1 —>4)-L- 
rhamnopyranosyl (1 —>6)-[3-D- 
galactopyranoside (rhamnazin-3- 
isorhamninoside) (50)

R formosana (Roots) Lin et al., 1991

Rhamnazin 3-0-P-rhamnoside (51) R. petiolaris (Dried fruits) Riess- Maurer and Wagner, 
1982

Rhamnetin 3-0-(3””-0-p- 
coumaroyl)-p - rhamninoside (52)

R. petiolaris (Berries) Ozipek et al., 1994

Rhamnocitrin 3-Oisorhamninoside 
(53)

R. formosana (Roots) Lin et al., 1991

Rhamnocitrin -3-O-rutinoside (54) R. lycioides (Leaves) Khalifa et al., 2001

8-O-p-D-glucoside kaempferol (55) R. libanoticus (Bark) Coskun et al., 1990

Flavonoids

Quercetin (56) R. prinoides (Leaves and 
stem)

Quercitrin (57) R. petiolaris (Dried fruits) Ozipek et al., 1994

Rhamnazin (4) R. prinoides (fruits, Leaves) Abegaz and Peter, 1995

Rhamnetin (58) R. prinoides (Leaves and 
stem)

Abegaz and Kebede, 1995

Rhamnocitrin (59) R. prinoides (Leaves and 
stem)

Abegaz and Kebede, 1995

Xanthorhamnin B (Rhamnetin 3 -0  - 
(3 ’ ’ ’-O-4-coumaroyl) rhamniniside 
(60)

R. petiolaris (Dried fruits) Ozipek et al., 1994

3-O-Methylquercetin (61) R. prinoides (Leaves and 
stem)

Abegaz and Kebede, 1995
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Table 2.6: Compounds reported from Rhamnus species cont...

Steroids

Stigmasterol-P-D-glycoside (62) R. for mosana (Roots) Lin et a l 1990

p-sitosterol (63) R. for mosana (Roots) Lin et al., 1990
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R = P-D-Glucoside
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56 H OH
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R 1 R2
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60 3-0  - (3’"-0 - 4- coumaroyl) rhamniniside OH
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2.7.2 P H Y T O C H E M IC A L  IN FO R M A T IO N  ON KNIPHOFIA S P E C IE S

Phytochemically, in addition to other compounds, the family Asphodelaceae is a rich source of 

monomeric and dimeric anthraquinones. The major classes of compounds isolated from the 

genus Kniphofia are monomeric and dimeric anthraquinones, anthrones, phenylanthraquinones 

and oxanthrones. The sources o f these compounds are summarized in table 2.7 below.

Table 2.7: Compounds reported from Kniphofia species

Compounds Species (plant part) Reference
Monomeric anthraquinones

Aloe-emodin (64)

K. foliosa (Leaves, flowers, fruits) 

K. ins ignis (Flowers)

K. isoetifolia (Flowers)

K. schimperi (Flowers)

Berhanu et al., 1986

K.thomsonii (Root) Achieng’, 2009

f Aloe-emodin acetate (65)

K.foliosa (Leaves) Berhanu and Dagne, 1984
K. foliosa (Flower, leaves, fruits) 

K. isoetifolia (Flowers)

Berhanu et al., 1986

K. thomsonii (Root) Achieng’, 2009

Chrysophanol (1)

K. foliosa (Rhizomes, leaves, flower)

K. ins ignis (Rhizomes)

K. isoetifolia (Rhizomes, leaves, 
flowers)

K. pwnila (Rhizomes)

K. schimperi (Rhizomes, flower)

Berhanu et al., 1986

K. thomsonii(Rooi) Achieng', 2009
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Table 2.7: Compounds reported from Kniphofia species coni....

Compounds Species (plant part) Reference
Chrysophanic acid (66) K. caulescens (Root) Yenesew etal., 1988

K. foliosa (Leaves) Berhanu and Dagne, 1984; 
Berhanu etal., 1986

K.foliosa (Rhizomes) Berhanu et al., 1986

K.foliosa (Root, fruits) Yenesew et al., 1988

K. ins ignis (Rhizomes) Berhanu et al., 1986
K. isoetifolia (Flowers, Leaves, 
Rhizomes)

Berhanu et al., 1986

K. linearifolia (Root) Yenesew et al., 1988
K. pumila (Rhizomes) Berhanu et al., 1986
K. reynolds (Root) Yenesew et al., 1988

K. schimperi (Flowers, 
Rhizomes)

Berhanu et al., 1986

Islandicin (7) K.foliosa (Rhizomes, root) Yenesew et al., 1988
K. foliosa (Rhizomes, leaves, 
flowers)

K. ins ignis (Rhizomes)

K. isoetifolia (Rhizomes)

K. pumila (Rhizomes)

K. schimperi (Rhizomes)

Berhanu et al., 1986

K. linearifolia (Root) Yenesew et al., 1988
K. reynolds (Root) Yenesew et al., 1988
K. thomsonii (Root) Achieng’, 2009

Physcion (2) K. thomsonii (Root) Achieng’, 2009
Dimeric anthraquinones
Asphodelin (67) K. albescens (Root) Van Wyk et al., 1995

K. linearifolia (Root)
Chrysalodin (68) K. foliosa (Leaves) Dagne et al., 1987

Chryslandicin (8)

K. caulescens (Root) Yenesew et al., 1988
K.foliosa (Root) Yenesew et al., 1988; 

Wube et al., 2005
K. linearifolia (Root) Yenesew et al., 1988
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Table 2.7: Compounds reported from Kniphofia species cont...

Compounds Species (plant part) Reference
Kniphofine (69) K foliosa (Rhizomes)

K. ins ignis (Rhizomes)

K. isoetifolia (Rhizomes) 

K. pumila (Rhizomes)

K. schimperi (Rhizomes)

Berhanu et al., 1985

10-Hydroxy-10-(chrysophanol-7’- 
yl)-chrysophanol anthrone (70)

K.foliosa (Root) Wube et al., 2005
K. thomsonii (Root) Achieng’, 2009

10, lO’-Bichrysophanolanthrone 
(71)

K. thomsonii (Root) Achieng’, 2009

10-Hydroxy-10-(chrysophanol-7’- 
yl)-aloe-emodin anthrone (72)

K  thomsonii (Root) Achieng’, 2009

10-hydroxy-10-(islandicin-7’-yl)- 
aloe-emodin anthrone (73)

K. thomsonii (Root) Achieng’, 2009

Phenyl anthraquinones and anthrones

Isoknipholone (74) K.foliosa (Stem) Yenesew et al., 1994

Isoknipholone anthrone (75) K.foliosa (Stem) Yenesew et al., 1994

Knipholone anthrone (76) K. foliosa (Stem) Dagne and Yenesew (1993); 
Yenesew et al., 1994

Knipholone (9)

K. albescens (Root)

K  brachystachya (Root)

Dagne and Yenesew, 1993

K.foliosa (Root) Dagne and Yenesew, 1993

K. foliosa (Stem) Yenesew et al., 1994

K. foliosa (Leaves) Berhanu and Dagne, 1984

K. foliosa (Root) Yenesew et al., 1988

K  foliosa (Root) Dagne and Steglich, 1984
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Table 2.7: Compounds reported from Kniphofia species cont...

Compounds Species (plant part) Reference

Knipholone (9)

K. foliosa (Rhizomes, 
leaves, flowers, fruits)

K. insignis (Rhizomes)

K. isoetifolia (Rhizomes)

K. pumila (Rhizomes, 
Flowers)

K. schimperi (Rhizomes)

Berhanu et al. 1986

K. acraea (Roots)

K. caulescens (Root) 

K. flammula (Root) 

K. linear [foil a (Root)

Yenesew et al., 1988

K. thomsonii (Root) Achieng’, 2009
Oxanthrones

Foliosone (77)

K.foliosa (Stem) Yenesew et al., 1994Isofoliosone (78)

Miscellaneous compounds

Aloesaponol III (79) K. foliosa (Stem) Yenesew et al., 1994

Aloesaponol III-8-methyl ether (80) K.foliosa (Stem) Yenesew et al., 1994

Citric acid (81) K  burchelli (Leaves) Van Rheede Van Oudtshoorn, 
1964

Miscellaneous compounds continued...

Flavoglucin (82) K. thomsonii (Root) Achieng’, 2009

Malic acid (83) K. burchelli (Leaves) Van Rheede Van Oudtshoorn, 
1964
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Table 2.7: Compounds reported from Kniphofia species cont...

Compounds Species (plant part) Reference
Quinic acid (84) K. uvaria (Leaves) Yoshida et a l 1975

Shikimic acid (85)

3” ’,4”’- Dehydroflavoglaucin 
(86)

K. thomsonii (Root) Achieng’, 2009

2- Acetyl-1 -hydroxy-8-methoxy-
3- methylnaphthalene (87)

K. foliosa (Roots) Wube et a l 2005

4,6-Dihydroxy-2- 
methoxyacetophenone (88)

K.foliosa (Stem) Yenesew et al., 1994

OH O OH

OH O OH

OH O OH O

67
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70 R = OH

72 R=H
73 R= OH

OH O OH
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R H
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 PRELIMINARY TEST

The crude extract of the roots o f Rhamnus prinoides and the rhizomes of Kniphofia foliosa were 

subjected to antiplasmodial test against the chloroquine sensitive (D6) and chloroquine resistant 

(W2) strains of Plasmodium falciparum. The extracts showed potent antiplasmodial activity.

TLC analyses of the crude extracts showed the presence of coloured and UV (254 and 366 nm) 

sensitive compounds. Based on chemotaxonomy, these compounds were assumed to be 

anthraquinones. The spots changed colour when exposed to ammonia vapour supporting that 

these are anthraquinones. The major compounds were isolated and some of them were tested for 

antiplasmodial activity. The characterization and antiplasmodial activities of the compounds 

isolated from Rhamnus prinoides and Kniphofia foliosa are discussed below.
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3.2 CHARACTERIZATION OF COMPOUNDS

3.2.1 CHARACTERIZATION OF COMPOUNDS ISOLATED FROM R H A M N U S  

P R IN O ID E S

1 he air dried and ground roots of Rhamnus prinoides were exhaustively extracted using

I
diehloromethane/methanol (1:1) by cold percolation at room temperature. The crude extract was 

then subjected to chromatographic separation which led to the isolation of three anthraquinones, 

a flavanol and two naphthalenic derivatives. The compounds were characterized using 

spectroscopic techniques and by comparing with authentic samples in some cases.

3.2.1.1 ANTHRAQUINONES

3.2.1.1.1 Chrysophanol (1)

I Compound 1 was isolated as dark yellow amorphous powder with an R( value of 0.57 (50% 

I dichloromethane in hexane). Upon exposure to ammonia, the yellow spot on TLC changed to
I
| red. Compound 1 was identified as l,8-dihydroxy-3-methylanthracene-9,10-dionc trivial name 

I chrysophanol by direct comparison with authentic sample.

OH O OH

o
1

3
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C ompound 1 is widely distributed in plants mainly in the families Asphodelaceae, Rhamnaceae, 

Rubiaceae and Polygonaceae [Dewick, 2002]. It has also been isolated from the marine annelid 

I Urechis unicinctus [DNP, 2009]. Compound 1 is known to possess antimicrobial as well as 

cathartic activity [DNP, 2009].

I

3.2.1.1.2 Physcion (2)

Compound 2 was isolated as yellow amorphous powder with Rf value of 0.4 (40% 

dichloromethane in hexane). The yellow spot on TLC changed to red upon exposure to ammonia. 

In the 'H NMR spectrum, two chelated hydroxyl protons at C-l (8c 166/163) and C-8 (6c 

163/166) resonated downfield at 5h 12.15 and 12.03 which is characteristic of 1,8- 

dihydroxyanthraquinone derivatives. In addition, the *H NMR spectrum (Table 3.1) showed the 

presence of four aromatic protons (5H 7.17, 7.60, 7.29 and 6.81), a methyl (8h 2.31) and a 

methoxy at 8h 4.02.

Signals of two mutually meta-coupling protons which were also exhibiting long range coupling 

with the neighboring methyl group at 8h 7.17 (bd ,J=  1.6 Hz) and 6H 7.60 (bd, J  = 0.6 Hz) were 

assigned to H-2 and H-4, respectively with the methyl group being at C-3 o f ring A, which is in 

agreement with the biosynthesis of anthraquinones. Two other weta-coupling protons which 

resonated at 8h 6.81 (d, J  = 2.6 Hz) and 5h 7.29 (d ,J=  2.6 Hz) were assigned to H-5 and H-7 of 

ring C respectively, requiring that C-6 is substituted, which in this case is a methoxy group (8h 

4.02). Therefore, compound 2 was identified as l,8-dihydroxy-3-methyl-6- 

methoxyanthraquinone, trivial name physcion.
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2

Compound 2 is produced by Aspergillus and Penicillium [DNP, 2009] and is also widely 

distributed in lichens and higher plants such as Rumex [Fairbaim and El-Muhtadi, 1972]. It has 

also been isolated from the marine annelid Urechis unicintus [DNP, 2009]. It has been reported 

from the pods of  Senna didymobotrya [Alemayehu et al., 1996] and was also isolated for the first 

time from the genus Kniphofla i.e. Kniphofia thomsonii [Achieng’, 2009]. Compound 2 has 

exhibited antimicrobial and cathartic properties [DNP, 2009]. Physcion isolated from Rheum 

emodi and Polygonum cuspidatum exhibited antifungal and tyrosinase inhibitor property, 

respectively [Agarwal et al., 2000; Leu et al., 2008].

3.2.1.1.3 Emodin (3)

C ompound 3 was isolated as orange needle like crystals with Rf value of 0.47 (40% acetone in 

dichloromethane). Upon exposure to ammonia vapour, the orange spot on TLC changed to 

reddish brown. In the 'H NMR spectrum, the presence of two deshielded protons at 12.20 and 

12.08 were due to the chelated hydroxyl protons at C-l and C-8, and the biosynthetically 

expected aromatic methyl (5h 2.31) at position C-3 suggest that compound 3 has a 1,8 

dihydroxy-3-methyl anthraquinone skeleton.
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I he H NMR spectrum ( Table 3.1) also showed the presence of four aromatic protons, two of 

which appeared as broad singlets resonating at 6H 7.15 and 7.57 and were assigned to protons at 

C-2 and C-4 of ring A, respectively. The meta-coupled protons at 8H 7.26 (</, J  = 2.4) and 8» 6.67 

{ d j =  2.40) were assigned to H-5 and H-7 respectively, indicating that a hydroxyl substituent, is 

present at C-6. Compound 3, was therefore, identified as 6-methyl-1,3,8-trihydroxy 

anthraquinone (trivial name emodin).

O H  O  O H

3

Compound 3 is widely distributed in higher plants such as Polygonum cuspidatum, Rhamnus 

purshiana, Senna didymobotrya, and Rumex among others [DNP, 2009; Alemayehu el al., 1996; 

lairbaim and El-Muhtadi, 1972; Dewick, 2002]. It has also been isolated from Penicillium. 

