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PREFACE

The laboratory work described in this thesis was carried out between May 1998 and June
2001, and was part of a collaborative research agreement between the Pharmacology
Division of the Department of Medicine at the Faculty of Health Sciences, of the
University of Cape Town, South Africa, and the Department of Natural Products at the
Faculty of Pharmacy, of the University of Barcelona, Spain. The isoquinoline alkaloids
from Cyrtanthus sanguineus and Cyrtanthus obliguus were isolated, and investigated for
cytotoxicity and acetylcholinesterase inhibitory activity. Both plants belong to the
Amaryllidaceae family and are widely used in traditional medicine in Southern Africa.
Most of the structural elucidation experiments were performed at the University of
Barcelona, in the Dept. of Natural Products, during my two visits to that department, from

February to March 1999, and in September 2000.

This thesis has been divided into six chapters. Chapter 1 provides an introduction to the
traditional medicine system of South Africa, followed by Chapter 2, which gives a
background to the Amaryllidaceae family of plants, and reviews the literature on the
isoquinoline alkaloids isolated from the Amaryllidaceae to date. Chapter 3 details the
structural elucidation of the alkaloids from Cyrianthus sanguineus and Cyrianthus
obliquus, including the interesting alkaloid, 1lo-hydroxygalanthamine and the novel
dinitrogenous alkaloid, obliquine. This chapter also covers the cytotoxicity screening
performed on the isolated alkaloids, together with a discussion of the known biological and
pharmacological activities of the alkaloids isolated in this investigation that have been
previously isolated from other Amaryllidaceae species. Chapter 4 gives background
information on galanthamine and its role in Alzheimer's disease therapy, and then details
the investigation of the acetylcholinesterase inhibitory activity of llo-
hydroxygalanthamine. Full methodological details of all the experimental work are
presented in Chapter 5, with the nuclear magnetic resonance spectra for all the alkaloids
provided in Appendix 1. Chapter 6 provides a summary of the investigation and

conclusions, together with suggestions for possible further research.
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ABSTRACT

The plants of the family Amaryllidaceae are widely distributed in Southern Africa and
many have been used for centuries in the traditional medicine of the indigenous people of
the region. As a result of their exploitation in traditional medicine, these plants have
recently become the focus of pharmacological investigations, which have revealed that
while many of them may be of pharmacological value, several of the plants are also highly
toxic. This toxicity has been attributed to a group of isoquinoline alkaloids, which are
exclusive to the Amaryllidaceae. Substantial progress has been made in the past few years
in examining the South African Amaryllidaceae. The two South African species,
Cyrtanthus sanguineus (Lindl.) Walp. and Cyrtanthus obliguus (L. £.) Ait were selected for
this study from a literature search on Amaryllidaceae plants used in traditional medicine in
South Africa. Both plants were considered to be potentially toxic due to their alkaloid
content, and since neither of the two species had been previously examined

phytochemically, they were a potential source of pharmacologically interesting compounds.

A combination of flash and preparative thin layer chromatography on the crude alkaloid
extracts of the bulbs of both plants yielded 1la-hydroxygalanthamine, lycorine,
lycoramine, 11-epihaemanthamine and haemanthidine from Cyrianthus sanguineus, and
further 1la-hydroxygalanthamine, the novel dinitrogenous alkaloid, obliquine, together
with trisphaeridine, tazettine, narcissidine and 3-epimacronine from Cyrtanthus obliquus.
The known alkaloids were identified from analysis of their '"H NMR spectra and by direct
comparison of their spectroscopic properties (MS, 'H and '*C NMR) with those reported in
the literature. To the best of my knowledge, the isolation of 11-hydroxygalanthamine
(habranthine) has been reported only twice previously and at that time the stereochemistry
at C-11 was not conclusively determined, and the carbon resonances were not completely
assigned. It was possible to resolve from coupling constants and 2-D NMR experiments
that the hydroxyl is in the pseudoaxial-position on C-11 and to assign all 'H and “C

resonances.

1 la-Hydroxygalanthamine is a derivative of galanthamine, which is a reversible inhibitor of
acetylcholinesterase (AChE) with a competitive action. Recently, galanthamine (Reminyl™)

has been approved for the treatment of Alzheimer’s disease (AD), which is associated with a
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deficit of cholinergic function in the brain, leading to progressive degeneration of memory
and cognitive function. The binding of galanthamine to AChE arises from a number of
moderate to weak interactions with the protein, including classical and non-classical
hydrogen bonds. In light of this, it was proposed that the additional hydroxyl group on the C-
11 of 11a-hydroxygalanthamine might render the alkaloid more active than galanthamine
against AChE, by possibly facilitating the formation of an additional hydrogen bond with the

active site of the enzyme molecule.

Using an adaptation of the method developed by Ellman (1961), 11a-hydroxygalanthamine
was tested for its ability to inhibit acetylcholinesterase in vitro, in comparison to
galanthamine and was found to inhibit the enzyme in a competitive, dose-dependent manner.
There was, however, no marked improvement in the inhibitory action of 1lo-
hydroxygalanthamine over galanthamine, as reflected in the 1Cso values (0.72 uM and 0.33
uM respectively). Wherever the quantity of material permitted, the isolated alkaloids were
screened for cytotoxicity in vifro against a Chinese Hamster Ovarian (CHO) cell line and
human heptoma (HepG2) cell line using the MTT assay (Mosmann, 1983). Lycorine showed
moderate cytotoxicity against the CHO cells only (ICs¢ value 26 pg/ml), but not towards the
HepG2 cells, whereas 11a-hydroxygalanthamine, obliquine, tazettine and narcissidine were

not toxic to the CHO cell line or the HepG2 cell line (ICsq values >100ug/ml).
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1.1. Traditional Medicine: A Global Perspective

The term "traditional medicine" refers to the ways of protecting and restoring health that
existed before the arrival of modern medicine. These approaches to health belong to the
traditions of each country and have been handed down from generation to generation. It is
estimated that more than 80% of the six billion (10%) people in the world today live in the
less developed countries, and that the majority of these people still rely chiefly on
indigenous systems of medicine to satisfy their primary health care needs (Farnsworth
1994; Phillipson, 1994). For this segment of the world population, who very often live in
abject poverty, and are unable to pay the cost of "Western” drugs, there is an urgent need to

study traditional medicines.

The Alma-Ata Declaration at the International Conference on Primary Health Care in 1978
recommended that the governments of the world give high priority to the utilisation of
traditional medicine practitioners, and incorporate proven traditional remedies into national
drug policies and regulations, as part of the global strategy to achieve "Health for All by the
Year 2000". To facilitate these aims the World Health Organisation (WHO) established a
Programme for Traditional Medicine, with its headquarters in Geneva, medical officers in
each of the global regional offices and subsequently up to thirty collaborating centres for
traditional medicine in individual countries in Africa, the Americas, the FEastern
Mediterranean, Europe, South-East Asia, and the Western Pacific. This programme has
focused on the need to adequately train health workers with regard to traditional systems of
healing and to encourage research in this area, emphasising the importance of regional and

international collaboration.

1.2. Traditional Medicine in South Africa

Long before the southern tip of Africa became a recognised route to the East Indies by
European explorers, members of the indigenous communities were identified as having a
special competence to provide and maintain health care in the African populations
(Edinburg, 1998). These traditional healers have flourished in the face of competition from
modern medicine (Kale, 1995). Today, traditional medicine is used by between 60-80% of
the South African population to meet their physical and psychological health needs (Van

Wyk et al. 1997), most particularly in the rural areas where modern health care facilities are



Datrosduction 1o Tradionad Medicing iy Sonth Afvicu

Traditional Medical Practitioners (TMP) in the country (Edinburg, 1998), compared with
approximately 30 000 general practitioners registered with The Health Professionals
Council of South Africa. The ratio of healers to people in the KwaZulu-Natal province, for
example, is 1:500 whilst the ratio of western medical doctors is 1:17 500. The traditional
healers play a very prominent role in South African society (Veale et al., 1992). They are
enshrined in the minds of the people and respected in their communities, and they are often

opinion leaders (Kale, 1995).

