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ABSTRACT

There has been an upsurge in the use of Complementary and Alternate Medicines i(CiAdits)
developed and developing countries. Although herbal medicines have been in use for many
centuries, their quality, safety and efficacy are still of major concern. Many countries are in the
process of integrating CAMs into conventional health care systems based on the knowledge and
use of traditional medicines. The quality control (QC) of herbal products usually presents a
formidable analytical challenge in view of the complexity of the constituents in plant material and

the commercial non-availability of appropriate qualified reference standards.

Sceletiuma genus belonging to the family Aizoaceae, has been reported to contain psychoactive
alkaloids, specifically mesembrine, mesembrenone, mesembrenol and some other related
alkaloids. Sceletiurris marketed as dried plant powder and as phyto-pharmaceutical dosage forms.
Sceletiumproducts and plant material marketed through health shops and on the internet are

associated with unjustified claims of specific therapeutic efficacy and may be of dubious quality.

Validated analytical methods to estim&eeletiumalkaloids have not previously been reported in

the scientific literature and the available methods have focused only on qualitative estimation.
Furthermore, since appropriate markers were not commercially available for use as reference
standards, a primary objective of this study was to isolate relevant compounds, qualify them as
reference standards which could be applied to develop appropriate validated qualitative and
guantitative analytical methods for fingerprinting and assay of Sceletium plant material and dosage

forms.

The alkaloidal markers mesembrine, mesembrenone /dnmesembrenone were isolated by
solvent extraction and chromatography from dried plant material. Mesembranol and
epimesembranol were synthesised by hydrogenation of the isolated mesembrine using the catalyst
platinum (IV) oxide and then further purified by semi-preparative column chromatography. All
compounds were subjected to analysis'Hy *C, 2-D nuclear magnetic resonance and liquid
chromatography-tandem mass spectroscopy. Mesembrine was converted to hydrochloride crystals
and mesembranol was isolated as crystals from the hydrogenation reaction mass. These

compounds were analysed and characterised by X-ray crystallography.

A relatively simple HPLC method for the separation and quantitative analysis of five relevant
alkaloidal components isceletiumwas developed and validated. The method was applied to

determine the alkaloids in plant material and dosage forms cont&o@igtium



An LCMS method developed during the study provided accurate identification of the five relevant
Sceletiumalkaloids. The method was applied for the quantitative analysis and @Cel&tium

plant material and its dosage forms. This LCMS method was found to efficiently ionize the
relevant alkaloidal markers in order to facilitate their detection, identification and quantification in

Sceletiunplant material as well as for the assay and QC of dosage forms con&ieiegum

The chemotaxonomy of sonfgceletiumspecies and commercially availalfeeletiumdosage
forms were successfully studied by the LCMS method. The HPLC and LCMS methods were also
used to monitor the bio-conversion of some of the alkaloids while processing the plant material as

per traditional method of fermentation.

Additionally a high resolution CZE method was developed for the separation of steeletium
alkaloids in relatively short analysis times. This analytical method was used successfully to

fingerprint the alkaloids and quantify mesembrin&aeletiurand its products.

Sceletiumspecies grown under varying conditions at different locations, when analyzed, showed
major differences in their composition of alkaloids and an enormous difference was found to exist
between the various species with respect to the presence and content of alkeddedisimand its
products marketed through health shops and the internet may thus have problems with respect to

the quality and related therapeutic efficacy.

The QC ofSceletiumpresents a formidable challengeSxletiumplants and products contain a

complex mixture of compounds. The work presented herein contributes to a growing body of
scientific knowledge to improve the QC standards of herbal medicines and also to provide vital
information regarding the selection of plant species and information on the specific alkaloidal

constituents to the cultivators Bteletiumand the manufacturers of its products.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Use of phytomedicines, natural products as well as complementary and alternate medicines (CAMS)
in general, is now a global phenomenon which has gained tremendous popularity. Herbal medicines
have been used as primary health care amongst the poor in many developing countries and have also
gained much acceptance even in countries where conventional medicines (allopathic) are the
predominant form of medical care. However, the use of herbal medicine varies depending on
specific regions and culture around the world, which makes this form of treatment inconsistent.
Safety and efficacy are major concerns due to poor documentation and a dearth of scientific research

on this subject [1].

The World Health Organisation (WHO) estimates that currently up to 80% of the population in
Africa use herbal medicines for some aspect of primary health care. Acceptance of herbal therapies
in terms of CAMs by developed countries is reportedly 48% in Australia, 50% in Canada, 42% in
the United States of America (USA), 75% in France, and about 90% in the United Kingdom (UK).
The widespread use of herbal related therapies have provided a huge market for herbal products
reaching $ 43,000 million in the year 2000 with an estimated increase of 5-15% growth per annum
since 1991/92 [2].

Herbal medicines are considered an integral part of modern civilization and 25% of modern
medicines reported to be derived from herbal origin are commonly used today [3]. WHO notes that
of 119 plant-derived pharmaceutical medicines, about 74% are used in modern medicine in ways
that correlate directly with their traditional use as herbal medicines [4]. Major pharmaceutical
companies are currently conducting extensive research on various species of plants for their

potential medicinal value.

The accumulated knowledge of herbal traditions are generally without modern scientific controls
which are important to distinguish between the placebo effect, natural ability of the body to heal

itself and the inherent benefits of the herbal medipérese[5].



1.2 COMPLEMENTARY AND ALTERNATIVE MEDICINES

CAMs, as defined by the National Center for Complementary and Alternative Medicines
(NCCAM), is a group of diverse medical and health care systems, practices, and products that are
not presently considered to be part of conventional medidiigile some scientific evidence exists
regarding some CARtherapies, for most there are key questions that are yet to be answered
through well-designed scientific studies. Questions such as whether these therapies are safe and

whether they work for the diseases or medical conditions for which they are used are unanswered

[6].

NCCAM, the USA government's lead agency for scientific research on CAM, distinguishes
complementary medicines from alternative medicines. Complementary medicine is used together
with conventional medicine. An example of a complementary therapy is using Aromatherapy to help
lessen a patient's discomfort following surgery. Alternative medicine is used in place of
conventional medicine. An example of an alternative therapy is using a special diet to treat cancer
instead of undergoing surgery, radiation, or chemotherapy that has been recommended by a

conventional doctor [6].

The terms ‘complementary medicine’ or ‘alternative medicine’ are used inter-changeably with

traditional medicineand herbal medicine in some countries. They refer to a broad set of health care
practices that are not part of that country's own tradition and are not integrated into the dominant
health care system. Due to the increasing popularity and use of CAM, agencies such as NCCAM
are dedicated to exploring complementary and alternative healing practices in the context of
rigorous science, training CAM researchers, and disseminating authoritative information to the

public and professionals [6].

& Conventional medicine is medicine as practiced by holders of M.D. (medical doctor) or D.O. (doctor of osteopathy)
degrees and by their allied health professionals, such as physical therapists, psychologists, and registered nurses. Other
terms for conventional medicine include allopathic, Western, mainstream, orthodox, and regular medicine; and
biomedicine. Some conventional medical practitioners are also practitioners of CAM [6].

b Other terms for complementary and alternative medicine include unconventional, non-conventional, unproven, and

irregular medicine or health care [6].

¢ Traditional medicine is the sum total of the knowledge, skills, and practices based on the theories, beliefs, and
experiences indigenous to different cultures, whether explicable or not, used in the maintenance of health as well as in the

prevention, diagnosis, improvement or treatment of physical and mental illness [3].



According to the WHO, the definitions of herbal medicines, one of the categories under the CAM,
include [1}

- Herbs “include crude plant material such as leaves, flowers, fruits, seeds, stems, wood, bark,

roots, rhizomes or other plant parts, which may be entire, fragmented or powdered”.

« Herbal materials “include in addition to herbs, fresh juices, gums, fixed oils, essential oils,
resins and dry powders of herbs. In some countries, these materials may be processed by various
local procedures, such as steaming, roasting, or stir-baking with honey, alcoholic beverages or

other materials”.

« Herbal preparations “are the basis for finished herbal products and may include comminuted or
powdered herbal materials, or extracts, tinctures and fatty oils of herbal materials. They are
produced by extraction, fractionation, purification, concentration, or other physical or biological
processes. They also include preparations made by steeping or heating herbal materials in

alcoholic beverages and/or honey, or in other materials”.

- Finished herbal products “consist of herbal preparations made from one or more herbs. If more
than one herb is used, the term mixture herbal product can also be used. Finished herbal
products and mixture herbal products may contain excipients in addition to the active

ingredients”.

However, finished products or mixture products to which chemically defined active substances
have been added, including synthetic compounds and/or isolated constituents from herbal

materials, are not considered to be herbal.

- Therapeutic activity refers to the successful prevention, diagnosis and treatment of physical
and mental illnesses; improvement of symptoms of illnesses; as well as beneficial alteration

or regulation of the physical and mental status of the body.

- Active ingredients refer to ingredients of herbal medicines with therapeutic activity. In
herbal medicines where the active ingredients have been identified, the preparation of these
medicines should be standardized to contain a defined amount of the active ingredient, if
adequate analytical methods are available. In cases where it is not possible to identify the

active ingredients, the whole herbal medicine may be considered as one active ingredient.



1.3 TRADITIONAL USE OF HERBAL MEDICINES

Traditional use of herbal medicines refers to the long historical use of these medicines. Their use has
been well-established and widely acknowledged to be safe and effective, and may be accepted by

national regulatory/health authorities.

There are more than a hundred different therapies available as CAM treatments and herbal
medicines that come under one of the five discrete clinical disciplines such as acupuncture,
chiropractic, homeopathy, osteopathy and herbal medicine which are distinguished by established
training and professional standards. Herbal medicines and acupuncture are the most widely-used

CAM medicine therapies in the world [7].

1.3.1 Increased use of Herbal Medicines

Health care in the twentieth century has witnessed a revolution with a dramatic decline in mortality,
consequently increasing life expectancy. Scientific innovations have led to the development of new
medicines. However, these achievements have not changed much in terms of regular access to
affordable essential mediciffeso one—third of world population. It is observed that modern
medicine is not likely to be a realistic treatment option. In contrast, herbal medicines are readily
available, accessible and more affordable, even in remote areas [2]. Herbal medicines play an
important role in health care in both developed and developing countries. The United Nations
Conference on Trade and Development (UNCTAD) document states that many activities and
products based on traditional knowledge are important sources of income, food, and healthcare for

large parts of populations in various developing counfgies

In the last decade, there has been a global upsurge in the use of CAMs in both developed and
developing countries. Among the various reasons quoted for the increasing popularity of herbal

medicines are assumptions that orthodox medicines are synthetic and can cause side-effects,
dissatisfaction with the treatment received in modern medicine and chronic diseases and other
diseases, that cannot be cured by modern medicines [7]. For about 2,000 varieties of minor illnesses
and serious diseases it is reported that only 40% may be cured using orthodox medicines [8]. This
leaves a wide gap that herbal medicines can fill along with other therapies in CAM and hence

accounts for the growing popularity.

9 Essential medicines are those medicines that should be available, affordable and accessible to treat the majority of health
problems in the population.



Although by the 1950s, Pharmacognosy, the study of plants affecting health, was thought to be a
dying science, revival of interest in herbalism as a part of the mainstream remained a global
phenomenon. New recognition of the value of traditional medicines and indigenous pharmacopeias
and the need to make health care affordable for all caused this new movement, which was driven by
consumers. The drive of “return to nature” was led by the consumers’ desire to control their health
to the extent of preventing and treating diseases, including chronic and incurable conditions. One of
the major reasons for the increased interest in herbalism is the perception of consumers that
pharmaceuticals agents are expensive and high-risk in contrast to herbal remedies that are perceived
to be natural and safe. Other factors that contributed to an exponential increase in herbal agents are,
increase in public knowledge, access to information through a variety of sources such as the media,
journals and internet. Among the major types of herbal medicines that have evolved, Asian,
European, Indigenous and Neo-Western have topped the list. The first two types have been used for

thousands of years and appear in pharmacopeias and are better understood [9].

As a consequence of increased popularity of herbal medicines, the role of traditionally trained
practitioners who identified ingredients, harvested plants at specific times, prepared remedies under
strict rules and prescribed appropriately, have been replaced by mass production of herbal medicines
providing increased access of herbal medicines to consumers in the market [10]. The herbal industry
expanded from a small market segment to a major industry globally, with total access to health food

stores as well as drug stores and supermarkets as channels of distribution [10].

1.3.2 Safety and Efficacy of Herbal Medicines

Even though herbal medicines have been in use according to long-standing indications, their safety
and efficacy are a major concern. There are many reports on adverse drug reactions (ADRs) which
could be attributed to intrinsic and extrinsic factors, by the nature of the phyto-chemicals in the plant

itself and others due to lack of good manufacturing practices (GMPs), adulteration, wrong species

identification and improper quality control (QC) analytical methods [11].

In the USA, manufacturers are expected to accept responsibility for the safety of herbal products but
are not expected to provide safety information to regulatory bodies, before marketing. Thus there is
limited safety information available prior to marketing the product. Post marketing safety reports are

also not required to be submitted or maintained. Lack of appropriate medical supervision may result
in increased interactions with food and other medicines being used concomitantly [12]. Interactions
with patients’ physiology and/or with medication regimens are possible with concomitant use of

herbal medicines along with orthodox medicines. Hence, people with chronic illness such as renal

and liver diseases, the elderly, pregnant/nursing women, children, those with impending surgery and



patients on prescription medicines such as anticoagulants, hypoglycemics, antidepressants,
sedatives, are under greater risk when using herbal medicines [13]. Even though herbal medicines
are used extensively, limited evidence is available to support efficacy in the form of randomized
controlled trials (RCTs). For example, in 2001, the USA had recorded systematic reviews with
statistically significant evidence of efficacy only for four herbs- Ga@imgko biloba St. John’s

wort and saw palmetto [11]. Potential drug interactions can be dangerous, especially since an
estimated 75% patients do not inform their health care providers regarding their herbal supplements
[12]. At the same time, it is equally important to consider that life-threatening effects of herbal
remedies are extremely rare in comparison to those associated with pharmaceutical products. These
events are more likely due to adulterants in the formulations, unknown interactions in complex
mixtures as a result of undisclosed pharmaceutical interactions, inappropriate dosage or use, or due

to underlying factors with the individual patient [14].

The growing number of herbal medicines along with pharmaceuticals results in endless possibilities
of interactions. When words like ‘alternative’ ‘unorthodox’ medicines are used by health care
professionals, they are perceived as judgmental by the patients [13]. Without adequate efficacy and
toxicity profiles of herbal medicines, the evidence is lacking for the outcomes. Alternative therapies
are reported to be rarely discussed by patients with their physicians, due to fear of criticism [13].
Perceptions that herbal drugs being natural are equated to safe and efficacious due to their origin, is

a cause of concern [15].

Herbal post marketing surveillances to detect serious adverse drug reactions (ADRS) are not in place
[9]. ADRs may be caused due to intrinsic and extrinsic factors inherent in phytochemicals of
products. Reviews show that pre-operative period use of herbal medicines leads to interactions with
anesthetics and other medications commonly used during surgery e.g. Genlig, biloba and
Ginseng can increase risk of bleeding during surdgeaya-Kavaand Valerian result in increased

sedative effect of anesthetics [11].

Despite all these issues with herbal medicines, there is lack of stringent requirements for safety and
efficacy information for herbal medicines because one of the justifications is that herbs have been
used over centuries. Consequently, evidence based studies are not seen as a requirement. On the
other hand, manufacturers cannot patent herbs, incentives to conduct clinical trials are low. The high
cost of funding research and regulatory requirements are avoided in phyto-pharmaceuticals. This
situation results in the lack of availability of data regarding adverse effects, drug interactions and

dependence issues [13].



1.3.3 Quality of Herbal Medicines

The quality of herbal medicines is a major concern worldwide. Lucrative markets for herbal
medicines are fuelled by heightened consumer interest. Herbal preparations are not governed by the
same safety criteria as prescription and over the counter (OTC) products. Absence of QC
requirements for potency and purity as well as lenient labeling standards results in standards and
qguality of herbal medicines not being maintained. Product integrity is not established because of
lack of safety testing and purity between batches and manufacturers. The amount of active
ingredient can vary greatly between brands and some may not even contain the assumed active

ingredients [7].

The factors that affect active constituents of herbal plants include, age of the plant, temperature,
daylight length, atmosphere, sampling, toxic residues, manufacture and preparation, rainfall,
altitude, soil, microbial contamination, deterioration and heavy metals contamination, amongst
others [13]. Variation in activity of phyto-pharmaceuticals is probably due to the presence of various
constituents. lllegal contamination or spiking with prescription ingredients and impurities are also
possible because potency and purity are not monitored by regulatory agencies. When the raw
materials for herbal medicines are collected from the wild or cultivated fields, toxic contaminants
can arise from conditions where the plants are grown or collected, conditions where they are dried,

processed, stored and transported before and during manufacture [7].

Other problems specific to the quality of herbal medicines are that they are mixtures of many
constituents and all the active principles may be unknown. Selective analytical methods and
monographs may not yet exist. If several relevant constituents have to be considered, standardization
appears to be more complicated because of the variation of the ratios of the constituents in different
batches [12].

Different growth, harvest, drying and storage conditions results in variation in quality of raw
materials [12]. Hence it is important to cultivate plants under standardized conditions. The polarity
of the extraction solvent, mode of extraction and instability of constituents can influence
composition and the quality of extracts. Phyto-pharmaceuticals intended for use as medicines must
be standardized and the pharmaceutical quality approved, since reproducible efficacy and safety is

based on reproducible quality [12].



1.3.4 Adulteration and Contamination of Herbal Medicines

Quality, safety and efficacy (QSE) issues of herbal medicines are not only due to the lack of testing
procedures. It is generally assumed that herbal medicines are safe and can be consumed without
proper medical advice. There are many reports regarding herbal products being contaminated or
spiked with synthetic drugs and also with heavy metals such as lead, mercury, cadmium, thallium
and arsenic. The other contaminants could be due to contamination with pesticides and/or microbial
growth due to improper storage and processing [7]. It is also reported that mis-identification of
certain plants, such d3igitalis purpurea, Atropa belladonnand Scutellaria laterflora have had

serious medical implications [9]. Substitution of herbal medicines with cheaper plants of unknown

potency can also lead to substandard products [11].

1.3.5 Responding to the Challenges of Herbal Medicines

Herbal remedies are used as prophylactics to maintain or enhance good health or prevent certain
conditions from occurring. They are popular and are promoted as safe and efficacious [9]. For
example, in the USA, during the early 1900s, herbal therapy was a major aspect of the
pharmacopoeia. It has been reported that, nearly one quarter of pharmaceutical agents originate in
whole or in part from naturally occurring chemicals in plants [13]. It is a well known fact that
digitalis, reserpine and aspirin continue to be used as standard therapy for cardiovascular
indications. The continued use and increasing popularity of phyto-pharmaceuticals was highlighted
by a study in the USA that showed a marked increase in the use of herbal agents during 1990 to
1997. The suggested increase of 47% in total visits to alternative medicine practitioners with an
estimated increase of 45% expenditure accounts for the sale of herbal medicines exceeding US$ 1.5
billion a year with an estimated 60-70% of the American population using them [16]. It is reported
that less that one-third of these people inform their conventional health care providers of their

current medicinal therapy [16, 17].

Currently, studies are being conducted to establish herbal-drug transniissit@no or through
mother’s milk, pharmacokinetic behaviour of plant derived medicines, allergic reactions, problems
associated with long term use, effects on internal organs, effects under predisposing conditions and
interactions with prescribed medicines. Their effect to potentiate or diminish activity when used

with prescribed medicines is also being increasingly studied [9, 14].



Much emphasis is placed on reviews such as Cochrane systematic reviews, which focuses not only
on efficacy but also on expanded safety and quality. Methods for the standardization of active
ingredients and methods for minimizing risks of contamination are related to quality. Safety issues
involve occurrence of adverse effects, contraindications for use, e.g. herb-drug interactions or
allergies to these herbal products. There is a need for Cochrane reviews because herbal products do
not have package inserts like conventional pharmaceuticals and hence the much-needed information
on expanded safety and quality is not available. It is essential that the information provided meet the

needs of consumers, clinicians and researchers [18].

The trend in bridging the gap between CAMs and allopathy is being promoted by creating
awareness of potential interactions of herbal remedies with allopathic treatments by eliciting
information on admission questionnaires, increasing sensitivity amongst future practitioners by
developing courses in CAMs and complementing this effort by offering continuing education
courses for health care professionals [9]. The integration process is being guided by proactive
approaches such as publishing research on efficacy of CAMs in major medical journals, continuing
medical education for physicians on CAMs and hospitals with CAM services [19]. NCCAM
measures disease burden criteria such as prevalence, mortality, years of life lost and cost of illness
before allocating funds for further research on CAMSs, thus setting research priorities [20]. Adopting
herbal use patterns as part of a patient's documented history and treatment plan is another important
way in which measures are being put into place in developed countries [12]. Increase in scientific
research to provide evidence in integrating CAMs into mainstream medical practice is expensive
and time-consuming. The policy of integration is met with several obstacles due to lack of evidence

and limited funding available for CAMs compared to conventional medicines [21].

1.4 SITUATION OF HERBAL MEDICINES IN AFRICA

In August 2000, the resolution on ‘Promoting the Role of Traditional Medicine in Health Systems:

A Strategy for the African Region’, acknowledged that about 80% of the population living in the
African region depend on traditional medicine for their health care needs [2]. There is evidence in
all African communities that the use of traditional medicines is historic. For centuries, Africa's
people have experienced free and open access to a diverse and rich biological resource. Africans
have exchanged and traded these resources among themselves for food, fuel, medicine, shelter, and
economic security. The globalization of trade and economies exerts intense pressure to open up
Africa’s natural resources and markets to conform to global trade rules by trans-national
corporations [22]. Africa's biodiversity is threatened due to increasing privatization of the biological
resource base. The livelihoods and rights of many local communities depend upon these resources

and the knowledge and technologies they have developed have contributed to the biodiversity,



conservation and use. Global trade has increased corporate control of Africa's biological resources
and healthcare systems. The collective rights of many African communities are undermined due to

increased trade of its natural wealth, especially its medicinal plants, and without compensation [22].

Traditional medicine is cheaper and more readily available than Western medicine. In Ghana, there
is a traditional doctor for every 224 people; the ratio of modern Western-style doctors is typically a
ratio of 1:21,000. In Swaziland this ratio is reported to be at 1: 110 for traditional doctors compared
to 1: 10,000 for western doctors [23].

1.5 REGULATORY CHALLENGES OF HERBAL MEDICINES

Differences in quality, variation between batches and current flexible regulatory control on herbal
medicines exerts pressure on consumers to take onus regarding the purchase and use of herbal
medicines [13]. Among the most common problems with the use of herbal medicines are
adulteration, substitution, contamination, misidentification, lack of standardization, non-adherence
to GMPs and inappropriate labeling [7, 11]. Substitution or adulteration with other herbs or
synthetic medicines done either intentionally or by mistake is also known [7]. A direct consequence
of the lack of an enforceable regulatory system on the practitioners and formulators of herbal
medicines, results in use of remedies not bound by labeling requirements. Hence the regulatory

challenges of requiring claims of content, QSE of herbal remedies are often not satisfied.

In 1991, the WHO developed a policy of traditional medicine in collaboration with its member
states in the review of national policies, legislation and decisions on the nature and extent on the use
of traditional medicine in their health systems. It also notes that there are differences that exist
between its member states, in defining and categorizing herbal medicines. Depending upon the
regulations that apply to foods and medicines in each specific country , a medicinal plant may be
defined as a food, a dietary supplement or a herbal medicine. This situation makes it difficult to
define the concept of herbal medicines for the purposes of national drug regulations, which also

confuses patients and consumers [24].

The main objective of the WHO was to facilitate the integration of traditional medicine into national
health care systems, to promote the rational use of traditional medicine through the development of
technical guidelines for international standards of herbal medicines and related therapies and
provide information on various forms of traditional medicine. The guidelines developed in this
regard define basic criteria for the evaluation of safety, efficacy and quality of herbal medicines to
assist in developing documentation for national regulatory authorities and manufacturers.
Accordingly, a resolution was adopted by the World Health Assembly in May 2003 (WHA56.31) on
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traditional medicine. The resolution requested WHO to support member states by providing
internationally acceptable guidelines and technical standards and also evidence-based information to
assist member states in formulating policy and regulations to control the QSE of traditional

medicines [24].

1.5.1 Requlatory Situation of CAMs in Different Countries

1.5.1.1 Republic of South Africa Regulations

In the RSA, efforts are being made to regulate CAMs by the Department of Health (DoH) through
an officially appointed government committee, the Complementary Medicines Committee (CMC)
and a separate committee, Committee for African Traditional Medicines (ATM’'s) under the
auspices of the Medicines Control Council (MCC). The mandate of the CMC is to attend to issues
relating to QSE of CAMs and to develop specific regulations for their control and registiédteon.
current Medicines and Related Substances Control Act (Act 101 of 1965) is more appropriate only
for the regulation of allopathic medicines and most complementary medicines do not readily meet

the requirements of the current medicine registration system as prescribed by Act 101 [25] .

The DoH, in a media statement dated' Z&ptember 2006nakes the South African public aware

that the committee has called for producers of CAMs to submit their products. In response to this,
the statement purports that about 20,000 products were received, of which 14,000 products have
been assessed to establish their contents. Meanwhile, the CMC is apparently in the process of
developing guidelines and establishing a regulatory framework for the evaluation and registration of
CAMs. Draft regulations which have been published for public comment are being reviewed for the
comments that have been received. Upon consideration by the legal unit of the DoH, the

recommendations are to be submitted to the Minister of Health (Figure 1.1).

The regulations which follow after this process are expected to regulate and ensure that all CAMs
marketed or approved for marketing in the RSA, should meet the required quality, safety and
efficacy standards and would be of benefit to the p(b¢
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Figure 1.1 Communication from South African Department of Health on complementary medicines.
(http://www.doh.gov.za/search/index.htahte accessed 15-11-2006)

The CAMs categories [26] in the RSA include thedaling:
* Herbal medicines
¢ Ayurvedic medicines
* Chinese medicines
¢ Sogwa Rigpa medicines
* Unani-Tibb medicines
e Aromatherapeutic Essential oils
* Nutraceuticals
¢ Homeopathic medicines
» Biochemical tissue salts
¢ Anthroposophical medicines
« Homotoxicologic medicine
¢ Gemmotherepeutic medicines
» Energy substances
« CAM Combination medicines (made up from any of thewe sub-categories)
¢ Combination medicines (made up from any of the absmecategories AND medicines
classified as “orthodox” medicines)
e Sports Performance preparations

¢ Weight Management products
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1.5.1.2 The United States of America Regulations

Since the Food Drug and Cosmetic Act (FD & C Act) was passed in the late 1930s, the United
States Food and Drug Administration (FDA) has regulated dietary supplements, nutraceuticals and
other related herbal products in terms of QSE, with herbal medicines receiving more attention.
Natural products have been considered under “generally recognized as safe” (GRAS) status when

confirmed by qualified experts and without any further contradictions by other experts [10].

The Dietary Supplement Health and Education Act (DSHEA) was signed into law in October 1994,
and it amended the FD & C Act by prescribing GMPs for dietary supplements. Since these
regulations do not impose standards for non-availability of analytical methods, unless included in
the regulations, this effectively protects dietary supplement manufacturers from proving the efficacy
of the product prior to marketing for public consumption. The manufacturer is only expected to
assure the FDA that the product is expected to be reasonably safe and they may advertise functional
claims for supplements and also health claims as described by the FDA. This situation has prompted
the US Congress to revise the DSHEA to exert more control by the government authority to remove
substandard products and require manufacturers to file adverse event reports (AERS) with the FDA.
The FDA's Center for Food Safety and Nutrition (CFSAN) is in the process of drawing up
guidelines for reporting AERSs [27].

FDA regulations require that stipulated information appears on dietary supplement labels.
Information regarding the dietary supplement label should include a descriptive name of the product
stating "supplement”; the name and place of business of the manufacturer, packer, or distributor, a

complete list of ingredients and the net contents of the product [28].

It is suggested that the FDA should modify quality inspections such that the manufacturers
participate in voluntary GMP quality audit programmes, which are conducted by organisations like
the National Nutritional Foods Association (NNFA). In addition, updating of United States
Pharmacopoeia (USP) monographs is reported to be underway along with analysis of 28 botanical
monographs and more than 100 supplements, conducted with the use of modern instruments to
ensure product quality. In this respect, National Institutes of Health (NIH) Office of Dietary
Supplements (ODS) has contracted the Association of Official Analytical Chemists (AOAC) dietary
supplement task group to provide accurate analytical methods [27].

The advertising of dietary supplements is regulated by the Federal Trade Commission (FTC) in
close association with the FDA, which includes informercials for dietary supplements and related
products. The advertising and promotional materials which are received by postal mail are regulated

by the U.S. Postal Inspection Service [27].
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Traditional Medicinals Inc., a manufacturer of herbal medicines commented to the FDA and

highlighted that the herbal products that are regulated as “Dietary Supplement Products” by the US
FDA are further regulated in Canada as “Natural Health Products” by the Health Canada Natural
Health Products Directorate (NHPD) and also by “Traditional Herbal Medicinal Products” in

European Union member states. Many US companies which market herbal products internationally
must therefore internally harmonize various regulatory requirements. The manufacturer strongly
urges FDA to review the existing guidelines in this regard with respect to the other regulatory
counterparts, in particular Health Canada NHPD, the UK Medicines and Healthcare products
Regulatory Agency (MHRA) and the Australian Therapeutic Goods Administration (TGA), and to

make a concerted effort to harmonize certain relevant parts of the claim substantiation guidance.
Such an effort will help US companies to streamline their activities to substantiate the product

quality under various regulatory authorities [29].

1.5.1.3 Australian Regulations

The Australian Department of Health and Ageing, Therapeutic Goods Administration, in March
2006, released Australian Regulatory Guidelines for Complementary Medicines (ARGCM) Part I

for Listed Complementary Medicines.

The Therapeutic Goods Act (1989) laid the initial framework for the regulatory aspects for all
therapeutic goods in Australia to ensure the QSE. CAMs imported or manufactured in Australia
must be listed or registered in the Australian Register of Therapeutic Goods (ARTG). The general
criteria for listed complementary medicines is that the products must contain only ingredients that
have been approved for use in Listed Complementary Medicines that make only general and/or
medium level indications as defined in the guidelines. The guidelines clearly define an herbal
substance with the intention that only those herbal ingredients that comply with that definition are
currently permitted to be included in the Medicines List. The product after being listed and approved
for marketing has to undergo a random post market review process to confirm that certifications at

the time of listing are correct [30].

The quality standards for listed complementary medicines have to be met for active ingredient and
the finished product. The British Pharmacopoeia (BP) and Therapeutic Goods Orders (TGOs) are
the officially recommended specification standards for active ingredients. In the case of finished
products, comprehensive information on composition, product development, formulation, overages

and manufacturing process have to be submitted [30].
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The listed medicines are considered as low-risk medicines as they are assessed by the TGA. These
products are assessed for quality and safety and not for efficacy. The listed products which claim
therapeutic benefits may pose health risks to consumers through long term administration or

inappropriate self-medication. These products require pre-market assessment for QSE [30].

Post marketing vigilance is mostly related to monitoring of the product by random audits and
analytical testing for the advertised ingredients. TGA has an integrated system in place for reporting
of ADR monitoring associated with complementary medicines and is in a position to expedite recall
procedures if removal of such products is warranted. The labelling and presentation of

complementary medicines should follow the Therapeutic Goods Act 1989 [30].

Presently a joint Australia-New Zealand Therapeutic products agency is being established for the
regulation of herbal substances, which is known as - The Agency, wherein the complementary
medicines comprising of herbal medicines and medicinal products containing herbal substances are
to be regulated as medicines. The medicines are to be regulated on a risk-based approach and
classified as Class | or Class Il, which dictates the level of regulatory control and the manner of
licensing. Class | medicines will be evaluated after the product license has been issued whereas
Class Il medicines are considered as higher risk medicines and a license will only be issued after

stringent evaluation [31].

1.5.1.4 Canadian Regulations

Natural Health Products (NHP) in Canada is regulated by the Natural Health Products Directorate
(NHPD) under a Canada Gazette for natural health products regulations as per the Food and Drugs
Act. As per the gazette, the regulations apply to the sale, manufacture, packaging, labelling,
importation, distribution and storage of natural products in Canada. The GMP guidelines outline the
requirement of specifications for the NHPs which should contain detailed information on purity,
information and identity of each medicinal ingredient, quantity per dosage unit and its potency on
the product label. The manufacturers of NHPs are required to maintain records of master production
documents, list of all ingredients in each batch/lot of NHP, record of analytical testing and
specifications of NHP at the site of manufacture. The manufacturer should also maintain the
information and documents for every batch of NHP produced for sale along with the list of all other
NHPs manufactured in that premises. Most importantly, the documents related to sanitation have to

be maintained at the site [32].
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The NHPs are classified as drugs according to the Food and Drugs Act. The act has two
components, firstly the function of NHP and secondly the substance used as NHP. The gazette also
provides regulations for clinical trials involving human subjects, which emphasizes the requirements
for proper documents and protocols by means of good clinical practices which are conducted by

gualified investigators [32].

The labeling and packaging requirements prescribed by the regulations ensure that information on
the labels should assist the consumer to meet their needs and expectations and also the merits and
limitations of the chosen products. The label should recommend the health claim with cautions,
warnings and contraindications along with any known ADRs. The label should carry natural product
number ‘NPN’ which is issued with the product license. In case of homeopathic medicines the
prefix ‘DIN-HM’ should be mentioned on the label [32].

The Natural Health Products Directorate, in its guidance document of November 2003, requires
applicants for a license to provide evidence to support the quality of finished natural health products.
This document aims to critically assess the identity, purity, quantity, potency and tolerance limits of
the NHPs [33].

1.5.1.5 European Union Regulations

Previously, regulatory standards in countries within member states of the European Union (EU)
were varied and did not represent a homogenous group. Natural products, generally regarded as
botanical or herbal medicinal products were categorized as either licensed medicinal products
whose QSE is proven in accordance with Article 4.8a (ii) of Council directive 65/65/EEC, or
products with simplified proof of efficacy based upon use of the specific herbal product in that
country. The major difference between countries was observed in the classification of individual
herbal medicines into one of the categories. Although the European Scientific Cooperative on
Phytotherapy (ESCOP) founded in 1989 and WHO monographs are in use by member states, the
Committee on Herbal Medicinal Products (HMPC) formed by the European Medicines Agency,
Evaluation of Medicines for human use (EMEA) is considered as the preferable regulatory
authority. The EU placed emphasis on scientific monographs for medicinal products through
ESCOP, which published 50 monographs, which were submitted to the Working Group on Herbal
Medicinal Products. The monographs were based on scientific data on individual medicinal plant,

but needs assessment in the form of an expert report [34].

In 2004, the EU passed a new directive (2004/24/EU) regarding traditional herbal medicinal

products to provide a high level of health protection and consumer access to medicines of their
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choice, and also provide QSE of such products. In their efforts to ensure a single market, the EMEA
introduced new legislation and procedures for traditional herbal medicines, which also encourages
trade between member states. According to the directive, herbal preparations are expected to meet

the quality requirements similar to medicines approved officially [35].

The legislation states that clinical trials are not required if sufficient knowledge exists on a particular
product, thereby avoiding unnecessary testing. For other medicines, it recommends marketing

authorization without proof of efficacy, if they are [35]:

a. Safe.
Have been used continuously as a traditional medicine for 30 years, of which, at
least 15 years in EU, from the date of application.

c. The production standards comply with the pharmaceutical standards when

compared to manufacture of herbal medicines.

The HMPC recently released a concept paper, Common Technical Document (CTD) for traditional
herbal medicinal products. This document is a revision of pharmaceutical legislation for a simplified
registration procedure for traditional herbal medicinal products and refers to the data requirements
for such applications. In order to streamline the legislative provisions on the data requirements, it
recommends the introduction of explanatory notes in the existing CTD format for submission of
applications for registrations. The anticipated impact of this guideline is to improve the
understanding on how applications for traditional herbal medicinal products are to be presented.
This is expected to help reduce problems with assessment of applications, the resources needed and
also facilitate the reduction of the inconsistencies in expectations of the designated authorities with

respect to documentation [36].

1.5.1.6 United Kingdom Regulations

Herbal medicines in the UK are regulated by the Medicines and Health Products Regulatory Agency
(MRHA), which is an executive agency of the Department of Health. Since the inception of the
Traditional Herbal Medicinal Products Directive (THMPD) by the EU in March 2004, the
framework to control herbal medicines in UK has benefited by the single piece legislation when
compared to the Medicines Act 1968. The present regulations place more emphasis on the QSE of
herbal products, firstly, through use of modern analytical methods which would allow quality
assurance through reproducible fingerprinting of herbal products and secondly by collecting data
from other well-established texts such as Ayurveda and Chinese medicine. The licensing

requirements at present exempt the products already on sale. The new regulations require the
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manufacturers to apply for a license for each product and to comply with official published
standards [37].