Aspergillus and Anixiella micropelrusa [DNP, 2009]. It is known to possess antimicrobial, 

antineoplastic, cathartic and monoamine oxidase inhibitory property [DNP, 2009]. In addition, 

emodin which is the predominant anthraquinone in Polygonum cuspidatum has shown chemo- 

preventive effect on skin carcinogenesis in addition to its throsinase inhibition property [Leu et 

a l 2008].
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Table 3.1: H (200 MHz) NMR data for compounds 2 and 3 (Acetone -d6)
Carbon No. Compound

2 5» (nt, J  in Hz) 3 8h (m, J  in Hz)
2 7.17 (brs) 7.15 (brs)
3 • -

4 7.60 (brs) 7.57 (brs)
5 7.29 (d, 2.6) 7.26 (d, 2.4)
7 6.81 (d, 2.6) 6.67 (d, 2.4)

1-OH 12.15/12.03 (s) 12.20/12.08 (s)

3-Me 2.31 (brs) 2.31 (brs)
6-OMe 4.02 (s) -

8-OH 12.03/12.15(5) 12.08/12.20 (s)

3.2.1.2 FLAVONOL

3.2.1.2.1 Rhamnazin (4)

Compound 4 was isolated as pale yellow amorphous solid with Rf value of 0.20 (100% 

dichloromethane). The UV spectrum showed absorption maxima at 370 and 253 nm suggesting 4 

to be a flavonoid (Valesi et al., 1972). The NMR data displayed a singlet at 5h 12.14 due to a 

chelated hydroxyl group at C-5 and an upfield shifted carbonyl group which is conjugated. The 

'H NMR also showed two sharp singlets at 5h 3.93 and 3.94 due to methoxyl groups.

The ‘H NMR further showed five aromatic protons which exhibited an AX and AXY spin 

system. The former was observed due to meta coupled protons that resonated at 5h 6.33 and 8h 

6.72 (d, J  = 2.2 Hz) which were assigned to H-6 and H-8 of ring A, respectively. The shielding 

of these protons indicated that C-5 and C-7 of this ring are oxygenated as expected 

biogenetically. In addition, in the l3C NMR, the chemical shift value of C-8 (5c 92.2) is 5 ppm 

upheld than C-6 which is the case among flavonols [Agrawal et al., 1989].
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On the other hand, an AXY pattern was observed due to the three aromatic protons of a 

disubstituted ring B. These protons which resonated at 5H 7.02 (d, J  = 8.6 Hz), SH 7.85 (dd. J  = 

8.6, 2 Hz) and §h 7.92 (d, J  — 2 Hz) were assigned to C-2’, C-5’ and C-6', respectively showing 

that C-3’ and C-4* o f this ring are substituted. By comparing the NMR and UV data with 

literature, the two methoxy groups which resonated at 6C 55.8 were assigned to C-7 and C-3’, 

respectively whereas the two hydroxyl groups were placed at C-3 and C-4’ [Valesi et al.y 1972]. 

From the above data, although other possible isomers could not be fully eliminated, compound 4 

which was previously isolated from other Rhamnus species and other plant parts of Rhamnus 

prinoides was identified as 3,4',5-trihydroxy-3’,7-dimethoxyflavone trivial name rhamnazin (4).

Rhamnazin, a compound known to possess cytotoxic activity, has also been isolated from 

Retama sphaerocarpa, Larrea cuneifolia, and from Cist us species [Valesi et al, 1972; DNP, 

2009].

4
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Iable 3.2: 'H (200 MHz) NMR data of compound 4 (Acetone^)
Carbon No. 'H 6h (m, J  \n Hz)

6 6.33 (</, 2.2)
8 6.72 (d, 2.2)
2’ 7.92 (d, 2)
5’ 7.02 (d, 8.6)
6’ 7.85 (dd, 8.6, 2)

7-OMe 3.93 (s)
3’-OMe 3.94 (5)

5-OH 12.14(5)

3.2.1.3 NAPHTHALENIC DERIVATIVES

3.2.1.3.1 /TSorigenin (5)

Compound 5 was isolated as a brown amorphous solid with green fluoresce under UV light (366 

nm) and had an Rfvalue of 0.6 (Et0Ac/Me0H/H20 7.5:1.5:1.0). The UV spectrum showed Xmax 

at 384nm, while the 'H and l3C NMR (Table 3.3) showed the presence of a deshielded methylene 

protons at 6h 5.39 (d, J  = 1.2 Hz; 6c 68.8), a carbonyl peak at 6c 169.3 of the lactone ring, and 

two hydroxyl groups resonating at 6h 12.92 (C -l,6c  156.6/156.1) and 6h 10.41 (C-8, 6c 

156.1/156.6), respectively. These data suggested a naphthalenic lactone derivative [Abegaz and 

Kebede, 1995].

The *H NMR further displayed three aromatic protons with ABX spin system at 5h 7.44 (dd,J = 

7.8, 0.6 Hz), 7.47 (/, J=  7.8 Hz) and 6.93 (dd,J=  7.2, 0.6 Hz) which were assigned to protons at 

C-5, C-6 and C-7, respectively o f a C-l, C-2, C-3 and C-8 substituted naphthalene. The fourth 

aromatic proton which resonated as broad singlet (6» 7.41, 6c 120.2) due to long range coupling
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with the neighboring methylene lactone protons was assigned to the proton at C-4. Compound 5 

was therefore identified as 8,9-dihydroxynaphtho[2,3-c] furan-1 (3H)-one trivial name 

/?-sorigenin.

Compound 5 has been previously isolated from the leaves and fruits of Rhamnus prinoides 

[Abegaz and Kebede, 1995; Abegaz and Peter, 1995] and from the stem bark o f Rhamnus wightii 

[Pepalla et al., 1991]. However, this is the first report from the roots of Rhamnus prinoides.

5

Table 3.3: 'H (600 MHz) and l 3C (50 MHz) NMR data of compound 5 (Acetone-d())

Carbon 'H 5h (m, J  in Hz) HMBC
1 - 156.6s*
2 - 114.2
3 - 142.7
4 7.41 (5) 111.5 CH2, C-8a, C-2, C-5
4a - 140.7
5 7.44 (</, 8.1) 120.2 C-7, C-5
6 7.49 (/, 7.8) 130.4 C-4a, C-8
7 6.92 (dd, 7.2, 0.6) 109.6 C-5, C-8
8 - 156.1s*
8a - 105.3

1-OH 10.65(5) -
8-OH - -

Lactone-CH2 5.39 (d, 1.2) 68.8 C-8a, C-4, C-3, C-2, CO
Lactone- CO - 169.3

‘'Interchangeable
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3.2.1.3.2 Geshoidin (6)

Compound 6 was isolated as a white amorphous powder with purple fluoresces under UV light 

(366 nm). It had an Rf value of 0.43 (EtoAc/MeOH/H20  7.5:1.5:1.0). The UV spectrum showed 

absorption bands at Xmax 299 and 352 nm characteristic of a naphthalenic lactone. The 'll NMR 

data (Table 3.4) showed a signal at 8h 10.46 indicating the presence of a chelated hydroxyl group 

at C-l (8c 156.0). The deshielded methylene lactone resonated at 8h 5.38 (8c 60.7) as a singlet 

while the signals for the sugar protons appeared in the range of 8H 3.25 - 5.18. In addition, the

13C NMR showed a signal for the lactone carboxyl group at 8c 168.2.

The 'H NMR showed the presence of four aromatic protons, three of which exhibited an ABX 

spin system resonating at 8H 7.66 (d, J=  7.8 Hz), 7.59 ( ^ , J = 8 .4 ,  7.8 Hz) and 7.43 {dd, J = 1 2 y

1.2 Hz) which were assigned to H-5, H-6 and H-7, respectively while the signal for the fourth 

aromatic proton which appeared as a singlet at 8h 7.46 was assigned to H-4. The structure was 

further confirmed using the DEPT spectrum which indicated the presence of two CH2, nine CH 

and seven quaternary carbons. The presence of the glucose moiety was confirmed using the l3C 

NMR which showed six carbons (8c 68.1- 102.9) in the region typical of a glucose unit. By 

comparing the NMR data with literature [Abegaz and Kebede, 1995], compound 6 was identified 

as P-sorigenin-8-O /T-D-glucoside (trivial name geshoidin).

Compound 6 was previously isolated from the leaves of Rhamnus prinoides [Abegaz and 

Kebede, 1995], but this is the first report from the roots of this plant.
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Table 3.4: H (600MHz) and l3C NMR (125 MHz) data of compound 6 (DMSO-d6)

Carbon No. 'H  5h {m, J  in Hz)

1 - 156.0
2 - 114.3
3 - 139.6
4 7.46 (5) 111.1

4a - 143.1
5 7.66 {d , 7.8) 123.2
6 7.59 (dd,%A, 7.8) 129.8
7 7.43 (d d , 7.2, 1.2) 111.2
8 - 155.4

8a - 106.0
Lactone- CH2 5.38 (5) 60.7
Lactone-CO - 168.2

r 5.15 (d, 7.8) 102.9
T 3.45 (/, 9, 7.8) 73.4
y 3.37 (/, 9) 77.9
4 ’ 3.24 (/, 9) 69.8
5’ 3.49 (ddd, 9.6, 6.6,1.8) 76.2

6’a 3.54 {dd, 12, 6) 68.1
6’b 3.79 (fiW, 12, 1.8)
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3.2.2 CHARACTERIZATION OF COMPOUNDS ISOLATED FROM 

KNIPIIOFIA FOLIOSA

I he air dried and ground rhizomes of Kniphofia foliosa were extracted exhaustively using 

acetone followed by dichloromethane/methanol (1:1) and finally with methanol. The 

dichloromethane/mcthanol and methanol crude extracts were combined and partitioned between 

ethylacetate and water. I he ethyl acetate layer was subjected to column chromatography on 

oxalic acid impregnated silica gel. This led to the isolation of three monomeric anthraquinones, a 

monomeric phenylanthraquinone, a dimeric anthraquinone and a benzoic acid derivative. The 

acetone extract was also partitioned between dichloromethane and water. The dichloromethane 

extract formed a yellow precipitate after sometimes which was taken in a mixture of acetone and 

methanol. This extract was then subjected to column chromatography on oxalic acid impregnated 

silica gel which led to the isolation of two dimeric phenylanthraquinones and a tetrameric 

phenylanthrone, in addition to the compounds isolated from the first extract. These compounds 

were characterized using spectroscopic methods.

3.2.2.1 Monomeric Anthraquinones

3.2.2.1.1 Chrysophanol (1)

Compound 1 was isolated as a dark yellow amorphous powder with R( value of 0.57 (20% 

EtOAc in hexane). Compound 1 was identified by direct comparison with an authentic sample as 

in section 3.3.1.1.1 l,8-dihydroxy-3-methylanthracene-9,10-dione trivial name chrysophanol (1).
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3.2.2.1.2 Islandicin (7)

Compound 7 was isolated as a red amorphous powder with Rf value of 0.59 (10% EtOAc in 

hexane). The red spot on TLC changed to purple on exposure to ammonia vapour. The UV 

spectrum of compound 7 showed absorption maxima at 493, 431, 401 and 282 nm due to the 

presence o f three hydroxyl substituents. This is a characteristic feature of either a 1,4,8- 

trihydroxy- or 1,5,8-trihydroxy-anthraquinones [Achieng’, 2009].

The !H NMR spectrum showed the presence of three chelated hydroxyl protons at 5h 13.49, 

12.33 and 12.29 which were attributable to C-4 (or C-5), C-l and C-8 of an anthraquinone 

skeleton. The biogenetically expected aromatic methyl group at C-3 of ring A resonated at 5n 

2.38 (d, J  = 1 Hz) and appeared as doublet due to long range coupling with the neighboring 

proton at C-2.

In the aromatic region, the presence of four protons were evident, three of which exhibited an 

ABX spin system resonating at 5h 7.89 {dd, J  = 7.6, 1.4 Hz), 7.69 (/, J  = 8.4, 7.6 Hz) and 7.31 

{dd, J  = 8.4, 1.2 Hz) corresponding to H-5, H-6 and H-7 of ring C, respectively. This indicated 

that one of the hydroxyl groups is at C-4 of ring A. The fourth aromatic proton which appeared 

as a broad singlet (5h 7.16 bs) due to long range coupling with the methyl group at C-3 was
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assigned to H-2 with the remaining two hydroxyl groups being placed at C-l and C-8 of ring A 

and ring C, respectively. Compound 7 was therefore identified as l,4.8-trihydroxy-3- 

methylanthraquinone, trivial name islandicin (7).

Compound 7 is commonly found in the dried mycelium of Penicillium islandicum and the lichen 

Asahinea chrysantha [Mishchenko et al., 1980; Berhanu et a l., 1986]. In higher plants, it has 

been previously isolated from the heartwood of Maesopsis eminii, the fruits of Bulbine 

abyssinica, the roots o f K. thomsonii, the rhizomes of K. foliosa, K. insignis, K. isoetifolia, K. 

pumila and K. schimperi, and also from the leaves and flowers of K. foliosa [Cumming and 

Thomson, 1970; Berhanu et a l., 1986; Wanjohi, 2005; Achieng’, 2009].

OH

3

O OH 

7

Table 3.5: 'H NMR (600 MHz) data of compound 7 (CDCI3)
Carbon No. 1H 8h (ttt, J  in Hz)

2 7.16 (brs)
5 7.89 {dd, 7.6, 1.4)
6 7.69 ( /, 8.4, 7.6)
7 7.30 (dd, 8.4, 1.2)

3-CH3 2.38 (z/,1.0)
1-OH 12.29 (s)
4-OH 13.49 (s)
8-OH 12.33 (s)



3.2.2.1.3 Laccaic acid I) (8)

Compound 8 was isolated as dark yellow amorphous solid with R, value of 0.15 (5% acetone in 

dichloromethane). The UV absorption maxima at 431, 287 and 221 nm is typical of a 3,8- 

dihydroxy- 1-methylanthraquinone [Wanjohi, 2005]. The 'H NMR (300 MHz) data showed 

signals at 5H 13.18 due to chelation of the hydroxyl proton at C-8 and a broad singlet was also 

observed at 8H 10.43 due to hydroxyl proton at C-6. A deshielded methyl signal was observed at 

5h 2.82. In addition the 13C NMR (125 MHz) showed the carbonyl carbon peaks at 5c 190.6 (C- 

9) and 5C 183.5 (C-10) of the anthraquinone skeleton. This NMR data is in agreement with 3,8- 

dihydroxy-1-methyl anthraquinone derived by folding of the octaketide chain in the unusual way 

(Scheme 2).

Furthermore, the 'H NMR showed the presence of two aromatic protons in ring C, which 

exhibited an AX spin system resonating at 6h 7.18 d {J = 2.4 Hz) and 5h 6.66 d (J = 2.7 Hz). 

These meta coupling protons which are shielded due to the presence of neighboring hydroxyl 

groups at C-6 and C-8 were assigned to H-5 (5c 108.7) and H-7 (5c 110.1), respectively. The 

third aromatic proton appeared as a singlet at 5h 7.71 and was assigned to H-4 (5c 114.0) of ring 

A. The biogenetically expected methyl at C-l of ring A resonated at 5h 2.82 (5c 21.0). Therefore 

compound 8 was identified as 3,6,8-trihydroxy-1-methyl-9,10-dioxo-9,l0-dihydroanthracene-2- 

carboxylic acid (trivial name laccaic acid D).