Northern
Pravlnca’

E Northwest teng ‘,gan Swaz.
7 / 3

Figure 1.2.1. Map of the Provinces of South Africa

There are broadly three main types of traditional healers practising in South Africa. Firstly,
there is the traditional doctor or herbalist, inyanga (Zulu; plural izinyanga), ixwele
(Xhosa), ngaka (Sotho), bossidokter and kruiedokter (Western and Northern Cape). This is
generally a male who uses herbal and other medicinal preparations for treating disease.
Secondly, there 1s the isangoma (Zulu), dingaka (Sotho) or amaggira (Xhosa). /sangomas
are diviners; they determine the cause of illness by using ancestral spirits, and they are
usually female. The terms inyanga and sangoma used to refer exclusively to the herbalist
and diviner respectively, but in modemn times, the distinction has become blurred, with
some healers practising both anis. The third type is the umthandazi, or faith healer who

integrates Christian ritval and traditional practices. This latter group can be traced back to
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healers practising both arts. The third type is the umthandazi, or faith healer who integrates
Christian ritual and traditional practices. This latter group can be traced back to the rise of
the independent African church movement, which broke away from the more Western
orientated missionary churches. They heal by prayer, by use of holy water or ash, or by
touching a patient. In addition to these main groups, there are traditional birth attendants,
prophets, spirit mediums, intuitives and dreamers, and traditional surgeons, who mainly
perform circumcisions. Most of the elderly folk in rural areas have knowledge of herbal
lore, and function as first-aid healers with a family repertoire of herbal remedies or
kruierate (Kale, 1995; Van Wyk et al., 1997). The medicines are mostly taken orally, but
are also given rectally, topically and by inhalation. Some medicines are placed in small

incisions in the skin, to accelerate the onset of action (Edinburg, 1998).

In accordance with the World Health Organisation {WHO) policy to reassess traditional
medicine as a potential health care resource in developing countries, the South African
government aims to register traditional medicines and bring them under the vigilant control
of the Medicines Control Council (MCC) inspectorate (Edinburg, 1998). In a move to
legitimise traditional medicine, the South African parliament proposed in 1998 that a
statutory council be set up to regulate the traditional healers, by looking into the
registration of all qualifying traditional healers; promoting training, research and
professionalism, and the creation of a traditional medicines database (Baleta, 1998). The
Department of Health is currently establishing a National Reference Centre for Traditional
Medicine to make use of the national source of knowledge and expertise, with the
traditional healers forming an integral part of this structure. The benefits of recruiting the
traditional healers into South Africa's primary health care are potentially enormous. In
1997, the national HIV/AIDS programme enlisted the services of three traditional healers
as consultants to mobilise other traditional healers around the issue of sexually transmitted
diseases and HIV/AIDS. In October 1998, the first South African traditional hospital was
opened in Mpumalanga Province. The Samuel Traditional Hospital near KwaMhlanga has

a staff of five different traditional doctors and two wards with 24 beds each.



1.3. The Use of Plants in Traditional Medicine

Traditional medicines are largely of plant origin, but may also contain minerals and animal
materials (Joubert, 1990) or even human tissues, as well as agricultural and industrial
chemicals (Stewart et al., 1998). The use of plants as medicines can be traced back over six
thousand years to some of the earliest written records from civilisations in China, India and
the Near East (Hamburger and Hostettman, 1991). During the course of history,
experimentation has succeeded in distinguishing those plants that have beneficial effects
from those that are toxic or merely non-effective. The WHO estimates that herbal and other
plant-derived remedies are the most frequently used therapies worldwide, and that some 20
000 species of higher plants are used medicinally throughout the world today (Phillipson,
1994).

1.3.1. Plant-derived drugs

At least 25% of all prescription drugs dispensed worldwide today contain active
compounds that were derived from higher plants (Farnsworth, 1994), with about 75% of
these compounds being discovered through the investigation of traditional remedies
(Gericke, 1993). This does not include those synthetic compounds that were derived via
knowledge of natural product molecules (Farnsworth, 1994). Natural product molecules
used clinically include the alkaloids, anthraquinones, iridoids, lignans, and mono-, sesqui-,
di- and tri-terpenoids. The reductionism approach to drug discovery, whereby pure active
compounds isolated from the plant replaced plant extracts, was initiated by the isolation of
the opium poppy (Papaver somniferum) alkaloids such as morphine. Historically, many
important drugs have been introduced this way, including: the antimalarial quinine from
the Cinchona species; the cardiotonic glycosides, digitoxin, and later digoxin, from
Digitalis (foxglove) species; the antispasmodic tropane alkaloids hyoscine and atropine
from Atropa belladona, and the first tranquilliser, reserpine, from the Indian plant
Rauvolfia serpentina. Salicin, which was originally isolated from the bark of the willow
tree (Salix species), is the pharmacological ancestor of a family of drugs called salicylates,

the best known of which is the world's most widely used drug, aspirin.

One aim of drug therapy in modern medicine is to selectively poison the cause of disease

(Okpako, 1999). By their very nature poisons are biodynamic substances since they affect



or are intended to affect the victim’s body. Throughout the history of pharmacology,
poisonous plants have therefore been major sources of drugs. Paracelsus highlighted this
hazy distinction between poisons and medicines in the 15" century, when he declared,
"solely the dose distinguishes that a thing is not poison". Table 1.3.1.1 provides details of

some of the drugs that were originally isolated from poisonous plants.

Recent years have witnessed a renewed interest in plants as sources of new pharmaceuticals
in the Western world. This interest is being channelled into both the discovery of new
biologically active molecules by the pharmaceutical industry, and the adoption of crude
extracts of plants for self-medication by the general public (Houghton, 1995). In both these
areas, considerable attention is being paid to investigating plants used traditionally for
medicinal purposes. There are an estimated 250 000 higher plants species, and vast
numbers of other living organisms in the world. Focussing on plants used for centuries in
traditional medicine, rather than randomly screening plants is more likely to yield

pharmacologically active compounds.

Indigenous peoples do not recognise all Western diseases. Disorders of the gastrointestinal
tract, inflammation, skin infections and some viral diseases are more likely to be important
to traditional healers, whilst diseases like cancer and cardiovascular complaints are less
likely to be easily diagnosed by the healers. However, traditional remedies may indicate
pharmacological activity for illnesses for which the biochemical mechanisms have yet to be
discovered (Cox, 1994). Drug discovery from ethnobotanical leads can result in three
different final outcomes:

(1) Unmodified natural plant products where ethnomedical use suggested clinical efficacy
(2) Unmodified natural products of which the therapeutic efficacy was unrelated to or only
remotely suggested by indigenous plant use

(3) Modified natural or synthetic substances based on a natural product used in folk

medicine.



Table 1.3.1.1. Pharmacologically useful compounds derived from poisonous plants

Compound

[ Pharmacological activity

Plant'source

| Historical notes

Atropine

Antidote for morphine & mushroom poiscning

Suppresses mucous excretion- symptomatic relief of colds

Atropa belladonna

Datura stramonium

Poison

Religious use for inducing hallucinations

Emetine Amoebicide, emetic, insect repellent Cephaelis ipecacuanha Poison

Colchicine Antigout  Colchicum autumnale Powerful poison

Digitoxin Cardiotonic Digitalis purpurea An ointment for cleansing wounds and reducing
Digoxin Cardiotonic Digitalis lanata swelling, and as a tea for use as an expectorant.

Native Americans brewed the plant to treat

swelling in the legs caused by heart problems.

Ergot alkaloids

Oxytocic - management of third stage labour,
control of post-partum haemorrhage

Vasoconstrictor - migraine relief

Claviceps purpurea

Infection of cereals esp. rye resulted in
gangrene (St Anthony's fire), or convulsions

and possible infertility

B-Erythroidine

Muscle relaxant

Erythrina senegalensis

Arrow poison

therapy for Alzheimer's disease

7Morphine Analgesic Papaver somniferum Opium used traditionally as an astringent,
Noscapine Cough suppressant antispasmodic, hypnotic, sedative and narcotic
Quabain Cardiotonic Strophanthus gratus Dart poison used by African people
Physostigmine Acetylcholinesterase inhibition - limited Physostigma venenosum Ordeal poison to determine guilt
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an inhibitor than galanthamine (Bores, 1996). In light of this, it was proposed that the
additional hydroxyl group on the C-11 of 11a-hydroxygalanthamine (27), that was isolated
from Cyrtanthus sanguineus and Cyrtanthus obliquus, might improve the binding affinity
for AChE, by facilitating a possible extra hydrogen bond with the protein. The ability of
11a-hydroxygalanthamine (27) to inhibit AChE in vifro was investigated and compared to
the inhibitory activity of galanthamine (11). The Department of Natural Products, of the

University of Barcelona, donated the galanthamine used in this research.
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4.2. Acetylcholinesterase Inhibition Assays

A photometric method for determining acetylcholinesterase activity in wvitro was first
described by Ellman et al m 1961 Acetylcholinesterase hydrolyses acetylthiocholine to
yield free thiocholine. The enzyme activity is measured by following the mcrease of yellow

colour produced from thiocholine when it reacts with dithiobisnitrobenzoate ion It is based

on the coupling of these reactions:

(AChE)
Acetyithiccholine — thiocholine + acetate

Thiocholine + dithiobisnitrobenzoate — 5-thio-Z-nitro-benzoic acid (yellow colour)

The inhibitory effect of 11a-hydroxygalantharmme (27) on erythrocyte acetycholinesterase

in vitro was established, using an adaptation of the ongmal photometric S6-well microtitre

plate assay, as detailed in Chapter 5.3.