The concerns and consequenceshele regulations are expected to add extra financial burden on
the manufacturer to obtain a license for sale and also demands the 30 year rule as per the EU
directive. Interestingly, the US herbal products imported into UK/EU are subject to minimal quality
control at present, but with new regulations, the products may have to be re-formulated to expected
standards [38].

The THMPD Directive had to be implemented by the member states to establish a registration
scheme by 30th October 2005 and the Article 2(2) of THMPD provides that where traditional herbal
medicinal products were already on the market when THMPD was in effect, the member states
were allowed a transitional period of up to seven years. However, the MHRA'’s current intention is

to allow the transitional period to run until 2011 in the UK [39].

The MRHA, in its efforts to educate herbal product manufacturers, posted a comprehensive THMPD
Registration Dossier Requirements in November 2004. The document defined a herbal product as
“any medicinal product exclusively containing as active ingredients one or more herbal substances
or one or more herbal preparations, or one or more such herbal substances in combination with one
or more such herbal preparations” and herbal substances defined as “mainly whole, fragmented or
cut, plants, parts of plants, algae, fungi, lichen in an unprocessed state, usually dried form but
sometimes fresh”. Certain exudates that have not been subjected to a specific treatment are also

considered to be herbal drugs [39].

Furthermore, it describes a simplified registration procedure and guides the applicant on the
labelling and stability studies for herbal products. The labelling requirements as per Article 16i,
should provide a high degree of consumer protection, and facilitate the consumer to use the

medicinal product correctly on the basis of full and comprehensible information [39].

Stability studies for herbal products are required to be conducted as per Directive 2003/83EEC. The
directive indicates a comprehensive study programme based on validated analytical methods and
appropriate fingerprinting of the herbal constituents in the product. In case of a constituent of known
therapeutic activity, the variation should not exceed 5% of the initial assay, unless justified, and

also considers a case by case approach due to the complexity of the herbal products [39].

18



1.6 CONCLUSIONS

Undoubtedly, the popularity and commercialization of herbal products are going from strength to

strength. In the present scenario with rapid globalization, herbal products are playing a vital part in
the global economy. From a modest dietary supplement, herbal products are being transformed into
various medicinal products due to inherent pharmacological effects or sometimes even due to
unsubstantiated claims by dubious manufacturers. Herbal product adulteration, substitution of active
principles, formulation as inappropriate dosage forms, manufactured under non-cGMP conditions
(i.e. improper QC and quality assurance), are some of the major issues associated with herbal
products. This has prompted implementation of revised regulations in an effort to ensure QSE of
herbal products by many countries around the world. However, there exists a major gap in such
regulations between developed and developing countries, where it is estimated 80% of the

population use traditional medicine as a form of primary health care.

Countries such as South Africa and the UK are in the process of integrating CAMs into the health
care system through credible implementation of knowledge generated on herbal medicines based on
the traditional use of such botanicals. These efforts are commendable, but require sound financial
support and extensive research. There are reports where integrated medicine is practiced by medical
practitioners in the USA. Patients in many instances are reported to take prescription medicine along
with OTC medicine and herbal medicine, leading to possible adverse reactions. The pharmacist is
well-equipped to provide effective counselling in this area and well proposed regulations should be
considered to enhance the consultations between the patients and health practitioners to ensure

continued safety and awareness.

Regulations play an important role in ensuring quality and safety of herbal products. Herbal
products have generally been considered safe and most of these products are available over the
counter. Misconceptions of their inherent safety have resulted in serious, sometimes disastrous
ramifications. Stringent criteria are being developed and implemented in an effort to improve the
situation and also to harmonize the regulations between international regulatory bodies. The
challenge for most regulatory bodies is to strike a balance between maintaining availability of herbal

products for consumers at an affordable price and also ensuring best possible levels of QSE.
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CHAPTER 2

SCELETIUM SPECIES: PLANT AND PRODUCTS

2.1 INTRODUCTION

The nameSceletiunis derived from the Latin woriceletusneaning skeleton. The derivation of the
name is due to the prominent lignified leaf vein structure that is observed in dried leaves of this
genus which give a skeletal appearance. Sbeletiumplant (Figure 2.1a) can easily be identified
by its persistent dry ‘skeletonised’ leaves. The dry leaves enclose the young leaves (Figure 2.1b)
during the dry season, to protect them from adverse environmental conditions. The flowers (Figure

2.1c) inSceletiunrange from white, pale to bright yellow and/or pale pink [40].

Figure 2.1a: Sceletium plant 2.1 b: Dried leaves enclosing young leaves 2.1 c: Sceletium flower

The genusSceletiumbelongs to the family, Aizoaceae, which occurs in the Western, Eastern and
Northern Cape province of South Africa, more prominently occurring in the Little, Great and Upper
Karoo regions. It is also reported to be found in the Namaqualand Rocky Hills, Knersvlakte, Ceres
Karoo and some moister parts of Western Cape [41].

There are about eight reported species of this genus [40] viz.:
1. Sceletium crassicaulgiaw.)L.Bolus

Sceletium emarciduThunb.) L.Bolus ex H.J.Jaccobson

Sceletium exalatuiGerbaulet

Sceletium expansu(h.) L.Bolus [nt]

Sceletium rigidunt..Bolus

Sceletium stricturh.Bolus

Sceletium tortuosurfL.) N.E.Br. [nt]

Sceletium variangHaw.) Gerbaulet

©® N o ok~ 0N
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2.2 COLLECTION OF SCELETIUM

Since the distribution of this plant is mainly in North-Western Cape regions of southern Africa,
initial efforts to source the plant from its natural habitat were unsuccessful. However it was
observed that the plants were mostly grown in greenhouses in those regions. Hence, the availability
of the plants depended on the cultivators, and most of the samples were gratefully supplied as gifts
by theSceletiumcultivators in their effort to identify and ascertain the quality of the plant material
that they had. The contributors to this collection Sfeletiumplants have been gratefully
acknowledged. Plants provided were not always flowering. The samples were potted and cultivated.
Upon flowering, samples were pressed to provide herbarium specimens for future references as an
achival record. The specimens were deposited at the Selmar Schonland Herbarium (GRA),
Grahamstown, South Africa. Specimens have been submitted under the author's name and

designated “SP” (the author’s initials) along with a collection number.

2.3 IDENTIFICATION OF SCELETIUM

The specimens were studied and identified using the identification key of Gerbaulet [41]. Based on
the identification key, the venation pattern which differs between species is one of the important
taxonomic identification features. The main differences are found in the secondary veins that branch
off from the middle vein towards the leaf margin. Based on the venation type, the species is mainly
classified as eitheemarcidumor tortuosumtypes (Figure 2.2a). In themarcidumtype (Figure

2.2b) the leaf is more flat and the dried leaf venation pattern shows a central main vein with the
curved secondary vein which branches off the main vein, reaching the leaf margins. The other

species in this group a& exalatum and S. rigidum

Figure 2.2a: Venation pattern of dry leaves in Sceletium. 2.2b: Skeletal leaf 2.2c: Skeletal leaf
|- emarcidum type II- tortuosum type; csv=curved of S. emarcidum of S. tortuosum
secondary vein, mv=middle vein, ssv=straight (SP01, GRA) (SP02, GRA)

secondary vein [41]
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In plants of thetortuosumtype (Figure 2.2c), the dry leaves are more concave and usually show
about three to five or sometimes up to seven major parallel veins. The secondary veins run straight
up to the apex on both sides of the middle vein. The other species in this grupgrassicaule, S.

expansum, S. strictum and S. varians.

Of the six plant specimens which were received as gift samples, it was observed that three samples
were of theemarcidumtype and the other three were of thetuosumtype. These specimens are
discussed in more detail below. Témarcidumype leaf was observed in the following samples:

1. S. emarciduncollected from a greenhouse, Hermanus, South Africa, (Specimen number
SP01, GRA, Figure 2.3).

2. S rigidum,sample received as a gift from Vanwyksdorp, South Af(8aecimen number
SP02, GRA, Figure 2.4).

3. S. exalatum sample submitted for identification, from Somerset West, South Africa,
(Specimen number SP03, GRA, Figure 2.5).

Figure 2.3: Specimen identified as S. emarcidum Figure 2.4: Specimen identified as S. rigidum
(SP01, GRA) (SP02, GRA)

Figure 2.5: Specimen identified as S. exalatum (SP03, GRA)
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Thetortuosumtype of leaf was observed in the following samples.

1. S. tortuosum,which was collected from a greenhouse in Robertson, South Africa,
(Specimen number SP04, GRA, Figure 2.6).

2. S. expansumsample submitted for identification by cultivator, (Specimen number SPO5,
GRA, Figure 2.7).

3. S. strictum sample submitted for identification by cultivator, (Specimen number SPO06,
GRA, Figure 2.8a, b).

During identification of SP06 (GRA), it was observed that there were no skeletonised leaves
(Figure 2.8a) and it was suspected that this sample did not belong Soeletiumspecies. It

was about three months later when the skeletonised leaves were observed (Figure 2.8b). This
observation was attributed to the fact that the initial submitted sample, grown in a greenhouse,
could have had excessive quantities of water. After receipt of the sample in our laboratories, the
sample was watered only once in a week. This demonstrates the difficulty of identifying

specimens when growth conditions are different to natural wild conditions.

Figure 2.6: Specimen identified as S. tortuosum Figure 2.7: Specimen identified as S. expansum
(SP04, GRA) (SPO5, GRA)
Figure 2.8a: Specimen identified as S. strictum Figure 2.8b: S. strictum (with dried leaves)

(without dried leaves) (SP06, GRA)
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2.4 CHEMISTRY OF SCELETIUM ALKALOIDS

The preliminary studies oBceletiumwere done by Meiring in 1896 suggesting the presence of
alkaloids and this was confirmed by Zwicky in 1914. In a detailed study by Zwicky on about 40
species of the genldesembryanthemummore than 50% of the plants tested positive for alkaloids.
Due to this large number, the gendesembryathemurwas abandoned and some of the species
were reassigned to gen&eletium family Azioaceae Further studies ors. expansunand S.
tortuosum reported by Zwicky in 1914, yielded a non-crystalline alkaloid which was named

mesembrin with the reported molecular formulagHgNO, [42].

Rimington and Roets [43] re-investigated this plant in 1937 and attempts to crystallize the alkaloid
as a free base or an hydrochloride salt were unsuccessful. In their experiments, they managed to
obtain a crystalline picrate and platinichloride from the methylated free base and the compound was
deduced for its molecular formula based on combustion analysis. The molecular formula for
mesembrin was reassigned agHzNO;, which is presently know as mesembrine and it was
suggested that the molecule belonged to the tropane ester alkaloid group.

Bodendorf and Krieger [44]n their work in 1957, re-visited the molecule and crystallized the
mesembrine base to its hydrochloride salt, along with isolation of two more bases, namely
mesembrinine, presently known as mesembrenone, which had two hydrogen atoms less and the
structure was closely related to mesembrine. The other base was called Channine, which was
described as a phenolic base and it was also reported that the three compounds were optically

inactive.

Poplek and Lettenbauer in 1967 reported the leveBcefetiumalkaloids at 1% to 1.5%, which
consisted of 0.7% mesembrine and 0.2% mesembrinine [45]. The structure of mesembrine, deduced
from their study, was reported &smethyl-3a-(3’,4’-dimethoxyphenyl)-6-oxoisoctahydroindole,

which provided the foundation for continued studies on this group of alkaloids [42].

Jeffset al, in 1974 [46] worked further 0§. namaquensand S. strictumand reported five new
alkaloids namely,Sceletiumalkaloid A4, N-formyltortuosamine, 4’-O-demethylmesembrenone,
A’mesembrenone and sceletenone. It was also reported that in a concurrent study by @iathers
on S. tortuosumanother baseprtuosamine, was isolated and had a close structural relation to
Sceletiumalkaloid A4.
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Arndt and Kruger in 1970 [47] reported three new alkaloids, joubertiamine, dihydrojoubertiamine
and dehydrojoubertiamirfeom S. joubertii. The basic structure was reportedly close to mesembrane
and not related to the mesembrine type of alkaloids. The above alkaloids were also isolated and
reported in anotheBceletiumspeciesS. subvelutinumby Herbert and Kattah 1990 [48], in their
study of the biosynthesis 8celetiumalkaloids.

The alkaloids which have been isolated fr@oeletiumspecies are broadly classified into four
structural classes. The major subgroup being the 3a-aryl-cis-octahydroindole skeleton which is
referred to as the mesembrine group (Figure 2.9a) which inchfdearies and\’ series based on

the double bond at position 4-5 (Figure 2.9b) and 7-7a (Figure 2.9c), respe@ivelgtium
alkaloid A4 (Figure 2.9d) constitutes the lone member of the second subgroup. The third subgroup is
closely related to the second, which is the alkaloid, tortuosamine type (Figure 2.9e) and the fourth

group is the joubertiamine type (Figure 2.9f) which is closely related to the mesembrine series [49].

a: Mesembrine - type b: A*Mesembrine - series c: A Mesembrine - series

|
0

‘ H

d: Sceletium A4 - type

O

Figure 2.9 a-f: Structural classes of Sceletium alkaloids

Of the above subgroups, the mesembrine type is the largest, consisting of about 15 alkaloids. The
class derives its name from mesembrine, which was the first structurally characterized molecule
[42].
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2.4.1 Mesembrine type

The major alkaloid in mesembrine type is (=)-mesembrine, reported to be present in up t8.1% in
namaquencend occurs as a partial racemateSinstrictumand S. tortuosummin smaller amounts
[42]. The reported alkaloids in this sub-group are listed in Table 2.1, 2.2 and 2.3 [49].

Table 2.1 Mesembrine type (I)Sceletium alkaloids

No. R1 R2 R3, R4 R3 R4 Compound

1 OMe OMe o - - mesembrine

2 OMe OMe - OH H mesembranol

3 OMe OMe - H OH epimesembranol

4 OMe OMe - OAc H mesembranol acetate

5 OH OMe - OH H 4'demethyl mesembranol
6 OMe OMe - OMe H mesembranol methlyether
7 OMe OMe H - - mesembrane

Table 2.2 A“Mesembrine type (I1)Sceletium alkaloids

No. R1 R2 R3,R4 R3 R4 Compound

OMe OMe O - - mesembrenone

OMe OMe - OH H mesembrenol
10 OMe OMe - H OH 6-epimesembrenol
11 OMe OMe - OAc H mesembrenol acetate
12 OH OMe - OMe H -

(m 13 OMe H 0 - - 4-O-methyl sceletenone

14 OH H (0] - - sceletenone

2.4.3A’Mesembrine type

Table 2.3 A’'Mesembrine type (IIl) Sceletium alkaloid
No. R1 R2 R3,R4 R3 R4 Compound
15 OMe OMe 0 - - A’mesembrenone
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2.4.4SceletiumA4 type

SceletiumA4 alkaloid (16) is reported to occur in S&amaquensas an optically active crystalline
base. The other reported alkaloid which is closely related to this structure is a non-crystalline

optically active compound mentioned as dihydropyridone base (17) [42].

Ry
R2 RZ
Table 2.4 Sceletium A4 type alkaloids
No. R1 R2 Compound
16 OMe OMe SceletiumA4
NN Z S NH - "
| H | | H 17 OMe OMe dihydropyridone base
NS (16) (17)

2.4.5 Tortuosamine type

The reported alkaloids in this subclass are tortuosamine (18), N-formyltortuosamine (19) and N-

acetyltortuosamine (20). Tortuosamine, a non-crystalline optically active base was isolatgd from

tortuosum[42].
Ry
Re Table 2.5 Tortuosamine type (IV) Sceletium alkaloids

No. R1 R2 R3 Compound
18 OMe OMe H tortuosamine
19 OMe OMe CHO N-formyltortuosamine

?Hg | o 20 OMe OMe COMe N-acetyltortuosamine

Rs Pz V)
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2.4.6 Joubertiamine type

These alkaloids are reported to occur principall$ ifjoubertii and have also been reported to occur
in S. subvelutinumThese alkaloids are further classified as dihydrojoubertiamine (V) (Table 2.6),
dehydrojoubertiamine (VI) (Table 2.7) and joubertiamine (VII) (Table 2.9) [42].

OR;
Table 2.6 Dihydrojoubertiamine type (V) Sceletium alkaloids
No. R1 R2 R3 Compound
21 H Me (0] dihydrojoubertiamine
22 H Me Me O-methyldihydrojoubertiamine
N Rs
CH?,/ R2 (V)
OR;
=
« I
N Table 2.7 Dehydrojoubertiamine type (V1) Sceletium alkaloid
L . No. R1 R2 R3 Compound
R - —
/N\ R, N 23 H Me o} dehydrojoubertriamine
CHY
(Vi)
OR;
Table 2.8 Joubertiamine type (VII) Sceletium alkaloids
No. R1 R2 R3 Compound
24 H Me (0] joubertiamine
‘ 25 Me Me (0] O-methyljoubertiamine
N Rs
2
chs (vh)
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2.4.7 Physico-Chemical Characteristics of s@neletiumAlkaloid Subclasses

2.4.7.1 Mesembrine type (Table 2.9 and 2.10)

Table 2.9 Physico-chemical characteristics of Mesembrine tyfBeeletium alkaloids (1)

OCHs OCH, OCH, OCH,
OCH; OCH, I OCH, | OCH;
Structure “Hel
[ h \ | |
CH, CH, CH; CHs
Alkaloid (-)-Mesembrine (-)-Mesembrine HCI Mesembrenone A’ Mesembrenone
MW 289.36 325.80 287.36 287.36
MF Ci7H2aNO; C17H2aNOs.HCI Ci17H21NOs Ci17H2NO;
Description Pale yellow oil Needle shaped crystals Low melting solid -
or[a] go —55.4° (MeOH) -8.4° (MeOH) raceimic -
BP *186-190°C - -
MP 205-206°C Tgg-89°C -
Reference [42], *[50] [42] [42], T[45] [42]

MW=Molecular weight, MF=Molecular formula, OR=Optical rotation, BP=Boiling point, MP=Melting point, MeOH=Methanol

Table 2.10 Physico-chemical characteristics of Mesembrine ty|Seel etium alkaloids (2)

OCHg
OCHg
Structure
““““ OH
| H
CHs
Alkaloid (-)-Mesembranol Epimesembranol (-)-N-Demethylmesembranol
MW 291.39 291.39 275.15
MF Ci7H25NOs Ci7H25NOs CiH2sNOs
Description Cubic crystals Brown colored oil
20 o o u o t °
or[@]Z  -32°(CHCH), —30° (GHsOH) —3.2° (GHsOH) _13
BP - - -
MP 144-145°C 178-185°C
Reference [42], 45] [42], T[45] [42]

MW=Molecular weight, MF=Molecular formula, OR=Optical rotation, BP=Boiling point, MP=Melting point, C}#Chloroform, GHsOH= Ethanol
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2.4.7.2 Tortuosamine type

Table 2.11Physico-chemical characteristics of Tortuosamine

Structure Alkaloid MW MF OR BP MP Reference
OCHgy
OCHs
Tortuosamine 326 £Ho6N-0, - - - [42]
NH NN
‘CHa | Pz
2.4.7.3 Joubertiamine type
Table 2.12Physico-chemical characteristics of Joubertiamine
Structure Alkaloid MW ME OR[ 0’] ZDO BP MP  Reference
OH
O o —32°(CHCh)*, *[42],
Joubertiamine  325.80 ;@&H,sNO; N - - N
‘ -30° (GHsOH) [45]
N\ \O
CH3/ CHs
2.4.7.4SceletiumA4
Table 2.13Physico-chemical characteristics oBceletium A4
Structure Alkaloid MW MF OR [ 0’] 2D0 BP MP Reference
OCH;
OCHs
. . 142],
SceletiumA4  324.18  GgH24N,0, *+131° - 153-154°C 1146]
N NN
(‘:Ha | Pz

MW=Molecular weight, MF=Molecular formula, OR=Optical rotation, BP=Boiling point, MP=Melting point
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2.5 USES OFSCELETIUM

The historical and traditional preparation of this plant has been reportédugsedor Channa

which refers to a preparation method used by the native Bushmen of Namaqualand. The traditional
preparation is made by a fermentation process, which is purported to enhance the stimulant effect of
the plant [51].

Smithet al 1996 [51], in their review oBceletiumdescribed the techniques of preparation and use

of Kougoed and reported on subjective experiences of users. It is noted that the traditional
preparation by the Bushmen of Namaqualand involved a fermentation pincgbgh whole plant
materialkougoeds bruised and crushed between two stones. Then the mass is preserved to ferment
in sheep skin bags and chewed or smoked to produce a state of intoxication. It is also chewed
frequently especially when thirsty, indicating that it could be a huger and thirst suppressant. This
observation led to commercial interest to cultivate this plant. Those authors [51]concluded that the
fermentation process was an effective method to remove the oxalates in the plant and retain the
alkaloids which are narcotic-anxiolytic in nature and not hallucinogenic. In addition to its traditional
use, it is mentioned that it is also used as a tea and snuff. The use as snuff, described to me by one of
the Sceletiumcultivators, was considered to be an effective method to assess the potency of the
processe&celetiunpowder.

At present, this plant is under patent (US patent 6,288,104; September 11, 2001, by éetlicke

[52]). The patent includes the use of mesembrine and related compounds as serotonin-uptake
inhibitors, pharmaceutical compositions comprising such compounds or dry material or an extract of
plants from theMlesembryanthemace&amily includingS. tortuosumAizoaceag According to the
invention, dosage forms consisting of plant material or an extract containing & 2 mg, or

between 50-50Qig, or between 100-30@y of activeSceletiumalkaloid comprising of mesembrine,
mesembranol and mesembrenone, or a mixture of any two components are described. The alkaloid
(-)-mesembrine is the preferred active compound. The dose is administered once a day as aqueous
ethanolic tinctures, tablet, capsules, nasal sprays and skin patches. The patent also suggests that the
formulations may be developed to administer as a sublingual, transdermal or an intra-nasal delivery
system. The dosage forms described by the invention is purported to be useful in the treatment of
mild to moderate depression, psychological and psychiatric disorders, anxiety, alcohol and drug
dependence, bulimia nervosa and obsessive-compulsive disorders [52].
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2.6 SOURCES OFSCELETIUM

As discussed in Section 2.S¢eletiumis used for its psychoactive preparations and historically by
the Khoisan tribe of southern Africa. Reports of trade and commercial interests of this plant, date

back as early as T®entury [51].

Based on historical records of this plant mentioned by Senigh, it is understood that this plant is

highly revered and held in great esteem by the tribes who collected and hawked it frequently for
long distances, which was exchanged for cattle and other commodities [51]. Subsequently, the
Dutch colonists further showed commercial interest in this plant and many plants of this family were
also introduced to European cultivation [51]. Since then, not much has changed as most of the plants
and their products have remained in commercial interests with claims of some pharmacological

activity to the extent that the intellectual property rights have been issued for theSaséetitim

From my experiences with the procurement and collection of these plants, the wild grown plants are
almost extinct due to over-harvesting and in some cases it has been mentioned that there are
instances where the roots are roasted over fire and consumed. Also.e8alifbl] described a

rapid Kougoedpreparation, where a small fire is made and doused, the ashes are placed in a hollow
made in sand and a freshly picked whole plant is placed within and covered with hot sand. The
effects from this preparation have been reported to be same as the conventional preparations. These
activities whereby the roots are removed indicate that the further propagation of this plant is in

danger.
The marketedsceletiumis mostly organically grown in greenhouses and cultivated on farms. The

samples for this project were mainly obtained from farmers cultivating for commercial production of

Sceletiunproducts and greenhouses propagating the plants for sale.
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Figure 2.10a: Sceletium farm:; Northern Cape Figure 2.10b: Sceletium farm: Lushof
Photo courtesy: Mr. L. Rabbets Photo courtesy: Mr. F van der Walt

Sceletiunfarming is presently being exploited on a large scale (Figure 2.10a & b). The major issue
with such commercial cultivation is the difficulty in the selection of the proper species which
contain the reported alkaloids. During this study, some of the plant specimens collected and supplied
from different sources were found to be of incorrectly named species and in most cases the
cultivators were not knowledgeable of the plant species they were growing. It was assumed that if
the plant has ‘skeletonised’ leaves, it was consideredl &srtuosumA few cultivators who were
interested in finding the right species for cultivation, referred to the only know literature on the
identification key to the species by Maike Gerbaulet [41]. It is also important to note that this
identification key is applicable t&celetiumwhich grows in the wild under natural conditions.
However, with the plants growing in greenhouse controlled conditions, the morphology of leaves
and pattern change with growth. It was observed with one such specimen (SP06) that it was difficult

to identify as the leaves of this specimen were different from Sibeletiunplants.

2.7SCELETIUM PRODUCTS

Sceletiumis marketed as plant powders, tablets, capsules and sometimes as extratse|€musn

product is marketed as an alcoholic mother tincture. Most of these products are recommended for
chewing, smoking or for use as snuff. The marketing of these products is through the internet and
some health shops, but the majority is through the net. Advertisements of the products make
extraordinary claims relating to product excellence and the power it has to intoxicate and other
purported effects of this plant. The label claims Sieletiumproducts vary in terms of the
description of its contents whereas information regarding the alkaloid content is generally not

mentioned.
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2.7.1SceletiunPlant Products

Sceletiumpowder samples were obtained mostly fr@eeletiumplant cultivators (Figures 2.11,

212, 2.13, 2.15, 2.16, and 2.17), who processed the plant for sale as powder and for use in the
manufacture of its products. According to the cultivators who provided these produ&tselitaim

plants were prepared by fermentation process. One samf@leavharcidunpowder (Figure 2.14)

was purchased through the internet from a company based in Australiaherbalistics.com.gu

A list of products is shown in Table 2.14.

Figure 2.11: SRM01 Figure 2.12: SRM02 Figure 2.13: SRM03

Figure 2.14: SRM04 Figure 2.15: SRM05 Figure 2.16: SRMO06 Figure 2.17: SRM07

Table 2.14 List ofSceletium plant powder samples

Product code Name Source
SRMO01 S. tortuosunpowder Mr. R Grobellar
SRMO02 S. tortuosunpowder Mr. R Grobellar
SRMO03 S. tortuosunpowder Cederberg, Western Cape
SRM04 S. emarcidunpowder www.herbalistics.com.af{Australia)
SRMO05 S. tortuosunpowder  Ekogia Foundation, Cederberg, Western Cape
SRMO06 S. emarcidunpowder Hermanus, Western Cape
SRMO7 S. tortuosunpowder Lushof, Western Cape
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2.7.2SceletiumFormulations

Sceletiuntablets manufactured by Big Tfegrigure 2.18) was the only formulation available in the
Eastern Cape province of South Africa. As per the label claim, each tablet contains 50 mg of
Sceletium tortuosunfprobably powdered plant material). The website (Figure 2.19) gives an
introduction toSceletium tortuosumis preparation and the way it can be used. The alkaloids
mesembrine, mesembrenone, mesembranol and tortuosamine are stated to be in the concentrations
of 0.05% to 2.3%, of which the major alkaloid mesembrine is claimed to be a very potent serotonin
re-uptake inhibitor. The claims &celetiunproducts include their successful use in clinical practice

with “excellent results” for treatment of stress and tension.

Figure 2.18: Sceletium tortuosum tablets, Product A

Figure 2.19: Webpage of Big Tree Health Prodweten.bigtreehealth.com/products/Sceletium-tortuossm@ate
accessed 20-06-2006

Further, there are also claims that the plant has been organically grown as the plant in wild is almost
non-existent. Interestingly, the manufacturer claims that the label complies with the “International

labeling requirements as per guidelines of US-FDA” (Figure 2.20).
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Figure 2.20: Sceletium tortuosum tablet label, claiming to comply with USFDA regulations for labeling
www.bigtreehealth.com/products/labels/label-Scetetasp date accessed 20-06-2006

The first product (Product A, Batch no. 7161) was purchased in September 2004 costing ZAR
127.00 at a local health shop in Grahamstown and the second product was purchased (Product B,
Batch no. 9332) in September 2005 at a price of ZAR 202.00. Meanwhile, on a visit to another
health shop in a nearby city, Port Elizabeth, the price of the same product with identical batch
number was purchased at ZAR 98.00. A further product (Product C, Batch no. 9961) was purchased
at ZAR 160.00. The direction for use recommends “1 Tablet twice daily or as directed by a health
practitioner”.

The capsule formulations were purchased from health shops in Cape Town. The capsules were
manufactured by Herbal Care produced for Simply Natural (Canal Walk, Cape Town) and was
purchased at ZAR 53.00 (Product D, Figure 2.21). It has a label claim of “Sceletium Formulation 30
x 250 mg capsules containing Sceletium 25 mgBunchu5 mg per capsule’Buchuis the common

name in South Africa for the plardgathsoma betulingRutaceae), used as an herbal medicine for

its essential oils which are reported to act as an antiseptic and urinary tract disinfectant [53]. The
label has a caution “Do not use with other psychiatric medication” and “Do not use with alcohol”.

The recommended dose of this product is 1-3 capsules per day.
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Figure 2.21: Sceletium capsules. Manufactured by: Herbal Care. Product B

The Sceletiumcapsules manufactured by Essential Source (Somerset West, South Africa) were
purchased on two occasions. One product was purchased in December 2005, costing ZAR 159.00
(Product C, Figure 2.22) and the second product was purchased in September 2006 costing ZAR
123.00 (Product D, Figure 2.23a). The labels of these two products were found to be different. The
first product had a label claim o$teletium tortuosurB0 veg caps@200 mg”, without Directions of

use. The second product label claim&siceletium tortuosun30 veg capsuals@220 mg nétt”
(Figure 2.23b) with the following directions: “Take 1 Capsules once daily with meals or as directed
by health care professiona(Figure 2.23c)

Figure 2.22: Sceletium tortuosum Figures 2.23a 2.23b 2.23c
capsules, Product C Sceletium tortuosum capsules, Product D

¢ As mentioned on the product label
" As mentioned on the product label
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The other product purchased was $céletium tortuosunMother Tincture” manufactured by:
Essential Source (Product E, Figure: 2.24) with a label claim of “Min 64% EtOH EXtract”
Direction of use mentioned “Take 4-8 drops in distilled water 3x daily when nece$sahg’ “3x

daily” probably means “three times daily”. The label also suggests that the product is to be used in

consultation with a licensed health care professional before using any herbal/health supplement.

Figure 2.24: Sceletium tortuosum Mother Tincture, Product E

9 As mentioned on the product label
" As mentioned on the product label
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2.7.3SceletiunProducts Marketed on the Internet

In addition to the products mentioned above, there are many other proditelefiumbeing
advertised, sold over the counter and especially on the internet. This makes the regulation of these
products extremely difficult. Some of the webpage screens are given below so as to highlight the

marketing and claims of these products.

African Drugs.com website (Figure 2.25) marksteletiumproducts and one of their formulations
advertised on the website has been used in this study. The website informs its American and
European customers regarding the exchange rates of US dollar and the Euro and the pricing

difficulties, which have forced them to indicate their prices in Euros.

Figure 2.25: African Drugs.com webpageWw.africadrugs.com/af-p-Sceletium.adpte accessed 20-06-06

There is another product from this website, advertised as SceletiufRiguce 2.26), which claims

to be an improvement on the regular product. The formulation claims to contain another herbal
componentBaccopa monner{purported to enhance memory), amino acid L-tyrosine, trimethyl
glycine, folic acid and vitamin B12. Interestingly, a formula on the same lines for oral supplement
containingKava-Kava Sceletium adenosyl methionine and hydroxytryptophan has been patented
by Holford and Associates Limited, UK in 2002 [54].
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Figure2.26:African Drugs.com webpage®@ww.africadrugs.com/af-igeeletiumpro.aspdate accessed 20-06-06

The website marijuanaalternatives.com (Figure 2.27) mentions some of the side effects and drug
interactions related t8celetium It mentions that “very few people experience side effects” which
include symptoms like slight nausea, anxiety and irritability after “initiating treatment” and can be
corrected by administering a 50 mg dose at night, which reportedly has “no side effects”. The
website also claims that there are no confirmed drug interactions, but cautions the user that it may
cause interactions with other psychiatric drugs, cardiac medicines and its safety in pregnancy has not
been established. Interestingly, it mentions Bwletiuris related to the herbal medicine St. John’s

wort, which is sold as incense.

Figure 2.27: Marijuanaalternatives webpagevw.marijuanaalternatives.com/kanna.hiate accessed 20-06-06
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The website, ethnoafrica.com (Figure 2.28), advertises to its potential buyers about inferior
Sceletiunproducts being marketed which are ineffective due to the fact that the mesembrine content
is “far below standard”. A chart is displayed giving the various percentage content of mesembrine
from theSceletiunproducts available and with claims that the material that they market is the most

superior as it has “1.71%". The site also claims that their tablets and capsules contain “PURE

Sceletium 55 mg per tablet/capsule”

Figure 2.28:Ethnoafrica webpagaww.ethnoafrica.con8celetiumbout.html, date accessed 20-06-06
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This interesting website, maya-etnanobotanicals.com (Figure 2.29a), nfacké&sumlollipops at

USD 4.6 along with other variations &celetiumproducts which are claimed to be fermented.
Information regarding the content and the natur&aéletiumused in manufacturing this lollipop
product is not provided. The website also markets shredded leaves (Figure 2.29b) and shredded
roots ofSceletium tortuosumwvhich have also been fermented

Figure 2.29a: Maya-etnanobotanicals webpdugp://www.maya-
ethnobotanicals.com/product_buy.phtml/herbid_293/category_search
date accessed 20-06-06

Figure 2.29b: Maya-etnanobotanicals webpdugp://www.maya-
ethanobotanicals.com/product_buy.phtml/herbid 293category search
date accessed 20-06-06
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The website, www.remedyfind.com (Figure 2.30), descr@msdetiumas a South African plant and
explains its history. The effects are explained and ratings provided for the effects of administration
of Sceletiumand its alkaloids. A “visitor” to this website has suggested that it has to be prescribed
by doctors and has rated it as 8.5 on the scale of 10.

Figure 2.30: Remedyfind webpaggw.remedyfind.com/rem?1D=138] @late accessed 25-06-06

This website of Entheogen (Figure 2.31) notes a communication regarding extraciosleisium
alkaloids using the alcoholic beverage Vodka. The extract provided no purported effects which

prompted the user to try an alkali extraction. Another visitor to this website suggests using acetone
for extraction.

Figure 2.31: Entheogen webpagevw.entheogen.com/forum/archive/index.php?t-2980.hdiaite accessed 20-06-06
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Attempts to source products 8teletium emarcidunmvere not successful in the health shops which
sold theSceletium tortuosurproducts. The availability of this product on the internet prompted me
to place an order for 25g sample from Herbalistics, Australia, which was priced at $50 (Australian).
The website (Figure 2.32) describes the plant and its cultivation, mentioning it as one of the

Sceletiunspecies prepared by a fermentation process as done by the Khoisan tribesmen.

Figure 2.32:Herbalistics webpage www.herbalistics.com.au/shop/product info.php?cPht?4&products id=66
date accessed 20-06-06

The webpage foBceletium emarcidurextract below (Figure 2.33) claims that the product is five

times concentrated for an effective mood elevating experience.

Figure 2.33: Herbalistics webpagew&vw.herbalistics.com.au/shop/product _info.php?cPathE8&products_id=238
date accessed 20-06-06




Even though most of th8celetiumspecies are cultivated in South Africa, for unknown reas®ns,
emarcidumproducts are not available here. However, these products are mostly advertised by
companies based in Australia. Some of the companies have advertised the availalility of

emarcidunplants and extracts for sale (Figure 2.34).

Figure 2.34: Shaman-australis webpauép://www.shaman-australis.com.au/Website/shamampaajeframeset.htm
date accessed 20-06-06

During the process of sourcin§celetiumplants for this project, some of the South African
cultivators who provided the&celetiumsamples were not aware that the species they were

cultivating is theS. emarciduntype.

Apart from S. expansum, S. strictum, S. tortuosum, S. varians, S. joubertii and S. subvelutinum
which have been reported to contain alkaloids, the presence of alkaloids iScthetiumspecies

such asS. crassicaule, S. emarcidum, S. exalatum, S. rigahd®. variansare largely unknown.