This is the first report of laccaic acid D from the family Asphodelaceae. Compound 8 which is

used as a natural food colourant has been previously isolated from the insect Kermes ilicis. From

higher plants, it has been isolated from Butea monosperma and Zizyphus mauritiana, from the

rhizomes of Rhubarb and from Senna species [DNP, 2009].
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Table 3.6: 1H (300 MHz), 13C (125 MHz) NMR data (Acetone-de) together with HMBC 
correlation for compound 8

Carbon No 'H N M R 8 h (/«, J in  Hz) IJC NMR HMBC
1 - 131.6 -
2 - 143.0 -
3 - 160.7 -
4 7.71 (s) 114.0 C-la, C-10
4a - 138.7 -
5 7.18 (d, 2.4) 108.7 C-7, C-8a, C-10
5a - 136.3 -
6 - 167.0 -
7 6.66 (d, 2.7) 110.1 C-5, C-8, C-8a
8 - 167.0 -
8a - 112.6 -
9 - 190.2 -
10 - 183.5 -

1-Me 2.82 (5) 21.0 C-la, C-2
3-OH 13.18(5) - -
8-OH 10.43 (brs) - C-7, C-8, C-8a

COOH 169.4
"‘Not observed
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3.2.2.2 Dimeric Anthraquinones

3.2.2.2.1 Chryslandicin (9)

Compound 9 was isolated as red needle-like crystals with Rf value of 0.42 (20% EtOAc in 

hexane). It showed absorption maxima at 288 and 383 nm (due to anthrone) and 494 nm (due to 

anthraquinone) in the UV spectrum. Furthermore, the 'H NMR (Table 3.7) showed the presence 

of five highly deshielded proton signals resonating at 5H 13.48, 12.42, 12.33, 12.31 and 12.07 

due to the presence of chelated hydroxyl groups. These data suggested that this compound is a 

dimer of an anthraquinone and anthrone units. In addition, the presence of two aromatic methyl 

protons which resonated at 2.25 (C-3) and 2.35 (C-3’) supported that the compound is a dimeric 

anthraquinone derivative.

The 'id NMR data of one half of the molecule showed /we/cz-coupled protons at 5h 6.61 (c/, J  =

1.2 Hz) and 6.77 (d, J  = 1.2 Hz). These signals were assigned to protons at C-2 and C-4, 

respectively with the biogenetically expected methyl being at C-3. In addition, an ABX spin 

system was observed for three aromatic protons which resonated at 5h 6.94 (dd, J  = 8.2, 1.2 Hz), 

7.40 (/, J  — 8.2, 8.0 Hz) and 6.79 (dd, J=  7.6, 1.2 Hz) and this is characteristic of proton at C-5, 

C-6 and C-7 o f the chrysophanol anthrone moiety, leaving C-10 as the point of attachment to the 

other half of the molecule.

For the other half of the molecule, the presence of the biogenetically expected aromatic methyl at 

C-3' (5h 2.35) and a singlet at 8h 7.08 (C-2’) suggested that C-4' is substituted with a hydroxyl 

group. The NMR pattern of this half of the molecule was found to be similar with that observed 

for compound 7 except for the absence of an ABX pattern for ring C. Instead, a pair of
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deshielded ortho-coupled protons with AX pattern was observed, indicating that the point of 

attachment in this half of the molecule is at C-7’. The deshielded ortho-coupkd protons at 8H 

8.65 (</, J  = 8.0 Hz) and 6H 8.05 (d , J  = 8.0 Hz) were assigned to H-5’ and H-6\ Therefore, 

compound 9 which is composed o f chrysophanol anthrone and islandicin moieties was identified 

as 10-hydroxy-10-(islandicin-7’-yl)-chrysophanol anthrone, trivial name chryslandicin (9). The 

identity of this compound was further confirmed by direct comparison with authentic sample. 

The absolute configuration at C-10 has not been determined.

Compound 9 previously isolated from the roots of Kniphofia foliosa have shown potent 

antiplasmodial activity [Wube et al., 2005]. It has also been isolated from the roots of Kniphofia 

thomsonii [Achieng’, 2009].
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Table 3.7: 'H NMR (200 MHz) data of compound 9 (CDCI3)

Carbon No. 'H 8h (m , J  in Hz)
2 6.61 (d, 1.2)
4 6.77 (d, 1.2)
5 6.94 (dd, 8.2,1.2)
6 7.40 (/, 8.2)
7 6.79 (dd, 7.6, 1.2)
2’ 7.08 (5)
5’ 8.65 (d, 8)
6’ 8.05 (d, 8)

3-CH3 2.25 (5)
3’-CH3 2.35 (5)
1-OH 12.07 (5)
8-OH 12.31 (5)
l ’-OH 12.33(5)
4’-OH 13.48(5)
8’-OH 12.42 (5)

3.2.2.3 Phenylanthraquinone

3.2.2.3.1 Knipholone (10)

Compound 10 which was isolated as a deep red amorphous solid had an Rf value of 0.6 (5% 

acetone in dichlorormethane). The orange spot on TLC plate changed to red on exposure to 

ammonia vapour which is typical of quinones. The UV (A.max 279 and 435 nm) suggested an 

anthraquinone skeleton. In the ‘H NMR spectrum, two downfield shifted signals at 8h 12.47 and 

11.96 were observed due to chelated hydroxyl protons at C-l and C-8 of an anthraquinone 

moiety.
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I Comparison of the *H NMR data with literature showed one half of the compound to be a 

chrysophanol moiety with the aromatic protons of ring C (H-5, U-6 and H-7) exhibiting an ABX 

spin system and resonating at 6h 7.54 (dd,J = 7.4, 1.0 Hz), 7.74 (/, J -  8.2, 7.6 Hz) and 7.29 (dd, 

./ = 8.8, 0.8 Hz), respectively. Although me la coupled protons were expected for ring A, only a 

singlet was observed at 8h 7.31 and was assigned to H-2 with the methyl group (8h 2.18) at C-3 

as expected biogenetically. This implies that C-4 (5c 132.4) is the point of attachment with 

aromatic substituent whose presence was evident from the NMR spectrum.

The 'H NMR data for the aromatic substituent in the compound showed a downfield shifted 

singlet (8h 14.20) due to the chelated hydroxyl proton, an acetyl proton (8» 2.73) at C-3’, a sharp 

[ singlet at 8h 3.97 due to a methoxy group showing that the substituent is acetylphloroglucinol 

methyl ether. The l3C NMR spectrum (Table 3.8) is consistent with such substituent. In order to 

fix the position of the methoxyl group, the NMR data of compound 10 was compared (Table 3.8) 

with that reported in literature [Yenesew el al., 1994]. The NMR chemical shift position of the 

methoxyl group is similar to that reported for knipholone (OMe at C-4') rather than 

isoknipholone (OMe at C-2’). Therefore, compound 10 was identified as l-(3-acetyl-2,6- 

dihydroxy-4-methoxyphenyl)-4,5-dihydroxy-2-methylanthraquinone, trivial name knipholone 

( 10).

The absolute configuration of compound 10 at the biaryl axis was determined by Bringmann el 

al., (2007) using time dependent DFT and DFT/MRCI circular dichromism calculations and was 

found to be P-configured. It is interesting to note that the optical rotation ol compound 10 ([a]o 

+80*’ in CHCI3) is much smaller than its precursor knipholoneanthrone ([a]o +200° in CH3CO)
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[Bringmann et al., 2008aJ. It is possible that compound 10 was isolated as scalmic mixture of P - 

and M  -configuration rather than enantiomerically pure P.

Compound 10 is widely distributed in the genus Kniphofia, Bulbine and Bulbinella and possesses 

antiplasmodial and antitumor activities [Bringmann et al., 2008a]. It was also found to be a good 

inhibitor of leukotriene formation [Wube et al., 2006]. The only report of compound 10 outside 

the family Asphodelaceae is from the pods of Senna didymobotrya (Leguminosae) [Alemayehu 

et al., 1996].

OH O OH
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Table 3.8: ‘H (200 MHz) and l3C (50 MHz) NMR data of compound 10 (Acetone-d*) along with 
literature values (Yenesew et al., 1994) of knipholone and isoknipholone

Carbon
No.

' h  NMR 

5h (/w, J  in Hz) 

10

IJC NMR 

10

'H NMR (CDCIj) 
fin (m)

Knipholone
(Yenesew et al., 

1994)

'l l  NMR (CDCIj) 
8|,(m)

Isoknipholone
(Yenesew et al., 

1994)
1 - 162.0
la - 115.1
2 7.31 (5) 123.5 7.32 (brs) 7.31 (brs)
3 - 152.4
4 - 132.4
4a - 135.0
5 7.54 (dd, 7.4 Hz, 1 Hz) 124.8 7.56 (brd) 7.63 (brd)
5a - 128.4
6 7.74 (/, 8.2 Hz, 7.6 Hz) 137.5 7.75 (/) 7.64 (0
7 7.28 (dd, 8.8 Hz, 0.8 Hz) 119.5 7.30 (brd) 7.28 (brd)
8 - 162.7
8a - 115.8
9 - 198.5
10 - 182.1
r - 107.8
T - 163.0
3’ - 105.5
4’ - 164.1
5’ 6.23 (5) 91.2 6.24 (s) 6.34 (5)
6’ - 161.5

Me-3 2.18 (5) 20.3 2.17(5) 2.19(5)
OCH3-4’ 3.97 (5) 55.4 3.98 (5) -

OCH3-2’ - - - 3.33 (5)
c o c h 3-3’ 2.73 (5) 32.5 2.62 (5) 2.65 (5)

OH-1 12.47/11.96 (5) - 12.53/12.00 (5) 12.61/12.00 (5)
OH-8 11.96/12.47 (5) - 12.00/12.53 (5) 12.00/12.61 (5)
OH-2’ 14.20(5) - 14.22 (5) 13.47 (5)
CO-3’ - 206.0
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3.2.2.4 Dimeric Phenylanthraquinones

3.2.2.4.1 Joziknipholone A (11)

Compound 11 was isolated as an orange amorphous powder with R, value of 0.19 (5% methanol 

in dichloromethane). The UV (A™* at 278, 293, 385, 412 and 444 nm) is typical of an 

anthraquinone and anthrone skeleton [Bringmann et al., 2008b]. In the *H and ,3C NMR spectra, 

the presence o f six chelated hydroxyl protons (8H 11.95, 12.21, 12.47, 12.60, 14.07 and 14.45) 

and five carbonyls (5C 182.7, 193.3, 194.6, 204.1 and 204.1) indicated that the compound is a 

dimeric phenylanthraquinone derivative. Further analysis of the NMR data showed a pattern 

similar to that o f compound 10. However, in this case signals were doubled i.e. two aromatic 

methyls (8H 1.99, 2.13), two methoxyls (8H 3.73, 3.93) and two acetyl groups (8H 2.62, 2.72) 

which supported that the compound is a phenylanthraquinone dimer, possibly a dimer of 

knipholone and knipholone anthrone.

In one half of the molecule, the *H NMR data of a chrysophanol (1) portion exhibited an AX 

spin pattern instead of the usual ABX spin system for the protons in ring C. These ortho coupled 

protons were assigned to H-5 [8H 7.24 (d, J  = 7.9 Hz)] and H-6 [6H 6.91 (<d, J= 8.0 Hz)] and 

indicated that C-7 (8c 139.0) is the point of linkage to the other portion of the molecule. A singlet 

at 6h 7.29 was assigned to H-2 with the methyl group (8h 2.13) being at C-3 as expected 

biogenetically. The NMR data of this half of the molecule was found to be closely related to that 

of compound 10 except for the absence of a signal for the proton at C-7. Therefore, one half of 

the molecule was found to be the phenylanthraquinone knipholone ( 10).
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The other half of the molecule exhibited an ABX pattern for the protons in ring C of a 

chrysophanol anthrone moiety. These protons which resonated at 8» 6.87 (brJ, J  -  7.5 Hz), 7.33 

(/, J  = 8.0 Hz) and 6.81 (<d, J -  8.2 Hz) were assigned to H-5’, H-6’ and H-7’, respectively. A 

singlet at 8h 6.98 was observed due to the proton at C-2’ with the biogenetically expected methyl 

group being at C-3’ (8 h 1.99, 6c 21.0). The absence of a proton signal for H-4 indicated that C-4 

is the point of linkage of the chrysophanol anthrone moiety to acetophloroglucinol unit (Table 

3.9). A singlet at 5h 5.96 (8c 37.5) was observed which indicated that this half of the molecule is 

a phenylanthrone and was assigned to H-10’ of the chrysophanol anthrone moiety. When 

comparing the NMR data o f this portion in compound 11 with literature [Dagne and Yenesew, 

1993], it showed similar characteristic features to those of knipholone anthrone except for the 

upheld shift o f the proton at C-5” ’ ( 8 h 5.58 in 11 vs 8 h 6.30 in knipholone anthrone) and the 

downfield shifted proton at C-10’ ( 5 h 5.96 in 11 vs 8 h 4.07 in knipholone anthrone) [Dagne and 

Yenesew, 1993]. From this it was concluded that the phenylanthrone knipholone anthrone is the 

second half of the molecule with C-10’ being the point of attachment to the other half of the 

molecule. Hence, compound 11 is 7,10’-knipholone-knipholone anthrone. TLC comparison of 

this compound with an authentic sample revealed that compound 11 is indeed joziknipholone A. 

The absolute configuration of compound 11 at the biaryl axis as well as the stereogenic centre 

(C-10’) was determined by Bringmann et al., (2008b) using reductive cleavage, NOESY 

correlation and quantum chemical circular dichromism calculation.

This compound which had been previously isolated from the roots of Bulbine frutescens and has 

shown promising antiplasmodial and moderate antitumor activity [Bringmann et al., 2008a]. 1 his
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is only the second report on the occurrence of this compound in nature and the first report from 

the genus Kniphofia.

3.2.2.4.2 Jozikn ipho lone B (12)

Compound 12 was isolated as an orange amorphous powder and had an Rf value of 0.29 (5% 

methanol in dichloromethane). The UV (km^ a t 219, 267, 291, 351 and 439 nm) suggested that it 

is a dimer of an anthraquinone and an anthrone moiety. The 'H and l 3C NMR which was similar 

to that of compound 11 showed the presence of six chelated protons (8h 14.45, 14.11, 12.23, 

12.58, 12.01 and 12.51) and five carbonyls (5C 182.5, 193.3, 194.6, 204.1 and 204.3). This 

indicated that compound 12 was also a dimer of knipholone and knipholone anthrone linked at 

C-7 (5c 139.6) and C-10’ (5c 37.3) positions (Table 3.9). By direct TLC comparison with an
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authentic sample, compound 12 was identified as the atropdiasteromer of compound 11, 

joziknipholone B.

The absolute configuration ol compound 12 at the biaryl axis and at the stereogenic center was 

determined by Bringmann el al. (2008b) using the NOESY correlation and reductive cleavage 

using degassed 5% sodium hydroxide and sodium dithionate under inert condition. CD 

calculations as in compound 11, revealed that compound 12 has 4P,A 'M ,\0'S  configuration 

[Bringmann el al., 2008b].

Although previously isolated from the roots of Bulbine frutescens [Bringmann el al., 2008b], this 

is the first report of joziknipholone B from the genus Kniphofia. Biologically, compound 12 has 

shown potent antiplasmodial activity [Bringmann el al., 2008a]. Moderate activity against 

murine leukemic lymphoblasts has also been reported [Bringmann el al., 2008a].