4.2.1. Results of AChE inhibition by 11a-hydroxygalanthamine

— 2 A
n
=
=
s —— Caontral
s 4 —=— + Galanthamine
8 ,f" —*— + 1 1e-Hydroxygal
—=— 4 Tacrine
3
P ————F
U T T T ] ]
0 25 50 75 100 125

Time after add" of substrate (mins)
Figure 4.2.1.1. Acetyicholinesterase activity in the presence of galanthamine,

11a-hydroxygalanthamine (11a-hydroxygal) and tacrine, respectively
[all 107° M] as a function of time (n=2)
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Figure 4.2.1.2. Dose response curves for the inhibition of erythrocyte AChE by
galanthamine, 11a-hydroxygalanthamine (11a-hydroxygal) and tacrine,
respectively (n=6).

Table 4.2.1.1. 1G5, values for erythrocyte AChE inhibition (n=6)

Compound AChE Inhibition
ICso £ SEM (uM)
" Galantharmine 033 +1.32
1 la-Hydroxygalanthanine 072 £1.15
Tacrine 0.10 £1.12
L

The AChE mhibitory activity of 1loa-hydroxygalanthamine was demonstrated to be
competitive, reversible inhibition (as shown in Figure 4.2.1.1.) and to be dose-dependent
(Figure 4.2.1.2.) Statistical analysis of the mean ICs; values (concentration required to
inhibit AChE by 50%) for galanthamine and 1la-hydroxygalanthamine showed that there is
a significant difference between the mean 1Cs;, values of galanthamine and 11c-
hydroxygalanthamine, at 95% confidence limits (p<0.05). The ICs value achieved for
galanthamine (0.33 uM) 1s consistent with values previously reported for erythrocyte AChE
inhibition (0.35 uM, Thomsen and Kewitz, 1990, Fulton and Benfield, 1996), whereas 11a-
hydroxygalanthamine showed a reduced inhibitory action on AChE (0.72 puM). In
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conclusion, there was no improvement in the acetylcholinesterase inhibitory activity of 11a-
hydroxygalanthamine over the activity of galanthamine. It is possible that the hydroxyl
group in the pseudoaxial position on the C-11 of |la-hydroxygalanthamine is spatially
restricted from forming any additional hydrogen bond with the bridge-oxygen between C-10
and C-1. It is also possible that with the hydroxyl group projecting downwards, the 1la-
hydroxygalanthamine is restricted from attaching as effectively as galanthamine onto the

surface of the acetylcholinesterase.

4.2.2. Comparison of AChE inhibition by different alkaloid types

As detailed in Chapter 2.2.1, the Amaryllidacaeae alkaloids are classified mto nine principal
skeletally homogenous subgroups, with representative alkaloids from each of these classes
including norbelladine (3), lycorine (4), homolycorine (5), crinine (6), haemanthamine (7),
tazettine (8), narciclasine (9), montanine (10), and galanthamune (11). It was interesting to
compare the AChE mhibitory activity of some of the different alkaloid types from the
Cyrtanthus species, to determine the specificity of alkaloid structure for acetylcholinesterase
inhibition The alkaloids were prepared as stock solutions of 10° M, and the AChE

inhibition assay performed in a 96-well microtitre plate as previously described.

100

B 104 x10°M
B 109 x10°M
B 2 08 x 10°M
B 115 x 10°M
N 112 x 10°M

1.20 x 10°M

1.27 X 10°M
B 121 x10°M
W 136 x 10°M

b |
L4, ]
i

AChE inhibition (%)
o] n
T T

(=]
L

Galanthamine
11a-Hydroxygalan
Lycoramine
11-Epihaemanth
Lycorine
Narcissidine
Obliquine
Tazettine

Tacrine

Figure 4.2.2.1. Comparison of acetylcholinesterase inhibition by some
different Cyrtanthus alkaloid structural types, and tacrine (n=3).

[11la-hydroxygalan = 1la-hydroxygalanthamine, 11-epihaemanth = 11-epihaemanthamine]
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The most potent AChE inhibition was achieved with the galanthamine type alkaloids,
whilst the lycorine and tazettine types did not show much inhibition. Interestingly,
lycoramine (1,2-dihydrogalanthamine) did not show much inhibition of AChE at a
concentration of 10” M. There have been earlier reports of lycoramine producing a reduced
inhibitory effect on AChE in vitro (Han et al, 1992). Lycoramine differs from galanthamine
only by having saturation of the double bond between the C-4 and C-4a of the cyclohexene
ring of galanthamine. When galanthamine binds to AChE, this double bond stacks against
the m system of the indole ring of Trp-84 (Greenblatt et al., 1999), thus enhancing the
binding affinity of the inhibitor.

Moderate inhibition (40%) was seen with 11-epihaemanthamine; however this activity is
very short acting, and the inhibition is overcome within 5 minutes of substrate addition,
whereas the galanthamine types exert AChE inhibition for up to 75 minutes after substrate
addition (Figure 4.2.1.1; results not shown for 11-epihaemanthamine). It is possible that
11-epihaemanthamine is capable of competing with the substrate molecules and forming
some transient hydrogen bonds with the hydrogen containing groups in the surface of the
AChE active site, but that the inhibition produced is quickly overcome. It is noteworthy
that lycorine, did not inhibit acetylcholinesterase. As discussed in Chapter 3.4, lycorine
shows cholinergic action, and affects nerve-muscle transmission (Matsui et al., 1962).
However, since lycorine does not inhibit acetylcholinesterase, this suggests that this

enzyme may not be essential in the cholinergic effect.
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4.3. Derivatization of 11a~Hydroxygalanthamine (27)

Systematic derivatization of galanthamine (Han et al., 1992) at the cyclohexene ring,
tertiary amino, hydroxyl and methoxy! functions indicated that these structural features are
essential for inhibition of acetylcholinesterase. The most potent galanthamine analogues, in
descending order, were found to be O-demethylgalanthamine, N-benzylgalanthaminium
bromide and N-methylgalanthaminium iodide respectively. These compounds showed
reduced ICsq values (concentration required to inhibit 50% of acetylcholinesterase) when
compared with galanthamine. In an effort to enhance the AChE inhibitory activity of 11a-
hydroxygalanthamine, the derivatization of 11ca-hydroxygalanthamine to N-Benzyl-11lo-
hydroxygalanthaminium bromide (35) and N-methyl-11a-hydroxygalanthaminium iodide
(36) was attempted, based on the methodology described by Han et al., 1992. Both
derivatization attempts, however, did not prove successful. A possible explanation for this
failure is that with the hydroxyl group on C-11 of 1la-hydroxygalanthamine in the
pseudoaxial position, there is steric hindrance that prevents the approaching reagent from

reaching the non-bonding electrons on the nitrogen atom.

4.4. The Future of Alzheimer Disease Therapy

The acetylcholinesterase inhibitors are currently the only drugs marketed for the
symptomatic treatment of cognition and behaviour in mild to moderate dementia. A
number of other agents are reputed to enhance cognitive function, including anti-
inflammatory compounds, antioxidants, oestrogens (in women), metabolic enhancers and
neurotrophic agents. The antioxidants, such as vitamin E, bind to free radicals in the blood

stream, and reduce the oxidative process, which may otherwise seriously damage cells.

The use of traditional medicinal plants in dementia therapy has been documented in many
cultures of the world. One example is Ginkgo biloba, which is a tree of Chinese origin,
now growing in many countries with temperate climates. The herb is perceived to have
anti-aging properties, and is today widely sold as a herbal remedy in health food shops.
Clinical trial data from a study by Le Bars et al. (1997) provided evidence for the beneficial
effects of this herb in delaying or preventing the symptoms of neurodegeneration. The

active substances are ginkgolides that interact with the cholinergic system, and have
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neuroprotective or regenerative activities (Bruno et al., 1993). In addition, the flavonoids

present in Ginkgo biloba have an antioxidant effect.