This situation leads to a major issue associated generally with herbal products, that there could be
products containing species which either are devoid of alkaloids or whose alkaloidal content is low.
S. emarcidumfor exampleis currently being sold &aS. tortuosumin South Africa and also on the
international herbal market. The present study set in the above background aims to develop
systematic and scientific methods to assure quality produ@sedétium This is an important step

to assist the cultivators in identifying and cultivatiBgeletiumspecies containing the relevant

alkaloids which improves the quality of the final product(s).
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CHAPTER 3

EXTRACTION, ISOLATION, SYNTHESIS AND CHARACTERIZATION OF
SCELETIUM ALKALOIDS

3.1 INTRODUCTION

Natural products are known to contain complex chemical components. Hence, it is essential that
active components in such products are identified and analyzed by validated methods to ensure
product quality. The development and validation of the requisite analytical method and procedures
for QC can only be achieved by testing the product using qualified reference substances. Although
phytochemical components &celetiumalkaloids have previously been isolated, synthesized and
their chemical properties studied, only a few methods have been published for use in qualitative
analysis [55-57]. The literature is conspicuously absent of analytical methods which can be applied
for the quantitative determination 8teletiuntomponents and QC 8fceletiunproducts.

During the course of this research, efforts to identify a commercial source for these alkaloids, and
more specifically the purported major alkaloidal componer&daletiumspecies i.e. mesembrine,
were unsuccessful. Thus it was necessary to isolate and characterize relevant alkaloidal components

from plant material and qualify them for use as reliable reference substances.

Several methods have been reported for the extraction and isolation of these alkaloids from
Sceletiumspecies. In 193 Rimington and Roets [43] extract&teletiumalkaloids by treating the

plant material with boiling ether and further continuous extraction with boiling chloroform gCHCI
Charcoal was used to decolorize the solution and the solution was evaporated to dryness. The
residue was stirred with dilute hydrochloric acid (HCI), some of the tarry material discarded and
CHCI; added to the dry residue and subsequently filtered. The hydrochloride solution of the base
was washed with petroleum ether which precipitated the crude alkaloidal salt that was found to be a
slightly hygroscopic, pale buff colored powder. Attempts to crystallize the alkaloid as a salt or the
free base were not successful. Salts of picrate and platinichloride were easily crystallized and the
methylated free base was also reported to have been easily crystallized. From these crystalline
compounds, the composition of the free base was deduced. This work gave mesembrine the

reassigned molecular formula of-8,sNO; based on combustion analysis.
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In 1957, Bodendorf and Krieger [44] extracteceletiumalkaloids from 3 kg of coarsely powdered
material with 9 liters of 96% alcohol for 14 days. The alcoholic extract was conceniratsclio

and the residue was treated by stirring with dilute sulphuric aci8@, which precipitated the
chlorophyll and other insoluble material. The sulphuric acid solution was alkalinized with caustic
soda and further washed with ether, which yielded 33 g of a brown honey-like residue when
evaporated. The caustic soda solution was acidified wgBOH and adjusted to pH 8 with
ammonium hydroxide. The basic solution was extracted with ethyl acetate and the extract
concentrated and washed with ether to remove the ether soluble components. Crystallization of the
bases which were soluble in ether was not successful. Crystals of mesembrine hydrochloride were
obtained by dissolving the base in isopropanol (IPA) using etherized hydrochloric acid. The
hydrochloride crystallized as small needles, which had a melting point of 199-201°C and a yield of
about 0.7%. The remaining alkaline solution was further evaporated to obtain amorphous products
which were then suspended in water and re-precipitated with caustic soda solution. The basic
components that precipitated were extracted several times with ether and the combined extracts were
evaporated and purified over an aluminum oxide column. The eluted components were dissolved in
IPA and crystallized by treating with etherized HCI to yield mesembrenone previously known as
mesembrinine, which had a melting point of 179-181°C. The ether insoluble fraction was washed
with ethyl acetate to obtain another alkaloid by re-suspending the base and crystallizing it from

acetic ester. This alkaloid had a melting point of 179-180°C, and was called Channine.

Popelak and Lettenbauen, 1967 [45]reported the isolation of some alkaloid bases. Mesembrine
and mesembrinine hydrochlorides were isolated with yields of 0.7% and 0.2% from ‘Channa’. They
also noted that other alkaloids were present only in very small quantities. Channa was extracted by
treatment with alcohol which was then distilled off and the residue was then treated with dilute
H.SO, and the insoluble materials were removed by filtration. The aqueous layer was alkalinized
and first extracted with ether followed by further extraction with ethyl acetate which yielded an oily
residue and a solid, respectively. The ether-soluble oily fraction was dissolved in IPA, which yielded
mesembrine hydrochloride when treated with ethereal hydrochloride. The solid residue from ethyl
acetate was crystallized with a mixture of ethyl acetate and IPA, which yielded the alkaloid

Channine.

Arndt and Krugei{47] reported an extraction procedure of terial parts ofSceletium joubertii
(3.30 kg) using 2% ethanolic tartaric acid, which yielded a crude alkaloid mixture of about 1.10 g.
The crude mixture was repeatedly chromatographed on alumina, and silica gel impregnated with

sodium carbonate to obtain the alkaloids.
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Herbert and Kattaf48] in their biosynthesis study of alkaloids $teletium subvelutinuneported

the isolation and purification of joubertiamine and related alkaloids. The extraction was carried out
on whole plant material macerated with ethanol (500 ml). The macerate was filtered and the residue
was extracted further by soxhlet extraction with ethanol. The combined extracts were filtered,
evaporated and the residue was taken up into 300 ml £M@bkhed with a saturated aqueous
sodium carbonate solution (3 x 100 ml) and extracted with 1M HCI (3 x 150 ml). The volume of the
combined acid extracts were reduced, filtered and the filtrate was basified with sodium carbonate
and extracted with CHEI5 x 100 ml) and the combined extracts were dried. Crude alkaloid was
obtained when the solvent was evaporated, which was 0.047% of the weight of wet plant material.
The alkaloid mixture was further purified by chromatography on a silica gel column, eluted with
chloroform: methanol: conc. ammonia (80 ml: 20 ml: 20 drops) and then further by either normal
phase HPLC with a silica column eluted with the same mobile phase or alternatively with a reverse
phase (PLRP-S 100A 10 micron 300 x 7.5 mm) column eluted with acetonitrile: water and conc.
ammonia to separate the following alkaloids: O-methyldehydrojoubertiamine, O-
methyljoubertiamine, O-methyldihydrojoubertiamine, dehydrojoubertiamine, joubertiamine, N,N-

dimethyltyramine and dihydrojoubertiamine.

Jeffset al. [58] reported the extraction of alkaloids fr@@ueletium namaquenséere 3.5 kg dried

plant material was subjected to 17 hour soxhlet extraction with ethanol (95%) (15 L) and the
extracted material was further macerated with ethanol (10 L) in portions using a blender. The
combined ethanol extracts were acidified with 5% tartaric acid after concentrating to 2.5 L. The
acidic solution was extracted with ether (5 x 500 ml) and the ether extract was discarded. The
aqueous layer was basified with sodium carbonate and further extracted successively first with
chloroform (10 x 500 ml) and then with chloroform:methanol (4:1 mixture) (1 x 300 ml). The
organic extracts were combined and concentrated to 1.5 L and filtered to remove small quantities of
insoluble material. The chloroform layer was first extracted with 1N NaOH (3 x 200 ml) and then
washed thoroughly with water. The chloroform layer was evaporated to obtain 120 g of non-
phenolic alkaloids. The sodium hydroxide layer was adjusted to pH 9 with carbon dioxige(dO
extracted with CHGI(5 x 100 ml), which yielded 20 g of phenolic alkaloids. The non-phenolic
alkaloid fraction (120 g) was refluxed with ether (3 x 500 ml), which extracted the ether-soluble
alkaloids (60 g), mesembrine and mesembrenone. Further, the ether—insoluble residue (60 g) was
dissolved in 1200 ml of CHEMeOH (3:1 mixture) which was passed through a 1400 g silica gel
(170-200 mesh) column. The evaporated eluate yielded 50 g of alkaloidal material which was
dissolved in chloroform and chromatographed over neutral alumina (activity IV) using a linear
solvent gradient of CHGICHCL:MeOH (4:1) and 15 ml fractions were collected. The fractions
collected at different intervals yielded mesembrine, mesembren8celetium A4, N-

formyltortuosamineA’mesembrenone, tortuosamine and unidentified alkaloids.
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Smith et al. [55] extracted theSceletiumalkaloids from 25 g plant material with 95% ethanol (200

ml) for 12 hours in a soxhlet apparatus. The ethanol was evaporated from the extract using a rotary
evaporator. The residue was re-dissolved in 2N HCI (20 ml), which was partitioned against three
washes of diethyl ether (150 ml) to remove fatty material and pigments. The aqueous solution was
applied to columns packed with 60 ml Extr&lN20 pre-packed columns and left for 20 minutes.

The column was eluted with 40 ml of dichloromethane:isopropanol (85:15) and the eluate was
discarded. The column was basified using ammonia gas and the alkaloids were eluted with a further
40 ml of dichloromethane:isopropanol (85:15). In view of the very low concentrations of alkaloids

in the plant material, the extracts of three lots of 25 g plant material were pooled and the solvent
volume was reduced to 2 ml using a rotary evaporator. This 2 ml aliquot was further subjected to
column chromatography on silica gel slurried in dichloromethane. Successive elutions were carried
using 35 ml each of dichloromethane, ethyl acetate, acetone, acetonitrile, methanol and acetic acid.
Each of these eluates were concentrated to 2 ml and analyzed by gas chromatograph fitted with a
Nitrogen-Phosphorous specific detector (NPD). The acetone fraction yielded 3 mesembrine
alkaloids, a small amount of mesembrine alkaloid was found in the acetonitrile fraction whereas no
alkaloids eluted in any of the methanol, acetic acid, dichloromethane or ethyl acetate fractions. All

the alkaloids eluted with acetone when the elution volume was changed from 35 to 70 ml.

Gerickeet al. [52] in their US patent application described the extraction of alkaloids from dried
plant material or alcoholic extracts which were extracted by mixing with 15 ml 0.05M sulphuric
acid at room temperature for 20 minutes and filtered. The retained solids were re-extracted with 5 ml
0.05M HSO,. The combined aqueous phases were applied to glass columns with a coarse grade
Celite® which was alkalinized with ammonia and extracted with 100 ml of dichloromethane (DCM).
The DCM extracts were passed over anhydrous sodium sulfate to dry and the solvent evaporated,
which yielded a pale brown oil containing alkaloids. The procedure mentions that the alkaloids can
also be extracted with hot or cold water instead §8® or with methanol, ethanol, acetonitrile,
chloroform or with dichloromethane. Yield figures for mesembrine are reported to be variable but

were observed to be between 15 and 35 mg per gram of dry leaves.
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3.2 EXTRACTION OF SCELETIUM ALKALOIDS

3.2.1 Reagents and Materials

HPLC grade methanol (215) and acetonitrile (200) were obtained from Romil Ltd. (Cambridge,
Great Britain). Platinum oxide (IV) was obtained from Sigma-Aldrich Chemie (Steinheim,
Germany). Silica gel 60 chromatography grade (70-230 mesh ASTM), chloroform-D1 (99.8%),
TLC aluminium sheets 20 x 20 cm, Silica gel 6g,Facetic acid and charcoal were purchased from
Merck KGaA (Darmstadt, Germany). Ethyl acetate was purchaseeh Burdick and Jackson
(Muskegon, Michigan, USA). Diethylether, isopropyl alcohol, acetone, dichloromethane, and
ammonium hydroxide 25% solution were acquired from Associated Chemical Enterprises (Pty) Ltd.
(Southdale, South Africa). Orthophosphoric acid was obtained from Merck Chemicals (Pty) Ltd.
(Wadeville, South Africa). Water was purified in a Mill2@ystem, Millipore (Bedford, USA) and
Millex HV® hydrophilic PVDF (0.45:m) membrane filters were purchased from the samesou
Bismuth subnitrate was obtained from Hopkins and Williams (Essex, England). Anhydrous sodium
sulphate, sodium nitrite and potassium iodide were purchased from BDH Chemicals Ltd. (Poole,
England). Diaiofi HP-20 was obtained from Supleco (Bellefonte, PA, USA) and pH indicator paper

was purchased from Test Papers Ltd. (Herts, England).

3.2.2 Instrumentation

Semi-preparative HPLC was constructed by assembling a SpectraSYSTEM P2000 pump connected
to an AS 1000 auto sampler and data integrator SP4290 (Thermo Separation Products, Riviera
Beach, FL, USA). The detection was carried out on a Linear 206 PHD detector (Linear instruments
Corp. Nevada, USA). The separation of alkaloids was achieved on & Oun@) column (5um,

250 mm x 10 mm i.d.) (Phenomerfextorrence, CA, USA). The isolation process was monitored
using an Alliance 2690 HPLC system (Waters Corporation, Milford, MA, USA). The LCMS
analyses were carried out using a Finnigan MAT LCQ ion trap mass spectrometer (Finnigan, San
Jose, CA, USA) coupled to a SpectraSYSTEM P2000 pump connected to an AS1000 auto sampler
and UV1000 variable-wavelength UV detector (Thermo Separation Products, Riviera Beach, FL,
USA).
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3.3 EXPERIMENTAL

3.3.1 Raw Material Collection

The preliminary work was done o08. tortuosumplant powder,
obtained as a (gift sample (Figure 3.1) from Bioharmony, Wynb
South Africa and used for extraction, which was initially carried
according to the method described by Sreittal. [55] in order to

identify any alkaloid(s) present in the sample.

The scale-up of the developed extraction procedure to isolate alka

in larger quantities was carried out on a dried plant sample grate

. Figure 3.1: Sceletium
supplied by Mr. R. Grobellaar [59]. tortuosum- dried plant

powder supplied by
Bioharmony

3.3.2 Extraction

3.3.2.1 Preliminary Extraction work

The extraction procedure was based on a general method, where the plant material was extracted
with solvent, which was evaporated and treated with an aqueous acid. The aqueous acid was basified
with an alkali and the alkaloid bases extracted with a suitable water immiscible non-polar solvent.

Various isolation processes have been reported for the relevant alkaloids, where different techniques
and procedures have been used. The preliminary extraction work was carried out according to the

procedure described in the patent literature [52] and reported by &mait55].

The reported procedures were carried out and the presence of alkaloids was confirmed in the pre-
column extracts, which were tested by the TLC method described by &raitfi55]. The fractions
collected from column chromatography were tested by TLC for the presence of alkaloids by viewing
under U\ks,. The acetone fraction showed one primary spot at retention factor (Rfoand two

faint secondary spots below the primary spot, of which one spot was more intense uggerigv
acetonitrile fraction showed a very faint spot when observed undgg bt no spots under Wy,

The fractions were further chromatographed by TLC and sprayed with Dragendorff's reagent [60]
for visual identification of alkaloids. The acetone fraction showed an orange spot indicating the
presence of alkaloids, whereas other fractions tested negative (F3gRaeand 3.2b). Attempts to

isolate pure mesembrenone (mesembrinine) by solvent extraction were not successful.
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Although, these procedures yielded alkaloids, it was found to be cumbersome and expensive due to
the use of materials such as Célimnd Extrelut N20 pre-packed columns as well as the use of
ammonia gas to basify the column. Acetic acid elution is not recommended due to its pungent

nature.

.- ’ “\ 1. DCM fraction
. N ! ) 2. Ethyl acetate fraction
! \ \ ) 3. Acetone-1 fraction
' h ~-- 4. Acetone-2 fraction
D . 5. Acetonitrile fraction
S--- 6. Methanol fraction

Figure 3.2a: Column fractions analyzed as per  Figure 3.2b: Alkaloid identification of acetone, ACN and
Smith et al. [55] TLC method. Visualized: Y MeOH fraction. Visualized: Dragendorff reagent

The developed extraction procedure for alkaloids discussed in this chapter is relatively simple and
inexpensive. The preliminary extraction of alkaloids was carried out by simple solvent extraction

and the isolation procedures involved chromatographic techniques.

3.3.2.2 Soxhlet Extraction

A further Sceletiunplant sample provided as a gift from Mr. R.
Grobellar was tested and confirmed for alkaloids by a TLC
method which is described in Section 3.4. The dried plant
material (25 g) was extracted with absolute alcohol (250 ml) by
refluxing for 8 hours in a soxhlet extractor (Figure 3.3)
connected to a water condenser. The alcohol extract was
evaporated under reduced pressure using a rotary evaporator.
The resinous brown mass was suspended in dilute HCI (50 ml)

Figure 3.3: Soxhlet extraction of and shaken to disperse. The aqueous acid extract was transferred

Sceletium plant material to a separating flask and washed with diethyl ether (3 x 50 ml)

to remove the fatty pigments. The aqueous acidic layer was further treated with 25% ammonium
hydroxide solution (10 ml) to render the pH of the solution basic and tested by color change of red
litmus paper to blue. The basic layer was further extracted with DCM (4 x 20 ml) and the DCM

layer collected through anhydrous sodium sulfate into a round bottom flask. The solvent was
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evaporated under vacuum to obtain an amber colored resinous mass. The presence of alkaloids in
the resinous residue was confirmed by Thzl¢ infrg (Figure 3.4) and column chromatography

was subsequently used to isolate the relevant alkaloids.

3.3.2.3 Column Chromatography

Column chromatography was carried out on a glass column (17 cm x 2 cm i.d.) packed by
suspending silica gel (25 g) in 100 ml of DCM and stirred to form a slurry. The gel was carefully
transferred into the column to ensure uniformity and absence of air traps as well as column cracks.
The column was washed with DCM (20 ml) with care being taken to retain the solvent level above
the silica packing. The alkaloid residue was dissolved in 5 ml of DCM and carefully transferred onto
the column to obtain a uniform band above the silica gel packing. The column was eluted with
solvents in the following order: DCM (40 ml), acetone (2 x 40 ml), methanol (MeOH) (40 ml) and
acetonitrile (ACN) (40 ml). The collected eluents were spotted on a TLC plate to identify the
alkaloids. It was noted that the ACN fraction eluted a very dark and distinct band when compared to

the other eluents, acetone and MeOH, which were pale yellow in colour.

The collected eluents were tested by the developed TLC method to identify the presence of
alkaloids. The TLC plate was first observed underddWwhich showed extensive related substances
(acetone-Track 3 and acetonitrile-Track @nd further sprayed with Dragendorff's reagent (Figure
3.4). The acetone fraction and the acetonitrile fractions were found to contain alkaloids.
Interestingly, the spot observed from the ACN fractibra¢k 4 was observed to have different Rf

value from that of acetone fraction, which indicated that this alkaloid could be structurally different.

53



Dragendorff spray UV 54

1. DCM fraction

2. Acetone-1 fraction
3. Acetone-2 fraction
4. ACN fraction

5. ACN fraction purified

1 2 3 4 5 6 6 5 4 3 2 1 6. Acetone-2 purified

Figure 3.4: TLC plate of the column fractions by developed TLC method observed ungearid\subsequently sprayed
with Dragendorff's reagent for positive identification of alkaloids

The acetone and acetonitrile fractions were exposed to a stream of nitrogen at 50°C to evaporate off
solvent and the resulting residues were found to be dark in color. These were then dissolved in 10 ml
of acetone and treated with charcoal (100 mg) at 40°C and shaken to disperse the contents. The
acetone residue after charcoal treatment was pale yellow in colour. The acetonitrile residue which
was dark brown in coloufT¢ack 4 was suspended in acetone and shaken, which yielded insoluble
material which was removed by filtering and the filtrate was evaporated and treated with charcoal
which was shaken at 40°C. The charcoal was filtered off and the clear filtrate was collected and
evaporated. These fractions were further purified by preparative TLC by applying 2-3 ml quantities
on a 20 x 20 cm TLC plates. The plates were observed undgg &hd the bands were marked. The
marked band of silica gel was scrapped off the TLC plate. The collected silica gel was suspended in
20 ml acetone, sonicated for 5 minutes and filtered through auén4BVDF membrane filter and

the clear filtrate was evaporated to obtain a clear pale yellow oily reJicaek (5. The acetonitrile

residue was also subjected to the same process to obtain a pale brown Teatku§.(

The acetone fraction was tested on an HPLC-PDA system (Figure 3.5) for its chromatographic
purity that was about 85% of principal peak at RI9 minutes and 15% secondary peak at RT 6.54
minutes. The compounds showed peak maxima at 225 and 280.5 nm and 229.7 and 279.3 nm for
secondary and primary peaks, respectively. The NMR analysis of this fraction also concluded that
the isolated compound was not pure and contained another compound that indicated a structure

which could probably be mesembrenone.
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Figure 3.5: HPLC-PDA of acetone fraction- spectrum index plot (top) and chromatogram (bottom)

The acetone residues were chromatographed on TLC plates. Upon close observation under UV light,
it was seen that a very slightly distinct band eluted below and very close to the principal band. Even
though the bands were not well separated, only top portions of the bands were marked and scrapped
off, dissolved and extracted with acetone. The acetone was evaporated under a stream of nitrogen at
50°C and the residue was subjected to NMR in order to determine its structure. The NMR data
confirmed the structures of the isolated compounds as mesembrine (Figure 3.6a), which was the
major alkaloid and mesembrenone (Figure 3.6b). In this process, the vyields of the isolated

compounds were very low as a result of loss due to selection and marking of bands on the TLC
plate.

Mesembrine

Mesembrenone A" Mesembrenone

OCH;

I OCHj
' o)

a b

OCH,

I OCH,
. o)

CHa

CHg

C
Figure 3.6 a-c: Structure of the isolated compounds- mesembrine (a), mesembrenona {mesambrenone (c)
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The ACN fraction was also tested for its characteristics by HPLC-PDA system. The principal peak
(RT 5.00 minutes) showed a UV maximum at 298.2 nm (Figure 3.7) and this fraction was further
purified by preparative TLC. The structure of the isolated compound was confirmed by NMR
analysis, and was found to €mesembrenone (Figure 3.6c). The NMR data of the isolated

compounds are discussed in the spectral data sectiteniigfra).
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Figure 3.7: HPLC-PDA of ACN fraction-spectrum index plot (top) and chromatogram (bottom)

The isolated alkaloids provided the important analytical markers for further extraction work and all
subsequent extractions were scaled-up and the process modified to isolate and purify larger
guantities of the relevant alkaloids for use as analytical markers. The scale-up extraction process
was performed on 800 g of the previously obtaiSedletiunpowder. The batch size was increased

to 50 g (14 batches) and quantities of all the solvents and chemicals were increased proportionately.
The preparative TLC for isolating mesembrine and mesembrenone was found to be tedious and time
consuming. Hence, the TLC process was replaced by semi-preparative HPLC using a 250 mm x 10
mm Cg semi-preparative column connected to a HPLC pump and UV detector set at 280 nm. An
isocratic mobile phase consisting of a mixture of water: acetonitrile: ammonium hydroxide solution
(25%), (50:50:0.05, v:v:v), was used at a flow rate of 1 ml/min. The sample, obtained from the
acetone fraction from the previously described column chromatographic procedure, was dissolved in
methanol (25 mg/ml) and injected using an auto-sampler with allld@p size. The sample was
monitored for the peaks corresponding to mesembrenone and mesembrine. The fractions were
collected at the RTs observed for these peaks. The collected fractions were accumulated in a volume

of about 250 ml and the solvent was evaporated under vacuum using a rotary evaporator. The
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residue was dissolved in acetone and transferred into an appropriate glass container and evaporated
under a stream of nitrogen at 50°C in a water bath. The collected fraction-1 yielded a pale yellow
oily compound, mesembrenone (105 mg) (Figure 3.8a), whereas fraction-2 yielded a pale yellow
viscous oily compound, mesembrine (3 g). The collected residues from the two fractions were

subjected to NMR analysis for structural confirmation.

The ACN fractions from the column chromatography were collected and treated by the same
process used for the preliminary extraction and isolation process. This was possible since the ACN
fraction exclusively yielded a single alkaloidy'mesembrenone. The purified sample of

A’mesembrenone (120 mg) (Figure 3.8b) was subjected to NMR analysis to confirm its structure.

Figure 3.8a: Mesembrenone Figure 3/8esembrenone

During the column chromatography procedures used to extract the relevant alkaloids, samples were
collected for subsequent analysis by liquid chromatography-mass spectrometry (LCMS) to
characterize and confirm the nature of compounds present in the various fractions. An LCMS
method was developedlide infra)(Chapter 5) and used for this analysis. The compounds resulting
from the soxhlet extraction, prior to being subjected to the column chromatographic purification
processes, were found to contaiimesembrenone (RT 7.05 minutesy/z 288 [M+H]),
mesembrenone (RT 10.34 minutesz 288 [M+H]), with the major alkaloid being mesembrine

(RT 15.03 minutean/z290 [M+H]") (Figure 3.9)
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Figure 3.9: Total ion current (TIC) chromatogram of pre-column Sceletium extract (bottom right), ion spectrum of
A’mesembrenone (top left), mesembrenone (bottom left) and mesembrine (top left)

Confirmation of the presence of the alkaloids, mesembrenone (RT 9.42 mmiz@88 [M+H]")

and mesembrine (RT 13.7 minutes/z290 [M+H]") in the
LCMS. (Figure 3.10)
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Figure 3.10: HPLC-UV chromatogram of acetone fraction (bottom),

mesembrine (top)

ion spectrum of mesembrenone (middle) and

Similarly, LCMS confirmed that the ACN fraction containafinesembrenone (RT 6.94 minutes,

m/z288 [M+HT") (Figure 3.11).
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Figure 3.11: HPLC-UV chromatogram of ACN fraction (bottom), ion spectrusinsésembrenone (top)

When the silica gel column was further eluted with additional acetonitrile (50 ml) the collected
fraction upon analysis was found to contain a compound with a masg 282 [M+H] at RT 7.04

minutes (Figure 3.12), which corresponds to another alkaloid, mesembranol (MW=291). However,
the yield from this fraction after purification was very low, making isolation of this compound
impractical. Hence, catalytic reduction of mesembrine to mesembranol was considered to be a better

option and is discussed later in this chapter.
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Figure 3.12: HPLC-UV chromatogram of ACN-2 fraction (bottom), ion spectrum of mesembranol (top)
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3.3.2.4 Conversion of Mesembrine to Mesembrine Hydrochloride

The process was carried out firstly by production of HCI gas for the preparation of acidic ether. HCI
gas was produced separately in a three necked round bottom flask containing NaCl (10 g) which was
reacted with HSO, (15 ml) by careful addition through a separating funnel. The liberated HCI gas
was collected into diethyl ether through a glass tube. Separately, mesembrine base (360 mg) (Figure
3.13a) was dissolved in IPA (3 ml) and acidic ether was slowly added to the IPA solution, which
precipitated the hydrochloride salt as an amorphous pale white powder. The IPA was removed by
filtration and the salt was dissolved in methanol (3 ml) and evaporated under a stream of nitrogen at
50°C. This process produced a crystalline-glassy material. The salt was redissolved in IPA (5 ml),
allowed to remain overnight, and needle shaped crystals (Figure 3.13b) were formed. The solvent
was carefully removed and the crystals of mesembrine hydrochloride (220 mg) were air dried. Using

a Metlef’ Melting point apparatus the melting point of these crystals was found to be 208.2°C.

Figure 3.13a: Mesembrine base Figure 3.13b: Needle shaped crystals of
mesembrine hydrochloride

The compound was subjected to LCMS-Electro spray ionization (ESI) positive mode (+) and the ion

was found to ben/z290 [M+H]" corresponding to mesembrine whose mass is 289 (Figure 3.14).
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Figure 3.14: HPLC-UV chromatogram (bottom) and ion spectrum (top) of mesembrine hydrochloride
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3.3.3 Synthesis of Mesembranol and Epimesembranol

3.3.3.1 Catalytic Hydrogenation

Catalytic hydrogenation is a process that involves reduction of functional groups with hydrggen (H
gas. The method involves the addition of hydrogen gas in the presence of a catalytic transition metal
for the reaction to occur, and the reaction proceeds by adsorption of hydrogen and the substrate onto
the metal. The extent of reducing a functional group depends on the nature and amount of catalyst
and the procedure of hydrogenation. The most commonly used catalysts are platinum, palladium,

nickel rhodium, iridium and ruthenium.

Bodendorf and Krieger [44], produced mesembranol from mesembrine dissolved in IPA, which was
mixed with 50 mg of pre-reduced platinum oxide and hydrogenated by passgas through the

mixture for about 24 hours. Following removal of the catalyst, the solvent was evaporated, resulting
in a residue of greasy material from which mesembranol was crystallized from ethyl acetate. The

melting point of this product was found to be 142°C.

Jeffset al. [61] reported thecatalytic hydrogenation of 235 mg of mesembrine in 10 ml of IPA
which was rapidly mixed with a solution of 200 mg of pre-reduced platinum catalyst in 10 ml of
IPA. The mixture was stirred under 1 atm of &hd the progress of the reaction monitored by
periodic analysis of the mixture. The reaction was found to be complete in 120 minutes which gave
mesembranol as the exclusive product. Crystallization of the hydrogenation product from acetone
gave 173 mg of pure (—)-mesembranol, mp 145-146°C, which was identical in every respect to an

authentic sample.

In another procedure, the reduction of mesembrine with sodium borohydride (Ne&sicarried

out with (=)-mesembrine (200 mg) in methanol (10 ml), which was added to a solution containing
NaBH4 (200 mg) in methanol (2 ml). The mixture was refluxed for 30 min, cooled ehdf510%

sodium hydroxide solution was added. The resulting solution was concentrated to 10 ml and the
agueous concentrate was extracted with ether, to yield an oily residue (194 mg), which contained

mesembranol (40%) and 6-epimesembranol (60%).
The (-)-mesembranol was crystallized from the mixture using ethyl acetate and re-crystallized to

obtain pure (-)-mesembranol, mp 143-145°C which was analyzed by mass and infrared

spectroscopy to confirm its structure.
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3.3.3.2 Synthesis of Mesembranol

Mesembranol was synthesized by catalytic hydrogenation of mesembrine using the procedure of
Bodendorf and Krieger [44]. Mesembrine (185 mg) was dissolved in 4 ml of IPA, transferred to a
reaction vessel containing platinum (IV) oxide (20 mg) equipped with air-tight neck and Né&oprene
bung. Vacuum was applied to the flask prior to introduction efgbls and the reaction was
monitored by TLC, which continued for about 12 hours to effect complete conversion of

mesembrine to mesembranol (Figure 3.15).

The reaction mass was subjected to LCMS analysis which provided the
purity of the formed mesembranol (84.5%) and epimesembranol
(15.5%) (Figure 3.16a and 3.16b). The reaction mass was applied to a
short glass column filled with 1 ml of Celfftdo remove the catalyst.

The collected column eluate was evaporated on a water bath at 50°C
under a stream of nitrogen. The residue was dissolved in ethyl acetate
(3 ml) and allowed to stand for 12 hours, after which cubic crystals

were observed. The excess ethyl acetate was removed and the crystals

were washed twice with methanol: ethyl acetate (1:1) mixture (2 x 2

Figure 3.15: TLC of reaction ~ MI). The crystallinenesembranol (156 mdJigure 3.17) was further
mass after 12 hours oflgas

reduction analyzed to confirm the structure. The melting point of this product was
1. Mesembrine found to be 146-148°C and HPLC analysis indicated the purity to be
2. Reaction mass

Visualization=UVs4 about 99.9%.

The structure of the crystalline compound was subjected to 2D-NMR and X-ray crystallography

which is discussed later in this chapter.
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Figure 3.16a: HPLC-UV chromatogram bf, reaction mass RT 8.62= mesembranol and RT 17.67= epimesembranol

62



H2Rxn-1#1754-049 RT:867-98 AV:196 NL:4.48E7 H2Rxn-1#3867-4207 RT: 791856 AV:341 NL: 4.21E7
T: +¢ ESIFull ms [ 250.00-375.00] T: +¢ ESIFull ms [ 250.00-375.00]
. 20236 . 20219
o o
El 8
g 7 g 7
é o é 6
s s
2 s 2 s
v v
= =
3 A 3 4
H H
a a
2 20315 2 29320
27437
»
o 26132 | 2948 3 32832 340,03 348.8 35454 370.73 25939 27362| 27540 2948 30520 32021 33217 350.7 35812 37083
e e S S S R S S I e e e e L e e s e e
260 300 320 340 360 260 280 300 320 340 360
miz miz
RT:0.00-23.00 RT:001-2300 SM: 158
8.62 NL: .69 NL
220000 2236 1 194E8
Wavelength 180000000 TIC MS
200000 1UVH2 ] H2Rxn-1
180000 R -1 0000000
160000 40000000
140000( 120000000
> E
120000 H q 868
g} £ 100000000
100000 £ E
80000000
80000
6000000
60000 ]
40000000
40000 ver ] oo
20000 200000005 ns e 68
123 252 486 7.35 || 0.0 WOl pos 74 |h 102 2102 7091133 441 608 i 461 2123
T T LA R e e e
4 5 » B 20 5 Ed 5 20
Time (min) Time (min)

Figure 3.16b: LCMS of Hreaction mass. TIC chromatogram of (bottom right), HPLC-UV chromatogram (bottom left),
ion spectra, m/z 292.16= mesembranol (top left) and m/z 292.19= epimesembranol (top right)

Figure 3.17: Mesembranol crystals
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3.3.3.3 Synthesis of Epimesembranol

The reduction procedure of Jeféd al. [61] was followed using NaBHand the purification

procedure was done in-house using a Didi&tP-20 column.

Mesembrine (48 mg) was dissolved in methanol (2 ml) and N&BH
mg) powder was added to the solution under stirring. The reduc
process was monitored by TLC for 1 hour and 20 minutes and
reaction was stopped when the mesembrine spot was no longer ob:
by testing the reaction mass on TLC (Figure 3.18).

The product was purified by passing the reaction mass through a Di:
HP-20 column (2 ml) that had been pre-equilibrated with acetone (1(
and then methanol (10 ml). The column eluent was collected and di
with water (2 ml) and then recycled on the same HP-20 column.
diluted eluent was then collected and diluted further with water (4 m
achieve a final concentration of 25% methanol and this diluted eluent
again passed through the HP-20 column one more time. The columr

then washed with water (10 ml) and eluted with methanol (10 ml)

Figure 3.18: TLC of reaction

mass after 80 minutes of

NaBH, reduction

1. Mesembrine
2. Reaction mass
Visualization: U\s,

then acetone (10 ml). The methanol fraction was evaporated under

reduced pressure to afford mesembranol epimers (41.7 mg). The epimer residue was tested for

purity by LCMS method and the purity of mesembranol and its epimer was found to be 27% and

73% respectively (Figure 3.19a and 3.19b).
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Figure 3.19b: LCMS of NaBHeaction mass. TIC chromatogram of (bottom right), HPLC-UV chromatogram (bottom
left), ion spectra of mesembranol m/z 292.17 (top left) and epimesembranol m/z 292.2(top right)

The epimers were separated by semi-preparative HPLC using a similar procedure that was
previously described for the separation of mesembrenone and mesembrine. The fractionation

process yielded a greasy brown compound.

The compound was purified by dissolving in methanol and loaded onto a column containing silica
gel (1 g). The column was washed with DCM (5 ml) and the eluate was discarded. The column was
eluted with methanol (2 x 5 ml), which was collected and evaporated under a stream of nitrogen at
50°C in a water bath to obtain a pale yellow oily compound epimesembranol (22 mg) (Figure 3.20).
The process was repeated with 100 mg mesembrine to obtain a second batch of epimesembranaol,
whose structure and purity were confirmed by NMR and LCMS analyses, respectively to obtain a

combined mass of epimesembranol (88 mg).

Figure 3.20: Epimesembranol
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3.4 THIN LAYER CHROMATOGRAPHY

Thin layer chromatography (TLC) is a well established separation technique applied for qualitative
and quantitative determination of the substances separated on a thin layer of silica gel and visualized
under UV light or by spraying with a specific reagent for certain classes of chemical compounds.
This technique is fast and efficient for finger-printing which allows quick identification and also
provides a qualitative estimate of the content by comparison with a known concentration of standard
when analyzed under the same conditions. Accurate quantification, however, can be accomplished

when this technique is used as high performance thin layer chromatography (HPTLC).

Popelak and Lettenbauer in 1967 [45] reported the separation of mesembrine alkaloids using
ascending formamide paper chromatography. The paper was further eluted with solvent A (methyl
ethyl ketone: heptane; 2:3) and solvent B (methyl ethyl ketone: xylene) in a chamber saturated with
ammonia. The visualization was carried out by spraying the paper with Dragendorff's reagent,

which showed about nine alkaloids.

Smith et al. in 1998 [55] reported a TLC method for the identification of alkaloids wherein the
crude extract was streaked onto silica gel plates and run twice in dichloromethane:methanol (3:1)

and sprayed with Dragendorff's spray reagent.

The method described in the US patent by Geritla. [52] has been suggested to be used only for
rough screening purposes due to poor separation between mesembrine and mesembrenone alkaloids.
However the TLC system suggested for routine screening was using Mergl, 60ida gel plates

(the plates are dried at 100°C for 3 minutes) developed in &tyClbhexane:diethyl amine (4:5:1)

and studied under Uy, and UVsss. The Rfvalue of mesembrine was reported to be 0.6 and the
plate was further sprayed with iodoplatonate or Dragendorff's spray reagent for positive

identification of alkaloids.