O

OCH3
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Table 3.9: ‘H (600 MHz) and 13C (150 MHz) NMR data of compounds 11 and 12 (CDCI3)
Carbon 11 12

'H 6„ (w, J in  Hz) I3C 'H 6h (m, J  in Hz) c ~
1 - 163.5 - 163.7
2 7.79 (s) 126.0 7.30 (5) 125.9
3 - 153.3 - 153.4
4 - 126.2 - 126.1
5 7.24 («/, 7.9) 120.3 7.24 (d, 7.9) 120.4
6 6.91 (d, 8.0) 136.4 6.90 (£/, 7.9) 136.1
7 - 139.0 - 139.6
8 - 159.1 - 159.1
9 - 193.3 - 193.3
10 - 182.7 - 182.5
11 - 133.3 - 133.2
12 - 116.1 - 115.9
13 - 115.7 - 115.7
14 - 133.4 - 133.2
r - 163.6 - 163.6
Pa - 115.7 - 115.7
2’ 6.98 (s) 118.8 6.97 (5) 118.8
3’ - 150.8 - 151.0
4’ - 121.7 - 121.9
4’a - 140.1 - 142.9
5’ 6.87 (br d) 120.0 6.92 (br d) 119.9
6’ 7.33 (/, 8.0) 137.4 7.32 (/, 8.0) 137.4
r 6.81 (d, 8.2) 116.3 6.80 (d, 7.9) 116.3
8’ - 163.2 - 163.2
9’ - 194.6 - 194.6
10’ 5.96 (5) 37.5 6.06 (5) 37.3
IP - 145.7 - 147.1
12’ - 114.7 - 114.7
1” - 107.6 - 107.6
2” - 163.9 - 163.9
3” - 106.5 - 106.5
4” - 163.5 - 163.6
5” 6.12(5) 91.0 6.09 (5) 91.1
6” - 160.0 - 159.8
P ” - 105.6 - 106.9

1 2” * - 164.7 - 164.7
3’” - 106.9 - 106.9
4” ’ - 164.6 - 164.5
5’” 5.58 (5) 90.2 5.57 (s) 90.2
6” ’ - 161.0 - 160.9
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Table 3.9: 'H(600MHz) and l3C(150MHz) NMR data of compounds 11 and 12 (CDCI3) corn....

C arbon 11 12

H (8 h, m , 7 in  H Z) u c 'H  (6 ,1, m, J in H Z) ~n c —
3-CHj 2.13(5) 21.2 2.13(5) 21.3
3’-CH3 1.99 (5) 21.0 1.99 (5) 21.1
4” -OCH3 3.93 (5) 56.2 3.92 (5) 56.2
4” ’-OCH3 3.73 (5) 56.2 3.69 (5) 56.2
3” -COCH3 2.62 (5) 33.5 2.63 (5) 33.5
3” ’-COCH3 2.72 (5) 33.5 2.71 (s) 33.5
3” -COCH3 - 204.1 - 204.3
3” ’-COCH3 - 204.1 - 204.1
1-OH 12.47 (5) - 12.51 (5) -

8-OH 11.95 (5) - 12.01 (5) -

l ’-OH 12.60(5) - 12.58(5) -

8’-OH 12.21 (5) - 12.23 (5) -

2” -OH 14.07 (5) - 14.11 (5) -

2” ’-OH 14.45 (5) - 14.45 (5) -

3.2.2.5 Tetram eric Phenylanthrone

3.2.2.5.1 Jozi-joziknipholone anthrone (13)

Compound 13 was isolated as a yellow amorphous solid with an Rf value of 0.20 (5% methanol 

in dichloromethane). The 'H NMR spectrum was similar to that of compound 11 showing six 

chelated hydroxyl protons (8h 14.46, 14.05, 12.68, 12.43, 12.01 and 10.72), two aromatic 

methyls (5h 1.74, 1.92), two methoxyls (8h 2.96, 3.87) and two acetyl groups (5n 2.52, 2.68). 

However, in the 13C NMR only four carbonyls resonating at 6c 205.5, 202.8, 194.8 and 192.1 

were observed. From this it was deduced that compound 13 could be a dimeric phenylanthrone 

derivative.

The 'H NMR spectrum for the aromatic region was in agreement with the pattern expected for a 

dimeric phenylanthrone. An AX spin system for the two protons in ring A on the chrysophanol
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moiety of one half of the molecule was observed. These meta coupled protons which resonated at 

5 h 5.88 (d, J  -  7.8 Hz) and 6M 6.39 (d , J  = 8.0 Hz) were assigned to H-5 and H-6, respectively 

indicating that C -7 (5c 132.1) is the point of attachment to one of the phenylanthrone moieties. In 

addition, the expected two singlets at 5H6.35 and 5.98 were observed due to the protons at C-2 of 

the ehr\ sophanol moiety and C-5 of the acetophloroglucinol unit, respectively. However, 

instead of a methylene group as in knipholone anthrone, an unpredictably upfield shifted methine 

(5h4.47, 5c 51.7) was observed for H-lOof ring B.

For the other half of the molecule the anticipated ABX pattern was observed for the protons in 

ring C of the chrysophanol anthrone unit. These protons which resonated at 5H 7.41 (d, J  = 7.6 

Hz), 5h 7.78 (/, J  -  8.0 Hz) and 5h 6.99 (d, J  = 8.2 Hz) were assigned to H-5’, H-6’ and H-7\ 

respectively. The biosynthetically expected methyl at C-3’ of ring A resonated at Sr 1.92 (6c 

20.4) with the proton at C-2’ appearing at SH 6.88 in the ‘H NMR spectrum. The other signals 

were identical to that observed for the first half of the molecule with the exception of the 

downfield shifted signal of H-10' (5 h 6.27, 5c 37.4) (as compared to the other half) indicating 

that it is the point of attachment to the other half of the molecule. This was confirmed using 

HMBC which showed correlation between H-10’ with C-6 as well as H-10’ with C-8. From this 

it was assumed that compound 13 was a dimeric phenylanthrone, i.e. 7-10’ knipholone anthrone- 

knipholone anthrone with a substituent (X) at C-10 which was unknown at this stage (13a).
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I he identity o f the substituent X was elusive as there were no additional NMR signals to account 

for. In the HMBC spectrum unusual correlation peak between 5H 4.47 (H-10) and 5C 51.7 (C-10) 

was observed which prompted the generation of ID HMQC spectrum. Interestingly, in the ID 

HMQC spectrum (Figure 3.1), a V correlation peak between 5h 4.47 (H-10) with 5c 51.7 

(assigned to C-10) indicated that there must be a carbon atom which is three bonds away and yet 

chemically equivalent with C-10. This pointed out the possibility of 13 being a tetrameric 

phenylanthrone or a dimer of joziknipholone anthrone.
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Fig. 3.1 Partial 'H NMR (A) and 1D-HMQC (B) spectra of 13 

3Jh,h = 7 .1H z

Indeed, the HRMS-ESI of this compound showed an [M+Na] peak at m/z 1697.42643

corresponding to the molecular formula of C96H74028- From the ID HMQC of compound 13,

coupling and HMBC correlation between 6n 4.47 from one half of the molecule and 5C 51.7 from

the other half o f the molecule is consistent with a tetrameric phenylanthrone containing four
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knipholone anthrone units with C7 - CIO’, CIO - CIO” ”  and C7” ”  - CIO...... linkage The

presence o f only one half o f the molecule in the NMR signals i.e. the joziknipholone part 

indicated that the molecule is a symmetrical dimer of joziknipholone anthrone which reduced the 

number of possible stereoisomers by half. Compound 13 is the first tetrameric phenylanthrone 

and was given the trivial name Jozi-joziknipholone anthrone. The absolute configuration at the 

stereogenic center as well as at the four biaryl axis has not been determined as yet which will be

a very challenging task.

Me

13
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Table 3.10: !H (500 MHz) and 1 (75 MHz) NMR data of compounds 13 (Acetone-d^)

CARBON !H 6h (m, J  in HZ) HMBC
1 - 162.8
la - 116.4
2 6.36 (s) 118.3 C -l, C-la, C-4, 3-CHj
3 - 149.4
4 - 125.2
4a - 141.4
5 5.88 0/, 7.8) 122.7 C-6, C-7, C-8a
5a - 146.5
6 6.39 (d, 8.0) 133.5 C-8, C-8a
7 - 133.4
8 - 159.5 C-6, C-7, C-8a
8a - 117.7
9 - 193.4
10 4.48 (5) 53.0 C-4, C-4a, C-5, C-8a
V - 164.1
l ’a - 116.7
2’ 6.88 (5) 118.6 C - r ,C - l ’a, C-4’,3’-CH3
3’ - 151.7
4’ - 125.2
4’a - 148.1
5’ 7.41 (d, 7.6) 122.4 C-7’, C-8’a, C-10’
5’a - 148.7
6’ 7.78 (/, 8.0) 138.4 C-5’a, C-8’
T 6.99 (d, 8.2) 116.8 C-5’,C -8 ’,C -8’a
8’ - 164.0 C-7’, C-8’a
8’a - 115.5
9’ - 196.1
10’ 6.27 (5) 38.8 C-4’, C-4’a, C-5’, C-5’a, C-6, C-8, C-8’a
1” - 106.4
2” - 166.7 C -l” , C-3”
3” - 106.9
4” - 164.5 C-2” , C-4”
5” 5.98 (5) 92.1 C -l” , C-3” , C-4” , C-6”
6” - 162.5 C -l”
r ” - 107.4

- 164.9 C -l’” , C-3’”
3’” - 106.9
4” ’ - 164.3 C-2’” , C-4” ’
5” ’ 5.05 (5) 91.5 C -l’” , C-3’” , C-6’”
6’” - 164.5
3-CH3 1.74(5) 21.6 C-2, C-3, C-4
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I able 3.10: 'H (500 MHz) and 1 C (75 MHz) NMR data of compounds 13 (Acetone-d*,)
cont....

CARBON 'H 5 „  ( / » , . / in H Z ) HM BC

3’-CH3 1.99(5) 21.7 C -2\ C-3’, C-4’
4” -OCH3 3.88 (5) 56.4
4” ’-OCH3 2.99 (5) 55.9
3” -COCH3 2.62 (5) 33.8 C-3”
3” ’-COCH3 2.53 (5) 33.7 C-3’”
3” -COCH3 - 204.1
3” ’-COCH3 - 204.1
1-OH 11.99(5) - C -l, C-l a, C-2
8-OH 10.71 (5) - C-7, C-8, C-8a
l ’-OH 12.66 (5) - C -l’.C -P a , C-2’
8’-OH 12.42 (5) - C-7’,C -8’,C -8’aX0

1

C
nJ 14.03 (5) - C-2”

6” -OH 9.1 (,) - C -l”
2” ’-OH 14.44(5) - C-2’”
6” ’-OH J I M _____________ - C-5’”

3.2.2.6 Miscellaneous compounds

3.2.2.6.1 3,4-Dihydroxy benzoic acid (14)

Compound 14 was isolated as a mixture with compound 8 . Compound 14 changed to brown on 

TLC plate after exposure to air and had an Rf value of 0.13 (5% acetone in dichloromethane). 

The l3C NMR indicates the presence of seven carbon atoms including a carbonyl at 5c 165.6 due 

to the carboxylic acid substituent at C-l. Two downfield shifted signals at 6c 160.1 and 5c 151.4 

were observed as a result of the two hydroxyl substitutents at C-3 and C-4, respectively.

The 'H NMR data showed the presence of an AXY spin system corresponding to three aromatic 

protons which resonated at 5h 7.53 d { J  = 2.1 Hz), 5h 6.90 d (J= 8.4 Hz) and Sh 7.48 dd {J= 8.1
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Hz, 2.1 Hz) which were assigned to H-2 (5c 118.3), H-5 (6c 116.2) and H-6 (6c 124.3), 

respectively. Therefore compound 14 was identified as 3,4-dihydroxy benzoic acid.

I his is the first report on the occurrence of compound 14 in the family Asphodelaceae. However 

it has been previously isolated from the genus Fagopyrum and Alnus as well as from some 

species of Allium [DNP, 2009]. Biologically, it inhibits low density lipoprotein oxidation and 

platelet aggregation [DNP, 2009]. It also possesses antioxidant, free radical scavenging as well 

as some cytostatic activity [DNP, 2009].

O

14

I able 3.11: *H (300 MHz) and l3C (50 MHz) NMR data (acetone^) together with HMBC 
correlation for compound 14

Carbon No 'H NMR 5h (/w, J  in Hz) IJC NMR HMBC
1 - 146.2
2 7.53 (d, 2.1) 118.2 C-l, C-6
3 - 160.1
4 - 151.4
5 6.90 (d, 8.4) 116.4 C-6
6 7.48 (dd, 8.1,2.1) 124.2 C-2, C-4
COOH-l - 165.6
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3.3 BIOLOGICAL ACTIVITIES

3.3.1 ANTIPLASMODIAL ACTIVITIES

The crude extracts of the rhizomes of Kniphofia foliosa as well as some of the isolated 

compounds o f both Rhamnus prinoides and Kniphofia foliosa were tested for their 

antiplasmodial activity against the chloroquine sensitive (D6 ) and chloroquine resistant (W2) 

strains of Plasmodium falciparum. Chloroquine and mefloquine were used as a positive control.

3.3.1.1 ANTIPLASMODIAL ACTIVITIES OF R H A M N U S  P R IN O ID E S

The hexane, chloroform, ethylacetate, methanol and water extracts of the root bark of Rhamnus 

prinoides were tested for their in vitro antiplasmodial activity against the K39 (chloroquine 

sensitive) Plasmodium falciparum strain isolated from a patient [Muregi et al., 2003]. Among the 

extracts, the methanolic extract showed the highest activity with an IC50 value of 15.1 fig/mL 

[Muregi et a l 2003]. The antiplasmodial activity of the methanolic extract was further tested 

against the ENT30 (chloroquine resistant, isolated from a patient), Vl/S (chloroquine resistant, 

standard) and NF54 (chloroquine sensitive, standard) strains of Plasmodium falciparum and had 

an IC50 value o f 23.2 fig/mL, 29.2 pg/mL and greater than 62.5 pg/mL, respectively [Muregi et 

al., 2003]. In addition, the in vivo antiplasmodial activites o f the crude methanolic extracts of the 

leaves and root bark of Rhamnus prinoides against Plasmodium berghei NK65 strain was tested 

in mice [Muregi et al., 2007]. The extracts showed 43.9% (leaves) and 34.1% (root) supression 

of the parasite in mice after 4 day of infection, whereas 20% of the mice treated with the 

methanolic extract of the root bark survived on the ninth day of infection [Muregi et al., 2007].
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In this study, the naphthalenic lactone glycoside, geshoidin (6) isolated from this plant was tested 

for its antiplasmodial activity against the chloroquine sensitive (D6) and chloroquine resistant 

(W2) strains o f P. falciparum. A potent antiplasmodial activity with an IC50 value of 4.0 ± 0.9 

HM (D6) and 0.4 ± 0.2 pM (W2) was observed. Geshoidin (6) being the major compound in the 

methanol extract, it is possible that this compound could be responsible for the observed 

antiplasmodial activity of the methanolic extract of the plant. The antiplasmodial activity of 

geshoidin (6) is reported here for the first time.

3.3.1.2 ANTIPLASMODIAL ACTIVITIES OF K N /P H O F /A  F O L IO S A

1 he antiplasmodial activities of the ethyl acetate extract of the rhizomes of Kniphofia foliosa 

against the chloroquine sensitive (D6) and the chloroquine resistant (W2) strains of Plasmodium 

falciparum were tested. The crude extract showed strong in vitro antiplasmodial activity, an IC50 

value of 4.7 ± 0.5 pg/mL and 4.1 ± 0.8 pg/mL for the D6 and W2 strains, respectively. In 

addition, the antiplasmodial activities of some of the isolated compounds were also evaluated 

and showed promising activities, particularly the phenylanthraquinone, dimeric anthraquinone, 

dimeric phenylanthraquinones and the terameric phenylanthraquinone, with the latter two 

showing high inhibition of the malaria parasite (table 3.13).

Although the individual monomers, chrysophanol and islandicin showed no significant activity, 

the dimeric anthraquinone 10-hydroxy- 10-(islandicin-7’-yl)-chrysophanol anthrone (9) which is 

composed of the two monomers showed an IC50 value o f 6.5 pM against the chloroquine 

resistant (W2) strain of Plasmodium falciparum [Achieng', 2009]. Also, the antiplasmodial
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activity of compound 9 against the choloroquine sensitive 3D7 strain o f Plasmodium falciparum 

with an IC50 value of 1 .OpM has been reported [Wube et al., 2005].