There is widespread use of plant products by medical herbalists and aromatherapists in
Europe to treat memory loss, and related conditions. Several plants from the Asteraceous
and Lamiaceous families have long histories of use for restoring lost or declining cognitive
function, most notably Rosmarinus officinalis (rosemary), Salvia officinalis (sage),
Artemisia absinthium (wormwood) and Melissa officinalis (balm). Investigations were
carried out to evaluate the human cholinergic receptor binding activity of extracts of these
medicinal plants (Wake et al., 2000). Most of the plant extracts screened showed some
nicotinic and muscarinic activity, although only some showed the dose-dependent receptor
activity associated with genuine cholinergic activity. Further testing continues on extracts
of these plants for other activities linked to improvement of cognitive function, including
reduction of inflammation, oestrogenic activity and anti-oxidant effects, and some of the
results are promising (Houghton, 2000). The oil of Salvia species showed cholinesterase
inhibition, which has been attributed to some monoterpenes present in the oil, notably 1,8
cineole, camphor and o-pinene. Melissa officinalis oil did not produce significant
cholinesterase inhibition, but did bind to oestrogen receptors, and also inhibited
thromboxane synthesis, and monoterpenes were again shown to be responsible for this
activity, in particular citral, geraniol and nerol. Several of the plant extracts had more than
one effect suggesting that any clinical benefits observed might be due to a mixture of
activities (Houghton, 2000). However, further in vivo testing and clinical studies are

needed to substantiate claims of efficacy of these plant extracts.

107



Acetylcholinesterase inhibition by 11 o-hydroxygalanthamine

4.5. Concluding Comments

In summary, extensive testing of 1la-hydroxygalanthamine (27) for in vitro inhibition of
acetylcholinesterase showed that there is no increase in activity over that of galanthamine.
Galanthamine is today readily available as it can be synthesised on a large scale (Czollner
et al., 1998), so the use of derivatives such as 1la-hydroxygalanthamine as alternative
sources of galanthamine may no longer be substantiated. A noteworthy point, however, is
the high content of 11a-hydroxygalanthamine (27) in Cyrtanthus sanguineus, and the fact
that the alkaloid is present in both species of Cyrtanthus examined in this investigation.
When considering that the polarity of 11a-hydroxygalanthamine is probably higher than
that of galanthamine due to the additional hydroxyl group, it can be predicted that 11a-
hydroxygalanthamine is likely to be less effective than galanthamine at crossing the blood-
brain barrier to reach the site of action in the brain. As discussed in Section 4.1.2.4.5, 6-O-
demethylgalanthamine is a metabolite of galanthamine formed by cytochrome CYP2D6,
and has been reported to be up to 10-fold more potent an inhibitor than galanthamine in
vitro (Bores, 1996). The metabolism of 11a-hydroxygalanthamine might follow a similar
pathway to that of galanthamine. However, it would be necessary to make use of animal
models to investigate the efficacy of 1 1a-hydroxygalanthamine in vivo, and to ascertain the

metabolite(s) of the alkaloid and the AChE inhibitory activity of such compound(s).

Assuming that 11a-hydroxygalanthamine, like galanthamine, enhances the intrinsic action
of acetylcholine on mnicotinic receptors, there is the possible application of 1la-
hydroxygalanthamine to the treatment, or perhaps even prevention, of conditions requiring
modulation of the nicotinic receptors, such as in the treatment of Parkinson's disease and as
an aid to people trying to stop smoking cigarettes and other tobacco products. The
modulating effect of 11la-hydroxygalanthamine on the nicotinic receptors in vivo would

need to be investigated to substantiate the use of this alkaloid for such applications.



Chapter 5

Materials and Methods



5.1. Isolation and identification of Cyrtanthus alkaloids

5.1.1. General

Melting points (m.p.) were measured on a Gallenkamp (Sanyo) 350BM3.5 apparatus and
are uncorrected. Optical rotations (OR) were taken on a Perkin-Elmer 241 Polarimeter.
CD: Jasco J-700 Spectropolarimeter. EIMS were run on a Hewlett Packard 5989A Mass
Spectrometer at 70 eV. 'H, ®C NMR, DEPT, COSY, HSQC, HMBC (60 and 110 ms)
and ROESY (300 ms) spectra were recorded on a Varian VXR 500 (500MHz) or Varian
VXR 400 in either CDCl3 or CD30D, with TMS as internal standard. Some 'H and °C
NMR spectra were recorded on 400, 300 and 200 MHz Varian instruments. Chemical

shifts are reported in units of & (ppm) and coupling constants (J) are expressed in Hz.

5.1.2. Plant material
Mr Welland Cowley, horticulturist and owner of Cape Flora Nurseries, Port Elizabeth,
South Africa, authenticated and supplied the bulbs of Cyrtanthus sanguineus (0.8 kg) and
Cyrtanthus obliquus (1.1 kg).

5.1.3. Extraction and isolation of alkaloids

The two species of Cyrtanthus were extracted separately as follows. The fresh bulbs were
finely chopped and exhaustively extracted by vigorous shaking with cold MeOH (5 x 2
litres) for 24 h, followed by Soxhlet extraction (2 litres) for 12 h. The hot and cold crude
extracts were pooled and evaporated under reduced pressure. The residues were then
dissolved in distilled water with sonication, and acidified with 10% hydrochloric acid to
pH 3. The neutral material was removed by partitioning with diethyl ether (6 x 50 ml), to
yield acidic extracts (1.23 g for Cyrtanthus sanguineus and 2.27 g for Cyrtanthus obliquus
respectively). The remaining solutions were then basified with 10% ammonium solution to
pH 8-9 and repartitioned with ethyl acetate (15 x 50 ml) and finally, with ethyl acetate:
methanol (9:1) (3 x 50 ml). These basic extracts were combined and dried in vacuo to yield
brown gummy residues (0.78 g for Cyrtanthus sanguineus and 1.56 g for Cyrtanthus
obliquus respectively). The acidic and basic extracts of both plant species were analysed by
thin layer chromatography (silica gel Fs4; Merck) eluting with 10% methanol: ethyl acetate

in an ammonia atmosphere Viewing the chromatogram spots under UV light (254/365 nm)
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and spraying with Dragendorff's reagent confirmed the presence of alkaloids in the basic

extracts.

One bulb of each species was extracted separately in water, by shaking the chopped bulbs
in cold water for 24 h, in an attempt to imitate the traditional method of preparation. This
extract was concentrated by freeze-drying, and then analysed by thin layer chromatography
as described previously. Faint staining with Dragendorff's reagent indicated the presence of

alkaloids in very low concentrations.

5.1.3.1 Alkaloids from Cyrtanthus sanguineus

The basic extract was chromatographed by VLC (10 x 4.5 cm) on silica gel (10-40 p, type
H; Sigma), eluting with hexane, increasing the polarity with ethyl acetate and later up to
ethyl acetate: methanol, at 200 ml per fraction. Full details of the VLC chromatography on
Cyrtanthus sanguineus are given in Table 5.1.3.1.1. The fractions were then combined to
give 4 main fractions containing alkaloids, on the basis of similar TLC profiles. Viewing
the chromatogram spots under UV light (254/365 nm) and spraying with Dragendorff's

reagent confirmed the presence of alkaloids in the fractions.

Fraction Alkl (160 mg) was purified by preparative TLC using MeOH: EtOAc (1:9) in an
NHj; atmosphere, to yield 11o-hydroxygalanthamine (27, 75 mg) which crystallized from
acetone: MeOH (19:1). Fraction Alk2 (84 mg) was separated by preparative TLC eluting
with MeOH: EtOAc (1:9) in NH; atmosphere, to give 2 distinct alkaloid zones, which were
recovered to yield lycorine (4, 15 mg) and lycoramine (28, 5 mg). Fraction Alk3 (68 mg)
was subjected to preparative TLC, eluting with MeOH: EtOAc (1:19) in NH; atmosphere,
and afforded more impure lycoramine (3 mg). This lycoramine was combined with that
from fraction 2 and then further purified by preparative TLC with MeOH: EtOAc (1:19) in
NH; atmosphere to yield a final 6 mg. Fraction Alk4 (54 mg) was purified using
preparative TLC, eluting with MeOH: EtOAc (1:9) in NHj atmosphere to yield 11-
epihaemanthamine (29, 12 mg) and the epimers of haemanthidine (13, 5 mg). The epimers
were re-run on preparative TLC, eluting with EtOAc: MeOH (1:1) to obtain a purer product
(3 mg). Scheme 5.1.3.1 illustrates the isolation and purification of alkaloids from

Cyrtanthus sanguineus.
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Table 5.1.3.1.1. (a) VLC chromatography on