In the present study, TLC was used for qualitative identification of the alkaloids as a primary test. It
is very important that the TLC system resolves as many components possible from the extract. Even
though the system reported by Smiéhal. [55], was useful for preliminary identification of the
presence of alkaloids, it could not be applied to separate the individual alkaloidal components.
Hence, a new TLC system was developed with the objective to use this technique for the purposes
of testing for alkaloidal content and also in order to isolate and separate the relevant components
whereby higher volumes of 2-3 ml of the extract could be applied to the plates as a preparative

procedure. This was a very important and simple procedure to study the alkaloid content irrespective
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of the fact that the exact identity of the components could not be established since no reference

substances were currently available.

3.4.1 TLC Method Development

The development procedure is shown step-wise below. The spots on the TLC plates were marked
after observing them under UV light (Jy and U\4ee) and then sprayed with Dragendorff reagent
which resulted in characteristic orange spots depicting the alkaloids. Figures 3.21a-e below show

the various TLC plates used in the development of the separations.

TLC Platel Plate 2 Plate 3 Plate 4 Plate 5 Plate 6 Plate 7 Plate 8 Plate 9
Figures: 3.21a 3.21b 3.21c 3.21d 3.21e 3.21f 3.21g 3.21h 3.21i

Plate-1: The mobile system was initially 100% DCM showing no appreciable movement of the

applied spot; Rf value= 0 (Figure 3.21a).

Plate-2: 95% DCM:5% acetone. No improvement in elution, but a slight stretching of the base spot
was observed. Under Uy a distinct fluorescent spot above the primary base spot was observed; Rf
value= 0.1 (Figure 3.21b).

Plate-3: 90% DCM:10% acetone. Three spots very close to the base spot were observed, with two
fluorescent spots, one above and one below. The resolution was, however, not satisfactory; Rf
value= 0.17 (Figure 3.21c).

Plate-4: 80% DCM:20% acetone. The spot was slightly more resolved than that on Plate-3, but the

alkaloid spot was not compact. One fluorescent spot appeared above the main spot, which eluted

close to the primary spot; Rf value= 0.3 (Figure 3.21d).
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Plate-5: 85% DCM:15% methanol. The Dragendorff’'s spray produced one primary orange spot
which appeared to have a ‘tail’. The elution was quite fast and the spot was not completely resolved;
Rf value= 0.82 (Figure 3.21e).

Plate-6: The methanol concentration was reduced and the system was developed using 95%
DCM:5% methanol. The elution of the spot was satisfactory but the alkaloid band was broad and the

secondary spots observed under UV were not well resolvedilif= 0.75 (Figure 3.21f).

Plate-7: 95% DCM: 5% ethanol (95%). The mobility of the alkaloid spot was satisfactory. When
observed under UV light, several secondary spots were apparent. One secondary spot below the

primary spot was found to co-elute with the main alkaloid spot; Rf value= 0.5 (Figure 3.219).
Plate-8: A minor change was made by using a solvent phase comprising of 95% DCM:5% absolute
ethanol. This system resulted in the best resolution of the primary alkaloid spot and other secondary

spots which were observed under UV light; Rf value= 0.58 (Figure 3.21h).

Plate-9: Sceletiunextract spotted along with a semi-purified mesembrine for identification purposes

(Figure 3.21i) using the system described in Plate-8.
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3.5 CHARACTERIZATION OF SCELETIUM ALKALOIDS

The isolated and semi-synthesizéckletiumalkaloids were subjected to spectral studies in order to
establish and confirm structure and purity. The analyses were performed by subjecting the
compounds to LCMS, LCMS/MS and NMR. The X-ray crystallographic and Differential Scanning
Calorimetry (DSC) analyses were carried out on crystalline mesembrine hydrochloride and

mesembranol to determine their configuration and melting points, respectively.

3.5.1 Liquid Chromatograph-Mass Spectroscopy

LCMS analysis typically consists of a liquid chromatograph (LC) connected to a mass spectrometer
(MS) as the detector. The sample components that are separated in the LC enter into the MS detector
which detects individual components based on their molecular mass. The MS detector used for these
analyses consist of an atmospheric pressure ionization (API) source, ion optics, mass analyzer, and
ion detection system; the later three components being enclosed in a vacuum manifold. Sample
ionization takes place in the ion source. The ions produced in the APl source are transmitted by the
ion optics into the mass analyzer, which traps the ions by varying the electrical field. The polarity of
the potentials applied to the lenses in the APl source and ion optics determines which positive or
negative charge ions are transmitted into the mass analyzer. The mass-to-charga/gatibshe
ions produced in the API source are measured by the mass analyzer and ejected to reach the

detection system which produces the signal [62].

3.5.1.1 LCMS Electrospray lonization Mode

The ESI mode transforms solution into the gaseous phase during which the ions are formed due to
application of a strong electric field under atmospheric pressure. The ESI needle sprays the sample
solution into an aerosol and the droplets are electrically charged at their surface. This electrical
charge density increases as the solvent evaporates from the droplets and reaches a critical point due
to accumulation of charge. The droplets divide further into smaller droplets due to the electrostatic
repulsion being greater than the surface tension. The droplets undergo repeated divisions yielding
very small droplets and the electrostatic repulsion ejects the sample ions into the detector [63]. The
ESI mode can produce either positive or negative ions based on the polarity of the sample ion [62].

A schematic diagram of LCMS operation is shown in Figure 3.22.
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The ESI process can be optimized by using small droplet size, low surface charge, low liquid
surface tension, high solvent volatility, strong ion salvation and high surface charge to obtain best

results.

Martin et al. in 1976, reported MS studies Sfceletiumalkaloids by an electron impact (El)
method [49]. However, analytical profiles of these alkaloids by LCMS using ESI have not

previously been reported.

The conditions for LCMS/MS using the ESI mode were optimized by infusing methanolic
solutions at concentrations of 10@/ml (methanol) into the MS detector and maintaining the
spray voltage at 4.54 kV. The sheath and auxiliary gas were maintained at 80 ml/min and 20
ml/min respectively. The capillary voltage and capillary temperature were maintained at 25 kV
and 240°C, respectively. lonization of the molecules was achieved by simultaneously infusing a
solution of water, acetonitrile and ammonium hydroxide mixed in a ratio of 55:45:0.02 (v:v:v),

through an LC pump into the MS.

Since the analyzed mesembrine type alkaloids were basic molecules, the ions that formed during

the ionization process provided the [M+Hbn of the compound as an'zvalue.

The LCMS/MS analyses of the compounds were carried out by a two stage full scan process. The
first stage produced the parent ion which is further fragmented into daughter ions by collision
induced dissociation (CID). The collision was induced at different collision energies (CE) which
was varied to fragment each individual molecule while partially retaining integrity of the parent
ion. The fragmented ions were studied and possible structures of the fragmented ions were

proposed.
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3.5.1.2 Mass Spectroscopy of Mesembrine

The molecule yielded an ion afi/z 290 [M+H] (Figure 3.23) which corresponded to the
molecular mass of mesembrine (289).

Mesembrine base 100 mcg MS full scan #4037 RT: 14.32 AV:1 NL: 1.53E9
T: + ¢ ESI Full ms [ 250.00-320.00]

Relative Abundance
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291.24
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Figure 3.23: LCMS-ESI (+) ion spectrum of mesembrine

The LCMS/MS profile under optimized conditions at CE 37%, mesembrine exhibited major
fragmented ions am/z 275, 259, 241, 232 and 219 (Figure 3.24). The fragmented ions were
studied by the proposed structures (Figure 3.25) leading to confirmation of the structure of
mesembrine.

Mesembrine base 100 mcg MSMS full scan #1435 RT: 14.21 AV:1 NL:1.39E8
T: + ¢ ESI Full ms2 290.00@37.00 [ 100.00-350.00]
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Figure 3.24: LCMS/MS ESI (+) ion spectrum of mesembrine Figure 3.25: LCMS/MS ESI (+) ion fragmentation
scheme of mesembrine
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3.5.1.3 Mass SpectroscopyAdiiesembrenone

The A'/mesembrenone molecule yielded mrz 288 ion (Figure 3.26) which corresponded to a
molecular mass of 287.

D7-Mesembrenone base 100 mcg MS full scan #2214 RT: 6.68 AV: 1 NL:2.32E9
T: + ¢ ESI Full ms [ 250.00-320.00]

288.28
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Figure 3.26: LCMS-ESI (+) ion spectrumsfmesembrenone

Under the optimized conditions at CE 388¢mesembrenone exhibited major ionsnat 288,
273, 244, 232 and 149 (Figure 3.27). The fragmented ions were studied by the proposed structures

(Figure 3.28) leading to confirmation of the structura@hesembrenone.

D7- Mesembrenone SRM04 #405 RT:5.00 AV:1 NL: 1.42E6
T: +c ESISRMms2 288.00@73.00 [ 148.50-150.50, 231.70-233.70, 243.90-245.90, 272.10-274.10, 287.10-289.10]
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Figure 3.27: LCMS/MS ESI (+) ion spectrunndfmesembrenone Figure 3.28: LCMS/MS ESI (+) ion fragmentation
schémesafmbrenone
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3.5.1.4 Mass Spectroscopy of Mesembrenone

The peak corresponding to mesembrenone yieldedmén 288 ion (Figure 3.29) which

corresponded to a molecular mass of 287.

D4-Mesembrenone base 100 mcg MS full scan #3122 RT:9.69 AV: 1 NL:4.52E8
T: + ¢ ESIFull ms [ 250.00-320.00]
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Figure 3.29: LCMS-ESI (+) ion spectrum of mesembrenone

Under the optimized conditions at CE 28%, mesembrenone exhibited major ma/s288, 257

and 230 (Figure 3.30). The fragmented ions were studied by the proposed structures (Figure 3.31)

leading to confirmation of the structure of mesembrenone.

Damesembrenone MSMS full scan pos at 28% CE #1 RT:0.01 AV:1 NL:2.20E7
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Figure 3.30: LCMS/MS ESI (+) ion spectrum of mesembrenone

Figure 3.31: LCMS/MS ESI (+) ion fragmentation
scheme of mesembrenone
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3.5.1.5 Mass Spectroscopy of Mesembranol

The mesembranol molecule yielded amz 292 ion (Figure 3.32) which corresponded to a

molecular mass of 291.

Mesembranol base 100 mcg MS full scan #3868 RT: 1453 AV: 1 NL:2.29E8
T: +c ESI Full ms [ 250.00-320.00]
292.16
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Figure 3.32: LCMS-ESI (+) ion spectrum of mesembranol

Under the optimized conditions at CE 31%, mesembranol exhibited major iowvs2a4 and 243
(Figure 3.33). The fragmented ions were studied by the proposed structures (Figure 3.34) leading
to confirmation of the structure of mesembranol.

mesembranol MSMS full scan pos at31% CE#1 RT:0.00 AV:1 NL:294E7
T:+p Full ms2 292.00@31.00 [ 100.00-350.00]

27413
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Figure 3.33: LCMS/MS ESI (+) ion spectrum of mesembranol Figure 3.34: LCMS/MS ESI (+) ion fragmentation

scheme of mesembranol
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3.5.1.6 Mass Spectroscopy of Epimesembranol

The peak corresponding to epimesembranol yieldedm#n 292 (Figure 3.35) ion which
corresponded to a molecular mass of 291.

Epimesembranol MS#1 RT: 0.01 AV:1 NL:1.24E7
T: + ¢ Full ms [ 150.00-350.00]

291.75
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Figure 3.35: LCMS-ESI (+) ion chromatogram of epimesembranol

Under the optimized conditions at CE 31%, epimesembranol exhibited major rofe280, 274

and 243 (Figure 3.36). The fragmented ions were studied by the proposed structures (Figure 3.37)
leading to confirmation of its structure.

Epimesembranol MSMS 31%CE #1 RT:002 AV:1 NL: 2.69E6
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Figure 3.36: LCMS-MS ESI (+) ion spectrum of epimesembranol Figure 3.37: LCMS-MS ESI (+) ion fragmentation
scheme of epimesembranol
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3.5.2 Nuclear Magnetic Resonance Studies

NMR spectroscopy is an important absorption spectroscopic technigue to investigate the nuclear
structure of compounds where radio frequency waves induce transitions between magnetic energy
levels of the nuclei immersed in a strong magnetic field. NMR is considered to be one of the most

extensively used techniques for structural elucidation of molecules [64].

NMR analysis was carried out by dissolving each of the compounds, at a concentration of about
10 mg/ml, in deuterated chloroform (CRLIThe analyses were performed on a Bruker Advance
DRX 400 MHz NMR Spectrometer (Rheinstetten, Germany). The carbon-13 K@Rafalyses

were performed at 100 MHz and the proton NMR) (analyses were carried out at 400 MHz. The

2D NMR data were collected in the form of correlation spectroscopy (COSY), heteronuclear single

quantum coherence (HSQC) and heteronuclear multiple bond correlation (HMBC) analyses.

3.5.2.1 NMR data of Mesembrine

'H NMRS (ppm) 6.92 (d, J= 2.2Hz, 1H), 6.95 (dd, 8.3, 2.3, 1H), 6.83 (d, 8.3 , 1H), 3.89 (s, 3H),
3.87 (s, 3H), 3.15 (ddd, 9.4, 7.6, 3.0, 1H), 2.94 (t, 3.6 1H) 2.61 (dd, 3.5,2.0, 2H), 2.46 (mult., 2H),
2.37 (s, 1H), 2.33 (mult., 1H), 2.23 (mult., 2H), 2.13 (mult., 1H.)

13C NMRS (ppm) 211.4 (C-6), 149.0(C-4, 147.5, 140.2 (C-3, 117.9 (C-6), 111.1 (C-2), 110.0
(C-5), 70.4 (C-7a), 56.0 (OCHs), 55.9 (3 OCHs), 54.8 (C-2), 47.5 (C-3a), 40.6 (C-7), 40.1 (N-
CHs), 38.9 (C-3), 36.2 (C-5), 35.3 (C-4).

The relevant NMR spectra are included in the digital CD insert: File name: mesembrineNMR.pdf, provided

with this thesis.
3.5.2.2 NMR data of Mesembranol

H NMR§ (ppm) 6.90 (dd, J= 8.3, 2.3 Hz, 1H), 6.86 (d, J=2.2 Hz, 1H), 6.80 (d, J=8.4 Hz, 1H),
3.96 (it, J=10.9, 4.6 Hz, 1H), 3.87 (s, J=3.87, 3H), 3.19 (td, J=9.1, 4.6), 2.33 (s, 3H) 2.25 (ddd,
J=10.9,9.6,6.1 Hz), 2.16 (dt, J=4.3,2.3 Hz), 2.03 (dd J=9.3,3.4 Hz, 2H), 1.89 (ddd, J=12.6,8.8,6.7
Hz), 1.79 (ddd, J=12.6,1.09,4.6 Hz), 1.72 (mult.) 1.19 (mult.).
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¥C NMR§ (ppm) 148.72 (C-3) 147.05 (C-4), 139.24 (C-1), 118.76 (C-6), 110.83 (C-5),
110.58 (C-2), 69.95 (C-7a), 66.80 (C-6), 55.96 (BCHs), 55.86 (4 OCHs), 54.33 (C-2), 46.98
(C-3a), 40.50 (NSH3), 40.22 (C-3), 34.89 (C-4), 33.17 (C-7), 32.86 (C-5). The obsefi@d

values were concordant with the values reported in literature [65].

The relevant NMR spectra are included in the digital CD insert: File name mesembranolNMR.pdf, provided

with this thesis.
3.5.2.3 NMR data af’ Mesembrenone

'H NMR d(ppm) 6.78(mult., 1H), 6.76 (mult., 1H), 6.75 (mult, 1H), 5.19 (S, 1H), 3.84 (s, 3H),
3.83 (s, 3H), 3.28 (mult, 1H), 3.26 (mult, 1H), 2.40 (mult, 1H), 2.36 (mult., 1H), 2.25 (dd, J=11.8,
4.7 Hz, 1H), 2.15 (mult., 1H), 2.09 (mult., 1H), 1.92 (t, J= 4.2Hz, 1H).

3C NMRS (ppm) 196.4 (C-6), 170.8 (C-7a), 149.0 (Cr4148.1 (C-3), 133.6 (C-1), 119.1 (C-
6'), 110.9 (C-2), 110.1 (C-5), 93.8 (C-7), 56.0 (C-"®CH3), 55.9 (C-30CHs3), 52.8 (C-2), 52.5
(C-3a), 39.0 (C-3),36.0 (C-4),33.1 (C-5) 32.7 Q).

The relevant NMR spectra are included in the digital CD insert: File nafraesembrenoneNMR. pdf

provided with this thesis.
3.5.2.4 NMR data of Mesembrenone

'HNMR (ppm) 6.88 (dd, J= 8.4, 2.0 Hz, 1H), 6.86 (mult., 1H), 6.84(mult., 1H), 6.72 (dd, J=10.1,
2.0 Hz, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.31 (mult., 1H) 2.65 (mult., 1H), 2.59 (mult, 1H), 2.53
(mult., 1H), 2.48 (mult, 1H), 2.47 (mult., 1H), 2.31 (s, 3H), 2.21(dt, J=12.9, 8.7Hz, 1H)

%C NMRJ (ppm):197.5 (C-6), 153.8 (C-4), 149.1 (C)3148.1 (C-4), 135.6 (C-1), 126.4 (C-5),
119.1 (C-6), 111.1 (C-5), 110.1 (C-2), 73.8 (C-7a ), 56.1 (C-2), 56.0 (C-BCHs), 55.9 (C-4

OCH), 50.9 (C-3a), 40.1 (N\GH,), 38.6 (C-3), 36.2 (C-7).

The relevant NMR spectra are included in the digital CD insert: File name: mesembranolNMR.pdf provided

with this thesis.
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3.5.2.5 NMR data of Epimesembranol

'HNMR & (ppm) 6.88 (dd, J= 8.2, 2.3 Hz, 1H), 6.86 (d, J=2.1 Hz, 1H), 6.80 (d, J=8.2 Hz, 1H),
3.91 (p, J=3.0 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 3.35 (ddd, J=10.1,8.8,6.6, 1H) 2.45 (s, 3H), 2.34
(mult., 1H) 2.29 (mult., 1H), 2.14 (ddd J=14.7,5.3,2.7 Hz, 1H), 1.92 (mult, 1H), 1.82 (ddd,
J=12.4,11.1,6.3Hz, 2H), 1.70 (ddt, J=12.6,6.1,3.2 Hz, 1H.) 1.62 (dt, J=14.9,3.0 Hz 1H), 1.40 (tdd,
J=13.9,3.6,2.3 Hz, 1H).

3C NMRJ (ppm) 148.8 (C-4), 147.2 (C-5), 138.2 (C-1), 118.5 (C-2), 110.8 (C-3), 110.4 (C-
6), 68.8 (C-7a), 67.0 (C-6), 56.0'(OCH;), 55.8 (3 OCHj), 53.3 (C-2), 47.5 (C-3a), 41.2 (N-
CHy), 40.9 (C-3), 29.8 (C-5), 28.2 (C-4), 28.1 (C-7).

The relevant NMR spectra are included in the digital CD insert: File name: epimesembranolNMR.pdf

provided with this thesis.

3.5.3 X-ray Crystallographic Studies

X-ray crystallography provides a detailed 3-dimensional structure of crystalline molecules. The
crystal is exposed to X-rays and based upon the internal 3-dimensional arrangement of the atoms
in the crystal lattice, a diffraction pattern is generated. The location of this pattern and intensity is
used to determine the size and composition of the molecule using mathematical computer software
[66].

The crystallized compounds, mesembrine hydrochloride and mesembranol were subjected to X-ray

crystallographic studies at the X-ray crystallographic unit, University of Cape Town (Cape Town,
South Africa).
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3.5.3.1 X-ray Crystallographic Analysis of Mesembrine hydrochloride

Figure 3.38: X-ray Crystallographic structure of *M-HCI Figure 3.39: Crystal packing diagram of M-HCI
(LABELCONF.bmp) (View010.png file)

As quoted by Dr Hong, X-ray crystallographic unit, University of Cape Town. [Personal
communication].

“X-ray intensity data were collected on a Nonius Kappa-CCD diffractometer using graphite
monochromated Mo &radiation. The structure was solved by direct methods using SHELX-86 and refined
employing full-matrix least-squares with the program SHELX-97 refining DnMESEMBRINE was
crystallized in P2 with Z = 2. There is one uniqgue MESEMBRINE molecule in the asymmetry unit. The
molecular configuration and atomic labeling scheme are shown in the file LABELCON{lgue 3.38).

All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed and refined with
geometric constraints and isotropic displacement parameters fixed at 1s20f the parent carbon atoms

with exception for methyl hydrogens which are fixed at 1.5.xdf) the methyl carbon. Details of data
collection and refinement, tables of bond lengths and angles, torsion angles and hydrogen bonds are
contained in file MESEMBE.txt. Packing diagram viewed down b axis is shown in View010.png file.
Crystallographic information file is MESEMBE.¢Figure 3.39)".

*Mesembrine hydrochloride
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3.5.3.2 Crystal Data and Structure Refinement for Mesembrine Hydrochloride (Table 3.1)

Table 3.1 Crystal data of Mesembrine hydrochloride

Empirical formula Ci7 Hos CI NG,
Formula weight 325.82
Temperature 113(2) K
Wavelength 0.71073 A

Crystal system, space group

Monoclinic, P21

Unit cell dimensions

a =8.1695(2) A alpha =90 deg.
b =7.09020(10) A beta = 94.8540(10) deg.
¢ =14.0688(3) A gamma = 90 deg.

Volume 811.99(3) A3

Z, Calculated density 2, 1.333 Mg/m
Absorption coefficient 0.248 thm

F(000) 348

Crystal size 0.22 x0.20 x 0.15 mm

Theta range for data collection

2.79 to 25.93 deg.

Limiting indices

-9<=h<=10, -8<=k<=8, -17<=|<=17

Reflections collected / unique

3139 /3139 [R(int) = 0.0000]

Completeness to theta= 25.93

99.4%

Max. and min. transmission

0.9638 and 0.9475

Refinement method

Full-matrix least-squares’on F

Data / restraints / parameters

3139/3/206

Goodness-of-fit onF

1.045

Final R indices [I>24(1)]

R1 =0.0343, wR2 = 0.0695

R indices (all data)

R1 =0.0480, wR2 = 0.0748

Absolute structure parameter

-0.02(6)

Largest diff. Peak and hole

0.249 and -0.23%e.A
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3.5.3.3 X-ray Crystallography of Mesembranol

Figure 3.40: ORTEP drawing of the molecular structure  Figure 3.41: Projection viewed down . All hydrogen’s
with ellipsoidal model at 50% probability level, except the hydroxyl hydrogen are omitted for clarity

showing the atomic numbering scheme The hydrogen bonds O are shown as dotted lines

As quoted by Dr. Hong , University of Cape Town (UCT), Cape Town, X-ray crystallography

unit. [Personal communication]

“X-ray single crystal intensity data were collected on a Nonius Kappa-CCD diffractometer using graphite
monochromated MoK radiation. Temperature was controlled by an Oxford Cryostream cooling system
(Oxford Cryostat). The strategy for the data collections was evaluated using the Bruker Nonius "Collect”
program. Data were scaled and reduced using DENZO-SMN software (Otwinowski & Minor, 1997). Both
structures were solved by direct methods using SHELXS-97 (Sheldrick, 1997) and refined employing full-
matrix least-squares with the program SHELXL-97 refining n($heldrick, 1997). Atomic numbering
scheme is drawn with ORTEP-III (Farrugia, 199Bigure 3.40). Packing diagram&igure 3.41)were
produced using the program PovRay and graphic interface X{Beekour, 2001)".

References for X-ray crystallography:

Otwinowski, Z. & Minor, W. (1997). Methods in Enzymology, Macromolecular Crystallography, ed. Carter Jr, C. W. &
Sweet, R. M., part A, vol. 276, 307-326, Academic Press.

Barbour, L. J. (2001). X-Seed: A Software Tool for Supramolecular Crystallography, J. Supramol.1Ch88:191.
Sheldrick, G. M. (1997). SHELXL-97 and SHELXS-97. University of Géttingen, Germany.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
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3.5.3.4 Crystal Data and Structure Refinement for Mesembranol (Table 3.2)

Table 3.2 Crystal data of Mesembranol

Empirical formula Ci7Hys N O
Formula weight 291.38
Temperature 113(2) K
Wavelength 0.71073 A

Crystal system, space group

Monoclinic; P2

Unit cell dimensions

a=7.5847(2) A alpha =90 deg.
b=7.7878(2) A beta =104.7540(10) deg.
c=13.3913(4) A gamma =90 deg.

Volume 764.92(4) A

Z, Calculated density 2, 1.265 Mg/m
Absorption coefficient 0.086 mMm

F(000) 316

Crystal size 0.21 x0.20 x 0.18 mm

Theta range for data collection

3.82 to 25.70 deg

Limiting indices

-9<=h<=9, -9<=k<=9, -16<=I<=16

Reflections collected / unique

2891 /2891 [R(int) = 0.0000]

Completeness to theta= 25.70

99.3%

Max. and min. transmission

0.9847 and 0.9822

Refinement method

Full-matrix least-squares on F

Data / restraints / parameters

2891/1/197

Goodness-of-fit on F*2

1.046

Final R indices [I>2 sigma(l)]

R1 =0.0331, wR2 = 0.0709

R indices (all data)

R1 =0.0469, wR2 = 0.0756

Absolute structure parameter

-0.1(9)

Largest diff. peak and hole

0.158 and -0.17Ge.A

3.5.4 Differential Scanning Calorimetric Analysis

Differential scanning calorimetry (DSC) is a thermal analytical method which records the energy
necessary to establish a zero temperature difference between a substance and the reference material
during heating or cooling. The temperature difference is recorded as a function of temperature or

time when both substance and reference are heated or cooled at a predetermined rate. The analysis
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is generally carried out in a gas environment against a reference inert material such as alumina or
an empty pan with lid. DSC is useful for analyzing small quantities of sample and its specific heat
measurement is accurate [67]. The analysis was carried out on a DSC instrument Model DSC7
(Perkin Elmer Inc., MA, USA). Only mesembrine and mesembranol were subjected to DSC since
the other alkaloids A’'mesembrenone, mesembrenone and epimesembranol  were
isolated/synthesized as oils/semisolids. Conversion to their crystalline forms was not attempted

due to the unavailability of sufficient quantities of these particular alkaloids.

3.5.4.1 DSC of Mesembrine Hydrochloride

The onset of the melting process was observed at 205°C and the peak melting point was observed

at 211°C (Figure 3.42), which is concordant with the reported melting point value of 205-206°C
[45].
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Sample 1 (Mesembrine hydrochloride) [white needle-like crystals]

Mass DSC pan empty: 17.777 mg

Mass DSC pan + sample: 19.406 mg (s: 1.629 mg)

Mass pan+sample+lid: 28.378 mg (I: 8.972 mg)

Mass pan-+residue+lid: 28.289 mg [yellow-orange]

Onset temperature: 205.898 deg. C (take to 1 decimal place)
Peak temperature: 211.466 deg. C

End temperature: 213.782 deg. C

Delta H: 136.198 J/g (take to 1 decimal place)

Figure 3.42: DSC thermogram and data for mesembrine hydrochloride
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3.5.4.2 DSC of Mesembranol

The peak melting point was observed at 146°C (Figure 3.43), which is concordant with the
reported melting point value of 146-147°C [65].

Mesembranol
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Sample 2 (M-OH) [white crystalline material] (repeat run)

Mass DSC pan empty: 17.803 mg

Mass DSC pan + sample: 19.379 mg (s: 1.576 mg)

Mass pan+sample+lid: 28.294 mg (I: 8.915 mg)

Mass pan-+residue+lid: 28.287 mg [white solid]

Onset temperature: 144.037 deg. C (take to 1 decimal place)
Peak temperature: 146.000 deg. C

End temperature: 147.239 deg. C

Delta H: 122.196 J/g (take to 1 decimal place)

Figure 3.43: DSC thermogram and data for mesembranol
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3.5.5 Ultra Violet Absorption Spectroscopy

The ultra violet (UV) spectral scans of the compounds were obtained from HPLC-PDA analyses

conducted by dissolving the samples in methanol and measuring the relevant absorption spectra in

the range between 400-200 nm. The UV maxima of the compounds are shown in Table 3.3.

Table 3.3 UV absorption of Mesembrine alkaloids

Maxima 2 (nm)

Figure Compound Maxima 1 (nm)
3.44 Mesembrine 279.3 228.5
3.45 Mesembrenone 279.3 229.7
3.46 Mesembranol 278.1 228.5
3.47 Epimesembranol 279.3 225
3.48 A'Mesembrenone 298.2 228
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Figure 3.44: Mesembrine Figure 3.45: Mesembrenone Figure 3.46: Mesembranol
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Figure 3.47: Epimesembranol

Figure 34Btesembrenone

All compounds, except\‘mesembrenone, showed maxima at about 278 and 228AAm.

mesembrenone showed maxima at 298.2 and 228 nm.
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3.6 CONCLUSIONS

Since the specifi§celetiumalkaloids were not commercially available, it was necessary to isolate,
purify and characterize the relevant alkaloids to qualify as reference substances (analytical
markers) for qualitative and quantitative analysis. Hence the objective was to isolate, characterize
and qualify these particular alkaloids as reference substances in order to develop analytical
methods and recommend specifications for the establishment of monografhsl&iumand its

products.

Of the Sceletiumalkaloids reported in literature, it was observed that only the mesembrine type of
alkaloids were more abundant than the other reported compounds. The major alkaloid, mesembrine
and the minor alkaloidsA’mesembrenone and mesembrenone were extracted and purified. The
methods involved solvent extraction followed by column chromatography, preparative TLC and
semi-preparative HPLC used to yield the pure compounds. The process of isolation and synthesis
was monitored by TLC, HPLC and LCMS analytical methods.

Isolation of the alkaloids, mesembranol and epimesembranol were not attempted due to small
quantities present in the plant material, hence they were synthesized. Mesembranol was
successfully synthesized by catalytic reduction of mesembrine base using platinum oxide and
addition of hydrogen gas, which yielded a crystalline compound. Epimesembranol was synthesized
by treating mesembrine with sodium borohydride which yielded a mixture of epimers with

epimesembranol being the major epimer. Epimesembranol was successfully separated and purified

by semi-preparative HPLC.

The NMR data collected from tHel, **C, COSY, HSQC and HMBC analyses were interpreted to
confirm the structures.

The LCMS and MS/MS analyses provided identification of the relevant alkaloids based the
values of 288 for mesembrenone (MW: 287) af@inesembrenone (MW: 287), 290 for
mesembrine (MW: 289) and 292 for mesembranol and epimesembranol (MW: 291). Mesembrine
was converted successfully to its hydrochloride and its structural configuration was confirmed by
X-ray crystallographic analysis. The hydrochloride salt also provided ease of handling compared
to having to use its base. The developed ESI technique proved to be a sensitive and precise method
to identify the alkaloids in mixtures of components as is generally the case with natural products.
The MS/MS fragmentation studies are readily applicable to LCMS scan modes such as selected
ion monitoring (SIM) and selected reaction monitoring (SRM) and these techniques are useful for

detecting low concentrations of a target compound in a complex mixture when the mass spectrum
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of such a compound has been established. The PDA analyses provided the UV absorption

characteristics of the alkaloids.

In summary, the alkaloids, mesembrine, mesembrenafraesembrenone, mesembranol and
epimesembranol were isolated/synthesized, purified, characterized and qualified for use as
analytical markers. These compounds are necessary for use in the development and validation of
analytical methods for the assay and QCSoéletiumplant material and pharmaceutical dosage

forms containingsceletium
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CHAPTER 4

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF SCELETIUM
ALKALOIDS

4.1 INTRODUCTION

Evaluation of natural products for their chemical components is challenging due to the inherent
diversity of their chemical composition. Separation techniques and their application to evaluate
specific chemical components of natural products is an important aspect which permits accurate
characterization and quantification. It has been reported that almost 80% of known natural
substances are non-volatile and thermolabile, which makes High Performance Liquid
Chromatography (HPLC) the most commonly used analytical technique for natural products [68].
In general, HPLC is coupled to an ultra violet-visible (UV-Vis) detector which may be a single or

a dual wavelength, and in some cases a photo diode array (PDA) detector. The PDA enhances
versatility of the analysis by allowing multi-wavelength detection of compounds based on their
distinct chromophore active regions. PDA is particularly useful for multi-component sample
analysis and one sample can usually provide sufficient data to assess the purity of the individual

components [69].

There are many reports on the use of HPLC for qualitative analysis of herbal medicines, more
importantly for the fingerprinting of South African traditional medicines [70]. In addition,
chromatographic fingerprinting has been widely accepted and recommended by various regulatory
authorities such as WHO [1], US-FDA [71], EMEA [36] and MHRA [39] to assess the consistency
of herbal components from batch-to-batch of dosage forms and for the harvested herbal plants

materials.

Characterization of constituents is an important aspect for the QC of herbal products. The
importance of structural information on their chemical components is highly desired for
developing efficient isolation and analytical methods [72]. The basic HPLC instrument may easily
be integrated with different detection techniques, such as electrochemical, fluorescence, refractive
index, MS and more recently, NMR. The LC-MS-NMR combination has been used for online

structural identification and for providing preliminary data on the nature of constituents [72].
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4.2 BACKGROUND AND OBJECTIVES

In the present international regulatory scenagi@litative and quantitative analytical methods are
considered mandatory. Even thougteletiunplants have been relatively well-researched for their
chemical constituents, validated methods for quantitative analysis of the various alkaloid

components found iSceletiunspecies have not yet been reported in the published literature.

In 1998, Smithet al. [55] reported a qualitative method using gas chromatography (GC) - MS
attached to a nitrogen-phosphorus specific detector. The GC-MS analysis was carried out on a DB-
5 capillary column of 0.25 mm internal diameter (i.d), which was temperature programmed from
230°C to 260°C at 1°C per minute. The detector was maintained at 350°C. The method described
the separation of "40-demethylmesembrenol, mesembrine and mesembrenone, and their
structures were identified based on comparison of their mass spectral data to the reported values by
Martin et al.[49].

Gerickeet al. [52], in their patent application, reported three methods using GC and one using a
HPLC method. In all three methods, the samples were prepared by dissolving the extracts in a

minimum quantity of methanol.

The first method is mentioned as a “fast system” for “large number of samples”. The method uses
DB-1 fused silica capillary column 30 m x 0.25 mm i.d, with helium as carrier gas. The column
temperature was maintained isothermally at 200°C for 15 minutes and then programmed at
100°C/min to 300°C. The injector and the flame ionization detector were maintained at 230°C and
300°C respectively [52].

The second method is mentioned as “high resolution analyses” for “selected samples, slow”. The
method also uses a DB-1 column and helium as carrier gas, similar to the first method. The column
temperature was isothermally maintained at 150°C for 15 minutes and then programmed at 60°C/
min to 320°C. The injector and the NPD were maintained at 230°C and 300°C respectively [52].

The third method mentioned is for GC-MS analysis, with the column, carrier gas and the

temperatures maintained similar to the second method. The MS conditions were not described
[62].
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The HPLC method describes a reverse phase system which uggdodu@n. The mobile phase
comprised 30% trimethylamine solution (1% in water) and 70% acetonitrile solution (60% in
water) set at a flow rate of 1 ml per minute. The PDA detector was set for two channels, one at
280£30 nm (Channel A) and the other at 292+10 nm (Channel B). The method suggests that “for

concentrations below 0.05 mg per ml, channel A is more accurate” [52].

The South African National Biodiversity Institute (SANBI), South African Medical Research
Council (MRC) and the University of Western Cape (UWC) published a collaborative paper
describing another HPLC method on the internet as a part of monograph project for herbal plants.
It was suggested that the method could be applied to perform fingerprinting analysis of medicinal
plant extracts. The HPLC method which was obtained by personal communication from the
authors, uses methanol and 1% acetic acid in water mixed over a 25 minute gradient programme,
passing through a ;g column and dual channel detection at 280 and 325nm. A typical HPLC
chromatogram of a methanol extract and the retention times of major compounds purported to
elute at 2.38, 3.15, 4.89 and 7.84 was displayed on the chromatogram in the monograph which
they compiled [57].