Similarly, the monomers chr^ sophanol and acetophloroglucinol showed no antiplasmodial 

activity. However, the phenylanthraquinone knipholone (10) which is composed of these two 

monomers showed good activity against the chloroquine resistant (W2) (IC50 10.4 ± 2.4 pM) and 

moderate activity against the chloroquine sensitive (D6) strains (IC50 23.3 ± 0.1 pM) of P. 

falciparum. A high inhibition of the growth of the malaria parasite against the chloroquine 

sensitive (NF54) and chloroquine resistant (Kl) strains was observed for compound 10 with an 

IC50 value of 3.9 pM and 2.4 pM, respectively [Bringmann et al., 1999]. In another study, the 

antiplasmodial activity of compound 10 against the chloroquine sensitive NF54 strain of 

Plasmodium falciparum  was found to be 3.4 pM [Wube et al., 2005]. In 2008, Bringmann et al. 

reported the antiplasmodial activity o f knipholone to be 1.5 pM and 2.1 pM against the Kl and 

NI 54 strains, respectively [Bringmann et al., 2008a], The variation of the activity in the different 

studies may be due to the enantiomeric purity of the knipholone being tested. In addition, 

compound 10 has comparatively higher antiplasmodial activity against the chloroquine resistant 

strains of Plasmodium falciparum.

Since the monomers (knipholone 10.4 ± 2.4 pM and knipholone anthrone 7.5 ± 0.1 pM against 

W2) forming the dimeric phenylanthraquinones were active, some activity was expected for the 

dimeric and tetrameric phenylanthrones. The dimeric phenylanthraquinone showed better 

antiplasmodial activity than the respective monomers. Joziknipholone A (11) and its 

atropisomer, joziknipholone B (12) displayed an IC50 value o f 0.4 ± 0.01 pM and 3.3 ± 0.9 pM 

against the chloroquine resistant W2 strain, respectively. Similarly potent activities were
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observed for the two dimeric phenyl anthraquinones 11 and 12 against the K1 strain (0.2 pM and

0.3pM).

The tetrameric phenylanthrone, jozi-joziknipholone anthrone (13) which is composed of two 

dimeric phenylanthraquinone showed comparable antiplasmodial activity, with an IC50 value of 

0.3 pM against the chloroquine resistant (Kl) strain of P. falciparum , as with those observed for 

the dimeric phenylanthraquinones. When trying to correlate the observed antiplasmodial activity 

with the structure of the compounds tested, it was noted that the activity of the compounds 

increases with the size of the compounds. The antiplasmodial activities of the crude extract as 

well as some of the isolated compounds are summarized in table 3. 12.

I able 3.12: In vitro antiplasmodial activity of some of the isolated compounds of Kniphofta
foliosa

Compounds
_________________________ ‘ ______________________________

P la s m o d ia l s tra in IC50 JiM References

Chryslandicin (9) W2 6.5 Achieng’, 2009

3D7 1.0 Wube et a l 2005

D6 23.3

W2 10.4

Knipholone (10)

NF54 3.9 Bringmann et al., 1999

Kl 2.4

NF54 3.4 Wube et al., 2005

Kl 1.5 Bringmann et al., 2008a

NF54 2.1
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Table 3.12: In vitro antiplasmodial activity of some of the isolated compounds of Kniphojia 
foliosa cont..................

Compounds
1 — —

Plasntodial strain IC50 jiM References

Joziknipholone A (11)

W2 0.4

K1 0.2 Bringmann et al., 2008b

Joziknipholone B (12)

W2 3.3

K1 0.3 Bringmann et al., 2008b

Jozi-joziknipholone 
anthrone (13)

K1 0.3

3.3.2 ANTIMICROBIAL ACTIVITY

1 he crude extracts as well as some of the isolated compounds of Rhamnus prinoides as well as 

Kniphofia foliosa were tested against certain bacteria {Staphylococcus aureus, Pseudomonas 

aeruginosa and Escherichia coli) and fungi {Candida albicans, Cryptococcus neoformans. 

Trichophyton mentagrophytes). The crude extracts as well as the isolated compounds of both 

plants did not show any inhibition at a concentration of 0.12 mg/disc.
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3.4 Conclusion

•> From the roots of Rhamnus prinoides six compounds, chrysophanol, physcion. emodin. 

rhamnazin, P-sorigenin and geshoidin were isolated and characterised. This is the first 

report on the occurrence of these compounds from the roots of this plant.

❖  Geshoidin has been identified as the antiplasmodial principle in Rhamnus prinoides a 

plant which is widely used traditionally to treat malaria.

*  1 he rhizomes of Kniphofia foliosa yielded nine compounds, chrysophanol, islandicin, 

laccaic acid, chryslandicin, knipholone, joziknipholone A, joziknipholone B, Jozi- 

joziknipholone anthrone and 3,4-dihydroxybenzoic acid. One of these, Jozi- 

joziknipholone anthrone is the first tetrameric phenylanthrone. This is only the second 

report on the occurrence of joziknipholone A and joziknipholone B in nature having 

being reported recently from the roots of Bulbine frutescens.

♦> The crude extract of Kniphofia foliosa as well as some of the isolated compounds showed 

good antiplasmodial activity. Phenylanthraquinones and anthraquinone dimers may serve 

as lead structures for the development of antimalarial drugs.
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3.5 Recommendation

> In vivo antiplasmodial test should be carried out for the naphthalenic derivative, 

geshoidin isolated from Rhamnus prinoides.

> In vivo antiplasmodial test on the phenylanthraquinones and anthraquinone dimer is 

recommended.

r  f urther phytochemical investigation of Kniphofia foliosa  using inert chromatographic 

condition may result in the identification of more novel and active compounds

'  rhe stereochemistry at the biaryl axis as well as at the stereogenic center should be 

determined for the tetrameric phenylantraquinone Jozi-joziknipholone anthrone.

^ The absolute configuration of the dimeric anthraquinone chryslandicin at C-10 should 

also be determined.

"  Phytochemical investigation of other Kniphofia species as well as other genera in the 

family be carried out to determine the chemotaxonomic relation in the family as well as 

for more novel and biologically active compounds.
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CHAPTER 4

EXPERIMENTAL

4.1 G enera l

The 'H (200, 300, 500, 600 MHz) and l3C (50, 75, 125, 150 MHz) were acquired using Varian- 

Mercury and Bruker instrument using TMS as the internal standard. Homonuclear correlation 

spectroscopy (COSY), Hetronuclear multiple quantum correlation (HMQC) and Hetronuclear 

multiple bond correlation (HMBC) spectra were obtained using the standard Bruker software.

I he Pye-Unicam SPS 150 spectrophotometer was employed to acquire the UWVis spectra. 

Solvents were distilled prior for use for extraction and chromatographic separation.

4.2 Chromatographic conditions

Column chromatography was carried out using 3% oxalic acid impregnated silica gel 60G 

(Merck 70-230 mesh) and Sephadex LH-20. Analytical TLC using silica gel 60 F254 pre-coated 

plates Merck were used to monitor the purity of compounds. UV light (254 and 366 nm) along 

with ammonia and iodine vapours were used for detection of spots on TLC plates. Merck 60 

PF254 silica gel was used as adsorbent for preparative thin layer chromatography (PTLC).
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4J TLC solvent systems

The TLC solvent systems used for in the study were 

Hexane/Acetone ; 7:3 (Solvent system 1)

CH2CI2/ methanol; 9.8:0.2 (Solvent system 2) 

EtOAc/methanol/H20; 7.5:1.5:1 (Solvent system 3) 

Hexane/CH2Cl2 ; 1:1 (solvent system 4)

CH2 Ch/Acetone; 9.5:0.5 (Solvent system 5) 

Hexane/EtOAc; 7:3 (Solvent system 6)

CH2C12, 100% (Solvent system 7)

CH2Cl2/Acetone, 9:1 (Solvent system 8) 

CH2Cl2/MeOH, 20:1 (Solvent system 9) 

CfyC^/MeOH, 9.5:0.5 (Solvent system 10) 

Hexane/EtOAc, 9.6:0.4 (Solvent system 11) 

Hexane/EtOAc, 9:1 (Solvent system 12) 

Hexane/EtOAc, 8:2 (Solvent system 13)
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Li PLANT MA I TRIAL

*kamnus prinoides

f t o k  root of Rhamnus prinoides were collected in July 2007 from Men*. Kenym Th* pkm 

-pjnen was identified by Mr. S. G. Mathenge of the Uniterm) of Nairobi HcYH».*n

epirtntcni of Botany.

4.1 kniphofia f o l io s a

k  underground stems (rhizomes) of Kniphofia foUom was collected from the Addit Ababa 

msenity botanical garden in August, 2008. For authentication, refer Y e n e se w  r i a l . |9*>4

5 EXTRACTION AND ISOLATION OF COMPOUNDS

U RIIAM NUS P R IN O ID E S

U .l EXTRAC T IO N  AND ISOLATION FROM T ill  W IIO IT  K tH ) l s

t  air dried and ground whole root (819 g) of Rhamnu.i p r im k k s  were extracted »'<"* 

toommtfhanc/mcthanol (1:1) by cold exhauidve percolation. The crude extract (9) 7 g) was 

toned after removal of the solvent, a portion (87.3 g) of which was subjected t* v* Iwnu, 

■omatography using oxalic acid impregnated silica gel (400 g). Gradient elution with n hexane 

*»n.ng increasing amount of acetone and finally 100% methanol afforded eight ma^  

rttons labeled A-H.
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Column chromatography of fraction A on oxalic acid impregnated silica gel (80 g) (eluting with 

1%, 2% and 4% ethyl acetate in hexane) and purification using preparative TLC yielded 

chrysophanol (1, 5.8 mg) and physcion (2, 6.4 mg).

Fraction B of the first column was also subjected to column chromatography on oxalic acid 

impregnated silica gel and eluting with 1% ethylacetate in hexane afforded crystals of emodin (3,

95.5 mg).

Fractions C and D were combined and also chromatographed on oxalic acid impregnated silica 

gel and eluted with \%  ethyl acetate in n-hexane. Purification of the fractions using preparative 

thin layer chromatography afforded emodin (3, 95.5 mg) and rhamnazin (4, 7.0 mg).

The polar four fractions (E-H) crystallized and formed copious amount of crystals, the solutions 

of which were filtered under sanction and left overnight. Fraction G gave P-sorigenin (5, 43.7 

mg) where as the crystals from fractions E, F and H yielded geshoidin (6, 2.7 g) (p-sorigenin-8- 

O-P-D-glucoside).

4.5.1.2 PHYSICAL AND SPECTROSCOPIC PROPERTIES OF COMPOUNDS OF THE 

ROOTS OF R . P R IN O I D E S

Chrysophanol (1)

Dark yellow amorphous powder, melting point 195- 197 °C: UV (^max): 270, 288 and 430nni
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Physcion (2)

Yellow amorphous powder. 'H NMR (acetone-d6, 200 MHz): 5h 7.17 (1H, H-2), 7.60 (IH.

H-4), 7.29 (IH, d, J  = 2.6 Hz, H-5), 6.81 (IH, d, J  = 2.6 Hz, H-7), 2.31 (3H, j, Me-3), 12.03 

(OH-l/OH-8), 12.15 (OH-8/OH-1).

Emodin (3)

Orange needle like crystals. 'H NMR (acetone-d6, 200 MHz): 8H 7.15 (111, H-2), 7.54 (IH,

H-4), 7.26 (IH, d ,J  = 2.4 Hz, H-5), 6.67 (IH, d, J  = 2.4 Hz, H-7), 2.31 (3H, s, Me-3), 12.08 

(OH-l/OH-8), 12.20 (OH-8/OH-1).

Rhamnazin (4)

Pale yellow amorphous solid. 'H NMR (acetone-d6, 200 MHz): 5h 6.33 (IH 2.2Hz, H-6), 

6.72 (IH, d , J =  2.2 Hz, H-8), 7.02 (IH, d, J  = 8.6Hz, H-5’), 7.85 (IH, dd ,J=  8.6, 2 Hz, H-6’),

7.92 ( \H ,d , J  = 2Hz, H-2’), 3.93 (3H, s, OMe-7), 3.94 (3H, s, OMe-3’), 12.14 (OH-5).

P-Sorigenin (5)

Brown amorphous solid. UV 384 (MeOH), 315, 277 (MeOH + NaOH). 'H NMR (acetone- 

4 ,200  MHz): 5H7.41 (IH , s, H-4 Hz), 7.44 (IH, dd, 7.8, 0.6 Hz, H-5), 7.49 (IH, t, 7.8 Hz, H-6),

6.93 (IH, dd, 7.2, 0.6 Hz, H-7), 5.39 (2H, d, 1.2 Hz, lactone CH2). I3C NMR (50 MHz): 8C 156.6 

(C-l), 114.2 (C-2), 142.7 (C-3), 120.2 (C-4), 140.7 (C-4a), 111.5 (C-5), 130.4 (C-6), 109.6 (C- 

7), 156.1 (C-8), 105.3 (C-8a), 68.8 (lactone CH2), 169.3 (lactone CO).
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Geshoidin (6)

Faint yellow amorphous powder. UV ^ax  352, 299 (MeOH), 322, 275 (MeOH + NaOH). *11 

NMR (DMSO, 200 MHz): 6H7.46 (1H, 5, H-4), 7.66 (1H, d , J  = 7.8Hz, H-5), 7.59 (1H, /, J=  8.4 

Hz, H-6), 7.43 (1H, dd, J  = 7.5, 1.2 Hz, H-7), 5.38 (2H, s, lactone CH2), 5.15 (1H, d, J =  7.8 Hz, 

H -n, 3.45 (1H, t , J =  9 Hz, H-2’), 3.37 (1H, / ,7 = 9  Hz, H-3’), 3.24 (1H, t, J=  9 Hz, H-4’), 3.49 

(1H, ddd,J= 9.6, 6.6, 1.8 Hz, H-5’), 3.54 (1H, dd,J  = 12.0, 6.0 Hz, H-6’a), 3.79 (1H, dd,J=  12,

1.8 Hz, H-6’b). ,3C NMR (125 MHz): 5C 156 (C-l)l 14.3 (C-2), 139.6 (C-3), 111.1 (C-4), 143.1 

(C-4a), 123.2 (C-5), 129.8 (C-6), 111.2 (C-7), 155.4 (C-8), 106.0 (C-8a), 60.7 (lactone CH2),

168.2 (lactone CO), 102.9 (C -l’), 73.4 (C-2’), 77.9 (C-3’), 69.8 (C-4’), 76.2 (C-5’), 68.1 (C-6’).

4.5.2 K N IP H O F IA  F O L I O S  A

4.5.2.1 EXTRACTION AND ISOLATION FROM THE RHIZOMES

The air dried and ground underground stems (rhizomes) of Kniphofia foliosa was extracted using 

acetone followed by dichloromethane/methanol (1:1) and finally with methanol. The 

dichloromethane/methanol extract was partitioned between ethyl acetate and water. The ethyl 

acetate layer (27.2 g) was fractionated by column chromatography on oxalic acid impregnated 

silica gel (400 g) and eluted with mixtures of hexane and ethyl acetate with increasing polarity. 

The fraction eluted with 1% ethyl acetate in hexane after column chromatography on Sephadex 

LH-20 gave dark yellow amorphous solid chrysophanol (1, 10 mg) and needle like crystals of 

islandicin (7, 21.1 mg). Column chromatography on Sephadex LH-20 of the fraction eluted with 

2% and 4% ethyl acetate in hexane gave chryslandicin (9, 20.3 mg). Column chromatography on
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Sephadex LH-20 of the fraction eluted with 8% ethyl acetate in hexane gave knipholone (10. 