Cyrtanthus sanguineus

~ VLC solvent system o.of
Hexane | EtOAc |MeOH | fractions |
00 o 0 710 [ Hex EOAC(LD)
90 10 0 10 Hex: EtOAc (1:1) X
80 20 0 10 Hex: EtOAc (1:1) X
70 30 0 20 Hex: EtOAc (1:1) X
60 40 0 20 Hex: EtOAc (1:4) X
50 50 0 20 Hex: EtOAc (1:4) x | 1
40 60 0 20 EtOAc (100%) X
30 70 0 10 EtOAc: MeOH(9:1) X
20 80 0 10 EtOAc: MeOH(%:1) | X
10 90 0 10 EtOAc: MeOH(9:1) x | 1
0 100 0 90 EtOAc: MeOH(1:1) v 0.39 Alk 1
0 95 5 30 EtOAc: MeOH(1:1) v 0.39 Alk 1
0 90 10 20 EtOAc: MeOH(1:1) v 0.39 Ak 1
0 85 15 60 EtOAc: MeOH(1: 1) v 035,024 | Alk2
0 80 20 50 EtOAc: MeOH(1:1) v 035,024 | Alk2
0 75 25 40 EtOAc: MeOH(1:1) v 035,024 | Alk2
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Table 5.1.3.1.1. (b) VLC chromatography on Cyrtanthus sanguineus
. e — S Lo R T T T syste

EtOAc: MeOH(1:1)

“fractions:

m~d S ———

0.22

1Ak 3

30

EtOAc: MeOH(1:1)

(.22

Alk 3

30

EtOAc: MeOH(1:9)

0.16,0.71

Alk 4

20

EtOAc: MeOH(1:9)

0.16,0.71

A4

20

100% MeOH

0.16,0.71

Allc4

20

100% MeOH

0
0
0
0 30 76
0
0
0

0 160

20

100% MeOH
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Alkaloidal Extract (0.78 g)
VLC Silica gel

Hex-EtOAc (10:0-->0:10)
EtOAc-MeOH (10:0->0:10)

F. 1(160 mg)
Prep. TLC

EtOAc-MeOH/NH; (9:1)

11a-Hydroxygalanthamine

F. 11 (84 mg)

Prep. TLC
EtOAc-MeOH/NH; (9:1)

I (68 mg)

Prep. TLC
EtOAc-MeOH/NH; (19:1)

(impure) Lycorine Lycoramine '
15mg Smg
Lycoramine
3Img

Recrystallisation
Acetone/MeOH (19:1)

11a-Hydroxygalanthamine
75 mg

Prep. TLC

EtOAc-MeOH/NH; (19:1)

Lycoramine
4 mg

Haemanthidine
5 mg

F. IV (54 mg)
Prep. TLC

EtOAc-MeOH/NH;(9:1)

]

v
11-Epihaemanthamine
12mg

Scheme 5.1.3.1, Fractionation of alkaloids from Cyrianthus sanguineus
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5.1.3.2. Alkaloids from Cyrtanthus obliquus

The basic extract was chromatographed by VLC (10 x 5 c¢cm) on silica gel eluting with
hexane, increasing the polarity with ethyl acetate and later up to ethyl acetate: methanol,
at 200 ml per fraction. Full details of the VLC chromatography on Cyrtanthus obliquus
are given in Table 5.1.3.1.2. Fractions were combined to give 6 main fractions containing
alkaloids, on the basis of similar TLC profiles. Viewing the chromatogram spots under
UV light (254/365 nm) and spraying with Dragendorff's reagent confirmed the presence

of alkaloids in the fractions.

Fraction Alk] (18 mg) was purified by preparative TLC, eluting with Hexane: EtOAc (8:2)
to yield trisphaeridine (19, 3 mg). Fraction Alk2 (76 mg) was further fractionated by
preparative TLC with Hexane: EtOAc (1:9) to give 2 further fractions. Fraction Alk2.1
yielded the novel alkaloid obliquine (30, 9 mg) Fraction Alk2.2 was cleaned up by column
chromatography on Sephadex LH 20, and yielded 3-epimacronine (31, 6 mg). Fraction
Alk3 (34 mg) was subjected to prep. TLC, eluting with 100% EtOAc in NHj atmosphere,
and yielded brown crystals of tazettine (8, 8 mg). Fraction Alk4 (238 mg) was subjected to
another round of acid-base extraction to yield a basic alkaloidal extract, which was purified
by prep. TLC, in EtOAc: MeOH (1:1), resulting in 2 main alkaloid regions. Fraction Alk4.1
was purified by further prep. TLC in 100% EtOAc in NH; atmosphere, yielding
narcissidine (32, 23 mg). Fraction Alk4.2 was identified as 11a-hydroxygalanthamine (27,
4 mg). Fraction AlkS was cleaned up by a second acid-base extraction, yielding a basic
alkaloidal extract, which was then fractionated by prep. TLC Hex: EtOAc (1:1), and
yielded more trisphaeridine (19, 4 mg) and more tazettine (8, 5 mg). Fraction Alk6 was
subjected to further acid-base extraction, and then purified by preparative TLC with 100%
EtOAc in NH; atmosphere, resulting in the isolation of more tazettine (8, 3 mg). Scheme

5.1.3.2 represents the isolation of alkaloids from Cyrtanthus obliquus.
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Table 5.1.3.1.2. (a) VLC chromatography on Cyrtanthus obliguus

'VLC solvent syste ds | R .
T — o |10 Hox EtOAc (L) X A
90 10 0 10 Hex: EtCAc (1:1) X
80 20 0 20 Hex: EtOAcC (1:1) v 0.48 Al 1
70 30 0 10 Hex: BtOAc (1:4) v 045,033 |Ak2
60 40 0 10 Hex:EtOAc(1:4) | v 045,035 | Alk2
50 50 0 10 Hex: EtOAc (1:4) v 045,033 | A2 =
40 60 0 20 EtOAc (100%) v 0.50 Alk3 .
30 70 0 10 EtOAc: MeOH(9:1) v 053,042 | Alk4 | :
20 80 0 10 EtOAc: MeOH(9:1) v 053,042 | Alk4
10 90 0 10 EtOAc: MeOH(9'1) v 053,042 | Ak4 -
0 100 0 20 EtOAc: MeOH(9:1) v 053,042 | Alk4
0 95 5 30 EtOAc: MeOH(4:1) X
0 90 10 20 EtOAc: MeOH(1:1) X
0 85 15 60 EtOAc: MeOH(1:1) v 047,011 | AlkS
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Table 5.1.3.1.2. (b) VLC chromatography on Cyrtanthus obliguus

‘INo.of | TLC solvel ‘Alkaloids | R; +- | Combined -~
<o} N FaEEne T atads - ek i
0 0 |20 |20 “ T EtOAc: MeOH(1:1) X
0 70 30 20 EtOAc: MeOH(1:4) v 0.56 Alk6
0 60 40 50 EtOAc: MeOH(1:4) v 0.56 Alk 6
0 50 50 30 'EtOAc: MeOH(1:4) v 0.56 Alk 6
0 40 60 30 EtOAc: MeOH(1:4) X
0 30 70 10 EtOAc: MeOH(1:9) X <
0 20 80 10 100% MeOH X =
0 10 90 10 100% MeOH X g
0 0 100 |10 100% MeOH X =

PO
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F. 11 (76 mg)
Prep. TLC
F.I(I8 mg) Hex-EtOAc (9:1)
Prep, TLC
y Hex-EtOAC (8:2) e
Sepad
Trisphaeridine L?'II)20 e

Alkaloidal Extract (1.56 g)

VLC Silica gel

Hex-EtOAc (10:0- ->0:10)
EtOAc-MeOH (10:0 ~>0:10)

Img

3-Epimacronine
Smg

Obliquine

9mg

F. 11l (34 mg)

Prep. TLC
EtOAc/NH; atm,

5

Tazettine
8mg

F.IV (238 mg)

Acid-base extract®

Prep. TLC
EtOAc-MeOH/NH; atm.
(9:1)

Prep. TLC
EtOAc/N H3
atm.