Based on the above information on analytical method&detetiumand its products, it appears

that the reported methods may not have been validated as required by the regulatory guidelines
since no validation data were reported. Also, the use of UV wavelengths in the range of 280 nm
and 325 nm for detection @celetiumalkaloids are not optimum for most of tigeeletium
alkaloids. This study shows maximum absorbance at 228+2 nm, excapfniesembrenone,

which had a\nxat 298 nm and secondary maximum at 228nm. Furthermore, from discussions
with Sceletiumcultivators in South Africa, it was evident that no testing facilities are available to

monitor the quality of their products.
Hence the main objective was to develop a simple, rapid, accurate, precise and reproducible HPLC

method that can be applied for the qualitative and quantitative analyiletiunplant material,

extracts and their commercial formulations.
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4.3 EXPERIMENTAL

4.3.1 Reagents and Materials

Methanol 215 and acetonitrile 200 (HPLC grade) were obtained from Romil Ltd. (Cambridge,
Great Britain). Ammonium hydroxide 25% solution was acquired from Associated Chemical
Enterprises (Pty) Ltd. (Southdale, South Africa). Water was purified in a Milli-Q® system
(Millipore, Bedford, USA) and Millex HV hydrophilic PVDF 0.45um membrane filters were
purchased from the same sourBeeletiumplant material and its products analyzed are those

discussed in Chapter 2.

4.3.2 Instrumentation

An Alliance 2690 HPLC connected to a PDA detector 2996 (Waters Corporation, Milford, MA,
USA) was used and separation of alkaloids was investigated using 2 different HPLC columns,
Luna® Gg (2), 5um, 250 mm x 10 mm i.d. and Hypefsi250 x 4.6 mm id G column
manufactured by PhenomefiexTorrence, CA, USA. Analytical balances, Type AG 135 and
Electronic Micro Balance MX-5 manufactured by Mettler Toledo, Switzerland were used for
weighing standards and samples. An electronic pipette (model 71050XET supplied by Biohit PLC,
Helsenki, Finland) was used to transfer standard and sample solutions for dilutions. Method
validation was performed on a Finnigan MAT LCQ ion trap mass spectrometer supplied by
Finnigan, San Jose, CA, USA coupled to a SpectraSYSTEM P2000 pump connected to an AS1000
auto sampler and UV1000 variable-wavelength UV detector (Thermo Separation Products, Riviera
Beach, FL, USA).

4.3.3 Method Development

The qualified reference substances described in Chapter 3, were used for analytical method

development and validation studies.
The HPLC method development was carried out initially based on the HPLC profiles obtained

from plant extracts. As the development work progressed with the isolation of individual alkaloids,

the HPLC peaks were identified and optimized to obtain a suitable analytical method.
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Initially, the method described in the patent literature [52] was performed to yield profiles of the

Sceletiumextracts. The analysis was carried out on an Alliance 2690 HPLC connected to a Waters
2996 PDA detector. The profiles that were observed indicated many unresolved peaks (Figure 4.1).
However, these peaks could not be identified for any individual alkaloid as reference standards
were not available for comparison of retention times of the compounds previously reported in the

literature.

spectum Index Plal

5.lllil 1l]!lil|:| 15!lil|] El]!l:ll] EE!IJI] Il!l][l 35!':'] 40,00
Wiruies

Figure 4.1: HPLC-PDA chromatogram of Sceletium extract using mobile phase described in the patent [52]. The
corresponding UV spectra for each relevant peak, obtained on-line using a PDA detector are depicted above the
chromatogram

Since the major alkaloids were basic molecules, a mobile phase comprising of 100 mM solution of
ammonium acetate in water and ACN 70:30 (v:v) was initially used to investigate the separation
of the alkaloid constituents. The mobile phase was pumped at 1ml/min under isocratic conditions
through a Hypersil 250 x 4.6 mm i.d G column maintained at ambient temperature. The extract
showed distinct peaks at RT 5.278, 7.054, 7.668 and 9.543 with UV spectra showing maxima at
229+5 nm, 278+2 nm and 284 nm (Figure 4.2).

93



Spectrum Index Plot

5278 7054 5 5543
220.00 nm nm 22000 nm z20.00 nm
350.00 0.00 250.00
| L 1 1 1 | I 1 1 1 1 1 | L 1 1 1 1 1 1 1
[228.7 7.05[238.7 TET -"r-;?'h'fs? 9.53
I A o
JJI,.' |I s Ir || 7 |
|I ._rll... | I|
[ | 2781 [ 5
Vol | LA | 2723
| ;.' \ \ 2783 |/ | A
' ' AT 3707 \/ AR
Voo amsa A VAR V| a3agar4n)
0.20 R I
] & E
0157 a
b 4 "
] il |i |
2 o H n
] il b o 1 II
] Il | I| 2 |: ', g
0.057 P 'I Y o
] i i) ,'“\}_ My _\_K{'\x___
0.00 g : i ﬁ: d i _IE—HB'_ —
D.00 2.00 4.00 .00 8.00

T T T T T T T T T
10,00 12,00 1404 16.00 16.00
Minuies

Figure 4.2: HPLC-PDA chromatogram of Sceletium extract using a mobile phase comprising of 100 mM solution of
ammonium acetate in water and ACN 70:30 (v:v). UV spectra for each relevant peak obtained on-line using a PDA

detector are depicted above the chromatogram
Whereas, using a mobile phase consisting of ammonium acetate (100 mM) facilitated
identification of the relevant alkaloid components, the eluted peaks were associated with relatively

poor peak shape and use of a relatively high salt concentration. Hence, attempts were made to

exclude the use of buffer salts and develop a mobile phase using a higher pH to resolve the various
Sceletiumalkaloids which could subsequently also be used in LCMS investigations.

Meanwhile, the alkaloids, mesembrine, mesembrenoneAGndsembrenone were isolated and

characterized for their structures by NMR. The HPLC peaks were identified based on the retention
times of the pure compounds.

Subsequently, the continuing method development involved the use of a mobile phase comprising
of water:ACN:ammonium hydroxide solution mixed in a ratio of 70:30:0.01 (v:v:v) and tested
under isocratic conditions using a Hypétsil5omm x 4.6mm i.d. G column at a flow rate of
Iml/minute. The detection was carried out using a PDA detector in the range of 400 to 200 nm.

The three alkaloids were well resolved withmesembrenone at RT 5.242, mesembrenone at RT
7.579 and mesembrine at RT 10.894 minutes (Figure 4.3).
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Figure 4.3: HPLC-PDA chromatogram of Sceletium standak@siesembrenone, mesembrenone and mesembrine using
a mobile phase comprising of water:ACN:ammonium hydroxide solution mixed in a ratio of 70:30:0.01 (v:v:v). UV
spectra for each peak obtained on-line using a PDA detector are depicted above the chromatogram

The isocratic conditions when applied to the analysis of mesembranol and epimesembranol, posed

two problems. Firstly, the epimesembranol peak was retained on the column for an extended

period of 35.646 minutes (Figure 4.4) and secondly, separation between mesembranol and

mesembrine could only be achieved with an increase of water content to 72 parts. Even though

separation was achieved, the resolution and the peak shape were not satisfactory due to peak

tailing (Figure 4.5).
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Figure 4.4: HPLC-PDA chromatogram of mesembranol and epimesembranol using a mobile phase comprising of
water:ACN:ammonium hydroxide solution mixed in a ratio of 70:30:0.01 (v:v:v). UV spectra for each peak obtained on-

line using a PDA detector are depicted above the chromatogram
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Figure 4.5: HPLC-PDA chromatogram of mesembranol and mesembrine using a mobile phase comprising of
water:ACN:ammonium hydroxide solution mixed in a ratio of 72:28:0.01 (v:v:v). UV spectra for each peak obtained on-
line using a PDA detector are depicted above the chromatogram
Sceletiumplant powder was analyzed using the above mentioned isocratic conditions which
separatedA’mesembrenone RT 5.981, an unknown compound at RT 6.421, mesembrenone at RT

8.774, mesembranol at RT 10.502 and mesembrine at 12.577 minutes (Figure 4.6).
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Figure 4.6: HPLC-PDA chromatogram of Sceletium plant extract using a mobile phase comprising of
water:ACN:ammonium hydroxide solution mixed in a ratio of 72:28:0.01 (v:v:v). UV spectra for each relevant peak
obtained on-line using a PDA detector are depicted above the chromatogram
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Even though the developed isocratic system resolved the alkaloidal components, the RTs and the
peak shape prompted the mobile system to be changed to a gradient system such that the RTs of
the identified alkaloids could be manipulated to optimize the peak shapes and also to reduce the

RT of epimesembranol.

A binary gradient elution system made up of 0.1% ammonium hydroxide solution in water
(ammonia buffer) mixed with ACN was developed (Table 4.1). The flow rate was maintained at
1.0 ml/min through a LuifaCy (2) 150 x 4.6 mm i.d. HPLC column. The HPLC system
constructed of a SpectraSYSTEM P2000 pump connected to an AS1000 auto sampler and a
UV1000 variable-wavelength UV detector set at 228 nm was used for further analysis and method
validation. The analysis resulted in satisfactory resolution and retention times (Table 4.2) of the
identified compounds with a total run time of 16 minutes (Figure 4.7). The method was applied
successfully tsceletiumablets (Figure 4.8) arfceletiunplant material (Figure 4.9) that showed

satisfactory separation of alkaloids from other unidentified components present in such matrices.

Table 4.1
HPLC gradient conditions
Time F'O".V % Ammonia buffer % ACN
(ml/min)

0.0 1.0 80 20
9.0 1.0 50 50
15.0 1.0 50 50
16.0 1.0 80 20
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RT: 0.00 - 16.00
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Figure 4.7: HPLC chromatogram of standard Sceletium alkaloids chromatographed using a gradient elution system of
ammonia buffer mixed with ACN as show in Table 4.1

Table 4.2
Retention times of standardSceletium alkaloids
obtained by gradient method

Compound Retention time (minutes)
A’Mesembrenone 5.71
Mesembranol 6.61
Mesembrenone 7.14
Mesembrine 8.43
Epimesembranol 11.69
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Figure 4.8: HPLC chromatogram of Sceletium tablets chromatographed using a gradient elution system of ammonia
buffer mixed with ACN as show in Table 4.1
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Figure 4.9 HPLC chromatogram of Sceletium plant material chromatographed using a gradient elution of ammonia
buffer mixed with ACN as show in Table 4.1
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4.3.4 Extraction Efficiency

The extraction efficiency of the solvent used to prepare the sample solution is a critical component
of an analytical method. It is important to identify a solvent that is inexpensive and can efficiently
extract the sample components from the herbal plant materials and their pharmaceutical dosage
forms. Methanol was the solvent of choice for extraction and the extraction method was carried out
by sonication of plant material and tablet sample solutions. The samples were prepared by
weighing individual masses of 500 mg each of powdered plant material and/or crushed tablet
samples to which 8 ml methanol was added, shaken and well-mixed. The samples were
systematically sonicated for various lengths of time (10, 15, 20 or 30 minutes) and allowed to cool
to ambient temperature prior to any further processing. The samples were filtered throygh 0.45
PVDF membrane filters and made up to volume in volumetric flasks and the content of

mesembrine was estimated by HPLC (Table 4.3).

Table 4.3
Extraction efficiency of methanol measured by content of
Mesembrine
Time (minutes) Plant material (%) Tablets @g/tablet)
10 0.66 83.22
15 0.65 88.50
20 0.74 92.59
30 0.72 91.70

The 20 and 30 minutes samples showed consistent values for mesembrine content, hence an
extraction time of 20 minutes for both plant material and tablet samples using methanol as solvent

was subsequently used for all further sample preparations.
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4.4 METHOD VALIDATION

4.4.1 Standard and Sample Preparations

Standard solutions were prepared fresh on each of three separate days. Methanolic stock solutions
(Img/ml) of A’mesembrenone, mesembranol, mesembrenone, mesembrine hydrochloride and
epimesembranol were prepared. A working stock solution was mixed and diluted appropriately to
obtain a concentration of 1Q@/ml of each alkaloid. Standard solutions comprising a set of eleven

calibrators in a concentration range of 400-60,000 ng/ml were prepared.

4.4.2 Accuracy and Precision Studies

Accuracy and precision studies were performed by separately preparing standard solutions and
appropriate dilutions to obtain final concentrations of 4000, 8000 and 10,000 ng/ml for use as QC
standards. The precision studies of a sele8edletiumplant powder and a commercially
purchaseds. tortuosuntablet samples (manufactured by Big Tree Health Products, Cape Town,
South Africa, Batch number 9961) were prepared in methanol by sonication for 20 minutes and
filtered through 0.45um PVDF membrane filter.

Sceletiumablet samples of 15 mg/ml, 25 mg/ml and 35 mg/mlSeeletiunplant powder of 7.5
mg, 15 mg and 25 mg/ml provided the low, medium and high samples for precision studies,

respectively.

4.4.3 Recovery Studies- Tablet, Plant Material and their Matrices

Recovery studies were carried out by preparing in triplicate, three individual concentrations of 25
mg/ml for tablet samples and 10 mg/ml solution for plant material. Standard stock solutions of
each of the five alkaloids were added to each of the triplicate sample solutions to result in

concentrations of 2000 ng, 4000 ng and 10,000 ng/ml of each of the alkaloids/sample.

Plant matrix was prepared by exhaustive solvent extraction of alkaloidal components from a
powderedSceletiumplant sample dried at 80°C to remove the solvent. The tablet matrix was
prepared by mixing the tablet excipients in the same proportion as that used by the manufacturer as
indicated on the product label (Figure 4.10). The matrices were tested and confirmed for absence
of the known alkaloidal components by an LCMS method, which was developed to detect very

low concentrations of alkaloid&ide infra) Three sets each of tablet and plant matrix samples
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were prepared individually by adding stock alkaloid standard mixture to obtain final spiked
concentrations of 2000, 4000 and 10,000 ng/ml of each of the alkaloids/sample

Figure 4.10: Sceletium tortuosum tablets label showing the content of excipients used in the formulation
http://www.bigtreehealth.com/products/Sceletiumttosum.phpdate accessed 07-12-2006

4.4.4 Limit of Detection and Limit of Quantitation

Standard stock solutions were diluted appropriately to obtain concentrations for the estimation of
the limit of detection (LoD) and limit of quantitation (LoQ) according to a signal to noise (S/N)

ratio of 3:1 and 10:1 respectively.

4.4.5 Ruggedness of the Method

Ruggedness of the method was carried out by conducting precision and accuracy studies as
described in Section 4.4.2 on a second HPLC system (Wa#iance—PDA system).

4.4.6 Solution Stability

The reference substances in methanol were tested for their stability by analyzing samples which

were maintained at room temperature (bench stability) and ~ 4°C (fridge stability).
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4.4.7 Results and Discussion

4.4.7.1 Method validation

4.4.7.2 Linearity

Calibration curves were constructed by plotting the peak area of each alkaloid versus the
concentration corresponding to that alkaloid on each of three days. The curves obtained were
found to be linear with determination coefficients better than 0.99 and in one instance, 0.9858.

Details are provided in Table 4.4

Table 4.4
Linear ranges and coefficients of determination (HPLC)

Name of the Da y=mx+c Determination
compound y linear model coefficient (R)

7 Day 1 y = 48.968x + 23904  R?=0.9947
A’Mesembrenone Day 2 y = 49.425x + 25244  R’=0.9961
Day 3 y = 47.453x + 25688  R?=0.9960

Day 1 y=39.347x + 12817  R?>=0.9944

Mesembranol Day 2 y = 39.748x + 9961.1 R?=0.9960
Day 3 y=39.120x + 13789  R?=0.9973

Mesembrenone Day 1 y = 94.156x + 54025  R?=0.9926
Day 2 y =93.704x + 50233  R?=0.9974

Day 3 y=91.179x + 41683  R?=0.9977

Day 1 y = 34.676x + 24050 R?=0.9858

Mesembrine HCI Day 2 y = 33.674x + 23121 R?=0.9956
Day 3 y =33.070x + 23720  R?=0.9945

Day 1 y=32.126x + 11333  R?=0.9925

Epimesembranol Day 2 y =29.952x + 15173 R?=0.9921
Day 3 y=32581x + 13702  R*=0.9964
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4.4.7.3 Precision and Accuracy

The studies were performed using QC samples that were prepared separately on each day of the
analysis. Precision of the analytical method was performed to assess the ability of the method to
produce consistent results. The inter-day relative standard deviation (RSD) values obtained were
less than 3% foEceletiumalkaloid QC standards. The accuracy of the method was found to be
between 96.9%-103% for all five compounds. The results tabulated are shown in Tables 4.5, 4.6,
4.7,4.8 and 4.9.

Table 4.5
Accuracy of A’Mesembrenone (HPLC)
A'Mesembrenone  Day Weigr?tt lzra:(‘l:]/ml) ngglr?tu Eigelﬁl) Accoﬁ)racy Ir;;:};—ggy
1 3520.00 3432.40 97.50
Low spike 2 3360.00 3296.85 98.12 1.71
3 3840.00 3866.44 100.68
1 7040.00 6847.90 97.23
Medium Spike 2 6720.00 6569.00 97.75 0.30
3 7680.00 7511.50 97.81
1 8800.00 8802.40 100.03
High spike 2 8400.00 8546.85 101.75 2.17
3 9600.00 9352.00 97.45
Table 4.6
Accuracy of Mesembranol (HPLC)
Mesembranol  Day yemeloi e %A "nered
1 4240.00 4239.11 101.25
Low spike 2 4160.00 4196.00 100.86 0.99
3 4320.00 4292.60 99.37
1 8480.00 8038.42 94.79
Medium Spike 2 8320.00 8036.60 96.59 1.10
3 8640.00 8365.60 96.80
1 10600.00 10711.20 101.05
High spike 2 10400.00 10395.51 99.96 1.02
3 10800.00 10689.50 99.00
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Table 4.7
Accuracy of Mesembrenone (HPLC)

Mesembrenone Day _Actual Qalculated % Accuracy Inter-day
Weight (ng/ml)  Weight (ng/ml) %RSD
1 4320.00 4293.20 99.40
Low spike 2 4160.00 4150.55 99.77 1.64
3 4400.00 4385.91 99.68
1 8640.00 8408.45 97.32
Medium Spike 2 8320.00 8213.10 98.71 1.57
3 8800.00 8417.23 95.65
1 10800.00 10860.40 100.6
High spike 2 10400.00 10473.80 100.71 2.30
3 11000.00 10633.00 96.70
Table 4 .8
Accuracy of Mesembrine HCI (HPLC)
Mesembrine HCI Day eig\r(m:tt L(Jgé] mi) ngftu(lﬁt;/gql) % Accuracy Irgzelg-ggy
1 4240.00 4192.53 98.9
Low spike 2 4080.00 4068.10 99.71 1.60
3 3840.00 3710.60 96.6
1 8480.00 8229.90 97.05
Medium Spike 2 8160.00 8264.74 101.28 2.30
3 7680.00 7723.68 100.57
1 10600.00 10303.93 97.21
High spike 2 10200.00 10459.70 102.55 2.80
3 9600.00 9455.46 98.49
Table 4.9
Accuracy of Epimesembranol (HPLC)
Epimesembranol  Day \(&E/.Lé?;l)t W;Z'ﬁréi;?n ) % Accuracy |r123|£-ggy
1 4160.00 4109.82 98.79
Low spike 2 3680.00 3777.44 102.64 2.09
3 4160.00 4129.68 99.27
1 8320.00 8382.05 100.75
Medium Spike 2 7360.00 7545.04 102.51 2.05
3 8320.00 8185.72 98.39
1 10400.00 10715.70 103.04
High spike 2 9200.00 9535.00 103.64 2.60
3 10400.00 10264.00 98.70
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4.4.7.4 Precision Studies — Tablet Formulation

Precision studies were performed to assess the ability of the method to produce consistent results
for the tablet dosage forms. The studies were carried out by preparing three sets of low, medium
and high sample concentrations on each day of analysis. The RSD for inter-day precision data are
shown in Table 4.10. The identifieBceletiumalkaloids were estimated and their contents

presented as microgram per tablet are shown in Table 4.11.

Table 4.10
Precision studies of Sceletium tablets (HPLC)

Compound Content in pg/ tablet (+ SD) n=3
A’Mesembrenone Dayl Day2 Day3 Inter-day % RSD
Low 9.42 (+0.39) 9.89 (+0.64) 8.84 (+0.51) 5.30

Medium 9.57 (£0.14) 9.63 (+0.36) 9.22 (+0.68) 2.30
High 9.96 (+1.27) 10.16 (+0.47) 9.45 (+0.48) 3.70
Mesembranol Dayl Day2 Day3 Inter-day % RSD
Low 29.39 (+2.19) 32.72 (+1.45) 30.02 (+0.74) 5.70
Medium 32.02 (+2.13) 34.10 (+0.94) 32.64 (+1.40) 3.20
High 32.10 (+1.05) 32.75 (+0.37) 31.12 (+0.55) 2.56
Mesembrenone Dayl Day2 Day3 Inter-day % RSD
Low 9.98 (+0.20) 8.07 (x0.70) 9.81 (+0.81) 11.40
Medium 9.10 (+0.28) 9.57 (x0.20) 10.53 (+0.33) 7.40
High 8.78 (£0.19) 8.84 (+0.52) 9.22 (+0.20) 2.70
Mesembrine Dayl Day2 Day3 Inter-day % RSD
Low 120.70 (+1.30) 122.80 (+1.18) 118.90 (+1.7) 1.60
Medium 122.20 (+1.07) 126.40 (+1.60) 119.70 (+4.8) 2.73
High 120.60 (+1.40) 123.70 (£2.37) 121.70 (x2.9) 1.28
Epimesembranol Dayl Day2 Day3 Inter-day % RSD
Low 7.74 (£0.60) 7.37 (£0.25) 6.97 (£0.62) 5.20
Medium 8.14 (+0.87) 7.32 (£0.34) 7.15 (+0.60) 7.02
High 7.93 (£0.60) 7.03 (£0.20) 7.78 (£0.40) 6.40

Average weight of tablet = 497.3mg, SD= Standard deviation
Low = 15 mg/ml (n=3), Medium = 25 mg/ml (n=3), High = 35 mg/ml (n=3); Total samples n=9 each day




Table 4.11
Content of identified Sceletium alkaloids per tablet (HPLC)

Compound *Content in pg/ tablet
A'Mesembrenone 9.6
Mesembranol 31.9
Mesembrenone 9.3
Mesembrine 121.9
Epimesembranol 7.5

*Average values obtained from precision studies

4.4.7.5 Recovery Studies — Tablet Formulation

The recoveries of the spik&teletiumalkaloid standards were evaluated to assess the extraction
efficiency of the analytical method. Three setsSetletiumtablet samples were individually
prepared and spiked with low, medium and high concentrations of each of the alkaloid standards
on each day of analysis. The values obtained for this experiment show good recoveries of all five
identified alkaloids in the range of 95%-105% for each of the added compound with RSD of less
than 3.2%. The results are shown in Table 4.12a and 4.12b.

In addition, recovery studies were performed to assess the effect of excipients on the extraction of
the product by adding of low, medium and high concentratio@seletiunstandards to the tablet
matrix. The recoveries from the spiked samples of the tablet matrix are depicted in Tables 4.13a
and 4.13b. The recoveries ranged between 95%-105% for each of the added alkaloid compounds
with inter-day RSDs of less than 3%.



Table 4.12a
Recovery studies ofceletium alkaloids in tablet dosage form (HPLC)

Day-1 Day-2 Day-3 Inter-day
A’Mesembrenone Observed A'Mesembrenone  Observed
7 9 9 0 Recover
Tablet A'Mesembrenone Observed content % % content content % % content content % % % RSDy
Sample content (ng/25 mg R RSD /25 /25 R RSD /25 /25 R RSD
(ug/25 mg dosage/ml) dosage/ml) ecovery (n=3) (ug/25 mg (ug/25 mg ecovery (n=3) (ug/25 mg (ug/25 mg ecovery (n=3) (n=3)
M dosage/ml) dosage/ml) dosage/ml) dosage/ml)
*Content 0.49 0.5 0.46
Low (+1.76}2.2% 2.26 (+0.06) 100.40  2.60 (+1.84) 2.34 2.33 (+0.07) 99.57 3.30 (+1.92) 2.38 242 (¥0.01) 10176  0.1010
Medium (+3.52) 4.01 4.07 (+0.16) 101.40  3.93 (+3.68) 4.18 4.32 (+0.15) 103.35  3.16 (+3.84) 4.30 450 (+0.08) 104.65  1&0
High (+8.80) 9.29 9.50 (+0.12) 102.26  1.30 (+9.20) 9.70 10.18 (+0.16) 104.95  1.38 (+9.6) 10.06 (ig'gs) 101.20  0.80 1.90
Day-1 Dzy-z - IE))ay—S - Inter-day
Tablelt Mesembranol content Observed content % % Meigmgrnatmm Ocoi?(?ft % % Meiir:tzrrinm Cz:osrﬁ;ﬁ % % Recovery
Sample % RSD
P (ng/25 mg dosage/ml) é%%g;em) Recovery (Efg) (ng/25 mg (ng/25 mg Recovery (?123?) (ng/25 mg (ng/25 mg Ret;/over (ES:?) 2n=3)
dosage/ml) dosage/ml) dosage/ml) dosage/ml)
*Content 1.57 1.67 157
Low (+2.12) 3.69 3.60 (x0.12) 97.65 3.19 (+2.08) 3.75 3.65 (x0.07) 97.33 2.05 (+2.08) 3.65 3.60 (x0.10) 98.74 20006
Medium (+4.24) 5.81 5.59 (x0.1) 96.27 1.8 (+4.16) 6.24 5.95 (+0.08) 95.41 1.34 (+4.16) 6.24 6.14 (x0.09) 98.44 1.7361
High (+10.6) 12.17 11.99 (#0.27) 98.54 2.22 (+10.4) 12.48 11.95 (+0.26) 95.75 2.27 (+10.4) 12.48 11.58 (£0.24) 95.79 2.85
o Mesemb giy'z d Mesemb OE = d inter-day
o esembrenone serve o esembrenone serve o Recover
Tablet Mesceonrw]?éﬁ?one Ob?eé\//;g r(\:%ntent % RgoD content content % RgD content content % RQD % RSDy
Sample (ug/25 mg dosage/mi) d%sage/ml) Recovery (n=3) (ng/25 mg (ng/25 mg Recovery (n=3) (ng/25 mg (ng/25mg  Recovery (n=3) (n=3)
H dosage/ml) dosage/ml) dosage/ml) dosage/ml)
*Content 0.47 0.487 0.50
Low (+2.16) 2.63 2.54 (x0.05) 96.57 2.04 (+2.08) 2.57 2.49 (x0.08) 96.90 3.03 (+2.04) 2.54 2.43(x0.06) 95.66 20170
Medium (+4.32) 4.79 4.73 (x0.11) 97.53 2.24 (+4.16) 4.65 4.73 (x0.05) 101.72 1.10 (+4.16) 4.66 4.54 (x0.09) 97.42 2008
High (+10.8) 11.27 11.35 (#0.27) 99.45 2.42 (+10.4)10.89 10.52 (+0.46) 96.60 4.35 (+10.2) 10.70 10.35 (0.25) 96.73 145

* Actual content'; spiked amourtt represents the total content, i.e. spiked plus original content (follows throughout the table), (xSD), Average weight = 497.30 mg/ tablet
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Table 4.12b
Recovery studies ofsceletium alkaloids in tablet dosage form (HPLC)

Day-1 Day-2 Day-3 Inter-
Mesembrine Observed Mesembrine Observed Mesembrine Observed day
% % %  Recovery
content content % content content % content content %

Sample RSD RSD RSD 9, RSD
(ng/25 mg (ng/25 mg Recovery (n=3) (ng/25 mg (ng/25 mg Recovery (n=3) (ng/25 mg (ng/25 mg  Recovery (n=3) -
dosage/ml) dosage/ml) B dosage/ml) dosage/ml) - dosage/ml) dosage/ml) B (n=3)

*Content 6.09 6.25 6.03
Low (+1.88)7.97 7.94 (+0.08) 99.62 0.94 (+1.81) 8.06 8.10 (+0.04) 100.50 0.50 (+1.85) 7.88 7.82 (+0.05) 99.24 0.64
Medium (+3.77) 9.86 9.91 (0.03) 100.51 0.31 (+3.63) 9.88 9.91 (+0.14) 100.30 1.47 (+3.70) 9.73 9.64 (£0.06) 99.10 0.63
High (+9.42) 15.51 15.52 (+0.03) 100.10 0.21 (+9.07) 15.32 15.48 (+0.17) 101.04 1.14 (+9.25) 15.28 14.92 (+0.17)  97.64 1.14
Day-1 Day-2 Day-3 Inter-
Epimesembranol Observed Epimesembranol Observed Epimesembranol Observed day
% % %  Recovery
S | content content % RSD content content % RSD content content % RSD o
ampie (ng/25 mg (hg25mg  Recovery 75 (1g/25 mg (1g/25 mg  Recovery (7o (ng/25 mg (1925 mg  Recovery (75 70 RSD
dosage/ml) dosage/ml) B dosage/ml) dosage/ml) - dosage/ml) dosage/ml) B (n=3)
*Content 0.39 0.36 0.37
Low (+2.08) 2.47 2.45 (+0.05) 99.20 2.24 (+1.84) 2.20 2.25 (+0.04) 102.30 1.60 (+2.08) 2.45 2.34 (£0.04) 95.51 1.53
Medium (+4.16) 4.55 4.49 (+0.10) 98.68 2.30 (+3.68) 4.04 4.05 (x0.14) 100.10 3.50 (+4.16) 4.53 4.46 (+0.07) 98.44 1.73
High (+10.40) 10.79 10.97 (x0.29) 101.67 2.61 (+9.20) 9.56 9.62 (+0.36) 100.62 3.80 (+10.40) 10.77 10.59 (+0.29) 95.80 2.80
* Actual content'; spiked amourtt represents the total content, i.e. spiked plus original content (follows throughout the table), (xSD), Average weight = 497.30 mg/ tablet
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Table 4.13a
Recovery studies ofsceletium alkaloids from tablet matrix (HPLC)

Day 1 Day 2 Day 3
Tablet A’Mesembrenone  Observed A’Mesembrenone Observed A7Mesembrenone Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix  content % Recovery contentin matrix  content Recovery
Sample (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) ~ Recovery o4 RSD (n=3)
Low 1760.00 1725.90 98.06 1680.00 1622.00 96.60 1920.00 1930.90 100.60 2.46
Medium 3520.00 3387.13 98.27 3360.00 3301.90 98.27 3840.00 3707.60 96.60 1.13
High 8800.00 8577.93 97.48 8400.00 8596.22 102.34 9600.00 9475.33 98.70 2.54
Day 1 Day 2 Day 3
Tablet Mesembranol Observed Mesembranol Observed Mesembranol Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix  content % Recovery contentin matrix  content Recovery
Sample (ng/ml) (ng/ml) (ng/mi) (ng/ml) (ng/ml) (ng/ml) ~ Recovery o4 RSD (n=3)
Low 2120.00 2026.00 95.56 2080.00 2056.33 98.96 2160.00 2087.50 96.60 1.73
Medium 4240.00 4066.80 95.90 4160.00 4128.70 99.25 4320.00 4303.50 99.62 2.08
High 10600.00 10381.40 97.90 10400.00 10568.8 101.60 10800.00 10572.00 97.90 2.15
Day 1 Day 2 Day 3
Tablet Mesembrenone Observed Mesembrenone  Observed Mesembrenone  Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix  content % Recovery contentin matrix  content Recovery
Sample (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) ~ Recovery o4 RSD (n=3)
Low 2160.00 2211.50 102.40 2080.00 2058.40 99.00 2080.00 2058.40 99.90 1.76
Medium 4320.00 4225.70 97.90 4160.00 4068.80 97.81 4080.00 4160.70 102.00 2.42
High 10800.00 10386.00 96.20 10400.00 10466.60 100.70 10200.00 10179.20 99.80 2.40
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Table 4.13b
Recovery studies ofsceletium alkaloids from tablet matrix (HPLC)

Day 1 Day 2 Day 3
Tablet Mesembrine Observed Mesembrine Observed Mesembrine HCl  Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix ~ content % Recovery content in matrix  content Recovery
Sample (ng/ml) (ng/mi) (ng/ml) (ng/ml) (ng/ml) (ng/ml) ~ Recovery o, RSD (n=3)
Low 1884.70 1843.24 97.80 1813.56 1809.90 99.80 1884.68 1818.72 96.50 1.72
Medium 3769.40 3705.30 98.30 3627.10 3703.27 102.10 3769.36 3603.51 95.60 2.90
High 9423.40 9338.60 99.10 9067.80 9076.90 100.10 9423.40 9451.67 100.30 0.70
Day 1 Day 2 Day 3
Tablet Epimesembranol ~ Observed Epimesembranol Observed Epimesembranol  Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix ~ content % Recovery contentin matrix ~ content Recovery
Sample (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) ~ Recovery o4 RSD (n=3)
Low 2120.00 2203.00 103.90 1840.00 1896.00 103.10 2080.00 2079.00 100.00 2.22
Medium 4240.00 4237.40 99.90 3680.00 3586.70 97.50 4160.00 4012.70 96.50 1.83
High 10600.00 10711.30 101.00 9200.00 9556.20 103.90 10400.00 10408.40 100.10 1.94

111



4.4.7.6 Precision studies — Sceletium Plant Material

Studies were carried out @celetiumplant material (Sample SRM02) by preparing three sets of
low, medium and high sample concentrations on each day of analysis. The RSD for inter-day
precision was found to be less than 6% from the results obtained, which are shown in Table 4.14.

The content of the identifieBceletiumalkaloids in the plant material are presented in Table 4.15.

Table 4.14
Precision studies onSceletium plant material (HPLC)

Compound Content in pg/100mg of plant material
A’Mesembrenone Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 20.00 (+1.00) 20.33 (+0.58) 21.33 (+0.58) 3.37
Medium 23.67 (+0.58) 23.00 (+1.00) 24.33 (+1.15) 2.81
High 23.00 (+1.73) 23.67 (+1.53) 23.00 (+2.00) 1.67
Mesembranol Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 91.33 (£7.50) 94.67 (+9.30) 97.30 (+2.52) 3.17
Medium 97.67 (£3.22) 96.33 (+5.70) 91.30 (+5.03) 3.53
High 88.67 (+1.12) 93.00 (+2.65) 88.67 (+5.13) 2.77
Mesembrenone Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 12.10 (+1.87) 12.87 (+0.84) 12.67 (+1.40) 3.20
Medium 12.87 (+0.38) 13.20 (+0.38) 13.03 (¢1.72) 1.27
High 13.37 (x0.71) 13.43 (+0.64) 13.83 (x0.47) 1.85
Mesembrine Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 144.50 (+0.12) 147.90 (¥#1.10)  149.40 (¢2.51) 1.70
Medium 165.40(+1.63) 166.03(+5.65) 163.30 (+4.54) 0.87
High 165.30 (+3.15) 167.24 (+10.16)  162.50 (+5.91) 1.44
Epimesembranol Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 55.00 (+2.56) 60.56 (+7.51) 56.03 (+3.47) 5.17
Medium 61.13(+3.75) 64.80 (+5.60) 64.00(+3.80) 3.05
High 62.25 (+2.74) 68.43 (+2.92) 62.14 (+0.86) 5.60

(xSD) = Standard deviation
Low = 7.5 mg/ml (n=3), Medium = 15 mg/ml (n=3), High = 25 mg/ml (n=3); Total samples n=9 each day
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Table 4.15
Content of identified Sceletium alkaloids in plant material

Compound *Content in %
A’Mesembrenone 0.022
Mesembranol 0.095
Mesembrenone 0.013
Mesembrine 0.16
Epimesembranol 0.061

*Average values obtained from precision studies

4.4.7.7 Recovery Studies — Sceletium Plant Material

The values obtained for this experiment which involved spiking plant material with the relevant
alkaloids, are shown in Tables 4.16a and 4.16b where the recoveries of all five identified alkaloids
were seen to be in the range of 95%-105% for each of the added compounds with inter-day RSDs

of less than 5%.
The recoveries of the alkaloids spiked in plant matrix samples are shown in Tables 4.17a and 4.17b
and the results were found to range between 95%-105% for each of the added compound with

inter-day RSDs of less than 5%.

4.4.7.8 Limit of Detection and Limit of Quantitation

The LoD and LoQ of each of the 5 alkaloids were found to be 100 and 200 ng/ml respectively

using the respective S/N ratios of 3 and 10.

4.4.7.9 Ruggedness

The accuracy of the standard alkaloids were found to range between 97.4%-102.7%. The precision
studies for tablets showed RSDs of less than 5% and the precision studies for plant material was

found to be less than 7% and the results obtained are shown in Table 4.18.