275.0 mg). The fractions eluted with 8-15% ethyl acetate in hexane after column 

chromatography on Sephadex LH-20 (dichloromethane/methanol 1:1) gave laccaic acid (8. 21.5 

mg) and 3,4-dihydroxybenzoic acid (14, 21.5 mg).

The acetone extract was partitioned between dichloromethane and water. After some time the 

dichloromethane extract formed a yellow precipitate which was taken up in a mixture of acetone 

and methanol. The crude extract (7.69 g) was then subjected to column chromatography on 

oxalic acid impregnated silica gel (300g) and was eluted with hexane containing increasing 

amount of dichloromethane followed by dichloromethane with increasing amount of acetone, 

f ractions eluted with 20% of dichloromethane in hexane gave chrysophanol (1) and islandicin 

(7). Fractions eluted with 50-90 % dichloromethane in hexane gave knipholone (10). The 

fractions eluted with 100% dichloromethane and 1% acetone in dichloromethane after column 

chromatography on Sephadex LH-20 (dichloromethane/methanol 1:1) followed by purification 

using preparative thin layer chromatography (silica gel, 5% methanol in dichloromethane) gave 

joziknipholone A (11, 38.4 mg) and joziknipholone B (12, 23.0 mg). Column chromatography on 

Sephadex LH-20 (dichloromethane/methanol 1:1) followed by purification on preparative thin 

layer chromatography (silica gel, 5% methanol in dichloromethane) of the fractions eluted with 

12-25% acetone gave Jozi-joziknipholone anthrone (13, 44.4 mg).
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4.5 2 2 PHYSICAL AND SPECTROSCOPIC PROPERTIES OF COMPOUNDS OF THE 

RHIZOMES OF K. F O L IO S A

Islandicin (7)

Red amorphous powder. UV 493, 431,401, 282 (MeOH), 600, 554, 523, 4 16,281 (MeOH +

NaOH). 'H NMR (CDC13, 200 MHz): 5H 7.16 (1H, br s, H-2), 7.89 (1H, dd, J  = 7.6, 1.4 Hz, H-

5), 7.69 (1H, I, J  = 8.4 Hz, H-6), 7.30, (1H, d d , J =  8.4, 1.2 Hz, H-7), 2.38 (3H, d ,J=  1Hz. Me- 

3), 12.29 (OH-1), 12.33 (OH-8), 13.49 (OH-4).

Laccaic acid (8)

Dark yellow amorphous solid. 'H NMR (acetone-d6, 300 MHz): §H 7.71 (1H, s, H-4), 7.18 (IH, 

d,J= 2.4Hz, H-5), 6.66 (1H , d , J =  2.7 Hz, H-7), 2.82 (3H, j , Me-1), 13.18 (OH-3), 10.43 (OH- 

8). IJC NMR (300 MHz): 5C 131.6 (C-la), 143.0 (C-2), 160.7 (C-3), 114.0 (C-4), 138.7 (C-4a),

108.7 (C-5), 136.3 (C-5a), 110.1 (C-7), 167.0 (C-8), 112.6 (C-8a), 169.4 (C-9), 183.5 (C-10), 

21.0 (CH3-1), 190.2 (COOH).

Chryslandicin (9)

Red crystals. UV 494, 383, 288 (MeOH), 595, 557, 420, 316, 282 (MeOH + NaOH). 'H 

NMR(CDC13, 200 MHz): SH 6.61 (1H, d, J =  1.2 Hz, H-2), 6.77 (1H, 1.2 Hz, H-4), 6.94

(1H,dd ,J=  8.2, 1.2 Hz), 7.40 (1H, r, 8.2 Hz, H-6), 6.79 (1H, 7.6, 1.2 Hz, H-7), 7.08 (I H,

H-2’), 8.65 (1H, d,J=  8Hz, H-5’), 8.05 (1H, d, J 8Hz, H-6’), 2.25 (3H, s, Me-3), 2.35 (3H, 

^,Me-3’), 12.07 (OH-1), 12.31 (OH-8), 12.33 (OH-1’), 13.48 (OH-4’), 12.42 (OH-8’).
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knipholone (10)

Deep red amorphous powder. UV 435, 279 (MeOH), 483, 308 (MeOH + NaOH). 'll NMR 

(acetone^, 200 MHz): 5H 7.31 (1H, 5, H-2), 7.54 (1H, d d ,J=  7.4, 1 Hz, H-5), 7.74 (1H, /, J  =

8.2 Hz, H6), 7.28 (1H, d d , J =  8.8, 0.8 Hz, H-7), 6.23 (1H, 5, H-5’), 2.18 (3H, 5, Me-3), 14.20 

(OH-2’), 2.73, (3H, s, COMe-3’), 3.97 (3H, s, OMe-4’). ,3C NMR (50MHz): 8C162 (C -l), 115.1 

(C-la), 123.5 (C-2), 152.4 (C-3), 132.4 (C-4), 135.0 (C-4a), 124.8 (C-5), 128.4 (C-5a), 137.5 (C-

6), 119.5(C-7), 162.7 (C-8), 115.8 (C-8a), 198.5 (C-9), 182.1 (C-10), 107.8 (C -l’), 163.0 (C-2’),

105.5 (C-3’), 164.1 (C-4’), 91.2 (C-5’), 161.5 (C-6’), 20.3 (Me-3), 32.5 (COMe-3’), 55.4 (OMe- 

4’), 206.0 (CO-3’).

Joziknipholone A (11)

Orange amorphous powder. !H NMR (CDC13, 600 MHz): 6H 7.29 (1H ,j , H-2), 7.24 (1H 

7.9Hz, H-5), 6.91 (1H, d, J =  8.0 Hz, H-6), 6.98 (1H, J, H-2’), 6.87 (IH, brd, H-5'), 7.33 (1H, I, 

.7=8.0 Hz, H-6’), 6.81 (1H, d , J =  8.2 Hz, H-7’), 5.96 (1H, s, H-10’), 6.12 (1H. s, H-5” ), 5.58 

(1H, i, H-5’” ), 2.13 (3H, 5, Me-3), 1.99 (3H, 5, Me-3’), 3.93 (3H, ,s, OMe-4” ), 3.73 (3H, 

OMe-4’” ), 2.62 (3H, j , COMe-3” ), 2.72 (3H, s, COMe-3’” ), 12.47 (OH-1), 11.95 (OH-8), 

12.60 (OH-1’), 12.21 (OH-8’), 14.07 (OH-2” ), 14.45 (OH-2’” ). I3C NMR (150 MHz): 8C 163.5 

(C-l), 126.0 (C-2), 153.3 (C-3), 126.2 (C-4), 120.3 (C-5), 136.4 (C-6), 139.0 (C-7), 159.1 (C-8),

193.3 (C-9), 182.7(C-10), 133.3 (C -ll), 116.1 (C-12), 115.7(C-13), 133.4(C-14), 163.6(C -l’),

115.7 (C-l’a), 118.8 (C-2’), 150.8 (C-3’), 121.7 (C-4’), 140.1 (C-4’a), 120.0 (C-5’), 137.4 (C- 

6’), 116.3 (C-7’), 163.2 (C-8’), 194.6 (C-9’), 37.5 (C-10’), 145.7 (C-l I ’), 114.7 (C-12’), 107.6 

(C-l” ), 163.9 (C-2” ), 106.5 (C-3” ), 163.5 (C-4” ), 91.0 (C-5” ), 160.0 (C-6” ), 105.6 (C -l” ’),

164.7 (C-2’” ), 106.9 (C-3’” ), 164.6 (C-4’” ), 90.2 (C-5’” ), 161.0 (C-6’” ), 21.2 (Me-3), 21.0
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(Me-3’), 56.2 (OMe-4” ), 56.2 (OMe-3’), 33.5 (COMe-3” ), 33.5 (COMe-3’” ), 204.1 (COMe- 

3”), 204.1 (COMe-3’” ).

Joziknipholone B (12)

Orange amorphous powder. 'H NMR (CDCI3, 600 MHz): SH 7.30 (1H, s, H-2), 7.24 (1H, d, J  = 

7.9 Hz, H-5), 6.90 (1H, d , J =  7.9 Hz, H-6), 6.97 (1H, s, H-2’), 6.92 (1H, brd, H-5’), 7.32 (111, r, 

2= 8.0 Hz, H-6’), 6.80 (1H, d, J  = 7.9 Hz, H-7’), 6.06 (1H, s, H-10’), 6.09 (1H, s, H-5” ), 5.57 

(1H, s, H-5’” ), 2.13 (3H, s, Me-3), 1.99 (3H, s, Me-3’), 3.92 (3H, s, OMe-4” ), 3.69 (3H, s, 

OMe-4’”), 2.63 (3H, s, COMe-3” ), 2.71 (3H, s, COMe-3’” ), 12.51 (OH-1), 12.01 (OH-8), 

12.58 (OH-1’), 12.23 (OH-8’), 14.11 (OH-2” ), 14.45 (OH-2’” ). IJC NMR (150 MHz): 8C 163.7 

(C-l), 125.9 (C-2), 153.4 (C-3), 126.1 (C-4), 120.4 (C-5), 136.1 (C-6), 139.6 (C-7), 159.1 (C-8),

193.3 (C-9), 182.5 (C-10), 133.2 (C-l 1), 115.9 (C-12), 115.7 (C-13), 133.2 (C-14), 163.6 (C -l’),

115.7 (C-l’a), 118.8 (C-2’), 151.0 (C-3’), 121.9 (C-4’), 142.9 (C-4’a), 119.9 (C-5’), 137.4 (C- 

6’), 116.2 (C-7’), 163.2 (C-8’), 194.6 (C-9’), 37.3 (C-10’), 147.1 (C-l 1 ’), 114.7 (C-12’), 107.6 

(C-l” ), 163.9 (C-2” ), 106.5 (C-3” ), 163.6 (C-4” ), 91.1 (C-5” ), 159.8 (C-6” ), 106.9 (C -l’” ),

164.7 (C-2’” ), 106.9 (C-3’” ), 164.5 (C-4’” ), 90.2 (C-5’” ), 160.9 (C-6’” ), 21.3 (Me-3), 21.1 

(Me-3’), 56.2 (OMe-4” ), 56.2 (OMe-3’), 33.5 (COMe-3” ), 33.5 (COMe-3’” ), 204.3 (COMe- 

3” ), 204.1 (COMe-3’” ).

Jozi-joziknipholone anthrone (13)

Yellow amorphous solid. 'H  NMR (acetone-d6, 500 MHz): SH 6.36 (1H. H-2), 5.88 (I II, cl../ =

7.8 Hz, H-5), 6.39 (1H, d , J =  8.0 Hz, H-6), 4.48 (lH ,s, H-10), 6.88 (lH ,s , H-2’), 7.41 (1H, d .J  

= 7.6 Hz, H-5’), 7.78 (1H, t, 7 = 8 .0  Hz, H-6’), 6.99 (1H, d, J  = 8.2 Hz, H-7’), 6.27 (1H. s, H-
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10’), 5.98 (1H, s,H-5” ), 5.05 (1H, i, H-5’” ), 1.74 (3H, *, Me-3), 1.99 (3H, *, Me-3’), 3.88 (3H. 

j, OMe-4” ), 2.99 (3H, i, OMe-4’” ), 2.62 (3H, COMe-3” ), 2.53 (3H, i, COMe-3’” ), 11.99

(OH-1), 10.71 (OH-8), 12.66 (OH-1’), 12.42 (OH-8’), 14.03 (OH-2” ), 14.44 (OH-2’” ), 9.1 

(OH-6”), 7.3 (OH-6’” ). I3C NMR (Acetone-do, 125 MHz): 5C 162.8 (C-l), 116.4 (C-la), 118.3 

(C-2), 149.4 (C-3), 125.2 (C-4), 141.4 (C-4a), 122.7 (C-5), 146.5 (C-5a), 133.5 (C-6), 133.4 (C-

7), 159.5 (C-8), 117.7 (C-8a), 193.4 (C-9), 53.0 (C-10), 164.1 (C -l’), 116.7 (C -l’a), 118.6 (C- 

2’), 151.7 (C-3’), 125.2 (C-4’), 148.1 (C-4’a), 122.4 (C-5’), 148.7 (C-5’a), 138.4 (C-6’), 116.8 

(C-7’), 164.0 (C-8’), 115.5 (C-8’a), 196.1 (C-9’), 38.8 (C-10’), 106.4 (C -l” ), 166.7 (C-2” ), 

106.9(C-3” ), 164.5 (C-4” ), 92.1 (C-5” ), 162.5 (C-6” ), 107.4 (C -l’” ), 164.9 (C-2’” ), 106.9(C- 

3’”), 164.3 (C-4’” ), 91.5 (C-5’” ), 164.5 (C-6’” ), 21.6 (Me-3), 21.7 (Me-3’), 56.4 (OMe-4” ), 

55.9 (OMe-4’” ), 33.8 (COMe-3” ), 33.7 (COMe-3’” ), 204.1 (COMe-3” /COMe-3’” ), 204.1 

(COMe-3’” /COMe-3 ’ ’).

3,4-dihydroxybenzoic acid (14)

Dark yellow amorphous solid. *H NMR (acetone-d6, 300 MHz): 5H 7.53 (1H, </, J=  2.1 Hz, H- 

2), 6.90 (1H, d , J =  8.4 Hz, H-5), 7.48 (1H, d d ,J=  8.1, 2.1 Hz, H-6). ,3C NMR (300 MHz): 5C

146.2 (C-l), 118.2 (C-2), 160.1 (C-3), 151.4 (C-4), 116.4 (C-5), 124.2 (C-6), 165.6 (COOH). 

This compound was isolated as a mixure with compound 8.
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4.6 Preparation of derivatives

4.6.1 Hydrolysis of Geshoidin (6)

50 mg of geshoidin (6) was placed in a round bottomed flask containing 10ml of MeOH/H2SO.j 

(3N) and the mixture was refluxed for 10 h. After evaporating the methanol, 2 ml of cold water 

was added and the precipitate was extracted using dichloromethane. The extracted sample was 

found to be similar (co-TLC) to the aglycone P-sorigenin (5).

4.7Antiplasmodia! test

This test was performed by Mr. Hoseah Akala of the United States Army Medical Research 

Unit- Kenya, Walter Reed project, Kisumu.

102



REFERENCES

Abegaz. B.; Ngadjui, B. T.; Bezabih, M. and Mdee, L. K. (1999): Novel natural products from 

marketed plants of eastern and southern Africa. Pure and Appied Chemistry 71, p.919.

Abegaz. B. and Dagne, E. (1988): Anthracene derivatives from Rhamnus Prinoides. Bulletin of 

chemical society o f  Ethiopia 2, p. 15.

Abegaz, B. and Kebede, T. (1995): Geshoidin: A bitter principle of Rhamnus prinoides and other 

constituents of the leaves. Bulletin o f  Chemical society o f  Ethiopia 9, p. 107.

Abegaz, B. and Peter, M. G. (1995): Emodin and emodinanthrone Rhamnoside acetates from 

fruits of Rhamnus prinoides. Phytochemistry 39, p. 1411.

Abou-Chaar, C. I. and Shamlian, S. N. (1980): A chromatographic study of the anthraquinones 

of Rhamnus Alaternus L. I.: Extraction, isolation and identification of the aglycons. 

Quarterly Journal o f  crude drug research 18, p.49.

Achieng’, I. (2009): Antiplasmodial anthraquinones and benzaldehyde derivatives from the roots 

of Kniphofia thomsonii. MSc dissertation, University of Nairobi.