WNarcissidine
v 23 mg

11a-Hydroxygalanthamine

3 mg

[
i

F.V (74 mg)

Trisphaeridine
4mg

Acid-base extract®
Prep. TLC
Hex-EtQAc (1:1)

Tazettine
Smg

F.VI(87 mg)
cid-base extract”
rep. TLC

ELOAC/NH,; atm,

Tazeftine
3Img

Scheme 5.1.3.2. Fractionation of alkaloids from Cyrtanthus obliquus
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5.2. Cell culture and cytotoxicity assay

Sylva Schwager of the Department of Medical Biochemistry, University of Cape Town
donated the starting stock of the Chinese Hamster Ovarian (CHO) cell line, and Lester
Davids of the Department of Medicine, University of Cape Town donated the starting
stock of human heptoma (HepG2) cell line. The cells were then routinely cultured as
adherent monolayers in 75 cm” culture flasks. Dulbeccos Eagles’ Modified Medium
(DMEM): Hams F-12 (1:1) supplemented with 10% heat-inactivated foetal calf serum
(FCS), and gentamycin (0.04 pg/ml) was used as the culture medium for the CHO cells,
and Dulbecco's MEM with Glutamax-1 (L-Alanyl-L-Glutamine) supplemented with 10%
heat-inactivated FCS was used as the culture medium for the HepG2 cells. The culture
medium reagents were all purchased from Highveld Biological, Johannesburg, South
Africa, with the exception of the Dulbecco's MEM with Glutamax-1, which was
purchased from Gibco (Life Technologies), Paisley, Scotland. The cells were incubated in
a 5% C0y — 95% air humidified atmosphere at 37 °C. The culture medium was renewed
every 2-3 days to remove cell debris and maintain an optimum pH of approximately 7.2.
When the cells reached confluency, they were harvested from the culture flasks by the
addition of 1% trpysin, then diluted in complete medium and subcultured into separate
flasks. Stocks of the cell line were stored in 10% DMSO- 90% FCS in liquid nitrogen.
The cells were allowed to undergo a maximum of ten subcultures, before fresh stocks

were defrosted and the cell culture re-initiated.

For the MTT assay, the cells were adjusted to a concentration of 10°/ml, and 100 pl/ well
of cell suspension was seeded in 96 well culture plates (Costar) and incubated overnight
at 37 °C in a 5% C0, — 95% air humidified atmosphere. Stock solutions of the alkaloids
and the internal standard, Daunomycin (Daunorubicin) (Sigma, St Louis, USA) were
prepared as 2 mg/ml, and serially diluted in culture medium in order to give a final test
concentration range of 100 pug/ml to | ng/ml in the wells. After 48 hours of incubation at
37 °C, 25 ul of MTT (5 mg/ml, prepared in PBS and then filter-sterilised) was added to
each well, and the microtitre plates incubated for a further 4 hours. The plates were then
centrifuged at 2050 rpm for 10 minutes, and the MTT-medium supernatants carefully
aspirated from the wells. Subsequently, 100 ul of DMSO was added to each well and the

plates shaken gently for 5 minutes on a microtitre plate shaker to dissolve the formazan
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crystals. The absorbancies were determined at 540 nm on an automatic microtitre plate
reader (Cambridge Technology). The MTT determination was performed in quadruplicate
for each concentration of the different alkaloids, and the experiments performed on three
separate occasions. Concentrations > 100 pg/ml were not considered as toxic as this value
corresponds to molar concentrations > 107, which would be out of the pharmacological

efficiency scale.

5.3. Acetylcholinesterase inhibition assay

The erythrocyte membranes were prepared according to the method of Heidrich and
Leutner (1974). A volume of 20ml of red blood cells was washed 3 times, with an equal
volume of ice-cold 5 mM sodium phospate/0.15 M sodium chloride (pH 8.0), and the
cells were centrifuged at 20 000g for 15 minutes at 4°C in ice-cold 5 mM sodium
phosphate (pH 8.0), until the erythrocyte membranes were white in appearance. The

erythrocyte membranes were stored in aliquots of 1 ml in Eppendorff vials at -80°C.

It was necessary to determine the ideal quantity of erythrocyte membranes that was
needed in the assay in order to ensure that the enzymatic reaction was in exponential
phase at a feasible time point after addition of substrate to take sufficient readings.
Aliquots of 10, 20, 30 and 40ul of erythrocyte membranes were transferred to a microtitre
plate, and a volume of phosphate buffered saline (PBS) added to achieve a final volume
of 100 ul in each well of the microtitre plate. The first column of the plate served as the
blank, and consisted of 100 pul PBS only. The substrate was prepared fresh as 0.1 M di-
sodium hydrogen phosphate / 0.5 mM 2,2’-dinitro-5,5'dithiobenzoic acid / 0.6 mM S-
acetylthiocholine iodide (all Merck Laboratory Supplies, Johannesburg, South Africa), pH
7.5, and 100 pl was added to each well of the plate. Absorbancies were then read at A =
405 nm in a microtitre plate reader (Cambridge Technology) over a time course of 1, 2, §,
10, 15, 20, 25, 30, 45 and 60 minutes after addition of substrate. Based on the results of
these experiments (Figure 5.3.1.), the decision was made to use an aliquot of 10 pl of
erythrocyte membranes per well in the inhibition assays, and to take the average of

readings at 2 minutes and 5 minutes after the addition of substrate.
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1 —=-— 10 ul RBCM
o/ —=— 20 ul RBCM
— = 30l RECM
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Time after addit" of substrate (mins)

Figure 5.3.1. Acetylcholinesterase activity as a function of quantity of
erythrocyte membranes and time after addition of substrate (n=2).

The amount of protein in the aliquots of erythrocyte membranes was determined by the
BioRad™ assay using Bovine Serum Alburmin (BSA) from Serovac (South Africa), and
was found to be 0 981 ug/ml, i.¢. 9.81 ng in the 10 pl aliguot.

03
{
& 0.2+
=]
o 1
0.1
I
00 T 1 T T
0 10 20 a0 40

ng BSA

Figure 5.3.2. Biorad™ Protein Determination Assay Standard Curve
(n=3, r* =0.9611, at 95% confidence intervals)
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Assuming the reaction follows first order enzyme kinetics, a maximum absorbance of
2053 £ 0.0391 (n=3) was correlated with 0.124 pmoles of thiocholine product.

Subsequent optical densities were converted to nmoles of thiocholine formed per minute.
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0 20 40 60 80 100
Erythrocyte protein (ng)

Figure 5.3.3. Plot of thiocholine production against amount of erythrocyte

protein

Taking a standard reading at 5 minutes (ODggs = 1.438 + 0.0103), which correlates 1o

0.0868 pumoles thiocholine product, the acetycholinesterase activity can be calculated as:
86.8 nmoles /5 min/ 9.8 ng protein = 1.77 nmoles / min / ng protein

For the acetycholinesterase inhibition assays, the alkaloids and the positive control,
tacrine (Sigma, St Louis, USA) were dissolved in 100 pl of methano!l and then serially
diluted in PBS to the correct molarities. The compounds were initially screened for
inhibition of erythrocyle AChE at 107 M, and thereafier, full dose response curves were
obtained for a concentration range between 10° M and 10® M. The compounds and
erythrocyte membranes were incubated at room temperature for 30 minutes prior to the
addition of the freshly prepared substrate. The absorbencies at A= 405nm were then
determined using a microtitre plate reader (Cambridge Technology) at regular time
intervals. The percentage AChE inhibition was calculated for each of the compounds in
comparison to an internal methanol-phosphate buffer control. Experiments were

performed in quadruplicate, and repeated at least 6 times.
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The 96-well microtitre plate was set up as follows for the assay:

Blank: 100 ul PBS only |
Control: 0.98 pe RBCM + 90 ul PBS/MeOH only

Alk 1: 0,98 up RBCM +40 ul PBS + 50 ul Alk 1 (10° to 10 in Column 3-7)

Alk 2: 0.98 pug RBCM + 40 pl PBS + 50 ul Alk 2 (107 to 10”® in Column §-12)

Alk 3: 0.98 ug RBCM + 40 ul PBS +50ul Alk 3 (10 to 10" in Colurn 3-7)
Standard: 0.98 pg RBCM + 40 ul PBS + 50 ul Tacrine (10 to 10 in Column 8-12)

Figure 5.3.4. Representation of microtitre plate for AChE assay
[RBCM: red blood cell membranes]
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5.4. Derivatization of 11u-Hydroxygalanthamine

5.4.1. N-Benzyl-11o-Hydroxygalanthaminium bromide (35)

A solution of 11a-hydroxygalanthamine (25.0 mg, 0.0825 mmol in 20 ml dry ether) was
prepared at room temperature, and placed in a sealed 100 ml round-bottomed flask, under
an argon atmosphere. After 10 minutes, 0.02 ml (0.14 mmol) benzyl bromide (Merck)
was added to the solution via a needle and the reaction mixture was stirred for 24 h. After
this time, the mixture was filtered under vacuum, and the precipitate collected, dried and
a 'H NMR spectrum was run. This revealed that the derivatization was not successful, and
that the 1lo-hydroxygalanthamine remained unconverted. A second attempt using
tetrahydrofuran (Merck) in place of the dry ether in order to dissolve the lla-

hydroxygalanthamine more effectively also proved unsuccessful.