4.4.7.10 Solution Stability

The reference substances in methanol were tested for their stability by analyzing samples which
were maintained at room temperature 22 +2°C (bench stability) (Figure 4.11) and ~ 4°C (fridge

stability) (Figure 4.12). The results showed no significant change or degradation of the alkaloids.
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Figure 4.11: HPLC chromatogram of Sceletium standards in methanol maintained at room temperature
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Figure 4.12: HPLC chromatogram of Sceletium standards in methanol maintained at ~ 4°C
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Table 4.16 a
Recovery studies ofsceletium alkaloids in plant material (HPLC)

Day-1 Day-2 Day-3 Inter-day
Plant A’Mesembrenone Observed % %  A’Mesembrenone  Observed % %  A'Mesembrenone  Observed % %  Recovery
RM content content Recc())very RSD content content Recgvery RSD content content Recgvery RSD % RSD
(ug/ml) (ug/ml) (n=3) (ug/ml) (ug/ml) (n=3) (ug/ml) (ug/ml) (n=3) (=9
*Content 2.2 2.2 2.3
Low (+1.76)} 3.96 3.89 (£0.05) 96.20 2.96 (+1.84) 4.04 4.00 (£0.07) 99.00 1.75 (+1.92) 4.22 4.31 (£0.05) 102.13 1.22 3.00
Medium (+3.52) 5.72 5.83 (£0.10) 101.90 2.85 (+3.68) 5.88 5.72 (#0.10) 97.30 1.83 (+3.84) 6.14 6.17 (£0.11) 100.50 1.82 2.3l
High (+8.80) 11.00 10.73 (x0.13) 97.50 1.50 (+9.20) 11.40 10.92 (£0.24) 95.80 2.20 (+9.60) 11.90 11.69 (x0.12) 98.70 1.10 1.5
Day-1 Day-2 Day-3 Inter-day
Plant Mesembranol Observed % Mesembranol Observed % Mesembranol Observed % Recovery
% % % 0
RM content content Recovery RSD content content Recovery RSD content content Recovery RSD % RSD
(ng/ml) (ng/ml) (n=3) (ng/ml) (ng/ml) (n=3) (ng/ml) (ng/ml) (n=3) (n=3)
*Content 9.2 9.5 9.2
Low (+2.12) 11.32 11.25 (x0.04) 99.38 2.05 (+2.08) 11.58 11.58 (+0.06) 100.00 0.51 (+2.08) 11.28 11.38 (x0.05) 100.90 0.50 0.7
Medium (+4.24) 13.44 13.14 (x0.16) 97.16 3.63 (+4.16) 13.66 13.65 (+0.15) 99.90 1.10 (+4.16) 13.36 13.46 (x0.08) 100.70 0.60 1.
High (+10.60) 19.80 19.87 (x0.50) 100.40 4.50 (+10.40) 19.90 19.81 (£0.34) 99.50 1.72 (+10.40) 19.60 19.95 (+0.30) 101.80 1.47 1.]
Day-1 Day-2 Day-3 Inter-day
0 [} [ Recover
Plant Mesembrenone Cébserved % RgD Mesembrenone Observed % % Mesembrenone Observed % RgD % RSDy
RM content ug/ml) ontent Recovery content g/ml) content Recovery content g/ml) content Recovery _
(ng/ml) (n=3) (ng/mi) (n=3) (ng/ml) (n=3) (n=3)
*Content 1.30 1.30 1.30
Low (+2.16) 3.46 3.33 (£0.90) 95.40 4.25 (+2.08) 3.38 3.32 (#0.07) 98.20 2.10 (+2.2) 3.50 3.32 (£0.05) 95.00 1.44 1.8C
Medium (+4.32) 5.62 5.37 (+ 0.60) 95.60 1.53 (+4.16) 5.46 5.31 (x0.09) 97.30 1.60 (+4.4) 5.70 5.45 (+0.04) 95.60 0.73 1.0:
High (+10.80) 12.10 12.12 (+0.18) 100.16 1.70 (+10.40) 11.70 11.44 (£0.42) 97.80 3.71 (+11.00) 12.30 11.70 (x0.22) 95.10 1.87 2.6

* Actual content’; spiked amourtt represents the total content, i.e. spiked plus original content (follows throughout the table), (+SD)
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Table 4.16b
Recovery studies ofSceletium alkaloids in plant material (HPLC)

Day-1 Day-2 Day-3 Inter-day
Mesembrine Observed % Mesembrine Observed % % Mesembrine Observed o % Fieco;ery
Plant RM content content % Recovery RSD content content Recgvery RSD content content Recgvery /E)n|33)D
(ng/mi) (ng/ml) (n=3) (ng/ml) (ng/mi) (n=3) (ng/mi) (ng/ml) (n=3) -
*Content 15.82 16.00 15.80
Low (+1.88) 17.7 17.64 (x0.09) 99.65 4.65 (+1.81)17.81 17.88 (£0.30) 100.40 1.62 (+1.85) 17.65 18.23 (+0.08) 103.30 0.42
Medium (+3.77) 19.52 19.58 (x0.09) 100.30 2.33 (+3.63) 19.63 19.75 (x0.12) 100.60 0.63 (+3.70) 19.50 20.12 (x0.11) 103.10 0.53
High (+9.42) 25.24 25.21 (x0.17) 99.90 1.78 (+9.07) 25.07 25.45 (+0.18) 101.50 0.72 (+9.24) 25.04 25.62 (x0.14) 102.30 0.55
Day-1 Day-2 Day-3 Inter-day
: - 0 : 3 Recovery
Epimesembranol Observed % % RSD Epimesembranol Observed % % Epimesembranol Observed % % % RSD
Plant RM content content Recovery (n=3) content content Recovery RSD content content Recovery RSD (n=3)
(ug/mi) (ug/ml) (ug/ml) (ug/ml) (n=3) (ug/ml) (ug/ml) (n=3) -
*Content 5.90 6.20 6.10
Low (+2.08) 7.98 8.04 (+0.06) 100.80 3.04 (+1.84) 8.04 7.75 (x0.08) 96.40 1.00 (+2.08) 8.18 8.14 (x0.04) 99.50 3.50
Medium (+4.16) 10.06 10.26 (+0.06) 102.00 1.31 (+3.68) 9.88 9.54 (+0.08) 96.50 0.86 (+4.16) 10.26 10.30 (x0.03)  100.40 0.30
High (+10.40) 16.30 17.01 (x0.48) 104.40 4.30 (+9.2) 15.40 15.13 (+0.21) 98.20 1.36 (+10.40) 16.50 16.53 (x0.26)  100.60 1.58

* Actual content’; spiked amourtt represents the total content, i.e. spiked plus original content (follows through the table), (+SD)
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Table 4.17a

Recovery studies ofceletium alkaloids from plant matrix (HPLC)

Day 1 Day 2 Day 3
Plant A'Mesembrenone  Observed A’Mesembrenone Observed A’Mesembrenone  Observed % Inter-day
matrix content in matrix content % Recovery  content Matrix content % Recovery  content Matrix content Recovery
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) Recovery % RSD
Low 1760.00 1752.20 99.60 1680.00 1708.90 101.70 1920.00 1870.10 97.40 2.15
Medium 3520.00 3409.00 96.80 3360.00 3351.30 99.74 3840.00 3707.60 96.60 151
High 8800.00 8541.00 97.06 8400.00 8435.80 100.40 9600.00 9475.30 98.70 151
Day 1 Day 2 Day 3
Plant Mesembranol Observed Mesembranol Observed Mesembranol Observed % Inter-day
matrix content in matrix content % Recovery  content Matrix content % Recovery  content Matrix content Recovery
(ng/ml) (ng/ml) (ng/m) (ng/mi) (ng/ml) (ng/ml) ~ Recovery o RSD
Low 2120.00 2061.20 97.23 2080.00 212.20 101.60 2160.00 2078.00 96.21 291
Medium 4240.00 4342.40 102.40 4160.00 4294.90 103.24 4320.00 4356.00 100.83 1.20
High 10600.00 11069.20 104.40 10400.00 10526.20 101.20 10800.00 10657.40 98.70 2.80
Day 1 Day 2 Day 3
Plant Mesembrenone Observed Mesembrenone  Observed Mesembrenone  Observed % Inter-day
matrix content in matrix content % Recovery  content Matrix content % Recovery  content Matrix content Recovery
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) Recovery % RSD
Low 2160.00 2100.60 97.54 2080.00 2040.70 98.10 2080.00 2083.30 102.10 2.50
Medium 4320.00 4393.70 101.70 4160.00 3953.80 95.00 4080.00 4153.70 101.80 3.90
High 10800.00 10699.20 99.07 10400.00 10364.40 99.70 10200.00 10314.70 101.10 1.04
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Table 4.17b
Recovery studies ofsceletium alkaloids from plant matrix (HPLC)

Day 1 Day 2 Day 3
Tablet Mesembrine Observed Mesembrine  Observed Mesembrine Observed % Inter-day
matrix content in matrix content % Recovery contentin matrix  content % Recovery  content Matrix content Recovery
(ng/mi) (ng/mi) (ng/ml) (ng/ml) (ng/ml) (ng/ml) Recovery o4 RSD (n=3)
Low 1884.68 1817.77 96.45 1813.56 1824.40 100.60 1884.68 1822.49 96.70 2.40
Medium 3769.36 3833.44 101.70 3627.12 3772.20 104.00 3769.36 3701.50 98.20 2.90
High 9423.40 9288.65 98.57 9067.80 9231.00 101.80 9423.40 9385.70 99.60 1.65
Day 1 Day 2 Day 3
Tablet Epimesembranol  Observed Epimesembranol  Observed Epimesembranol ~ Observed % Inter-day
matrix content in matrix content % Recovery  content Matrix content % Recovery  content Matrix content Recovery
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) Recovery o4 RSD (n=3)
Low 2120.00 2043.30 96.40 1840.00 1903.10 103.40 2080.00 2009.40 96.60 4.06
Medium 4240.00 4207.80 99.24 3680.00 3717.00 101.00 4160.00 4167.40 100.20 0.90
High 10600.00 10719.40 101.13 9200.00 9566.40 104.00 10400.00 10678.00 102.60 1.40
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Table 4.18
Ruggedness studies of HPLC method

Compound . Calculated - - . 0
Geterminatin Q¢ AR Cweignt o6 Acouracy (SRS EAEERS Rspon) PR TREIETE )
coefficient R?) (ng/ml) ¢ :

A’Mesembrenone Low 3680.00 3612.50 98.20 9.90 (+ 0.128) 1.30 24.70 (+1.10) 4.45
(R? = 0.9966) Medium 7360.00 7559.90 102.70 8.48 (+ 0.25) 3.00 26.00 (+1.00) 3.85
High 9200.00 9211.60 100.10 8.93 (£ 0.33) 3.70 21.70 (+1.53) 7.05
Mesembranol Low 4080.00 4076.90 99.90 29 (£1.03) 3.55 94.70 (+3.21) 3.40
(R* =0.9985) Medium 8160.00 8261.80 101.20 30.8 (x1.2) 3.90 92.33 (¢1.52) 1.65
High 10200.00 10191.70 99.90 30.2 (+ 1.26) 4.17 82.67 (+1.52) 1.84
Mesembrenone Low 3920.00 3924.00 100.10 9.74 (+ 0.44) 4.50 10.33 (£0.06) 0.60
(R?=0.9979) Medium 7840.00 7715.50 98.40 8.70 (£ 0.4) 4.60 12.27 (x0.51) 4.16
High 9800.00 9548.80 97.40 9.53 (+ 0.25) 2.62 12.73 (+0.80) 6.30
Mesembrine HCI Low 3698.24 3614.32 98.90 *121.2 (+4.3) 3.55 *147.77 (£5.00) 3.40
(R*=0.9986) ~ Medium 7396.48 7488.50 101.20 *127.3 (£ 6.45) 5.07 *160.91 (+2.67) 1.66
High 9245.60 9215.00 99.70 *122.8 (+ 0.98) 0.80 *162.74 (+5.11) 3.14
Epimesembranol Low 3840.00 3755.90 97.80 7.27 (+ 1.00) 1.35 44,72 (£2.13) 4.76
(R?=0.9956) Medium 7680.00 7649.60 99.60 8.30 (+0.24) 291 56.60 (+0.90) 1.60
High 9600.00 9562.70 99.60 8.10 (+ 0.14) 1.80 59.45 (+1.90) 3.20

* Mesembrine
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4.5 CONCLUSIONS

Validated analytical methods to ass8geletiumplant material and dosage forms for relevant
alkaloidal content have not hitherto been reported in the published scientific literature. Published

analytical procedures have focused only on qualitative determinations.

Since the identified markers have closely related structures, of which two alkaloids, mesembranol
and epimesembranol are epimers, the main objective of this investigation was to develop an
efficient HPLC method for the separation and quantitative analysis of relevant alkaloid
components irSceletium and also to reduce, in particular the RT of epimesembranol, which is
unacceptably long (> 30 min) under isocratic conditions. Use of a PDA detector was extremely

valuable for peak identification and homogeneity testing during the initial method development.

A simple, accurate, precise, rapid and reproducible HPLC method was developed for the
identification and quantitative analysis of 5 releve@deletium alkaloids which has been
successfully applied for the assay and QCSoéletiumplant material and its dosage forms.
Furthermore, this method was found to efficiently separate the alkaloidal markers from complex
components present in plant material as well as from excipients used in the tablet dosage form

using a simple methanol sample extraction procedure.

Various species ddceletiunplants were subsequently provided3xeletiunplant cultivators and
this method was successfully used for chemo-taxonomy of Sweletiumspecies \(ide infra—
Chapter 6) and has provided impetus for the future development of quality monographs for plant

and dosage forms containiggeletium
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CHAPTER 5

LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY OF SCELETIUM
ALKALOIDS

5.1 INTRODUCTION

Plants and plant products used for their medicinal properties have generated popular interest in
their use and also commercial activities related to their cultivation and sale. QC of medicinal plants
is more complex than usually understood and this could be due to a number of variables including
species differences, harvesting time, growing conditions, storage and processing. These are just
some of the factors that may influence the nature and compaosition of active ingredients occurring
in a particular plant species. In light of the foregoing, the development of QC methods is an
important aspect of the quality which will subsequently reflect on the safety and efficacy of herbal
products [73]. Due to current quality issues of herbal products, enormous interest has been
generated in the use of HPLC coupled with mass spectrometry (LCMS), which is considered a

valuable technique to study phytochemical constituents in plants and their products.

Sceletiumalkaloids have been subjected to MS analysis by electron impact (El) to study the
structural characteristics of the molecules [49]. Qualitative analysis, using GCMS [55] has been
reported to monitorSceletiumalkaloids during the processing &celetiumplant material.
However, there are no published methods on the use of LCMS techniques and their application for

the assay and QC 8iceletiunplant material and their products.

Electrospray ionization mass spectrometry (ESI-MS) has been successfully applied to the analysis
of plant products due to the provision of a soft ionization process of the molecules and its
suitability to characterize multiple components that are usually present in plant products [73]. The
LCMS/MS method is reported to be more emphatic when used to generate characteristic
fingerprinting in conditions where there is uncertainty in the identification of compounds
characterized by HPLC. It is suggested that LCMS is extremely beneficial in cases when RTs vary

during HPLC analysis and also in situations where reference standards are unavailable [74].
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5.2 OBJECTIVES

Since analytical methods f@celetiumalkaloids using LCMS are conspicuously absent from the
scientific literature, the main objective was to develop a simple, rapid, precise and reproducible
LCMS method that can be specifically applied for chromatographic fingerprinting, quantitative
assessment and assay as well as for the identificatiSnedétiumalkaloids in plant material and

its commercial products.

5.3 EXPERIMENTAL

5.3.1 Reagents and Materials

HPLC grade methanol 215 and acetonitrile 200 were obtained from Romil Ltd. (Cambridge, Great
Britain). Ammonium hydroxide 25% solution was acquired from Associated Chemical Enterprises
(Pty) Ltd. (Southdale, South Africa). Water was purified in a Miffi-€ystem Millipore (Bedford,

USA) and Millex HV® hydrophilic PVDF 0.45um membrane filters were purchased from the
same source. The source ®teletiumreference compounds and plant material and its products

have previously been discussed in Chapters 2 and 3, respectively.

5.3.2 Instrumentation

A Cole-Parmer ultrasonic bath, Model 8845-30 (ColeParmer Instrument Company, Chicago,
lllinois, USA) was used for the sonication procedures for solvent extraction of samples. The
LCMS analyses were carried out using a Finnigan MAT LCQ ion trap mass spectrometer
(Finnigan, San Jose, CA, USA) coupled to a SpectraSYSTEM P2000 pump connected to an
AS1000 auto sampler and UV1000 variable-wavelength UV detector (Thermo Separation
Products, Riviera Beach, FL, USA). The separation of alkaloids was achieved on an HPLC column
(Lun& Cug (2) 5um, 250 mm x 4.6 mm i.d.) manufactured by Phenonfe(i€arrence, CA,

USA). Type AG 135 analytical balance and Electronic Micro Balance MX-5 (Mettler Toledo,
Switzerland) were used for samples and weighing standards respectively. An electronic pipette
71050XET (Biohit PLC, Helsenki, Finland) was used to transfer standard and sample solutions for

dilutions.
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5.3.3 Method Development

The qualified reference substances described in Chapter 3 were used for the development of the

analytical method and validation studies.

Method development was carried out by adapting the HPLC technique for the separation of
identified Sceletiumalkaloids previously described in this thesis (Chapter 4) and based on those
HPLC profiles. Mesembrine alkaloids, being basic in character, their respective ions that formed
during the ionization process were positive, which provided the [M+htjlecular ion of the
relevant compound as am/zvalue. The system was tuned using the optimized LCMS conditions
previously discussed in Chapter 3, (Section 3.5.1.1). A binary gradient elution system made up of
0.1% ammonium hydroxide solution in water (ammonia buffer) mixed with ACN, adapted from
the HPLC analysis (Section 4.3.3, Table 4.1) was used to ionize the molecules. The flow rate was
maintained at 1.0 ml/min through a Ldn@;s(2) 150 x 4.6 mm i.d. HPLC column. The analysis
resulted in satisfactory chromatographic separation and ionization of the identified alkaloids. The
full scan ESI mode provided the TIC chromatogram (Figures 5.1a and 5.1b) for the masses

identified by theirm/zratios as follows:

« miz 288 for A‘'mesembrenone and mesembrenone at RT 5.66 and 7.09 minutes
respectively
e m/z290 for mesembrine at RT 8.38 minutes

*  m/z292 for mesembranol and epimesembranol at RT 6.54 and 11.67 minutes respectively
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Sceletium standards F day3 run01# 1100 RT: 557 AV:1 NL: 176E7
T: +c ESI Full ms [ 250.00-375.00]

Sceletium standards F day3 run01# 1349 RT: 6.54 AV:1 NL: 3.22E7
T: +c ESI Full ms [ 250.00-375.00]

Sceletium standards F day3 run01#1508 RT: 7.11 AV: 1 NL: 3.10E7
T: +c ESI Full ms [ 250.00-375.00]
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Figure 5.1a: Bottom right-TIC chromatogram of standard Sceletium alkaloids. lon chromatograms- top left-
A7mesembrenone, top middle- mesembranol, top right- mesembrenone, bottom left- mesembrine and bottom middle-

epimesembranol
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Figure 5.1b: TIC chromatogram of standard Sceletium alkaloids
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The method was successfully appliedst®eletiunablets (Figure 5.2) arfsiceletiunplant material
(Figure 5.3) and showed satisfactory ionization of the identified alkaloids from other unidentified

components present in such matrices.

RT:0.00-16.00 SM: 15B

RT:8.45 NL:
1003 6.31E7
954 TIC MS
3 Precn
90 Tahs9961(
855 DL)S2
3 day3
807
753
704
655
8 60
S =
2 557 RT:5.73
5 774
2 505
TE
E 452
& 403
353
E RT:11.80
30;
25
203
153
E 8.75
3 1.34 11.04 12.10
105 102 go7 10.36 1275 1344 1460
5
07\4\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)
Figure 5.2: TIC chromatogram of Sceletium tablets (Big Tree Health Products)
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Figure 5.3: TIC chromatogram of Sceletium plant material
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During this study, there were many instances where the LCMS method was applied to confirm the
identity of the alkaloids since they eluted very close to other unidentified peaks observed during
HPLC analysis. A typical situation may be explained by referring to the chromatograms shown in
Figure 5.4.

A sample ofSceletium tortuosurtablets (Big Tree Health Products, Cape Town, South Africa,
Batch number 9332) when analyzed by HPLC, displayed the characteristic pe&k=l&tium
alkaloids and were well resolved. However, the peak appearing at RT 5.50 minutes was not
A’mesembrenone but one of the related alkaloids witn/analue of 273.96 as shown in the TIC
chromatogram at RT 5.56 minutes. The peak at RT of 5.72 by UV detection and 5.79 minutes by
MS detection, displayed thm/z288.2, which corresponds Admesembrenone. Application of the
LCMS method tdSceletiunproducts is discussed further in Chapter 6.
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Figure 5.4: Fingerprinting of Sceletium tablets (Big Tree Health Products) showing improved detection of
A'mesembrenone by MS compared to UV detection. Top right - TIC chromatogram. Bottom right - HPLC-UV
chromatogram. Top left - ion chromatogram showing m/z 273.96 (related alkaloid), bottom left - ion chromatogram
showing m/z 288.2A{mesmbrenone)

In another instance, a sampleSdeletium emarcidurgFigure 5.5) when analyzed by HPLC/UV
showed peaks eluting close to the RTs of the expected reference alkaloids. However, the TIC
showed only one peak at RT 13.53 min withrafz of 362.04 confirming the absence of the

relevant alkaloids in the sample. This emphasizes the need to use appropriate methods such as
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HPLC/PDA and importantly, MS detection for qualitative QC of herbal products and its dosage
forms.
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Figure 5.5: Fingerprinting of Sceletium emarcidum. Top right - TIC chromatogram. Bottom right- HPLC-UV
chromatogram. Top left - ion chromatogram showing m/z 258.17 (unidentified compound), bottom left - ion
chromatogram showing m/z 362.04 (unidentified compound)

5.4 METHOD VALIDATION

5.4.1 Preparation of Standards and Samples

Standard solutions were prepared fresh on each of three separate days. Methanolic stock solutions
(lmg/ml) of A’'mesembrenone, mesembranol, mesembrenone, mesembrine hydrochloride and
epimesembranol were prepared. A working stock solution was prepared and diluted to obtain a
concentration of 10Qug/ml of each alkaloid. Standard solutions comprising a set of nine

calibrators in the concentration range of 25-2000 ng/ml were prepared.

5.4.2 Accuracy and Precision Studies

Accuracy and precision studies were performed by separately preparing standard solutions and
appropriate dilutions to obtain final concentrations of 200, 400 and 1,000 ng/ml for use as QC
standards. The precision studies of a sele@edletiumplant powder and a commercially
purchased lot 08. tortuosuntablets from Big Tree Health Products (Cape Town, South Africa,
Batch number 9961) were prepared in methanol by sonication for 20 minutes and filtered through
0.45um PVDF membrane filters.



Preparations obceletiumablets containing 1.5, 2.5 and 3.5 mg/ml of crushed tablets in methanol
and also preparations 8teletiunplant powder containing 0.75, 1.5 and 2.5 mg/ml of the powder

in methanol provided the low, medium and high samples for precision studies, respectively.

5.4.3 Recovery Studies- Tablet, Plant Material and their Matrices

Recovery studies were carried out by preparing three individual concentrations of 2.5 mg/ml of
crushed tablet samples in triplicate and 1 mg/ml preparations of the plant material. Standard stock
solutions of each of the five alkaloids were added to each of the triplicate sample solutions to

result in concentrations of 200 ng, 400 ng and 1,000 ng/ml of each of the alkaloids/sample.

Plant and tablet matrices (as placebo samples) were confirmed for absence of the known alkaloidal
components by LCMS analysis. Tablet and plant matrix samples were prepared individually by
adding stock alkaloid standard mixture to obtain final spiked concentrations of 200, 400 and 1,000

ng/ml of each of the alkaloids/sample.

5.4.4 Limit of Quantitation and Limit of Detection

Standard stock solutions were diluted appropriately to obtain concentrations for the estimation of
the limit of detection (LoD) and limit of quantitation (LoQ) according to a signal to noise (S/N)

ratio of 3:1 and 10:1, respectively.

5.4.5 Solution Stability

The reference substances in methanol were tested for their stability by analyzing samples that were

maintained at room temperature 22 +2°C (bench stability) and ~ 4°C (fridge stability).
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5.4.6 Results and Discussion

5.4.6.1 Method Validation

5.4.6.1.1 Linearity

Calibration curves were constructed by plotting the peak area of each alkaloid versus the
concentration corresponding to that alkaloid on each of three days. The curves obtained were
found to be linear with determination coefficients better than 0.99. Details are provided in Table

5.1.

Table 5.1
Linear ranges and coefficients of determination (LCMS)

y=mx+c Determination
Name of the compound Day linear model coefficient (R)
S Day 1 y = 2056.4x + 127880 R?=0.9958
A’'Mesembrenone
Day 2 y = 2151.9x + 128087 R?=0.9913
Day 3 y = 2055.6x + 133190 R?=0.9925
Day 1 y = 599.58x + 48816 R?=0.9934
Mesembranol Day 2 y =570.64x + 52306 R?=0.9903
Day 3 y = 597.90x + 51522 R?=0.9920
Day 1 y = 675.33x + 31024 R?=0.9958
Mesembrenone
Day 2 y = 694.67x + 29422 R? = 0.9966
Day 3 y = 697.84x + 29766 R?=0.9957
Day 1 y = 1357.4x + 54759 R?=0.9975
Mesembrine HCI Day 2 y = 1388.8x + 47784 R?=0.9975
Day 3 y = 1373.6x + 49343 R?=0.9972
Day 1 y = 2415.3x + 135995 R?=0.9922
Epimesembranol Day 2 y = 2533.5x + 94820 R?=0.9952
Day 3 y = 2456.6x + 99137 R?=0.9928

5.4.6.1.2 Precision and Accuracy

The studies were performed using QC samples that were prepared separately on each day of the
analysis. Precision of the analytical method was performed to assess the ability of the method to
produce consistent results. The inter-day RSD values obtained were less than&%ldtum

alkaloid QC standards. The accuracy of the method was found to be between 95.2%-104.7% for all

five compounds. The results were tabulated and are shown in Tables 5.2, 5.3, 5.4, 5.5 and 5.6.



Table 5.2
Accuracy: A'Mesembrenone (LCMS)

A’Mesembrenone Day Weig\r?tt L(ﬁé /mi) Wecigli::tu(lﬁge/gql) % Accuracy Irl;f;dsg
1 176.00 184.20 104.70
Low spike 2 184.00 176.70 100.50 4.00
3 192.00 185.50 96.60
1 352.00 345.30 98.10
Medium Spike 2 368.00 353.10 95.90 1.60
3 384.00 365.50 95.20
1 880.00 863.40 98.50
High spike 2 920.00 918.00 99.80 0.50
3 960.00 954.10 99.40
Table 5.3
Accuracy: Mesembranol (LCMS)
Mesembranol Day \'I?/?s-tiléjilt Wgzlﬁtuzﬁge/gwl) % Accuracy Ir})f;oé%/
(ng/ml)
1 212.00 207.00 97.60
Low spike 2 208.00 211.60 99.30 2.30
3 212.00 207.20 102.20
1 424.00 427.10 103.00
Medium Spike 2 416.00 419.70 103.90 0.53
3 424.00 438.60 104.50
1 1080.00 1097.10 101.60
High spike 2 1040.00 1113.50 103.10 1.05
3 1060.00 1065.90 103.70
Table 5.4
Accuracy: Mesembrenone (LCMS)
Mesembrenone Day Weigr?ttlzr?gly /mi) W;SLCtUI(?]tg/?nI) % Accuracy 'Q/E)eggaDy
1 216.00 213.90 99.00
Low spike 2 216.00 210.30 97.35 0.70
3 220.00 217.00 98.80
1 432.00 427.10 98.90
Medium Spike 2 432.00 417.50 96.64 1.70
3 440.00 432.03 98.20
1 1080.00 1097.10 101.60
High spike 2 1080.00 1068.90 98.97 0.50
3 1100.00 1074.90 97.70
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Table 5.5
Accuracy: Mesembrine HCI (LCMS)

Actual

Mesembrine HCI Day Weight ngzlr?tugﬁtge/?nl) % Accuracy 'Q/EfggaDy
(ng/ml)
1 212.00 218.40 103.00
Low spike 2 204.00 211.20 103.50 1.90
3 192.00 191.90 100.00
1 424.00 427.70 100.90
Medium Spike 2 408.00 423.00 104.60 2.10
3 384.00 404.10 105.00
1 1060.00 1033.20 97.50
High spike 2 1020.00 1014.90 99.50 1.56
3 960.00 926.60 96.50
Table 5.6
Accuracy: Epimesembranol (LCMS)
Epimesembranol  Day Q(;Léilt ng'ﬁtugﬁ;?nl) % Accuracy Ir;/toeggaDy
(ng/ml)
1 208.00 212.00 101.90
Low spike 2 184.00 191.60 104.10 2.70
3 208.00 221.00 104.80
1 416.00 410.20 98.60
Medium Spike 2 368.00 348.10 94.60 4.80
3 416.00 425.00 98.70
1 1040.00 1082.30 104.00
High spike 2 920.00 906.00 98.50 4.20
3 1040.00 1004.40 96.60

5.4.6.1.3 Precision Studies — Tablet Formulation

Precision studies were performed to assess the ability of the method to produce consistent results
for the tablet dosage forms. The studies were carried out by preparing three sets of low, medium
and high sample concentrations on each day of analysis. The RSD for inter-day precision data are
shown in Table 5.7. The identifi&teletiumalkaloids were estimated and their contents presented

as microgram per tablet are shown in Table 5.8.
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Table 5.7
Precision studies of Sceletium tablets (LCMS)

Compound Content inug/tablet (£ SD)
A’Mesembrenone Dayl Day?2 Day3 Inter-day % RSD (n=3)
Low 13.06 (+13.06) 12.62 (+1.20) 11.33 (+1.00) 7.20
Medium 13.41 (+1.64) 11.87 (+0.70) 12.44 (+0.80) 6.20
High 13.26 (+1.00) 12.02 (+0.60)  12.1(0.42) 5.60
Mesembranol Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 32.07 (+2.50) 33.3 (+2.40) 31.74 (+2.60) 2.50
Medium 33.15 (+0.70) 34 (+0.60) 33.21 (+1.15) 1.40
High 36.31 (+1.70) 35.6 (+2.30) 36 (+0.80) 1.00
Mesembrenone Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 8.50 (+1.00) 9.40 (+0.40) 9.33 (+0.34) 5.60
Medium 8.57 (0.30) 9.23 (+0.15) 9.03 (+0.56) 3.80
High 9.40 (+0.70) 9.20 (+0.90) 9.73 (+0.70) 2.80
Mesembrine Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 117.60 (+3.80) 115.70 (+2.20)  118.00 (+4.80) 1.10
Medium 123.10 (+4.10) 121.80 (+0.80)  120.10 (+4.40) 1.20
High 113.00 (+4.21) 114.10 (+1.80)  116.70 (+3.30) 1.60
Epimesembranol Dayl Day2 Day3 Inter-day % RSD (n=3)
Low 8.80 (+0.80) 10.81 (+0.90) 10.50 (+0.70) 10.60
Medium 9.50 (+1.26) 10.35 (+0.65) 11.70 (+0.80) 10.30
High 10.00 (+0.75) 10.60 (1) 10.60 (+1.00) 3.50

Average weight of tablet = 497.3 mg, SD = Standard deviation

Low = 1.5 mg/ml (n=3), Medium = 2.5 mg/ml (n=3), High = 3.5 mg/ml (n=3); Total n=9 per day

Table 5.8

Content of identified Sceletium alkaloids per tablet (LCMS)

Compound *Content inpg/tablet
A’Mesembrenone 125

Mesembranol 33.9
Mesembrenone 9.15

Mesembrine 117.8
Epimesembranol 10.3

*Average values obtained from precision studies
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5.4.6.1.4 Recovery Studies — Tablet Formulation

The recoveries of the spik&teletiumalkaloid standards were evaluated to assess the extraction
efficiency of the analytical method. The values obtained for this experiment show good recoveries
of all five identified alkaloids in the range of 89%-108% for each of the added compound with

RSD values of less than 10%. The results are shown in Tables 5.9a and 5.9b.

In addition, recovery studies were performed to assess the effect of excipients on the extraction of
the product by adding low, medium and high concentratiorcefetiumstandards to the tablet

matrix.