Adzet, T. and Camarasa, J. (1996) “Pharmacokinetics of polyphenolic compounds" In Herbs, 

speices and medicinal plants Recent advances in botany, horticulture and pharmacology 

(Craker, L. E. and Simon, J. E. editors). Food products press, New York, p.41.

Africa malaria report (2003): World Health Organisation/UNICEF, Switzerland

http://www.rollbackmalaria.org/amd2003/amr2003/pdf/amr2Q03.pdf

103

http://www.rollbackmalaria.org/amd2003/amr2003/pdf/amr2Q03.pdf


(accessed 13.09.2009)

Agrawal, P. K.; Thakur, R. and Bansal, M. C. (1989): “Flavanoids” In Carbon-13 NMR of 

flavanoids (Agrawal, P. K. editor). Elsevier science publication, USA, p. 151.

Agarwal, S. K.; Singh, S. S.; Verma, S. and Kumar, S. (2000): Antifungal activity of 

anthraquinone derivatives from Rheum emodi. Journal o f  Ethnopharmacology 72, p.43.

Alemayehu, G.; Hailu, A. and Abegaz, B. M. (1996): Bianthraquinones from Senna 

didymobotrya. Phytochemistry 42, p.1423.

Ammar, R. B.; Kilani, S.; Bouhlel, I.; Ezzi, L.; Skandrani, I.; Boubaker, J.; Sghaier, M. B.; 

Naffeti, A.M.; Chekir-Ghedira, L. and Ghedira, K. (2008): Antiproliferative, antioxidant 

and antimutagenic activities of flavanoid-enriched extracts from (Tunisian) Rhamnus 

alaternus L.\ Combination with the phytochemical composition. Drug and chemical 

toxicology 31, p.61.

Anisko, T. (2008): When perennials bloom: An Almanac for planning and planting. Timber 

press Inc, China, p. 280.

Anon (1931): The Herbalist. Hammond book company, Indiana, p. 400.

Armitage, A. M. (2000): Armitage’s garden perennials: a colour encyclopedia. Timber press 

inc., USA, p. 157.

Beentje, H. (1994): Kenya trees, shrubs and lianas. National Museums o f  Kenya, Nairobi.

Belkin, M. and Fitzgerald, D. B. (1952): Tumor-damaging capacity of plant materials: plant used 

as cathartics. Journal o f Natural cancer institute 13, p. 139.
104



Berhanu, E. and Dagne, E. (1984): Aloe-emodin acetate, an anthraquinone derivative from 

leaves of Kniphofia foliosa. Plant a medica 50. p.523.

Berhanu, E.; Dagne, E. and Steglich, E. (1985): Knipholone A new bisanthraquinone from the 

rhizomes of Kniphofia species Abstr. Intemat res cong Nat Prod Coll Pharm Univ N. 

Carolina Chapel Hill NC July 7-12 1985 (1985) pp. Abstr-205 information coded from an 

abstract.

Berhanu, E.; Fetene, M. and Dagne, E. (1986): Anthraquinones as taxonomic markers in 

Ethiopian Kniphofia species. Phytochemistry 37, p.525.

Bezabih, M. and Abegaz, B. M. (1998): Glucofrangulin A diacetate from the fruits of Rhamnus 

prinoides. Bulletin o f  chemical society o f  Ethiopia 12, p.45.

Bloland, P. B. (2001): Drug resistance in malaria. WHO, Switzerland, p.l.

Bloland. P. B. and Williams, H. A. (2003): Malaria control during mass population movements 

and natural disasters. National academic press, USA, p.29.

Bosch, C. H. (2008): Medicinal plants 1; plant resources of tropical Africa 11 (Schmeizer, G. H. 

and Gurib-Fakim, A. editors). Backhuys publishers/ CTA, Netherlands, p.359.

Bringmann, G.; Kraus, J.; Menche, D. and Messer K. (1999): Elucidation of the absolute 

configuration o f Knipholone and Knipholone anthrone by quantum Chemical CD 

calculation. Tetrahedron, 55, p.7563.

105



Bringmann. G.; Maksimenka, K.; Mutanyatta-Comar, J.; Knauer, M. and Bruhn, T. (2007): The 

absolute axial configurations of knipholone and knipholone anthrone by TDDFT and 

DFT/MRCI CD calculation: a revision. Tetrahedron 63, p.9810.

Bringmann, G.; Mutanyatta-Comar, J.; Knauer, M. and Abegaz, B. M. (2008a): Knipholone and 

related 4-phenylanthraquinones: structurally, pharmacologically, and biosynthetically 

remarkable natural products. Natural Product Reports, 25, p.696.

Bringmann, G.; Mutanyatta-Comar, J.; Maksimenka, K.; Wanjohi, J. M.; Heydenreich, M.; 

Brun, R.; Muller, W. E. G.; Peter, M. G.; Midiwo, J. O. and Yenesew, A. (2008b): 

Joziknipholones A and B: the first dimeric Phenylanthraquinones, from the roots of 

Bulbine frutescens. Chemistry a European Journal 14, p. 1420.

Butler, D. (2009): On the verge. Nature collections malaria, p. 1.

Casteel, D. A., (2003): “Antimalarial agents” In Burger’s medicinal chemistry and drug 

discovery (Abraham, D. J. editor). John Wiley and Sons, New Jersey, p.919.

Center for disease control and prevention (2009):

http://www.dDd.cdc.gov/dpdx/html/imagelibrarv/malaria il.htm (accessed on 

08.06.2010)

Chauhan, V. S. and Bhardwaj, D. (2003): “Current status of malaria vaccine development” In 

Biotechnology in India (Ghosh, P. editor). Springer-Verlag, Berlin, p.143.

Chhabra, S. C. and Uiso, F. C. (1991): Antibacterial activity of some Tanzanian plants used in 

traditional medicine. Fitoterapia 62, p.499.

106

http://www.dDd.cdc.gov/dpdx/html/imagelibrarv/malaria_il.htm


( hhabra. S. C.; Mahunnah, R. L. A. and Mshiu, E. N. (1991): Plants used in traditional 

medicine in Eastern Tanzania V Angiosperms (Passifloraceae to Sapindaceae). Journal of 

Ethnopharmacology 33, p. 143.

Coskun, M.; Satake, T.; Hori, K.; Saiki, Y. and Tanker, M. (1990): Anthraquinone glycosides 

from Rhamnus libanoticus. Phytochemistry 29, p.2018.

Cseke, L.J.; Kirakosyan, A.; Kaufman, P.B.; Warber, S.L.; Duke, J.A. and Brielmann, 

H.L.(2006): Natural products from plants. CRCpress, USA, p.482.

Cumming, A. M. and Thomson, R. H. (1970): Anthraquinones in Maesopsis eminii. 

Phytochemistry 9, p.2399.

Dafni, A.; Yaniv, Z. and Palevitch, D. (1984): Ethnobotanical survey of medicinal plants in 

Northern Israel. Journal o f  Ethnopharmacology 10, p.295.

Dagne, A.; Berhanu, E. and Steglich, W. (1987): New bianthraquinone pigments from Kniphofia 

species. Bulletin o f  chemical society o f  Ethiopia 1, p.32.

Dagne, E. and Steglich, W. (1984): Knipholone: A unique anthraquinone derivative from 

Kniphofia foliosa. Phytochemistry 23, p. 1729.

Dagne, E. and Yenesew, A. (1994): Anthraquinones and chemotaxonomy of the Asphodelaceae. 

Pure and Applied. Chemistry. 66, p.2395.

Dagne, E. and Yenesew, A. (1993): Knipholone anthrone from Kniphofia foliosa. 

Phytochemistry 34, p. 1440.

107



D e r e s e ,  S. (2004): Antiplasmodial flavanoids from some Kenyan Papiniodeae species. PhD 

dissertation, University o f Nairobi.

D e s t a ,  B. (1994): Ethiopian traditional herbal drugs part III: Anti-fertility activity of 70 

medicinal plants. Journal o f  Ethnopharmacology 44, p. 199

Desta, B. (1995): Ethiopian traditional herbal drugs, part 1 Studies on the toxicology and 

therapeutic activity of local taenicidal medications. Journal o f  Ethnopharmacology 45, 

p.27.

Dewick. P. M. (2002): Medicinal natural products: A biosynthetic approach. John xviley & Sons 

Ltd, England, p.35.

Dharani, N. (2002): Field guide to common trees and shrubs of East Africa. Struik publishers, 

Cape Town, p. 21.

Dick, J. and Parrish, N. M. (2007): “Microbiology tools for the epidemiologist” In Infectious 

disease epidemiology Theory and Practice (edited by Nelson, K. E. and Williams, C. M.). 

Jones and Bartlett publishers, p. 257.

Dictionary of Natural products (2009).

Droop, S. Y. M. (2001): The European garden flora pteridophyta; gymnospermea; 

Angiospermae- Alismataceae to Iridaceae (Walters, S. M. editor). Cambridge University 

press, UK, p. 144.

108



Edwards, S. B. (1991): “Crops with wild relatives found in Ethiopia” In Plant genetic resources 

in Ethiopia (Engels, J. M. M.; Hawkes, J. G. and Worede, M. editors). Cambridge 

University press, USA, p. 65.

Evans, W.C. (1996): Trease and Evans pharmacognosy. Elsevier Ltd, China, p.28.

Fairbairn, J. W. and El-Muhtadi, F. J. (1972): Chemotaxonomy of anthraquinones in Rumex. 

Phytochemistry 11, p.263.

Faust, E. C.; Russell, P. F. and Jung, R. C. (1970): Craig and Faust’s clinical parasitology. 

Henry Kimpton, London, p. 189.

Fujioka. H. and Aikawa, M. (2002): “Structure and life cycle” In Malaria immunology (ed. by 

Perlmann, P. and Wigzell, H. Reinhardt Druck). Basel Ltd, Switzerland, p. 1.

(»akunju, D. M. N.; Mberu, E. K.; Dossaji, S. F.; Gray, A. I.; Waigh, R. D.; Waterman, P. G. 

and Watkins, W. M. (1995): Potent antimalarial activity of the alkaloid Nitidine isolated 

from the Kenyan herbal remedy. Antimicrobial agents chemotherapy 39, p.2606.

Goldsmith, R.S. (1983): “Current medical diagnosis and treatment” In Infectious diseases- 

protozoal. Lange medical publication Drawer L, California p.872.

Gregson, A. and Plowe, C. V. (2005): Mechanism of resistence of malaria parasites to 

antifolates. Pharmacological reviews 57, p. 117.

Habtemariam, Solomon (2007): Antioxidant activity of Knipholone anthrone. Food chemistry 

102, p.1042.

109



Hao, N.J., Huang, M.P. and Lee, H. (1995): Structure- activity relationship of anthraquinones as 

inhibitors of 7-ethoxycoumarin O- deethylase and mutagenicity of 2-amino-3- 

methylimidazole [4,5-/] quinoline. Mutation research 328. p. 183.

Harborne, J. B.; Baxter, H. and Moss, G. P. (1999): Phytochemical dictionary: A handbook of 

bioactive compounds from plants. Taylor and Francis Ltd., UK, p. 536.

Harvey, R. A.; Champe, P. C.; Finkel, R.; Cubeddu, L. X. and Clark, M. A. (2009): 

Pharmacology. Lippincott Williams and Wilkins, China, p. 422.

ICMR bulletin (2008): Epidemology of drug resistant falciparum  malaria with special reference 

to Orrisa. Indian council o f  medical research 38, p. 21.

Ito, K. and Ota, N. (1951): Effects of vegetable drugs on pathogenic fungi. 1. Effects of 

anthraquinone glycoside containing crude drugs upon the growth of pathogenic fungi. 

Bulletin pharmaceutical Research institute Japan 2, p.23.

Johnson, D. and Johnson, S. (2002): Down to Earth: gardening with indigenous trees. Struik 

publishers, South Africa, p. 86.

Jussien, A. L. de (2004) “Asphodelaceae” In Plant systematic: An integrated approach (Singh, 

G. editor). Science publishers, Inc, USA, p. 357.

Khalifa, T. I.; El-Dondity, S. E. and Muhammed, A. I. (2001): Phytochemical investigation of 

Rhamnus lycioides L. leaves growing in Egypt. Al-Azhar Journal o f  Pharmaceutical 

Science 2001, p.215.

110



K itu a . A. Y. and Malebo, H. M. (2004): “Malaria control in Africa and the role of traditional 

medicine” In Traditional medicinal plants and malaria (edited by Willcox, M.; Gerard, B. 

and Philippe, R.). CRCpress LLC, USA, p. 1.

klayman, D. L. (1985): Qinghaosu (artemisinin): an antimalarial drug from China. Science 228, 

p. 1049.

koch. A.; Tamez, P.; Pezzuto, J. M. and Soejarto, D. D. (2005): Evaluation of plants used for 

antimalarial treatment by the Maasai of Kenya. Journal o f  Ethnopharmacology 101, p.95.

Kokwaro, J. O. (1993): Medicinal plants o f East Africa. Kenya Literature Bureau, Nairobi, p. 

197.

Kristen, K. (2001): Gardening with Keith Kristen. Struikpublishers, South Africa, p. 76.

Kupchan, S. M. and Karim, A. (1976): Tumor inhibitors Aloe Emodin: Antileukemic principles 

isolated from Rhamnus frangula. Lloydia 39, p.223.

Kuria, K. M. A.; Muriuki, G.Masengo, W.; Kibwage, I.; Hoogmartens, J. and Laekeman, G. M. 

(2001): Antimalaria activity of Ajuga Remota Benth (Labiatae) and Caesalpinia volkensii 

harms (Caesalpiniaceae): In vitro confirmation of ethnopharmacological use. Journal o f  

Ethnopharmacology 74, p. 141.

Lemke, T. L. (2002): “Antiparasitic agents” In Foye’s principles o f medicinal chemistry (edited 

by Williams, D. A. and Lemke, T. L.). Lippincott Williams and Wilkins, USA, p. 867.

Leu, Y-L.; Hwang, T-L.; hu, J-W.; and Fang, J-Y. (2008): Anthraquinones from Polygonum 

cuspidatum as tyrosinase inhibitors for dermal use. Phytotherapy Research 22, p.552.

I l l



Libster. M. (2002): Delmar’s integrative herb guide for nurses. Delmer: A division o f  Thomson 

learning inc., USA, p. 459.

Lio C-N.; Chung, M.-I. and Lu, C.-M. (1990): Anthraquinones from Rhamnus formosuna. 

Phytochemistry, 29, p. 3903.

Lin. C-N.; Chung, M.I., Honggan, K. and Lu, C-M. (1991): Flavonol and anthraquinone 

glycosides from Rhamnus formosana. Phytochemistry 33, p.3103.

Lin, C-N.; Lu, C-M.;Lin, H-C.; Ko, F-N. and Teng, C-M. (1995): Novel antiplatelet naphthalene 

from Rhamnus nakaharai. Journal o f  Natural product 58, p. 1934.

Llamas, K. A. (2003): Tropical flowering plants: A guide to identification and cultivation. 

Timber press, USA, p. 124.

Lokar, L. C. and Poldini, L. (1988): Herbal remedies in the traditional medicine of the Venezia 

Giulia region (North East Italy). Journal o f  Ethnopharmacology 22, p.231.

Mai, L. P.; Gueritte, F.; Dumontet, V.; Tri, M. V.; Hill, B.; Thoison, O.; Guenard, D. and 

Sevenet, T. (2001): Cytotoxicity of Rhamnosyl anthraquinone and Rhamnosyl anthrones 

from Rhamnus nepalensis. Journal o f  Natural product 64, p.l 162.