5.4.2. N-Methyl-11o-Hydroxygalanthaminium iodide (36)

11o-Hydroxygalanthamine (20.0 mg, 0.066 mmol) was dissolved in 25 ml of
tetrahydrofuran, and stirred in a 100 ml round bottomed flask, under an argon atmosphere,
for 10 minutes at room temperature. lodomethane (Merck) (0.10 ml, 1.62 mmol) was
added to the solution, and the reaction mixture stirred for 12 h under an argon
atmosphere. The resulting precipitate was removed by filtration under vacuum, and
retained. The filtrate was dried and then the 'H NMR spectra of both the precipitate and
the dried filtrate again revealed that the derivatization had not been successful, and

unconverted 11a-hydroxygalanthamine remained.
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Chapter 6

Summary and Conclusions



6.1. Research Summary

The Amaryllidaceae family of plants are widely used in the traditional medicine of
many people of the Southern African region. As a result, these plants have recently
become the focus of pharmacological investigations into their medicinal and
toxicological properties. Many of the plants have some promising pharmacological
properties, such as antiviral, anticancer and antiplasmodial activity. However, many of
the plants are also potentially toxic, and this toxicity, as well as the pharmacological
activities, has been attributed to the isoquinoline alkaloids, which are found
exclusively in this family of plants. Possibly the most interesting activity is the
acetylcholinesterase inhibitory activity of galanthamine which has been developed as a
symptomatic treatment for Alzheimer's disease. In the context of this interest in the
potential medicinal application, as well as concern over the toxicity of these plants,
two species of the Amaryllidaceae family were examined for their alkaloid content.
The Cyrtanthus sanguineus and Cyrtanthus obliquus species were selected after an
extensive literature search for Amaryllidaceae species that are commonly used in

traditional medicine and that have not yet been examined for their alkaloid content.

The alkaloids 11a-hydroxygalanthamine, lycorine, lyoramine, 11-epihaemanthamine
and the epimers of haemanthidine, were identified from Cyrtanthus sanguineus, and
more  1la-hydroxygalanthamine,  narcissidine,  3-epimacronine, tazettine,
trisphaeridine, and the novel dinitrogenous alkaloid, denoted as obliquine, were
isolated from Cyrtanthus obliquus. The isolation of 11-hydroxygalanthamine
(habranthine) was reported by Wildman and Brown in 1968, and by Vazquez Tato et
al., in 1988. However neither of these research teams provided conclusive evidence
for the stereochemistry at C-11. In this investigation, complete assignment of 'H and
BC NMR data was made possible by 2-D NMR experiments, which also provided
evidence that the hydroxyl group is in the pseudoaxial position on C-11 of the
alkaloid. A noteworthy point is the high content of 11a-hydroxygalanthamine (27) in
Cyrtanthus sanguineus (75 mg alkaloid from 0.8 kg of bulbs), and the fact that the

alkaloid is present in both species of Cyrtanthus examined in this investigation.
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Recently, the X-ray crystal structure of galanthamine bound in the active site of Torpedo
californica acetylcholinesterase (7cAChE) was resolved (Greenblatt et al., 1999). It would
appear that the binding of galanthamine to 7cAChE arises from a number of moderate to
weak interactions with the protein, including classical and non-classical hydrogen bonds. In
light of this, it was proposed that the additional hydroxyl group on the C-11 of lla-
hydroxygalanthamine that was isolated from Cyrtanthus sanguineus and Cyrtanthus
obliguus, might improve the binding affinity for AChE, by facilitating a possible extra
hydrogen bond with the protein. The in vitro AChE inhibitory activity of 1lo-
hydroxygalanthamine was extensively investigated and compared to the inhibitory activity
of galanthamine. 11a-Hydroxygalanthamine was shown to inhibit acetylcholinesterase in a
dose-dependent, reversible, competitive manner, but the activity was slightly less than that
of galanthamine (ICsg values 0.72 and 0.33 pM respectively. This reduction in activity was
postulated to be the result of the hydroxyl group in the pseudoaxial position on the C-11 of
I la-hydroxygalanthamine being spatially restricted from forming any additional hydrogen
bond with the bridge-oxygen between C-10 and C-1. It is also possible that with the
hydroxyl group projecting downwards, the 1la-hydroxygalanthamine is restricted from

attaching as effectively as galanthamine onto the surface of the acetylcholinesterase.

Wherever quantities of purified material permitted testing, the isolated alkaloids were
screened for their cytotoxicity against two mammalian cell lines, namely the Chinese
Hamster Ovarian (CHO) cell line and the human heptoma cell line (HepG2).
Lycorine, which has been previously demonstrated to exhibit toxicity against a range
of cell lines (Weniger et al., 1995) showed moderate cytotoxicity against the CHO
cells (ICso value 26 pg/ml). Notably, the 1la-hydroxygalanthamine did not show
cytotoxicity against the CHO or HepG2 cells.
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6.2. Research Prospects

This research demonstrated that the in vitro acetylcholinesterase inhibitory activity of 11a-
hydroxygalanthamine is not greater than that of galanthamine. Before a decision could be
reached as whether or not 1la-hydroxygalanthamine is worth pursuing as a possible
acetylcholinesterase inhibitor, it would be necessary to use animal models to investigate the
efficacy of 1la-hydroxygalanthamine in vivo, and to ascertain the metabolite(s) of the
alkaloid and the AChE inhibitory activity of such compound(s). Considering that
galanthamine is today readily available as it can be synthesised on a large scale (Czollner et
al., 1998), the use of derivatives such as |lo-hydroxygalanthamine as alternative sources
of galanthamine may no longer be justified, unless such derivatives were shown to be more
active than galanthamine in vivo, or to be equally active and at the same time less toxic
than galanthamine. Other possible medical applications of 1la-hydroxygalanthamine
might involve the potential modulating effect on the nicotinic receptors that this alkaloid is
likely to have, considering its similarity to galanthamine. Such applications might include
the treatment and prevention of Parkinson's disease, and possibly aiding tobacco users
trying to overcome their addiction to nicotine. The modulating effect of 1la-

hydroxygalanthamine on the nicotinic receptors would need to be explored.

In terms of the phytochemical analysis of these two species of Cyrtanthus, an investigation
using significantly larger quantities of plant material, and preferably plant material which
has been harvested from the wild and has not been sourced commercially, might yield
larger amounts of the alkaloids that were isolated in this study, thus facilitating further
biological testing. Additional alkaloids, which may have interesting phytochemistry or

biological activities, may also be isolated in this way.

Further in vitro cytotoxicity screening of aqueous extracts of the Cyrtanthus species and of
the isolated alkaloids against numerous cell lines, as well as toxicology testing in animal
models would enhance the limited toxicological knowledge currently available on these

Amaryllidaceae plants.
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6.3. Conclusions

This investigation of Cyrtanthus sanguineus and Cyrtanthus obliguus revealed that the
isoquinoline alkaloids 11a-hydroxygalanthamine, 11-epihaemanthamine, haemanthidine,
lycoramine and lycorine are present in Cyrtanthus sanguineus, and the alkaloids 1la-
hydroxygalanthamine, narcissidine, 3-epimacronine, tazettine, trisphaeridine and the novel

dinitrogenous alkaloid, obliquine, are found in Cyrtanthus obliguus.

Prior to this study, the stereochemistry at C-11 of 11-hydroxygalanthamine had not been
clarified. Here it was possible to resolve from coupling constants and 2-D NMR
experiments that the hydroxyl is in the pseudoaxial-position on C-11 and to fully assign all

'H and °C resonances of 1 lo-hydroxygalanthamine.

The in vitro acetylcholinesterase inhibitory activity of 1la-hydroxygalanthamine was
shown to be slightly less than that of galanthamine (ICsy values 0.72 pM and 0.33 pM,
respectively). The ICso value of galanthamine was consistent with that found in the
literature. The slightly reduced inhibitory activity seen with 11la-hydroxygalanthamine
might be the result of a reduction in the number of hydrogen bonds forming between the

alkaloid and the surface of the acetylcholinesterase molecule.