The recoveries from the spiked samples of the tablet matrix are depicted in Tables 5.10a & 5.10b
and ranged between 94%-108% for each of the added alkaloid compounds with inter-day RSDs of

less than 7%.
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Table 5.9a
Recovery studies ofsceletium alkaloids in tablet dosage form (LCMS)
Day-1 Day-2 Day-3 Inter-day
Tablet  A’Mesembrenone  Observed content o % A’Mesembrenone Observed content o % A'Mesembrenone  Observed content %  Recovery
Sample (ng/2.5 mg (ng/2.5 mg Recgver RSD (ng/2.5 mg (ng/2.5 mg Recgver RSD (ng/2.5 mg (ng/2.5 mg Recgve RSD % RSD
dosage/mi) dosage/mi) Y (n=3) dosage/mi) dosage/ml) Y (n=3) dosage/mi) dosage/mi) Y (n=3) (n=3)
*Content 63.00 63.80 60.30
Low (+176.00j 239.06 247.46 (+9.30) 103.50 3.74 (+208.00) 271.80 264.40 (+6.5) 97.30 2.45 (+192.00) 252.3 266.84 (+4.5) 10570  1.70 4.20
Medium  (+352.00) 415.00 414.4 (+27.40) 99.90 6.61 (+416.00) 479.80 473.00 (£28.2) 98.60 5.90 (+384.00) 444.3 474.40 (+27.4) 106.80  5.80 430
High (+880.00) 943.00 1011.00 (+44.10) 107.20 4.36 (+1040.00) 1103.80 1082.00 (+62.8) 98.00 4.30 (+960.00) 1020.3 1078.60 (#60.10)  105.70  5.50 4.80
Day-1 Day-2 Day-3 Inter-day
gablelt Mesembranol Observed content % % Mesembranol Observed content % % Mesembranol Observed content % % R(;CF%EI}DW
ample (ng/2.5 mg (ng/2.5 mg RSD (ng/2.5 mg (ng/2.5 mg RSD (ng/2.5 mg (ng/2.5 mg RSD 0
dosage/ml) dosage/ml) Recovery (n=3) dosage/ml) dosage/ml) Recovery (n=3) dosage/ml) dosage/ml) Recovery (n=3) (n=3)
*Content 170.40 170.90 169.10
Low (+212.00) 382.40 370.63 (+7.4) 96.90 2.00 (+208.00) 378.9 386.90 (¥9.1) 102.10 8.90 (+212.00) 381.10 378.50 (+11.90) 99.30 3.10 4.20
Medium (+424.00) 594.40 615.61 (+10.10) 103.60 1.63 (+416.00) 586.9 609.10 (+21.4) 103.80 3.50 (+424.00) 593.10 603.70 (+18.20) 101.80 3.00 1.07
High (+1060.00) 1230.40 1245.90 (+¥20.80) 101.30 1.67 (+1060.00) 1230.9 1282.50 (+50.2) 104.20 3.90 (+1060.00) 1229.10 1204.50 (+46.2) 98.00 3.80 1.90
Day-1 Day-2 Day-3 Inter-day
Tablet Mesembrenone Observed content % % Mesembrenone Observed content % % Mesembrenone Observed content % % Recovery
Samol (ng/2.5 mg (ng/2.5 mg ° RSD (ng/2.5 mg (ng/2.5 mg ° RSD (ng/2.5 mg (ng/2.5 mg ° RSD % RSD
ample Recovery - Recovery , = Recovery , ~ =3
dosage/ml) dosage/ml) (n=3) dosage/ml) dosage/ml) (n=3) dosage/ml) dosage/ml) (n=3) (n=3)
*Content 46.00 46.60 47.10
Low (+212.00) 258.00 263.80 (+17.00) 102.30 6.10 (+208.00) 254.60 263.50 (+14.60) 103.30 5.60 (+220.00) 267.10 255.20 (x17.10) 95.60 6.70 4.17
Medium (+424.00) 470.00 503.40 (+15.10) 107.10 2.90 (+416.00) 462.60 462.50 (+7.20) 100.00 1.70 (+440.00) 487.10 472.80 (£33.10) 97.10 7.00 5.00
High (+1060.00) 1106.00 1247.90 (¥15.10) 112.80 2.60 (+1060.00) 1106.6 1138.20 (+46.10) 102.90

410  (+1100.00) 1147.10  1170.10(+75.80)  102.00  6.50 5.65
* Actual content’; spiked amourtt represents the total content, i.e. spiked plus original content (follows through the table), (+SD), Average weight = 497.30 mg/ tablet
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Table 5.9b
Recovery studies ofsceletium alkaloids in tablet dosage form (LCMS)
Day-1 Day-2 Day-3 Inter-day
Tablet Mesembrine Observed content % % Mesembrine Observed content % % Mesembrine %%Sn?gﬁd % % R;Cgégy
Sample (ng/2.5 mg (ng/2.5 mg Recovery RSD (ng/2.5 mg (ng/2.5 mg Recovery RSD (ng/2.5 mg (ng/2.5 mg Recovery RSD E’n=3)
dosage/ml) dosage/ml) (n=3) dosage/ml) dosage/ml) (n=3) dosage/ml) : (n=3)
dosage/ml)
*Content 592.20 589.30 594.40
Low (+184.90§ 777.16 783.13 (£ 2.82) 100.80  0.36  (+181.40) 770.70 760.00 (+6.60) 98.60 0.90 (+170) 764.4 785.4 (+10.70) 102.80 1.40
Medium (+369.80) 962.00 972.60 (+10.60) 101.10 1.10  (+362.70) 952.00 938.50 (+48.7) 98.60 5.20 (+320) 914.4 946.5 (+32.40) 103.50 3.40
High (+924.60) 1516.80 1610.20 (+65.1) 106.16  4.10 (+924.60) 1513.90 1526.40 (+66.3) 100.80  4.30 (+853.4) 1706.8 1544.2 (+65.40) 90.40 4.20
Day-1 Day-2 Day-3 Inter-day
Tablet Epimesembranol Observed content % Epimesembranol  Observed content % Epimesembranol Observed % Recovery
sample (ng/2.5 mg (g25mg .0 RSD  (ng25mg (g25mg .o RSD (ng/2.5 mg (pemg  Recovery RSDoray
dosage/ml) dosage/ml) y (n=3) dosage/ml) dosage/ml) y (n=3) dosage/ml) g'z.> Mg ry (n=3) (n=3)
dosage/ml)
Content 51.70 53.20 55.30
Low (+208.00) 259.70 252.70 (+8.90) 97.30 3.00 (+184.00) 237.20 257.20 (+8.50) 108.00  3.30 (+208.00) 263.30 235.9 (+10.80) 89.60 4.60
Medium (+416.00) 467.70 448.40 (+13.70) 95.90 3.20  (+368.00) 421.20 443.70 (+x13.00) 105.30 2.90 (+416.00) 471.30 448.6 (+21.70) 95.20 4.80
High (+1040.00) 1091.70 1159.70 (+45.40) 106.20 3.90 (+920.00) 973.20 1042.90 (+47.80) 107.20 4.60 (+1040.00) 1095.30 1128.7 (+53.70) 103.00 4.70
* Actual content’; spiked amourtt represents the total content, i.e. spiked plus original content (follows through the table), (+SD), Average weight = 497.30 mg/ tablet
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Table 5.10a

Recovery studies ofceletium alkaloids from tablet matrix (LCMS)

Day 1 Day 2 Day 3
Tablet A’Mesembrenone  Observed A'Mesembrenone Observed A7Mesembrenone Observed % Inter-day
matrix (ng/2.5mg content % Recovery (ng/2.5mg content % Recovery (ng/2.5mg content Recover Recovery
matrix/ml) (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y % RSD (n=3)
Low 176.00 186.50 106 192.00 182.80 95.20 192.00 180.70 94.10 6.70
Medium 352.00 351.00 99.70 384.00 349.30 91.00 384.00 367.40 95.70 4.60
High 880.00 854.00 97.00 960.00 955.40 99.50 960.00 964.40 100.50 1.80
Day 1 Day 2 Day 3
Tablet Mesembranol Observed Mesembranol Observed Mesembranol Observed % Inter-day
matrix (ng/2.5mg content % Recovery (ng/2.5mg content % Recovery (ng/2.5mg content Recover Recovery
matrix/ml) (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 212.00 213.20 100.10 208.00 217.90 104.70 212.00 219.00 103.30 2.30
Medium 424.00 454.20 107.00 416.00 418.60 100.60 424.00 434.80 102.60 3.20
High 1080.00 1123.00 104.00 1040.00 1121.30 107.80 1060.00 1071.60 101.00 3.30
Day 1 Day 2 Day 3
Tablet Mesembrenone Observed Mesembrenone  Observed Mesembrenone  Observed % Inter-day
matrix (ng/2.5mg content % Recovery (ng/2.5mg content % Recovery (ng/2.5mg content Recover Recovery
matrix/ml) (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 212.00 200.80 94.70 208.00 197.50 95.00 220.00 218.50 99.30 2.70
Medium 424.00 429.60 101.30 416.00 419.90 100.90 440.00 457.20 103.90 1.60
High 1080.00 1082.60 100.20 1040.00 997.20 95.60 1100.00 1083.10 98.50 2.40
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Table 5.10b
Recovery studies ofceletium alkaloids from tablet matrix (LCMS)

Day 1 Day 2 Day 3
Tablet Mesembrine Observed Mesembrine Observed Mesembrine Observed o Inter-day
matrix (ng/2.5mg content % Recovery (ng/2.5mg content % Recovery (ng/2.5mg content Recgver Recovery
matrix/ml) (ng/ml) atrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 188.50 191.50 101.40 181.40 191.30 105.50 170.70 183.30 107.40 2.90
Medium 376.90 371.00 98.40 362.70 367.10 101.20 341.40 357.20 104.60 3.10
High 960.10 987.20 102.80 906.80 899.00 99.10 853.40 886.30 103.90 2.50
Day 1 Day 2 Day 3
Tablet Epimesembranol Observed Epimesembranol Observed Epimesembranol  Observed % Inter-day
matrix (ng/2.5mg content % Recovery (ng/2.5mg content % Recovery (ng/2.5mg content Recgver Recovery
matrix/ml) (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 208.00 211.40 101.60 184.00 198.10 107.60 208.00 216.60 104.10 2.90
Medium 416.00 407.90 98.10 368.00 349.80 95.10 416.00 448.70 107.90 1.80
High 1060.00 1025.20 96.70 920.00 875.20 95.10 1040.00 1010.80 97.20 1.10
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5.4.6.1.5 Precision studies — Sceletium Plant Material

The RSD for inter-day precision was found to be less than 6% from the results obtained, which are
shown in Table 5.11. The content of the identifi&kletiumalkaloids in the plant material are

presented in Table 5.12.

Table 5.11
Precision studies onSceletium plant material (LCMS)

Compound Content in pg/100mg (+ SD)
A’Mesembrenone Dayl Day2 Day3 Inter-day % RSD
Low 54.4 3(+3.90) 52.12 (¥2.78) 57.44 (+7.96) 4.90
Medium 63.15 (+1.71) 56.75 (+2.57) 59.18 (+1.80) 5.41
High 55.40 (+3.52) 50.50 (+0.73) 55.72 (+3.87) 5.43
Mesembranol Dayl Day2 Day3 Inter-day % RSD
Low 111.67 (+5.86) 106.54 (+2.84)  112.74 (+6.00) 2.90
Medium 129.43 (+.8.62) 118.57 (+6.91)  134.30 (+7.81) 6.32
High 112.31 (+6.35) 118.53 (+6.90)  119.75 (+10.21) 3.41
Mesembrenone Dayl Day2 Day3 Inter day % RSD
Low 15.10 (+0.70) 15.00 (+1.37) 14.95 (+2.10) 0.50
Medium 17.72 (+0.51) 17.40 (+0.36) 18.00 (+1.63) 1.70
High 18.40 (+1.73) 17.35 (+1.67) 17.20 (+1.00) 3.30
Mesembrine Dayl Day2 Day3 Inter day % RSD
Low 138.90 (+6.87) 129.32 (+7.78)  130.15 (+8.20) 4.00
Medium 142.75 (£2.87) 142.37 (+2.90)  132.27 (+4.10) 4.20
High 124.38 (+3.65) 121.15 (+2.85)  119.84 (+4.70) 1.68
Epimesembranol Dayl Day2 Day3 Inter day % RSD
Low 63.48 (+1.48) 66.81 (+2.90) 69.37 (¢5.2) 4.44
Medium 76.44 (+3.95) 76.64 (+3.51) 78.00 (+2.90) 1.10
High 73.06 (+4.57) 71.61 (+4.90) 77.00 (+6.00) 3.77

SD= Standard deviation
Low = 0.75 mg/ml (n=3), Medium = 1.5 mg/ml (n=3), High = 2.5 mg/ml (n=3); Total samples n=9 each day
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Table 5.12
Content of identified Sceletium alkaloids in plant material (LCMS)

Compound Content in %
A'Mesembrenone 0.056
Mesembranol 0.120
Mesembrenone 0.017
Mesembrine 0.130
Epimesembranol 0.073

5.4.6.1.6 Recovery Studies — Sceletium Plant Material

The values obtained for this experiment which involved spiking plant material with the relevant
alkaloids, are shown in Tables 5.13a and 5.13b where the recoveries of all five identified alkaloids
were seen to be in the range of 85%-115% for each of the added compounds with inter-day RSD

values of less than 10%.
The recoveries of the alkaloids spiked in plant matrix samples are shown in Tables 5.14a and 5.14b
and the results were found to range between 85%-115% for each added compound with inter-day

RSDs of less than 10%.

5.4.6.1.7 Limit of Detection and Limit of Quantification

The LoD and LoQ of mesembranol, mesembrenone, mesembrine and epimesembranol were found
to be 25 and 50 ng/ml respectively. The LoD and LoQ‘afesembrenone were found to be 10

and 20 ng/ml. The values were calculated using the respective S/N ratios of 3 and 10.

5.4.6.1.8 Solution stability

The reference substances in methanol were tested for their stability by analyzing samples that were
maintained at room temperature 22 + 2°C (bench stability) (Figure 5.6) and ~ 4°C (fridge stability)

(Figure 5.7). The results showed no significant change in content or degradation of the alkaloids.
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Table 5.13 a
Recovery studies ofsceletium alkaloids in plant material (LCMS)
Day-1 Day-2 Day-3 Inter-day
Pl % % % Recovery
ant A’Mesembrenone  Observed content % rRsp  A'Mesembrenone  Observed content % A’Mesembrenone  Observed content % RSD % RSD
material (ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/2mg/ml) (ng/ml) Recovery (n=3) (ng/2mg/ml) (ng/ml) Recovery (n=3) (n=3)
Content 580.00 530.00 580.00
Low (+176.00) 756.00 755.20 (+4.50) 99.90 0.60 (+184.00) 714.00 699.10 (+15.8) 97.90 2.30 (+176.00) 756.00 753.10 (+17.00) 99.90 2.30 1.20
Medium (+352.00) 932.00 934.60 (+150) 100.30 1.60 (+368.00) 898.00 883.00 (+6.75) 98.30 0.80 (+352.00) 932.00 953.30 (+15.40) 102.30 1.60 2.00
High (+880.00) 1460.00 1351.40 (+10.10) 92.60 0.70 (+920.00) 1450.00 1367.90(+31.20) 94.30 2.30 (+880.00) 1460.00 1482.60 (+93.60) 92.60 6.30 1.10
Day-1 Day-2 Day-3 Inter-day
Plant % % % Recovery
material Mesembranol Observed content % Mesembranol Observed content % RSD Mesembranol Observed content % RSD % RSD
(ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/Img/ml) (ng/ml) Recovery (n=3) (ng/Img/ml) (ng/ml) Recovery (n=3) (n=3)
Content 1200.00 1200.0 1210.0
Low (+212.00) 1412.00 1410.20 (+20.40) 99.90 1.40 (+208.00) 1408.00 131%74(%( 99.70 1.00 (+212.00) 1422.00 1407.60 (+16.50) 98.90 1.20 0.50
Medium (+424.00) 1624.00 1650.80 (+40.50) 101.70 2.40 (+416.00) 1616.00 1591.50 (+36.70) 98.50 2.30 (+424.00) 1634.00 1636.00 (+54.90) 100.10 3.40 1.60
High (+1020.00) 2220.00 2251.10 (+83.60) 101.40 3.70 (+1040.00) 2240.00 (42-53188) 99.90 6.00 (+1020.00) 2230.00 2373.50 (£70.20) 106.40 3.00 3.30
Day-1 Day-2 Day-3 Inter-day
Pl % % % Recovery
ant Mesembrenone Observed content % RSD Mesembrenone Observed content % RSD Mesembrenone Observed content % RSD % RSD
material (ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/2mg/ml) (ng/ml) Recovery (n=3) (ng/2mg/ml) (ng/ml) Recovery (n=3) (n=3)
Content 190.00 170.00 170.00
Low (+216.00) 406.00 431.00 (+19.5) 106.20 4.50 (+208.00) 378.00 389.70 (+¥22.50) 103.10 5.80 (+216.00) 386.00 393.70 (+10.10) 102.00 2.60 2.10
Medium (+432.00) 622.00 627.30 (+16.00) 100.90 2.60 (+416.00) 586.00 629.00 (+15.70) 107.30 2.50 (+432.00) 602.00 633.50 (+19.90) 105.20 3.10 3.10
High (+1080.00) 1270.00  1386.70 (+98.00) 109.20 7.10 (+1040.00) 1210.00  1321.20 (+61.50) 109.20 4.70 (+1080.00) 1250.00  1282.40 (+92.30) 102.60 7.20 3.60
* Actual content; spiked amour represents the total content, i.e. spiked plus original content (follows through the table), (+SD)
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Table 5.13b
Recovery studies ofsceletium alkaloids in plant material (LCMS)

Day-1 Day-2 Day-3 Inter-day
Recovery
Plant . % . % ) %
: Mesembrine Observed content % Mesembrine Observed content % Mesembrine Observed content % % RSD
Material RSD RSD RSD _
(ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/Amg/ml) (ng/ml) Recovery (n=3) (n=3
*Content 1289.00 1306.80 1271.30
Low (+188.5031477.56  1469.7 (+12.20) 99.50 0.80 (+188.50) 1495.30 1507.00 (+12.00) 100.80 0.80 (+188.50) 1459.80  1451.4 0(+21.10) 99.40 1.50 0.80
Medium (+376.90) 1665.90 1691.9 (+41.40) 101.60 2.40 (+376.90) 1683.70 1694.50 (+52.80) 100.60 3.10 (+376.90) 1648.20 1674.70 (+6.80) 101.60 1.60 0.60
High (+942.30) 2231.30 2261.70 (+58.30) 101.40 2.60 (+942.30) 2249.1 2255.80 (+89.00) 100.30 3.90 (+942.30)2213.60 2146.30 (+87.00) 97.00 4.10 2.30
Day-1 Day-2 Day-3 Inter-day
% % % Recovery
Plant Epimesembranol ~ Observed content % RSOD Epimesembranol Observed content % R N Epimesembranol  Observed content % RSOD % RSD
Material (ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/Amg/ml) (ng/ml) Recovery (n=3) (ng/Amg/ml) (ng/ml) Recovery (n=3) (n=3)
Content 710.00 710.0 750.0
Low (+208.00) 918.00 908.20 (+13.80) 98.90 1.50 (+208.00) 990.00 915.8 (+33.20) 92.50 3.6.00 (+208) 958.00 970.80 (¥25.10) 101.30 2.60 4.70
Medium (+416.00) 1126.00 1161.00 (+17.40) 103.10 1.50 (+416.00) 1126.00 1129 (¥23.70) 100.30 2.10 (+416) 1166.00 1175.70 (¥12.40) 100.80 1.10 4.50
High (+1040.00) 1750.00  1864.00 (+37.50) 106.50 2.00 (+1040.00) 1750.00  1725.20 (+129.00) 98.60 7.50 (+1040) 1790.00 1862.80 (+18.60) 104.10 1.00 3.90

* Actual content; spiked amourit represents the total content, i.e. spiked plus original content (follows through the table), (+SD)
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Table 5.14a

Recovery studies ofsceletium alkaloids from plant matrix (LCMS)

Day 1 Day 2 Day 3
Plant A'Mesembrenone Observed A’Mesembrenone Observed A’Mesembrenone Observed % Inter-day
Matrix (ng/img matrix/ml) content % Recovery (ng/img content % Recovery (ng/img content Recgver Recovery
Sample giimg (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y % RSD(n=3)
Low 176.00 173.70 98.70 184.00 179.80 97.80 176.00 179.50 102.00 2.20
Medium 352.00 355.60 101.00 368.00 349.00 94.80 352.00 383.30 108.90 7.00
High 880.00 916.30 104.10 920.00 875.60 95.20 880.00 915.70 104.10 5.10
Day 1 Day 2 Day 3
Plant Mesembranol Observed Mesembranol Observed Mesembranol Observed % Inter-day
Matrix (ng/lmg matrix/mi) content % Recovery (ng/1lmg content % Recovery (ng/lmg content Recgver Recovery
Sample 9/-mg (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 212.00 200.70 94.70 208.00 208.80 100.40 212.00 212.50 100.20 3.30
Medium 424.00 439.90 103.80 416.00 459.40 110.40 424.00 451.00 106.40 3.10
High 1060.00 1069.60 100.90 1040.000 1121.40 107.80 1060.00 1105.10 104.30 3.30
Day 1 Day 2 Day 3
Plant Mesembrenone Observed Mesembrenone  Observed Mesembrenone  Observed % Inter-day
Matrix (ng/Lmg matrix/mi) content % Recovery (ng/lmg content % Recovery (ng/lmg content Re cgv er Recovery
Sample g/tmg (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y 9% RSD (n=3)
Low 216.00 204.50 94.70 208.00 220.00 105.80 216.00 209.10 96.80 6.00
Medium 432.00 431.70 100.00 416.00 420.40 101.10 432.0 446.70 103.40 2.00
High 1080.00 1027.80 95.20 1040.00 1010.90 97.20 1080.00 1064.40 98.60 4.20
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Table 5.14b
Recovery studies ofsceletium alkaloids from plant matrix (LCMS)
Day 1 Day 2 Day 3
Plant Mesembrine Observed Mesembrine Observed Mesembrine Observed % Inter-day
Matrix (ng/lmg matrix/mi) content % Recovery (ng/lmg content % Recovery (ng/lmg content Recgver Recovery
Sample 9/img (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y 9 RSD (n=3)
Low 188.50 192.80 102.30 188.50 194.20 103.10 188.50 195.60 103.70 0.70
Medium 376.90 371.90 98.70 376.90 373.50 99.10 376.90 385.90 102.40 2.80
High 960.10 943.30 98.30 960.10 937.60 97.70 960.10 953.20 99.30 2.20
Day 1 Day 2 Day 3
Plant Epimesembranol Observed Epimesembranol  Observed Epimesembranol  Observed % Inter-day
Matrix 0 p/1 mg matrix/mi) content % Recovery (ng/lmg content % Recovery (ng/lmg content Recover Recovery
Sample 9/img (ng/ml) matrix/ml) (ng/ml) matrix/ml) (ng/ml) Y o RSD (n=3)
Low 208.00 212.50 102.20 208.00 219.70 105.60 208.00 210.30 101.10 2.30
Medium 416.00 408.50 98.20 416.00 442.30 106.30 416.00 412.50 99.20 4.40
High 1040.00 1088.50 104.70 1040.00 1111.80 106.90 1040.00 1081.40 104.00 1.40
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Figure 5.6: TIC chromatogram of Sceletium standards in methanol maintained at room temperature
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Figure 5.7: TIC chromatogram of Sceletium standards in methanol maintained at ~ 4°C
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5.5 CONCLUSIONS

LCMS is fast becoming the method of choice for the analysis of natural compounds due to its
unique ability to identify the compounds by their molecular masses and characteristic

fragmentation pattern. The application of this technique to the analySteldtiunplant material

and dosage forms for relevant alkaloidal components have not hitherto been reported in the

published scientific literature.

The efficiency of the LCMS method was enhanced by development of a satisfactory HPLC
method for the chromatographic separation and quantitative analysis of relevant alkaloids which
was discussed in Chapter 4. The ionization method used also enhanced the sensitivity, which was
found to be selective faBceletiumalkaloids. Since the identified markers have closely related
structures, the chromatographic separation of these related alkaloids provided specificity for the

unequivocal identification of the alkaloids based on tigavalues.

The main objective of this investigation was to develop an analytical method that has the following

properties:

* Accuracy.

»  Specificity.

» Sensitivity.

» Use for chromatographic fingerprinting and precise identificatiddcefetiumalkaloids.
» Assay of alkaloidal components$teletiunplant material and its dosage forms.

* Use in QC ofSceletiunplant material and dosage forms contairthogletium

In light of the above, a simple, accurate, precise, rapid and reproducible LCMS method was

developed for the identification and quantitative analysis of five releSaatetiumalkaloids

which has been successfully applied for the identification and (Bealétiunmplant material and

its dosage forms. Furthermore, this method was found to efficiently ionize the alkaloidal markers

amongst the complex components present in plant material and in tablet dosage form without any

interference from excipients present in those formulations.

Various species ddceletiunplants were subsequently provided3neletiunplant cultivators and
this LCMS method was successfully used for chemo-taxonomy of Smeletiumspecies and
commercially availableSceletiumdosage formsvide infra Chapter 6). More importantly this

method proved valuable to monitor the fermentation procesScefetiumplant {ide infra
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Chapter 8). Hence, the method constitutes a versatile analytical technique for fingerprinting and
gquantitative analysis o$celetiumplant material or dosage forms containi@geletiumand can

readily be applied for the QC of those compounds and products. Furthermore, the method is
capable of detecting nanogram levels of the identified alkaloids and it can probably be used for
bioanalytical applications as well. The sensitivity of MS detection can be further enhanced by
adopting specific scanning modes such as single ion monitoring (SIM), single reaction monitoring
(SRM) and multiple reaction monitoring (MRM). These modes facilitate the specific detection and

quantification of co-eluting or unresolved peaks, which are often observed in natural products [75].
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CHAPTER 6

SCELETIUM PRODUCT ANALYSIS

6.1 INTRODUCTION

It has become evident that phyto-pharmaceutical therapy has gained immense popularity and as a
consequence thereof, commercial growth of plant material and the production of their dosage
forms are undergoing great expansion. This is associated with increased concerns relating to issues
of quality. Standardized/constant composition of the components in herbal preparations is a pre-
requisite [76]. However due to the complexity of endogenous compounds in plant material and
products, standardization of active components is generally not achieved.

It is reported that 70% South Africans use traditional medicines and hence well known plants in
South Africa have been studied for their pharmacognosy. Fingerprinting of these plants are being
processed to develop monographs. Plant species recognized for their traditional use are being
commercially propagated, which require application of standard pharmaceutical methods to

improve the QSE of these products [77].

Sceletiumand its products are gaining popularity in South Africa and also world-wide, which is
evidenced by the volume of plant material grown by cultivators as well as internet advertisements
promoting their sales. The purported activitySakletiunproducts has been described on websites
(Chapter 2) and often misleading claims related to anti-anxiety/ antidepressant activity are being

made.

6.2 OBJECTIVES

The main objective of this study was to coll8ckeletiumplant material and also, where available,

its products and to analyze them by HPLC and LCMS methods, specifically developed to identify
their alkaloidal content and assess the quality of such productsScEhetiumproducts selected

for this study were purchased from health shops in South Africa. One samf@lecletium
emarcidum was purchased over the internet from an Australian company Herbalistics

(www.herbalistics.com.guThe plant material and live plants were obtained as gift samples from

Sceletiuncultivators in South Africa.



6.3 EXPERIMENTAL

6.3.1 Reagents and Materials

All reagents and materials used have previously been described and detailed in Chapters 4 and 5
whereasSceletiumreference compounds and plant material and its products have been described

and detailed in Chapters 2 and 3, respectively.

6.3.2 Instrumentation

Previously described in Chapters 4 and 5.

6.3.3 Preparation of standard solutions and samples

Standard methanolic stock solutions (1mg/mizGhesembrenone, mesembranol, mesembrenone,
mesembrine hydrochloride and epimesembranol were prepared. A working stock solution was
prepared and diluted to obtain a concentration of @il of each alkaloid. Standard solutions
comprising a set of nine calibrators in the concentration range of 400—30,000 ng/ml were prepared
for HPLC-UV analysis.

The Sceletiumplant material and product sample solutions were prepared to contain 50 mg/ml of
the respective material and fresh plant was extracted with methanol to obtain a final concentration

of 150 mg/ml plant material in methanol. The extraction of alkaloids was carried out by sonication

and the solutions were filtered through OB PVDF membrane filters prior to chromatography.

6.4SCELETIUM PRODUCT PROFILES

6.4.1Sceletium emarciduflant (SP01, GRA)

6.4.1.1 Locality

Collected from a greenhouse located at Hermanus, South Africa, Specimen number (SP01, GRA).

6.4.1.2 HPLC - UV profile
The sample showed a complex profile with three peaks observed at RTs 6.36, 7.15, and 10.08
minutes. These observed peaks were not comparable to any of the identified alkaloids with respect

to (w.r.t) the RTs of standard alkaloid peaks (Figure 6.1a).
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Figure 6.1a: HPLC chromatogram of Sceletium emarcidum plant sample (SP01, GRA)

6.4.1.3 ESI-MS profile
The MS profile of the sample showed one ionized peak at 13.53 minutes (Figure 6.1b) that

corresponded tm/z 360, which does not correspond to any of the previously iden8ftetetium
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Figure 6.1b: TIC chromatogram of Sceletium emarcidum plant sample (SP01, GRA)

6.4.1.4 Inference
This sample did not contain any of the following alkaloitfsnesembrenone, mesembranol,

mesembrenone, mesembrine and epimesembranol.
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6.4.2 Sceletium rigiduRlant sample (SP02, GRA)

6.4.2.1Locality
Sample provided from a greenhouse located in the Vanwyksdorp, Western Cape Province, South
Africa, Specimen number (SP02, GRA).

6.4.2.2 HPLC-UV profile

The HPLC profile showed no peaks corresponding to any of the relevant alkaloids (Figure 6.2a).
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Figure 6.2a: HPLC-UV chromatogram of Sceletium rigidum plant sample (SP02, GRA)

6.4.2.3 ESI-MS profile
The MS profile of the sample showed no ionized peaks (Figure 6.2b).
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Figure 6.2b: TIC chromatogram of Sceletium rigidum plant sample (SP02, GRA.)

6.4.2.4 Inference
This sample did not contain any of the following alkaloitfsnesembrenone, mesembranol,

mesembrenone, mesembrine and epimesembranol.
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6.4.3Sceletium exalaturlant sample (SP03, GRA)

6.4.3.1 Locality
Sample submitted for identification from a greenhouse located at Somerset West, Western Cape
Province, South Africa, Specimen number (SP03, GRA).

6.4.3.2 HPLC-UV profile
The sample showed a complex profile with peaks observed at RTs 5.04, 5.52, 8.30 and 9.29
minutes. These observed peaks did not correspond to any of the previously identified alkaloids

with respect to the RTs of the standard alkaloid peaks (Figure 6.3a).
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Figure 6.3a: HPLC-UV chromatogram of Sceletium exalatum plant sample (SP03, GRA)

6.4.3.3 ESI-MS profile
The MS profile of the sample showed two prominent ionized peaks at 5.09 and 5.57 (Figure 6.3b)
with m/z values of 274 (Figure 6.3c) and 276 (Figure 6.3d), which do not correspond to the

previously identifiedSceletiunalkaloids.
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Figure 6.3b: TIC chromatogram of Sceletium exalatum plant sample (SP03, GRA). Figure 6.3c & d: lon spectra
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6.4.3.4 Inference
This sample did not contain any of the following alkaloidémesembrenone, mesembranol,
mesembrenone, mesembrine and epimesembranol. The obtaimedhlues suggest that the

compounds may be demethyl mesembranol (MW 276) and mesembrane (MW 275).

6.4.4Sceletium tortuosurlant sample (SP04, GRA)

6.4.4.1 Locality
This sample was provided by Sheilam Cactus and Succulent Garden; a greenhouse located in
Robertson, Western Cape, South Africa, Specimen number (SP04, GRA).

6.4.4.2 HPLC-UV profile
The sample profile showed peaks at RTs 5.48, 6.05, 6.64, 7.12, 8.39, 11.82 and 12.09 minutes. The
peaks at RT 6.64, 7.12, 8.39, and 12.09 minutes correspond to mesembranol, mesembrenone,

mesembrine and epimesembranol (Figure 6.4a).

RT:0.00 - 16.00
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Figure 6.4a: HPLC-UV chromatogram of Sceletium tortuosum plant sample (SP04, GRA)

6.4.4.3 ESI-MS profile

The MS profile of the sample showed ionized peaks at 6.69, 7.16, 8.45, 11.88 and 12.16 minutes
which corresponded tm/z 292, 288, 290 and 292. Tine/z ratios correspond to mesembrenone,
mesembranol, mesembrine and epimesembranol (Figure 6.4b). The peak at RT 11.88 minutes with

m/z334, did not correspond to the identified alkaloids (Figure 6.4c).

15z



RT:000-1600 SM: 158
1005

1188

25114 25934

27420

27525
27220 | 7% 20219

30908

33522

39263 4

T
250

T T T T T
260 210 280 290 300

T
310
miz

336.2:
[29%% 34503 35075
T

T T T T
320 330 340 350 360

Figure 6.4b: TIC chromatogram of Sceletium tortuosum plant sample (SP04, GRA).Figure 6.4c: lon spectrum of peak at

11.88 minutes

6.4.4.4 Inference

The alkaloids mesembranol, mesembrenone, mesembrine and epimesembranol were assayed by
HPLC-UV and found to be present at 0.18%, 0.16%, 2.20% and 0.41% respectively.
A'Mesembrenone was below LoD by HPLC-UV and detected by MS appearing at RT 5.75

minutes.

6.4.5Sceletium expansuRlant sample (SP05, GRA)

6.4.5.1 Locality

This sample was provided by a greenhouse located in the North-West Province, South Africa,
Specimen number (SP05, GRA).

6.4.5.2 HPLC-UV profile

The sample profile showed three peaks at RTs 5.44, 7.07 and 8.34 minutes. The peaks at RT 7.07
and 8.34 minutes correspond to mesembrenone and mesembrine (Figure 6.5a).
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Figure 6.5a: HPLC-UV chromatogram of Sceletium expansum plant sample (SP05, GRA)
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6.4.5.3 ESI-MS profile
The MS profile of the sample showed ionized peaks at 5.49, 6.71, 7.13, 8.42 and 12.51 minutes
(Figure 6.5b) which corresponded oz 274, 292, 288, 290 and 292. The latter foue ratios

(Figure 6.5c¢-f) correspond to mesembrenone, mesembranol, mesembrine and epimesembranol.
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Figure 6.5b TIC chromatogram Sceletium expansum plant sample (SP05, GRA). Figure 6.5¢c-f -lon spectra of the
identified alkaloids.

6.4.5.4 Inference

The alkaloids mesembrenone and mesembrine were assayed by HPLC-UV and found to be present
at 0.03% and 0.30% respectively. Mesembranol and epimesembranol were below LoD by HPLC-

UV and the presence of these alkaloids was confirmed by MS detection.
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6.4.6 Sceletium strictudlant Sample (SP06, GRA)

6.4.6.1 Locality
This sample was obtained from a greenhouse located in the Vanwyksdorp, Western Cape
Province, South Africa, Specimen number (SP06, GRA).

6.4.6.2 HPLC-UV profile
The HPLC profile showed three peaks at RTs 5.44, 7.08 and 8.37 minutes. The peaks at RT 7.08

and 8.37 minutes corresponded to mesembrenone and mesembrine (Figure 6.6a).
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Figure 6.6a: HPLC-UV chromatogram of Sceletium strictum plant sample (SP06, GRA)

6.4.6.3 ESI-MS profile
The MS profile showed ionized peaks at 5.48, 7.12, and 8.41 minutes (Figure 6.6b) which
corresponded ton/z 274, 288 and 290 (Figure 6.6c—e). The later ta/a ratios correspond to

mesembrenone and mesembrine.
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Figure 6.6b: TIC chromatogram Sceletium strictum plant sample (SP06, GRA)
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Figure 6.6c-e: lon spectra of the identified alkaloids (SP06, GRA)

6.4.6.4 Inference

The alkaloids mesembrenone and mesembrine assayed by HPLC-UV detection were found to be
present in the plant at percentages of 0.76 and 0.68, respectively. The peak at RT 5.44 minutes
with m/z of 274 (Figure 6.6c) corresponds to (+)-N-demethylmesembrenol (MW 275), which has
been reported to be presenSnstrictum42]. The compounds mesembranol and epimesembranol

could not be detected by either method.

6.4.7 Sceletium tortuosuRowderSample (SRM02)

6.4.7.1 Description

Brown colored dried plant powder having characteristic odour.

6.4.7.2 HPLC-UV profile

The HPLC profile showed peaks at RTs 5.67, 6.67, 7.11, 8.40 and 12.42 minutes, which
correspond ta\’'mesembrenone, mesembranol, mesembrenone, mesembrine and epimesembranol
(Figure 6.7a).
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Figure 6.7a: HPLC-UV chromatogram of Sceletium tortuosum powder sample (SRM02)
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6.4.7.3 ESI-MS profile

The MS profile showed ionized peaks at 5.74, 6.72, 7.17, 8.43 and 12.44 minutes (Figure 6.7b)
which corresponded tm/z 288, 292, 288, 290 and 292 respectively (Figures 6.7c-g) nWhe

ratios corresponded to the alkaloidémesembrenone, mesembranol, mesembrenone, mesembrine

and epimesembranol (Figure 6.7).
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Figure 6.7b: TIC chromatogram of Sceletium tortuosum powder (SRM02)
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Figure 6.7c-g: lon spectra of the identified alkaloids (SRM02)

6.4.7.4 Inference

All the relevant alkaloids were assayed by HPLC and were found to be present at concentrations of
0.08, 0.5, 0.04, 0.6, and 0.05% for alkaloitisnesembrenone, mesembranol, mesembrenone,
mesembrine and epimesembranol, respectively. The presence of these alkaloids was confirmed by
LCMS.



6.4.8Sceletium tortuosuriRowderSample (SRM03)

6.4.8.1 Description

Brown colored dried plant powder having characteristic odour.

6.4.8.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 5.82, 6.66, and 7.14 and a relatively small peak at 8.37
minutes. The peaks at RT 6.66, 7.14 and 8.37 minutes were identified as mesembranol,

mesembrenone and mesembrine (Figure 6.8a).
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Figure 6.8a: HPLC-UV chromatogram of Sceletium tortuosum powder sample (SRMO03)

6.4.8.3 ESI-MS profile
The MS profile showed ionized peaks at 5.87, 6.71, 7.14 and 8.42 minutes (Figure 6.8b) which
corresponded tn/z274 (Figure 6.8c), 292, 288 and 290 respectively (Figure 6.8 d-f). The latter

threem/zratios correspond to the alkaloids, mesembranol, mesembrenone and mesembrine.
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Figure 6.8b: TIC chromatogram of Sceletium tortuosum powder sample (SRMO03)
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Figure 6.8c-f: lon spectra of the identified alkaloids (SRMO03)

6.4.8.4 Inference

The alkaloids, mesembranol and mesembrenone and mesembrine were detected by HPLC-UV but
only mesembranol was quantifiable as 0.03%. The content of alkaloids mesembrenone and
mesembrine were below their respective LoQs. The compomhdesembrenone, was not
detected and the presence of the other relevant alkaloids was confirmed by peaks at 6.71, 7.19 and

8.42 minutes. A very faint response for epimesembranol was observed at 12.53 minutes by MS.

6.4.9Sceletium emarcidufowder Sample (SRM04)

6.4.9.1 Description

A dark brown processed plant powder having characteristic strong fermented organic odour.

6.4.9.2 HPLC-UV profile
The sample showed a complex profile with a few prominent peaks at RTs 6.95, 8.26, and 9.77.
These observed peaks did not correspond to any of the previously identified alkaloids with respect

to the RTs of the standard alkaloid peaks (Figure 6.9a).
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Figure 6.9a: HPLC-UV chromatogram of Sceletium emarcidum powder sample (SRM04)
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6.4.9.3 ESI-MS profile

The MS profile of the sample showed ionized peaks at 5.72, 7.79, 8.61 and 9.12 minutes (Figure
6.9b) which corresponded to/z values of 276, 260, 262 and 258 (Figure 6.9c—f) respectively.
However, thesen/zvalues do not correspond to any of the identiegletiumalkaloids (Figure

6.8). Furthermore, treatment with Dragendorff's reagent indicated that no alkaloids (Spot 1 and 2)

were present in this particular plant (Figure 6.99)
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Figure 6.9b: TIC chromatogram of Sceletium emarcidum powder sample (SRM04)
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Figure 6.9c-f: lon spectra of the unidentified alkaloids in Sceletium emarcidum powder sample (SRM04)

Figure 6.9g: TLC of Sceletium emarcidum powder sample
(SRMO04)

. S emarcidum (low concentration)

. S emarcidum (high concentration)

. Sceletium tortuosum sample

. Mesembrine + Mesembrenone

. A’Mesembrenone

abrhwWNPRE

1 2 3 4 5
6.4.9.4 Inference

This sample did not contain any of the following alkaloidémesembrenone, mesembranol,

mesembrenone, mesembrine and epimesembranol.
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6.4.10 Sceletium tortuosuAowderSample (SRMO05)

6.4.10.1 Description

Brown colored dried plant powder having characteristic odour.