Maher, B. (2009): The end of the beginning. Nature collections malaria, p.2.

Malaney, P.; Spielman, A. and Sachs, J. (2004): The malaria gap. The American Journal o f  

Tropical medicine and Hygiene, 71 (Suppl 2), p.l 41.

Marinez-Lirola, M. J.; Gonzalez-Yejero, M. R. and Molero-Mesa, J. (1996): Ethnobotanical 

resources in the province of Almeria, Spain: Camos De Nijar. Economic Botany 50, p.40.

112



Medan. D. and Schirarend, C. (2004): “Rhamnaceae” In The families and genera of vascular 

plants; flowering plants, dicotyledons: Celastrales, Oxalidales, Rosales, Comales, 

Ericales (Kubitzki, K. editor). Springer-Verlag Berlin Heidelberg, Germany, p. 320.

Mendis, K.; Sina, B. J.; Marchesini, P. and Carter, R. (2001): The neglected burden of 

Plasmodium vivax malaria. The American journal o f tropical medicine and hygiene 64, 

p.97.

Moerman, D. E. (2004): Native American ethnobotany. Timber press Inc, Hong Kong, p. 469.

.Miller, P.L. (1973): Phytochemistry The process and products o f photosynthesis. Van Nostrand 

Reinhold Company, New York, p.334.

Mishchenko, N. P.; Stepanenko, L. S.; Krivoshchekova, O. E. and Maksimov, 0. B. (1980): 

Anthraquinones of the lichen Asahinea chrysantha. Chemistry o f  Natural compounds 16, 

p.117.

Mitscher, L. A. (2007): “Traditional medicines” In Comprehensive medicinal chemistry II 

global perspective (Kennewell, P. D. editor). Elsevier Ltd., Spain, p. 406.

Muraleedharan, K. M. and Avery, M. A. (2007): “Advances in the discovery of new 

antimalarials” In Comprehensive medicinal chemistry II (Taylor, J. B. and Higgle, D. J. 

editors). Elsevier Ltd., Spain, p. 777.

Muregi, F.W.; Chhabra, S.C.; Njagi, E.N.M.; Lang’at-Thoruwa, C. C.; Njue, W. M.; Orago, A. 

S. S.; Omar, S. A. and Ndiege, I. O. (2003): In vitro antiplasmodial activity of some

113



plants used in Kissi, Kenya against malaria and their chloroquine potentiation effects. 

Journal o f Ethnopharmacology. 84, p.235.

Muregi, F. W.; Ishih, A., Miyase, T., Suzuki, T., Kino, H., Amano, T., Mkoji, G. M. and Terada, 

M. (2007): Antimalarial activity o f methanolic extracts from plants used in Kenyan 

ethnomedicine and their interactions with chloroquine (CQ) against a CQ-tolerant rodent 

parasite, in mice. Journal o f  Ethnopharmacology 111, p. 190.

Mwangi. P. W. (2005): Rhamnus prinoides; A single-blind randomized crossover trial. MSc 

dissertation, University of Nairobi.

Neal, M. J. (2009): Medical pharmacology at a glance. Blackwell publishing, Singapore, p. 92.

Njoroge, G. N. and Bussmann, R. W. (2006): Diversity and utilization of antimalarials 

ethnophytotherapeutic remedies among the Kikuyus (Central Kenya). Journal o f 

Ethnobiology and Ethnomedicine, 2, p.8.

Ochong’, E. O.; Van Den broek, I. V. F.; keus, K. and Nzila, A. (2003): Short report: 

Association between chloroquine and amodiaquine resistance and allelic variation in the 

Plasmodium falciparum  1 gene and the chloroquine resistance transporter gene in isolates 

from the upper Nile in southern Sudan. American Journal o f  tropical medicine and 

hygiene 69, p. 184.

Ortiz de Montellano, B. (1975): Empirical Aztec medicine. Science, 188, p.215.

Ozipek, M.; £ali, I.; Ertan, M. and RUedi,P. (1994): Rhamnetin 3-/?-coumaroylrhamninoside 

from Rhamnus petiolaris. Phytochemistry, 37, p.249.

114



Pige. L. (1999): Detoxification: all you need to know to recharge, renew and rejuvenate your 

body, mind and spirit. Healthy healing publications, California, p. 188.

Pepalla. S. B.; Jammula, S. R.; Telikepalli, H.; Bhattiprolu, K. R. and Jagannadha Rao, K. V. 

(1991): A naphthalene glucoside lactone from Rhamnus wightii. Phytochemistry 30, 

p.4193.

Philips, M. and Carillet, J. (2006): Ethiopia and Eritrea, www.lonelyplanet.com. p. 183.

Preston, R. J. Jr. and Braham, R. R. (2002): North American trees. Iowa state press, USA, p. 

386.

Ramdhani, Syd (2006): Evolutionary and Biogeographic Studies in the genus Kniphofia 

Moench (Asphodelaceae). PhD Dissertation, Rhodes University.

Rana, T. S. and Datt, B. (1997): Ethnobotanical observation among Jaunsaris of Jaunsar-Bawar, 

Dehra Dun (J. P.) India. International Journal o f  Pharmacognosy 35, p.371.

Rang, H. P.; Dale, M. M.; Ritter, J. M. and Flower, R. J. (2007): Rang and Dale’s pharmacology. 

Elsevier Ltd., China, p.702.

Riess-Maurer, I and Wagner, H. (1982): Structure and synthesis of flavonoid trisides from 

Rhamnus species. Tetrahedron 38, p. 1269.

Rosenthal, P. J. (2009): “Antiprotozoal drugs” In Basic and clinical pharmacology (Katzung, B. 

G.; Masters, S. B. and Trevor, A. J. editors). Me Grawhill companies, Inc. p. 901.

Saad, B.; Azaizeh, H. and Said, O. (2008): “Arab herbal medicine” In Botanical medicine in 

clinical practice. CAB international, UK, p. 36.
115

http://www.lonelyplanet.com


Sachs. J. and Malaney, P. (2002): The economic and social burden of malaria. Nature 415,

p.680.

Schmidt. E.; Lotter, M. and Me Cleland, W. (2002): Trees and shrubs of Mpumalanga and 

Kruger national park. Jacana, South Africa, p. 380.

Scholar, E. M. and Pratt, W. B. (2000): The antimicrobial drugs. Oxford university press, USA, 

p. 375.

Sherman, I. W. (1998): “A brief history o f malaria and discovery o f the parasite life cycle” In 

Malaria: Parasite biology, pathogenesis and protection. (Edited by Sherman, I. W.) 

American society fo r  microbiology press, Washington D.C., p. 4.

Silva, O.; Barbosa, S.; Diniz, A.; Valdeira, M. L. and Gomes, E. (1997): Plant extracts antiviral 

activity against Herpes Simplex virus type 1 and African swine fever virus. International 

Journal o f Pharmacognosy 35, p. 12.

Small. E. and Catling, P. M. (1999): Canadian medicinal crops. National research council o f  

Canada, Canada, p. 129.

Smith, G. F. and Van Wyk, B-E. (1998): “Asphodelaceae” In The families and genera of 

vascular plants: Flowering plants, Monocotyledons: Lilianae (except Orchidaceae)’’ 

(Kubitzki, K. editor). Springer-Verlag, Germany, p. 130.

Spiridonov, N. A. (2008): “Russian medicinal plants in treatment of cancer” In Botanical 

medicine in clinical practice. CAB international, UK, p. 423.

116



Stargrove, M. B.; Treasure, J. and Me kee, D. L. (2008): Herb, nutrient and drug interaction: 

clinical implication and therapeutic strategies. Mosby Elsevier, USA, p. 17.

Trigg. P. I. and Kondrachine, A.V. (1998): The current global malaria situation in Malaria: 

parasite biology, pathogenesis and protection (Sherman, I. W. editor). American society 

for microbiology press, Washington D.C., p. 11.

Tucakov, J. (1978): Ethnophytotherapy of diabeties. SRP ARH CELOK LEK 106, p. 159.

Vaidya, A. B. (2005): “The Mitochondrion” In Molecular approach to malaria. (Sherman, I. W. 

editor), ASM press, Washington D. C., p. 246.

Valesi, A.G.; Rodriguez, E.; vander velde, G. and Mabry, T.J. (1972): Methylated llavonols 

from Larrea cuneifolia. Phytochemistry 11, p.2821.

Van Puyvelde, L.; Geysen, D.; Ayobangira, F. X.; Hakizamungu, E.; Nshimiyimana, A. and 

Kalisa, A. (1985): Screening of medicinal plants of Rwanda for acaricidal activity. 

Journal o f Ethnopharmacology 13, p.209.

\ an Rheede Van Oudtshoom, M. C. B. (1964): Chemotaxonomic investigations in 

Asphodelaceae and Aloineae (Liliacea). Phytochemistry 3, p.383.

Van Wyk, B.; Yenesew, A. and Dagne E. (1995): Chemotaxonomic significance of 

Anthraquinones in the roots of Asphodeloideae (Asphodelaceae). Biochemical Systematic 

and Ecology 23, p.277.

Wall, M. E.; Wani, M. C.; Hughes, T. J. and Taylor, J. (1988): Plant antimutagenic agents, 1 

General bioassay and isolation procedures. Journal o f Natural product 51, p.866.

117



Waller. D. G.; Renwick, A. G. and Hillier, K. (2005): Medicinal pharmacology and therapeutics. 

Elsevier Ltd., Spain, p. 608.

Wanjohi. J. M. (2006): Antiplasmodial anthracene derivatives from some Kenyan Aloe and 

Bulbine species. PhD dissertation, University of Nairobi.

Whitehouse, C. (2002): Asphodelaceae” In Flora of tropical East Africa (Beentje, H. J. and 

Smith, S. A. L. editors). A. A. Balkema publishers, Neatherlands, p. 1.

World malaria report (2005): World Health Organisation and UNICEF, Switzerland 

http://www.rollbackmalaria.org/wmr2005/pdf/WMReport lr.pdf- (accessed 13.09.2009)

World malaria report (2009), World Health Organisation, Switzerland 

http://www.int/malaria/world malaria report 2009 (accessed 31.12.2009)

Wube, A.A.; Bucar, F.; Asres, K.; Gibbons, S.; Adams, M.; Streit, B.; Bodensieck, A. and 

Bauer,R. (2006): Knipholone, a selective inhibitor of leukotriene metabolism. 

Phytomedicine, 13, p.452.

Wube, A.A.; Bucar, F.; Asres, K.; Gibbons,S.; Rattray, L. and Croft, S. L. (2005): Antimalarial 

compounds from Kniphofia foliosa roots. Phytotherapy Research, 19, p.472.

 ̂ang, X. (2003): Encyclopedia references o f traditional Chinese medicine: a manual from A-Z 

symptoms, therapy and herbal remedies. Springer- Verlag, Germany, p. 129.

Venesew, A.; Dagne, E.; Muller, M. and Steglich, W. (1994): An anthrone, an anthraquinone 

and two oxanthrones from Kniphofia foliosa. Phytochemistry 37. p.525.

118

http://www.rollbackmalaria.org/wmr2005/pdf/WMReport_lr.pdf-
http://www.int/malaria/world_malaria_report_2009


Yenesew. A.; Wondimu, A. and Dagne,E. (1988): A comparative study of Anthraquinones in 

Rhizomes of Kniphofia species. Biochemical Systematics and Ecology 16. p.157.

Yineger. H.; Kelbessa, E.; Bekele, T. and Lulekal, E. (2008): Plants used in traditional 

management o f human ailments at Bale mountains national park, Southern Ethiopia. 

Journal o f medicinal plants research 2, p. 132.

Yoshida. S.; Tazaki, K. and Minamikawa, T. (1975): Occurrence of shikimic and quinic acids in 

angiosperms. Phytochemistry 14, p. 195.

Zevin. I. V.; Altman, N. and Zevin, L. V. (1997): A Russian herbal traditional remedies for 

health and healing. Healing arts, press, Canada, p. 42.

119



SPECTRA FOR COMPOUND 2

120



SMR SPECTRUM o r  COMPOUND 2 (SOLVLNI: A L t l u i N t -06 ; u u  MHZ)
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HNMR spectrum OF COMPOUND 2 (SOLVENT: ACETONE-d6 200 MHz)
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‘|| NMR SPECTRUM FOR COMPOUND 3 (SOLVENT: ACETONE-4, 200 MHz)
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HNMRSPECTRUM FOR COMPOUND 4 (SOI V f: ACETONE  ̂2OOMH3
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'H NMR SPECTRUM FOR COMPOUND 5 (SOLVENT: ACETONE-d6, 600 MHz)
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'H NMR SPECTRUM FOR COMPOUND 5 (SOLVENT: ACETONE-d6, 600 MHz)
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HMQC SPECTRUM COMPOUND 5 (SOLVENT: ACETONE-^, 600 MHz)

131

t



.52 
7.50 

7.48 
7.46 

7.44 
7.42 

7.40 
7.38

HMQC SPECTRUM OF COMPOUND 5 (SOLVENT: ACETONE-d6, 600 MHz

132



HMBC SPECTRUM COMPOUND 5 (SOLVENT: ACETONE-d6, 600 MHz)
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hmbc spectrum  FOR COMPOUND 5 (SOLVENT: ACETONE-d6. 600 MHz)
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MBC SPECTRUM FOR COMPOUND 5 (SOLVENT: ACETONE-d*, 600 MHz)
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SPECTRA FOR COMPOUND 6
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1H NMR SPECTRUM FOR COMPOUND 6 (SOLVENT: DMSO 600 MHz)
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'H NMR SPECTRUM FOR COMPOUND 6 (SOLVENT: DMSO 600 MHz)
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'H NMR SPECTRUM FOR COMPOUND 6 (SOLVENT: DMSO 600 MHz)
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!H NMR SPECTRUM FOR COMPOUND 6 (SOLVENT: DMSO 600 MHz)
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SPECTRA FOR COMPOUND 7
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SMR SPECTRUM OF COMPOUND 7 (SOLVENT: CDClj 200 MHz)
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hnmr spectrum  FOR COMPOUND 7 (SOLVENT: ACETONE-d6 + CDC'b 600MHz)
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H NMR SPECTRUM FOR COMPOUND 8 (SOLVENT: ACETONE-4 500 MHz)
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C NMR SPECTRUM FOR COMPOUND 8 (SOLVENT: ACETONE-d6 125 MHz)
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HMQC SPECTRUM FOR COMPOUND 8 (SOLVENT: ACETONE-^ 500 MHz)
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HMBC SPECTRUM FOR COMPOUND 8 (SOLVENT: ACETONE-4* 500 MH/>
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NOESY SPECTRUM FOR COMPOUND 8 (SOLVENT: ACETONE-d,, 500 MHz)
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'H NMR SPECTRUM FOR COMPOUND 11 (SOLVENT: CDCI3 500 MHz)
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,3C NMR SPECTRUM FOR COMPOUND 11 (CDC13 125 MHZ)
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SPECTRA FOR COMPOUND 12
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I3C NMR SPECTRUM FOR COMPOUND 12 (SOLVENT: CDCIj 125 MHz)
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'H NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-4 500 MHz)
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'H NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d<, 500 Mllz)
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'H NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d6 500 MHz)
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l3C NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d6 125 MHz)
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I3C NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d* 125 Mllz)
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I3C NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d* 125 Mllz)
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13C NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d* 125 MHz)
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I3C NMR SPECTRUM FOR COMPOUND 13 (SOLVENT: ACETONE-d6 125 MHz)
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HMQC SPECTRUM FOR COMPOUND 13
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NOESY SPECTRUM FOR COMPOUND 13
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