The cytotoxicity screening results revealed that lycorine, which is present in Cyrtanthus
sanguineus, is moderately toxic in vitro against the mammalian cell line CHO (ICso value
26 pg/ml). Further evidence from the literature on the toxicity of this alkaloid, and that of
lycoramine and tazettine, suggests that these plants should be used as traditional medicines
only with extreme caution, and at low doses. The cytotoxicity screening also showed that

11a-hydroxygalanthamine is not toxic to the mammalian cell lines used in this study.
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Appendix 1

NMR and Mass Spectroscopy Results



Al.1. 11c-Hydroxygalanthamine (27)

11a-Hydroxygalanthamine (27)

List of spectra:
e 'HNMR (CDs0OD, 500MHz)
e H NMR spectra expansions (CDs0D, 400MHz)
e 'H NMR (CDCls, 500MHz)
o 3C NMR (CDCl3, 200MHz)
e C NMR DEPT (CDCl3, 200MHz)
o COSY (CDCls, 500MHz; CD30D, 400MHz)
e NOESY (CDs0D, 500MHz)
e ROESY (CDCl3, 500MHz)
e HSQC (CDCl3, 500MHz)
e HMBC (CDCls, 500MHz; CDs0D, 400MHz)
o EIMS
e HREIMS
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ATOMIC COMPOSITION REPORT

File Name ;. CAMASPEC\data\hc(41102.ms2

File Date/Time  : 11-04-00 at 10:48:29

File Type : Hi-Res Data - Cid

File Source : Acquired on MASPEC Il system [lI32/A002]
File Title . HYDGAL

Operator . Dr. P. Boshoff

instrument T VGT0-8EQ

Sort Field : High Resolution M/z {descending).

Scan Filter : Minimum Intensity= 3.50%

Mass Range= [0:304]

Selecied Isotopes:
Symbol  Min Max Veoy  MName

C 0 24 4  Carbon-12
H 0 34 1 Hydrogen-1
0 0 5] 2  Oxygen-16
N 0 1 3 Nitrogen-14

Allowable error = minimurm of 20.0 ppm, 5.0 mmu.
Ring/Double Bond limits = [-0.5 : 100.0]

Scan 30#0:08:56 - 32#0:07:23,3680:08:17 - 30#0:08:57

Number of Peaks=544, filtered down {0 15.
Base Peak=230.0854, 100% Intensity=451465.

Mass %age Calculaled ppm mmu R/DB  Formula

303.14797 3177 30314706 -30 -08 80 CqyHnqO4N
302.44008 1248 30213823 -58 -18 85 C1';H2004N

286.14493  7.50 286.14432 -21 06 8.5 Cq7Ho0O3N
286.14164 -115 -3.3 4.0 Cy4Hy0g

23209930 7.13 23209737 83 -19 7.5 Cq3Hy403N
232.09469 -19.9 4.6 3.0 CqigHig0g

23110014 21.78 23110212 86 20 7.5 CqqH503

230.09540 100.00 230.09429 -48 -1.1 80 Cq4H1403
23009697 68 16 125 Cq7H{oN

214.09339  4.25 —— No match found -
213.09035 17.71 21309155 56 12 85 CqgHq307

197.06107 3.58 197.06025 -41 -0.8 9.5 Cq3HgOz
187.07599  4.54 187.07590 -05 -0.1 7.5 CqoHy{Op
181.06481 6.24 181.08534 29 05 95 Cq3HgO
17507452 355 17507590 79 14 65 CqqH{{O7
17406780  7.87 174.08808 16 03 7.0 CqqH1gOz
115.05464 450 11505478 12 01 65 CgHy

4405009 1332 4405002 -15 01 05 CpHgN

wraer £nd of Atomic Composition Report *****

Page 1



Al.2. 11-Epihaemanthamine (29)

11-Epihaemanthamine (29)

List of spectra:
o 'H NMR (CDCl3, 300MHz)
e COSY (CDCIs, 300MHz)
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Al1.3. Haemanthidine (13)

Haemanthidine (13}

List of spectra:
e H NMR (CDCl3, 200MHz)
e EIMS
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Al.4. Lycoramine (28)

Lycoramine (28)

List of spectra:
e 'H NMR (CDCls, 400MHz)
e 13C NMR (CD30D, 75MHz)
o EIMS



- A i
AR ed Yass Spocroscopy Resnln

o/
vigtz—’ N ~<C 3
\ 3
- zxzw\ \ %
NS
\
|| =
B52°2

A20
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A1.5. Lycorine (4)

Lycorine (4)

List of spectra:
o 'H NMR (CD30OD, 400MHz)
e COSY (CDs0D, 400MHz)
» EIMS
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A1.6. 3-Epimacronine (31)

3-Epimacronine {31)

List of spectra:
o 'H-NMR (CDCl3, 200MH2z)
o EIMS
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Figure A1.6.1. 'H NMR spectrum of 3-epimacronine (CDCls, 200MHz)
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Al.7. Narcissidine (32)

List of spectra:

Narcissidine (32)

'H NMR (CDCl3, 200MHz)

13C NMR (CDCl3, 200MHz)

13C NMR DEPT (CDCls, 200MHz)
EIMS
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Figure A1.7.1. 'H NMR spectrum of narcissidine in CDCls, 200MHz
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A1.8. Tazettine (8)

Tazettine (8)

List of spectra:
o 'H NMR (CDCl3, 200MHz)
o EIMS
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A1.9. Trisphaeridine (19)

Trisphaeridine (19)

List of spectra:
« 'H NMR (CDCls, 300MHz)
¢ EIMS
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A1.10. Obliquine (30)

OH
Obliquine (30)

List of spectra:
e 'H NMR (CDCls, S00MHz)
e 'H NMR spectra expansions (CDCl3, 500MHz)
e 13C NMR (CDCl3, 300MHz)
e !3C NMR DEPT (CDCls, 300MHz)
o« COSY (CDCl3, 500MHz)
e ROESY (CDCl3;, 500MHz)
e HSQC (CDCls, 500MHz)
« HMBC (CDCls, 500MHz)
e HREIMS
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Figure A1.10.1. (b) Expanded 'H NMR spectrum of obliquine in CDCl;, 500MHz
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NYR nd Mass Spectroscopy Resudis
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Figure A1.10.1. (d) Expanded 'H NMR spectrum of obliquine in CDCl3;, 500MHz
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NMR and Mass Spectroscopy Resuils
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NMR wnd Mass Speciroscopy Results
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NMR and Mass Speciroscopy Restdis
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Selected Isotopes:

Symbol Min Max Voy
C 0 40 4
H 0 44 1
o 0 8 2
N o 3 3

Name
Carbon-12
Hydrogen-1
Oxygen-16
Nitrogen-14

Aliowable error = minimum of 20.0 ppm, 8.0 mmu.
Ring/Double Bond limite = [0.5 : 100.0]

Mass

448.18980

341.15232

327.13359

258.10973

Celculated ppm mmu R/DB  Formula

448.19882
448.10714
448,20250
448.20384
448.19395

341.15281
341.15418
341.15013
341.14745

327.13448
327.13180
327.13716
327.13850

258.11034
258.10800
258.11302

0.0
-5.8
6.0
8.0
-13.1

1.4
54
-8.4
-14.3

2.7
-5.5
10.9
18.0

2.4
-2.8
12.7

0.0
27
2,7
4.0
-5.9

0.5

1.3
2.2
4.9

0.8
-1.8
3.8
4.8

0.6
-0.7
3.3

14.0

8.5
18.5
18.0
23.0

15.0
14.5
10.5

6.0

10.5

6.0
16.0
14.5

4.0
4.5
8.5

CagH2805N2
C23H3008N
CagH602N3
C31H2803
Ca3Ha4N2
C22H1gON3
C24H2102
C1gH2104Ny
C16H2307N
C1gH1g04N2
Cq5H210O7N
C24H170N3
C23H1g02
C12H180¢

C1oH4605N3
C45H4603N

ATOMIC COMPOSITION REPORT (MANUAL)

Selecied isclopes:

Symbol Min- Max YVcy Name
C 0 40 4 Carbon-12
H 0 44 1 Hydrogen-1
Q 0 8 2  Oxygen-i8
N 0 3 3  Nifrogen-14

Allowable error = minimum of 20.0 ppm, 6.0 mmu.
Ring/Double Bond limits = [0.5 : 1 00.0]

Mass

417.18285 417.18411
417.18143
417.18548
417.17875

418.18064 418.18070
418.17802
~ 418.17668

418.18658

«w+= End of Atomic Composition Report *****

Page 1

2.4
-3.8
8.0
10.14

0.2
-6.3
-8.5
14.2

12 180
-1.5 14.5
25 185
-4.2 10.0

0.1 18.5
-2.6 14.0
-4.0 14.5

59 985

Caloulated ppm mmu R/DB  Formula

C28H230N3
Ca5Ha504N2
C3pH2502
C22H270N
CagH2402N
C28H2605
C24H2404N3
Ca2Hg07N