6.4.10.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 5.79 and 6.62 minutes and relatively small peaks at 7.07
and 8.26 minutes. The peaks at RT 6.62, 7.07 and 8.26 minutes were identified as mesembranol,

mesembrenone and mesembrine (Figure 6.10a).
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Figure 6.10a: HPLC-UV chromatogram of Sceletium tortuosum powder sample (SRM05)

6.4.10.3 ESI-MS profile
The MS profile showed ionized peaks at 5.85, 6.68, 8.40 and 12.46 minutes (Figure 6.10b) which
corresponded tan/z274, 292, 288 and 290 respectively. The later thr&ratios correspond to

alkaloids mesembranol, mesembrenone and mesembrine (Figure 6.10c-e).
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Figure 6.10b: TIC chromatogram of Sceletium tortuosum powder sample (SRMO05)
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Figure 6.10c-e: lon spectra of the identified alkaloids in Sceletium tortuosum powder (SRMO05)

6.4.10.4 Inference

The alkaloids, mesembranol and mesembrenone and mesembrine, were detected but only
mesembranol was quantifiable as 0.03%. The alkaloids mesembrenone and mesembrine were
below their respective LoQs. The compountinesembrenone, was not detected and the presence

of other previously identified alkaloids was confirmed by peaks at 6.58, 7.10 and 8.40. A very

minor response for epimesembranol was observed at 12.46 minutes by MS.

6.4.11 Sceletium tortuosurowderSample (SRMO07)

6.4.11.1 Description

Brown colored dried plant powder having characteristic odour.

6.4.11.2 HPLC UV profile
The HPLC profile showed peaks at RTs 6.64, 7.08 and 8.28 minutes. The peaks corresponded to

mesembranol, mesembrenone and mesembrine (Figure 6.11a).
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Figure 6.11a: HPLC-UV chromatogram of Sceletium tortuosum powder sample (SRM07)
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6.4.11.3 ESI-MS profile

The MS profile showed ionized peaks at 5.85, 6.69, 7.10, 8.41 and 12.48 minutes (Figure 6.11b)
which corresponded tm/z 274, 292, 288 290 and 292 respectively. The latter thweeatios
correspond to the alkaloids, mesembranol, mesembrenone, mesembrine (Figure 6.11c-e) and

epimesembranol respectively.
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Figure 6.11b: TIC chromatogram of Sceletium tortuosum sample (SRM07)
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Figure 6.11c-e: lon spectra of the identified alkaloids in Sceletium tortuosum powder sample (SRM07)

6.4.11.4 Inference

The alkaloids, mesembranol, mesembrenone and mesembrine were detected but only mesembranol
was quantifiable as 0.03%. The alkaloids mesembrenone and mesembrine were below their
respective LoQs. The compountfmesembrenone, was not detected and the presence of other
previously identified alkaloids was confirmed by peaks at 6.69, 7.10 and 8.41. A minor response

for epimesembranol was observed at 12.48 minutes by MS.
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6.4.12 Sceletium Capsul@danufactured by: Herbal Care -Product B)

6.4.12.1 Description
Brown colored dried plant powder enclosed in a ‘O’ size transparent hard gelatin capsule. The

average weight was found to be 250 mg per capsule.

6.4.12.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 9.73 and 16.69 minutes that did not correspond to the RTs
of the previously identified alkaloids (Figure 6.12a).
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Figure 6.12a: HPLC-UV chromatogram of Sceletium tortuosum capsules- (Herbal Care - Product B)

6.4.12.3 ESI-MS profile
The MS profile showed ionized peaks at 3.92, 4.43 and 7.69 minutes which do not correspond to

the previously identified alkaloids (Figure 6.12b).
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Figure 6.12b: TIC chromatogram of Sceletium capsules (Herbal Care - Product B)

6.4.12.4 Inference
None of the previously identified alkaloids were observed in the sample in spite of a label claim of

25 mgSceletiunper capsule.
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6.4.13 Sceletium tortuosum Capsulelsinufactured by: Essential Source - Product C)

6.4.13.1 Description
Brown colored dried plant powder enclosed in a ‘O’ size transparent hard gelatin capsule. The

average weight was found to be 250 mg per capsule.

6.4.13.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 5.81, 6.64, 7.08 and a very small peak at 8.38 minutes.
The peaks at RT 6.64, 7.08 and 8.38 minutes were identified as mesembranol, mesembrenone and

mesembrine (Figure 6.13a).
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Figure 6.13a: HPLC-UV chromatogram of Sceletium tortuosum capsules (Essential Source - Product C)

6.4.13.3 ESI-MS profile
The MS profile showed ionized peaks at 5.86, 6.69, 7.14 and 8.43 minutes (Figure 6.18with
values of 274, 292, 288 and 290 respectively. The latter tm/eeatios correspond to the

alkaloids, mesembranol, mesembrenone and mesembrine (Figure 6.13c-e).
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Figure 6.13b: TIC chromatogram of Sceletium capsules (Essential Source -Product C)
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Figure 6.13c-f: lon spectra of the identified alkaloids in Sceletium tortuosum capsules (Essential Source - Product C)

6.4.13.4 Inference

The alkaloids mesembranol, mesembrenone and mesembrine were assayed by HPLC- UV and the
product was found to contain 136.7, 25.0 and §i§/dapsule, respectivelA’Mesembrenone was

not detected whereas the presence of epimesembranol (Figure 6.13f) was confirmed (RT 12.49

minutes) by MS.

6.4.14 Sceletium tortuosum Capsulelsnufactured by: Essential Source - Product D)

6.4.14.1 Description
Brown colored dried plant powder enclosed in a ‘O’ size transparent hard gelatin capsule. The

average weight was found to be 250 mg per capsule.

6.4.14.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 5.47, 6.03 and 7.10 minutes. The latter two peaks were
identified as mesembranol and mesembrenone, respectively. Mesembrine and epimesembranol

were not detected (Figure 6.14a).
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Figure 6.14a: HPLC-UV chromatogram of Sceletium tortuosum capsules (Essential Source - Product D)
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6.4.14.3 ESI-MS profile
The MS profile showed ionized peaks at 5.55, 6.79, 7.16 and 8.43 minutes (Figure 6.14b) which
corresponded tm/z276, 292, 288 and 290 respectively (Figure 6.14c-f). The latterrtiferatios

correspond to alkaloids mesembranol, mesembrenone and mesembrine, respectively.
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Figure 6.14b: TIC chromatogram of Sceletium capsules (Essential Source - Product D)
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Figure 6.14c-f: lon spectra of the identified alkaloids in Sceletium tortuosum capsules (Essential Source — Product D)

6.4.14.4 Inference
The alkaloids were assayed by HPLC- UV and the product was found to contain 61.0 and 105.6
ng/capsule of mesembranol and mesembrenone, respectively. The comgmeskmbrenone

was not detected whereas the presence of mesembrine was confirmed by MS.



6.4.15 Sceletium tortuosum Mother Tinct(ivanufactured by: Essential Source- Product

E)
6.4.15.1 Description

Clear yellow liquid, with characteristic alcoholic odour.

6.4.15.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 5.97, 6.61and 7.07 minutes. The peaks at RT 6.61 and

7.07 were identified as mesembranol and mesembrenone (Figure 6.15a).
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Figure 6.15a: HPLC-UV chromatogram of Sceletium tortuosum Mother tincture (Essential Source - Product E)

6.4.15.3 ESI-MS profile

The MS profile showed ionized peaks at 5.46, 6.68, 7.11 and 8.41 minutes (Figure 6.15b) which
corresponded ten/z276 (Figure 6.15c), 292, 288 and 290 respectively. The latterriipratios
correspond to the alkaloids, mesembranol, mesembrenone and mesembrine, respectively (Figure
6.15d-).
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Figure 6.15b: TIC chromatogram of Sceletium tortuosum Mother tincture (Essential Source - Product E)

16¢€



Stortuosum EtOHtincture #2420 RT: 549 AV: Stortuosum EtOHtincture #2991 RT:6.63 AV:1  T:.+cES| Full ms [ 250.00-375.00] T: +¢ ESIFull ms [ 250.00-375.00]
T: +c ESI Full ms [ 250.00-375.00] T: +¢ ESI Full ms [ 250.00-375.00] 288.17 8

276.07 100 0o
100+ 100+ 292.17 E 4
E E| 90 90
90 90 E Bl
] 3 804 805
803 803 E E
3 3 704 705
N 70; N 702 2 B 2 B
g 4 e 3 & 604 § 605
& 605 _3 60 k-] Ei ® 4
e = =i 3 4 3 4
5 E 5 3 2 B 2 B
3 3 50— 50—
2 s0] 2 s ; E| ; E
s 3 s 4 3 E|
g 3 g 3 3 3
£ 407 £ 40 H 409 H 403
3 -2 e 3
30 30 305 30
201 | 277.15 20 29322 203 20 20122
3 E 278.19 3 E
03278 0 o 28920 335 7 o
E 286.27 E| E L 4 27807 | 20210 358.13
E A 33032 5593 J 27624 329.00 34621 3285 |32 356,19 E L s
E| L E Rl SRR T | PO AT e bl alll bl I
o ‘\h“ Al b e PP el e by L e R e ol g b
2 300 350 2 300 350 250 300 350 2 300
mz mz mz mz
c d e f

Figure 6.15c—f: lon spectra of the identified alkaloids in Sceletium tortuosum Mother tincture (Essential Source -
Product E)

6.4.15.4 Inference:
The alkaloids were assayed by HPLC-UV and the product was found to contain 0.09% and 0.1%
of mesembranol and mesembrenone respectively. The compdumesembrenone was not

detected and the presence of mesembrine and epimesembranol (Figure 6.15b) were confirmed by
MS (RTs at 8.41 and 12.18 minutes, respectively).

6.4.16 Sceletium tortuosunablets (Manufactured by: Big Tree Health Products, Batch
no. 7161)

6.4.16.1 Description
Pale yellow biconvex uncoated tablets with a few black and brown spots due to the plant material.

Average weight: 501.3 mg/tablet.

6.4.16.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 6.00, 7.00, 7.43, 8.74 and 12.15 minutes, which
correspond ta\'mesembrenone, mesembranol, mesembrenone, mesembrine and epimesembranol,

respectively (Figure 6.16a).
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Figure 6.16a: HPLC-UV chromatogram of Sceletium tortuosum tablets (Big Tree Health Products, Batch no. 7161)

6.4.16.3 ESI-MS profile

The MS profile showed ionized peaks at 6.04, 7.11, 7.49, 8.80 and 12.77 minutes (Figure 6.16b)
which corresponded tm/z 288, 288, 292, 290 and 292 respectively (Figure 6.16c-g).nThe

ratios corresponded to the alkaloitfsnesembrenone, mesembranol, mesembrenone, mesembrine

and epimesembranol respectively.
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Figure 6.16b: TIC chromatogram of Sceletium tortuosum tablets (Big Tree Health Products, Batch no. 7161)
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Figure 6.16c-g: lon spectra of the identified alkaloids in Sceletium tortuosum Tablets — Big Tree Health Products (Batch
no. 7161)
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6.4.16.4 Inference

All the relevant alkaloids were assayed by HPLC and the product found to contain concentrations
of 44.1, 5.30, 37.8, 116.2 and 27.8/tablet for the alkaloidsA’mesembrenone, mesembranol,
mesembrenone, mesembrine and epimesembranol respectively. The MS detection positively

identified the relevant alkaloids.

6.4.17 Sceletium tortuosuhablets (Manufactured by: Big Tree Health Products Batch no.
9323)

6.4.17.1 Description
Pale yellow biconvex uncoated tablets with a few black and brown spots due to the plant material.
Average weight: 499.4 mg/tablet.

6.4.17.2 HPLC-UV profile
The HPLC profile showed peaks at RTs 6.64, 7.05, 8.41 and 12.22 minutes, which correspond to

mesembranol, mesembrenone, mesembrine and epimesembranol, respectively (Figure 6.17a).

RT:0.30-16.01
135 2.45 NL:
| N 3.82E5

- Wavelength
160000 10V

] Tablet 1
1400004 Highrun03

8.41

120000

100000

UAU

80000

60000

40000 6.64

20000

9.67
428 0 1001 1222

] 14.13 1547
LB s e e e LA s

O\\\

Time (min)

Figure 6.17a: HPLC-UV chromatogram of Sceletium tortuosum tablets (Big Tree Health Product, Batch no.9323)

6.4.17.3 ESI-MS profile

The MS profile showed ionized peaks at 5.79, 6.69, 7.18, 8.47 and 12.29 minutes (Figure 6.17b)
which corresponded tm/z 288, 292, 288, 290 and 292 respectively (Figure 6.17c-g).nThe

ratios corresponded to the alkaloids'mesembrenone, mesembrenone and mesembrine

respectively.
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Figure 6.17b: TIC chromatogram of Sceletium tortuosum Tablets (Big Tree Health Products, Batch no. 9323)
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Figure 6.17c-g: lon spectra of the identified alkaloids in Sceletium tortuosum tablets (Big Tree Health Products, Batch
no.9323)

6.4.17.4 Inference

All the relevant alkaloids were assayed by HPLC and the product was found to contain

concentrations of 42.1, 15.0, 184.8 and 27ug/tablet for the alkaloids, mesembranol,

mesembrenone, mesembrine and epimesembranol, respectively. The alKasidembrenone,

was found to be below the LoQ. The MS detection positively identified the relevant alkaloids.

6.5 CONCLUSIONS

6.5.1SceletiunPlant Analysis

The Sceletiumplant species which were grown under various conditions at different locations
when analyzed showed major differences in their compositions of alkaloids. It is very important to
note that the particular plant species clearly indicated that an enormous difference exists between
the various species with respect to the presence and content of alkaloidsrtddgumtype of

Sceletium species showed the presence of various alkaloids with variation in content and
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composition. Theemarcidumtype of Sceletiumspecies did not show presence of the relevant
alkaloids. Howevermarcidumtype plant species contained some unidentified compounds, which
were not pursued further in this study. Furthermore, the presence of alkaloids in this particular
species was not confirmed since treatment with Dragendorff's reagent yielded negative results.
Mesembrine (~1%) was the major alkaloid foundintortuosunspecies along with other minor
alkaloids A‘/mesemberenone, mesembrenone and mesembranol and could only be quantified in

some species @&. tortuosum

6.5.2SceletiunPlant Powder

The particular species vi&. rigidum,S. expansumS. strictumetc., ofSceletiumin the Sceletium

plant powder samples were mostly unknown since they were obtained/labelled Solyletgim
tortuosumand therefore assumed to be of thuosumtype. This was due to the fact that most of

the Sceletiumcultivators knew the plant grown only &celetium tortuosunand had little
knowledge regarding the taxonomy and other species of this genus. However, the analyses of
these samples showed enormous variation of content and composition of the alkaloids. Of the
analyzed samples only SRM02 contained 0.5% mesembrine and 0.4% mesembranol, with lower
quantities of the minor alkaloids’'mesembrenone and epimesembranol. One sample obtained as

Sceletium emarcidummowder from Australiavjww.herbalistics.com.gwshowed complete absence

of relevant alkaloids.

6.5.3SceletiunDosage Forms

Sceletiumdosage forms in the form of tablets, capsules and a mother tincture also showed
variations in content and composition of alkaloids. Since the available tablet samples were from
one manufacturer (Big Tree Health Products) three samples of different batches were analyzed.
The range of alkaloids were found to be similar, with mesembrine being the major alkaloid
component. The analyzed batches 7161, 9232 and 9161 were found to contain 116.2, 185 and 121
ug per tablet of mesembrine, respectively. The minor alkaloids varied in content and
A’mesembrenone was detected in batch 9232 but found to be below the LoQ in this particular
batch.

The chromatographic profiles of the capsule formulations manufactured by Herbal Care also

showed variation in the composition of alkaloids. Product B contained none of the previously
identified alkaloids but showed the presence of two unidentified compounds in the HPLC analysis.
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The chromatographic profiles of the capsules manufactured by Essential Source showed a complex
mixture of alkaloidal components. However, the major alkaloid present in Product C capsules was
found to be mesembranol at a concentration of 136/ tapsule. The second sample Product D
obtained from the same manufacturer had mesembrenone as the major alkaloid at concentration

105.6ug/capsule.

In summary, the content &celetiumalkaloids in plant material and formulated products are seen

to show great variability with respect to both quality and quantity of particular alkaloids. The QC
of Sceletiumpresents a formidable challenge in view of the fact$taletiumplant and products
containing Sceletium,contain a complex mixture of compounds. Hence, a prerequisite for
appropriate QC of such materials necessitates the availability of relevant marker compounds as
well as validated methods for the assay of these plants and formulated products. The above
challenges were thus successfully achieved by the development and validation of appropriate
qualitative and quantitative analytical methods which were successfully applied to fingerprint and
assaySceletiunplant material and dosage forms. These methods therefore can be used for the QC

of Sceletiunplant material as well as for dosage forms contaiSicgjetium
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CHAPTER 7
CAPILLARY ELECTROPHORESIS OF SCELETIUM ALKALOIDS

7.1 INTRODUCTION

Capillary electrophoresis (CE) is a relatively new analytical technique which has gained popularity
over the last 2 decades [78], mainly due to its wide application, high efficiency, short analysis
times and importantly, low cost. This technique is well- suited for the analysis of natural products
which generally contain multiple and complex chemical constituents that usually require lengthy
analysis times and complex separation methods [79]. CE is a technique where charged components
are separated in small capillaries based on their electrophoretic mobilities in an electrophoretic
media under the influence of an applied electric field. This technique permits an efficient and rapid

separation of compounds resulting in a relatively fast analysis [80].

The CE instrumentation is a simple set of components consisting of two buffer reservoirs, an
anode and a cathode connected by a capillary which is inserted through a detector. A high voltage

(HV) power supply to the buffer is used to complete the circuit [78] (Figure 7.1).

Capillary Detector |

—
; |
_\ —_—
Buffer-Anode \—)
Buffer-Cathode

| HV power supply

L

Figure 7.1: Schematic diagram of capillary electrophoresis instrument

7.2 ELECTROPHORESIS

Electrophoretic separation is based on differences in solute velocity in an electric field [80]. The

electrophoretic separations are performed in an electrolyte solution known as the background
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electrolyte (BGE). The pre-requisite of a BGE is to provide constant conditions of ionic strength,
pH and maintain low current for these CE separations which are carried out in capillaries.

The principle of CE involves differential migration of charged species under the influence of an
applied electrical field to separate components based on their electrophoretic mobilities and which
relate to their respective mass to charge ratios [81]. The analytes are detected by employing

various suitable detectors.

The velocity of the ion in an electrophoretic separation may be described as

Hep?
L

v = migration velocityue, = electrophoretic mobility, E = field strength, V = voltage applied across the

V= :UepE = (E_ l) [8O]

capillary and L = capillary length

Thus the migration time't’ taken by a charged molecule to travel from start to end of capillary is

(E-2) [80]

Generally, small sample volumes are injected onto the anodic end through a narrow-bore capillary
filled with buffer and ions are carried towards the cathode by a process known as electroosmotic

flow (EOF) due to a phenomenon known as electroosmosis [80].

7.2.1 Electroosmosis

Electroosmosis (EO) is the flow of solvent due to an applied voltage. This electroosmotic flow is
caused due to the negative charge on the interior wall of the capillary tube. The negative charge is
caused by silanol groups of the capillary wall that form an electrical double layer. When the
electric field is applied, the counter-ions (predominantly cations) accumulated on the negatively
charged double layer, carry the bulk of the buffer solution towards the cathode. During the process,
the neutral molecules also move towards the cathode with the EOF, which forms the basis of
capillary zone electrophoresis (CZE). Typically the electrical double layer is hundreds of
nanometers relative to the capillary radius which is usually about 5ariphus it is considered

that the EOF originates from the capillary walls causing a “flat flow” profile (Figure 7.2) when

compared to a pumping system like HPLC which has a parabolic flow through the column [80].
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Figure 7.2: Schematic diagram showing “Flat flow profile” due to EOF in CE

When a mixture of substances in an ionic solution is introduced into a capillary separating system,
these ionic substances are influenced by an applied potential. The effective mobilities of these
ionic substances cause a difference in their migration velocities. These separate ionic zones are

detected as individual substances over a period of time (Figure 7.3) [80].

—é BGE
Anode Cathode

Effective > Weo
migration na

e TR 3

>+ o

migration

Figure 7.3: Schematic diagram of electrophoretic separation=€ation, —A = anion, O = neutral ion)

In the presence of an EOF, the migration velocity and time are given by:

(//eo+ :uep)\/ L (E-3 and 4) [80]

Vv=——-—"—and t=
L (:ueo+:uep);

v = migration velocityue, = electrophoretic mobility, E = field strength, V = voltage applied across the
capillary and L = capillary length angde,is coefficient for electroosmotic flow



Considering equation E-3, the migration of ions will be in the same direction when the EOF is
higher in magnitude and travels opposite to all the anions in the buffer. In this situation, the non-
ionic components will also be carried with the EOF causing their migration. In other words, the
cations will have a strong tendency to move faster towards the cathode whilst the anions tend to
migrate against the EOF and are the slowest to move towards the cathode, thereby achieving
electrophoretic separation of charged components. The neutral ions move according to the EOF,
thus the separation of components in a mixture is based on their respective electrophoretic
mobilities. However, electroosmosis should effectively result in better separation of anions as they
migrate against the EOF with consequent poor separation of cations which move faster towards the
cathode. The magnitude of the EOF can be altered by selecting an appropriate ionic composition
and an effective pH to achieve the required EOF, thus controlling the migration of solutes and

thereby the separation.

The electrophoretic separation can be carried out in continuous or discontinuous electrolyte
systems. When a continuous BGE solution is used, a continuum is formed along the migration path
and provides an electrically conducting medium. The separation can be effected by a kinetic

process or a steady state process by changing the properties of the BGE [80].

7.2.2 Modes of Capillary Electrophoresis

CE comprises of various modes of application techniques that have varied operative and separation
characteristics. These techniques have evolved by a combination of chromatographic and
electrophoretic techniques. The techniques are capillary zone electrophoresis (CZE), capillary gel
electrophoresis (CGE), capillary isotachophoresis (CITP), capillary isoelectric focusing (CIEF),
micellar electrokinetic chromatography (MEKC), and capillary electro-chromatography (CEC)
[80].

In CZE, CGE, MEKC and CEC, the BGE composition is maintained uniform throughout the
migration path. As a result of this, the electric field strength and the effective mobilities of the
charged species are stable, which results in migration of the analytes at constant, but different

velocities [80].
In CIEF, the composition of the BGE is not maintained constant. The electric field and the

effective mobilities may change along the migration path. At a point of time, certain components

of the sample stop migrating and focus at a characteristic position based on their isoelectric points
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e.g. ampholytes [80]. It is reported to be one of the most powerful techniques for the separation of

protein mixtures [81].

CITP is a discontinuous electrolyte system, where the analytes migrate between two different
electrolytes as distinct individual zones. The analytes condense between the leading and
terminating electrolytes, producing a steady state migration comprising of consecutive sample

zones [80] .

7.3 CAPILLARY ZONE ELECTROPHORESIS

CZE is fundamentally the simplest form of CE and the separation is effected due to the migration
of solute in discrete zones at different velocities. In CZE, separation of both anionic and cationic
components is possible due to the electroosmotic flow [80]. The differences required to resolve the
ionic zones are dependent on the dispersive effects that act on the zones. The dispersive effects
have to be controlled to achieve the desired separation as they may increase the zone length and

cause a difference in mobilities which result in poor separation [82].

7.3.1 Dispersion Effects

Dispersion of a solute band is a common phenomenon in all separation techniques. This could be
due to various factors that control the resolution of solutes. In CE, the separation is based on
differences in solute mobilities and resolution of these solute zones depends on the band length of
these zones. Thus, dispersion affects separation by increasing the zone length, resulting in changes

in the mobility of solutes thereby leading to a decreased efficiency of CE system [82].

7.3.1.1 Joule Heat

The heat generated when an electric current is applied to an electrolyte system is known as joule
heat. This causes an increase in temperature of the electrolyte system passing through a capillary.
Fused silica being a high thermal conductor facilitates heat transfer across the capillary wall more
effectively than the electrolyte. This effectively results in a temperature gradient to be set up with a
higher temperature in the center and lower temperature on the capillary walls due to dissipation of
heat through the walls (Figure 7.4). The temperature gradient is dependent on capillary diameter,
buffer conductivity, and the applied potential. High efficiencies in CE systems can be attained by
ensuring efficient heat dissipation, leading to a parabolic temperature gradient across the capillary,

which can increase electrophoretic mobilities of the analytes [80].
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Figure 7.4: Schematic diagram o f heat dissipation in capillary electrophoresis

7.3.1.2 Adsorption effect

Peak distortion can be caused by adsorption of analytes to the capillary surface and this inhibits

migration. This phenomenon is more pronounced for macromolecules like proteins [82].

7.3.1.3 Conductivity difference

This is caused when the analyte ions differ in mobility with respect to the buffer ions, generally
due to differences in electrical conductivity leading to electro-dispersion. The differences in
sample zone and running buffer conductivities can have three major effects:

1) Skewed peak shapes, 2) solute concentration or focusing (low conductivity sample), or solute
defocusing (high conductivity sample) 3) temporary isotachophoretic states due to excess of a

certain ion [82].

Low Equivalent High
High Conductivity High Conductivity Low Conductivity Low
Conductivityr_H Conductivity A Conductivity A Conductivity
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3° % °$
Buffer ®00 Buffer Buffer ® ® Buffer Buffer ® ® Buffer
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a b c

Figure 7.5 a, b and c: Schematic diagram for effect of conductivity on ionic analytes in CE [78, 82]
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When the solute zone has lower mobility (low conductivity and higher resistance) than the running
buffer, then the generated peaks show tailing (Figure 7.5a). Conversely, when the solute zone has a
higher mobility than the running buffer, the generated peaks demonstrate fronting (Figure 7.5c).
When the solute zone has the same ionic strength as the buffer, the peaks that are generated show
symmetrical broadening. Since the conductivities are equivalent, there will be no peak distortions
(Figure 7.5b) [78]. These peak shape distortions are caused by the differences in conductivity.
Solute zones having higher conductivity and lower resistance cause higher mobility and diffuse
towards the direction of migration encountering a higher voltage drop when entering the buffer
zone. This causes the diffusing solute (anions) to accelerate away from the solute zone and results
in zone fronting. As solutes at the trailing edge diffuse into the running buffer they also encounter
an increased drop in voltage but in the same direction of migration and accelerate back into the
solute zone, keeping the trailing edge sharp. Neutral species are unaffected by these conductivity
differences [82].

Resolution of solute zones in CE is primarily driven by efficiency, not selectivity, which is in
contrast to chromatography, which is usually the opposite. Due to sharp solute zones, even small

differences in solute mobility permit adequate resolution [80].

7.3.2 Sample injection methods

To ensure high separation efficiency, the injection of the samples should not cause a significant
broadening of the sample zone. To achieve this, the injection systems should be capable of
reproducibly introducing small volumes of sample, such that there is no overloading of the

capillary [78].

The sample is introduced directly into one end of the column, which effectively helps in keeping
the sample zone to minimum. The most commonly used sample injection systems are

electrokinetic and hydrodynamic injection [80] .

7.3.2.1 Electrokinetic injection

In this method, the capillary and high voltage electrode are immersed into sample buffer. The
injection is started by applying voltage for a short period of time, which causes the sample buffer
to enter the capillary due to electro-migration. This voltage causes electrophoretic migration of the
sample ions and EOF of the sample solution. This effect can cause changes in electrophoretic

mobilities of the ions in the sample and thus components of higher mobilities are injected in larger
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guantities than the ions of lower mobility. Consequently, if the sample solution is different from
the running buffer, there will be differences in conductivity, which, through alteration of the
electrophoretic mobilities and EOF, can result in changes in the absolute quantity of sample

injected. These effects have to be considered for optimization of CE methods [80].

7.3.2.2 Hydrodynamic injection

In this method, the sample is injected by gravity flow, vacuum or by the application of pressure.
Gravity flow injection is carried out by placing the capillary in the sample solution and the sample
container with the capillary is moved to a higher position than the opposite end for a short time
period [78]. The quantity of injection is independent of electrophoretic mobility and the sample
composition. In the case of pressurized injection, the sample container is subjected to a constant
pressure for a short period of time, causing the sample to enter the capillary. Vacuum injection is
done by application of vacuum at the opposite end of the capillary to suck the sample into the
capillary. However, these techniques are associated with lower precision compared to the
electrokinetic method, but have the advantage of not affecting the electrophoretic mobilities of the

sample [80].

7.3.2.3 Other Injection Methods

Sample stacking is an injection procedure which concentrates dilute mixtures of ionic species
before an electrophoretic separation, where the conductivity of the sample is lower than the
running buffer. This causes the sample buffer to concentrate in a narrow zone or become “stacked”
[78]. This phenomenon of stacking can be utilized by electrokinetic or hydrodynamic techniques to
improve the efficiency of sample injection [80]. The technique of field amplified sample injection
(FASI) is an enhanced system of sample stacking due to an applied voltage which results in a
shorter plug of sample in the capillary. This injection system is selective to either negative or

positive polarity and only one type of ion is introduced into the column [80].

7.4 CE ANALYSIS OF SCELETIUM ALKALOIDS

TLC, HPLC, GC and presently LCMS techniques have been successfully applied for use in
phytochemical analyses. The use of CE for phytochemical research has been making good strides
due to the fact that it is considered as a high efficiency, low cost method which is relatively simple

[79]. CE analyses of natural products such as flavonoids, alkaloids, terpenoids, phenolic acids and

18z



coumarins etc. have been reported in scientific literature. It has been mentioned that alkaloids are

the second most analyzed substances by CE [79].

Alkaloids, being strong bases, [83] are good candidates for CE analysis as they are readily
protonated and provide positive charge under the influence of low pH solutions [79]. Using this

technique, many alkaloidal compounds have been studied and reported [79, 84].
General approaches for alkaloidal analysis using CE coupled with MS have been reported for
indole alkaloids [84] as well as a report on the influence of alkaloidal structure on electrophoretic

mobility [83]. CE methods, to my knowledge, have not yet been report&tédetiumalkaloids

in the scientific literature.

7.5 OBJECTIVES

The main objective of this study was to develop a simple, rapid, precise and reproducible
analytical method for the separation ®teletiumalkaloids and also to apply the method for
fingerprinting and assay of relevant alkaloids in dosages forms and plant material.

7.6 EXPERIMENTAL

7.6.1 CE Instrumentation

The CE instrumentation comprised a PrinCE (4tray) CE System Model 0500-002/OR and Diode
array detector DAD-160, Model 0005-133. The CE system, detector operation and data processing
were achieved by software DAx3D Data Acquisition and Analysis Version 8.0 (Prince
Technologies B.V., Emmen, Netherlands). A Linear UV/Vis Model 200 ultraviolet detector
(Linear Instruments Corp., Reno, NV, USA) was used and the data output from this detector was
interfaced through a SATMbox, to a Watef$ Empower Chromatographic Manager (Waters
Chromatography Division, Milford, MA, USA). The separation of alkaloids was carried out on a
50 cm effective length, fused silica capillary tubingu®01.D. x 36Qum O.D. (Polymicro
Technologies, L.L.C. Phoenix, Arizona, USA).

During the course of this study, the initial development was carried out using a DAD-160 detector

and DAx3D software. However the method validation was carried out using a Linear UV/Vis

detector and WatetEEmpower.
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7.6.1.1 Additional equipment

A Cole-Parmer ultrasonic bath, Model 8845-30 (Cole-Parmer Instrument Company, Chicago,
lllinois, USA) was used during sample extraction and a Mettler Toledo Electronic Balance, Type
AG 135 and Mettler Toledo Electronic Micro Balance MX-5 (Mettler Toledo, Switzerland) were
used for weighing reagents and standards respectively. A Crison GLP21 pH Meter (Crison,
Barcelona, Spain) was used to measure and adjust the pH of the relevant solutions. HPLC grade
water was purified by reverse osmosis process through a Milli-Q purification system and used to

prepare the various solutions and buffers.

7.6.2 Materials and Reagents

Methanol 215 (HPLC grade) was purchased from Romil Ltd. (Cambdrige, Great Britain). Sodium
dihydrogen orthophosphate dehydrate (BR®l.2H,0) was obtained from Saarchem (Pty) Ltd.
(Mudersdrift, South Africa). Sodium hydroxide (NaOH) procured from Associated Chemical
Entreprises (Pty) Ltd. (Southdale, South Africa). Orthophosphoric aglIQjH was purchased

from Merck Chemicals (Pty) Ltd. (Wadeville, South Africa). Quinine hydrochloride was obtained
from Sigma Chemical Company, St. Louis, MO, USA. Papaverine (base) was obtained from the
Biopharmaceutics Research Institute, Rhodes UniverSitgletiumreference compounds and

plant material and its products have been described and detailed in Chapters 2 and 3 respectively.

7.6.3 Capillary Conditioning

New capillaries of 65 cm were cut and an effective length to the window of 50 cm was made by
using a gas flame. The capillaries were conditioned using a pressure of >2500 mbar using 1M
NaOH solution for 30 minutes, 0.1 M NaOH solution for 30 minutes, followed by water for 40
minutes. Washing of capillaries between consecutive injections to ensure optimal charge density
on the capillary wall during analytical work was done with water for 4 minutes, 1M NaOH for 2
minutes, 0.1M NaOH for 2 minutes and finally with water for 5 minutes. The buffers at the anode
and cathode were replaced after each injection.

7.6.4 Preparation of Standard Solutions

All stock solutions were prepared from the reference standards which were individually weighed

into volumetric flasks and dissolved in methanol. The required range of concentrations were
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prepared by transferring aliquots of the stock solutions into volumetric flasks and mixed with

running buffer and methanol to result in solutions containing 10% of the running buffer.

7.6.5 CZE Method Development fBceletiumAlkaloids

A method for the separation of alkaloids by CE reported by Uetgat. [84] was attempted to
separate th&celetiumalkaloids. However, this method was specifically applied for the separation
of indole alkaloids and could not be successfully adapted for the separation $¢eietium
alkaloids. Considering the fact that tBeeletiumalkaloids are basic compounds (Table 7.1),

orthophosphoric acid @f0,) was considered for use as a buffer.

Table 7.1
*pKa of Sceletium alkaloids

Compound pKa Condition
Mesembrenone 8.58 Most basic
Epimesembranol 9.44 Most basic
Mesembrine 8.97 Most basic
Mesembranol 9.48 Most basic
A’Mesembrenone 5.59 Most basic

*Data obtained from Scifinder Scholar “ Calculated using advanced
chemistry development (ACD/labs) software V8.14 for solaris”

HsPQO, (25 mM) was used as the running buffer. The applied voltage was +15 kV with a voltage
ramp of +6 kV/s and a sample containing@dml of mesembrine base in methanol was injected
electrokinetically at 2 kV for 0.2 minutes. The UV detector DAD-160 was set at 228 nm. The
electropherogram showed one peak appearing at migration time (MT) 12.247 minutes (Figure 7.6).
However, the peak showed tailing due to its lower mobility than that of the running buffer. The

current generated was observed to be abouty® fér an applied voltage of +15 kV.
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Figure 7.6: Electropherogram of mesembrine base in methanol with an applied voltage of 15kV and a running buffer of
25 mM HPO,

The applied voltage was increased to +20 kV, which generated a current of ahoAit Phe
resulting electropherogram showed an earlier peak occurring at 7.793 minutes with improved peak

shape and reduced tailing (Figure 7.7).

DAx 3D 8.0 2006/07/27 08:46:39AM Srini

M-289@20kV25mMH3P04:228nm.dal *

7.793

T I T I T I T
5 10 15
Time (min)

Figure 7.7: Electropherogram of mesembrine base in methanol with an applied voltage of +20kV and a running buffer
of 25 mM HPO,

Using the above-described conditions, a sample containingig?®l, of mesembrine and
mesembrenone were injected, but the resulting electropherogram showed unresolved separation of
the two compounds with MT 7.217 and 7.345 minutes for mesembrenone and mesembrine,

respectively. Both co-eluting peaks were associated with poor peak shape (Figure 7.8).
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Figure 7.8: Electropherogram mesembrine base and mesembrenone in methanol with an applied voltage of +20kV and a
running buffer of 25 mM #P0O,

The electrolyte concentration was increased to 50 gROHand the system was run at an applied
voltage of +15 kV which generated a current o135 The sample was prepared with the addition

of 5% of the electrolyte to the methanolic solution. The separation and the peak shapes were found
to be satisfactory with MTs of 7.107 and 7.297 minutes for mesembrenone and mesembrine
(Figure 7.9). This could be explained by the fact that the conductivity of the analyte was close to
the conductivity of the BGE.
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Figure 7.9: Electropherogram of mesembrine base and mesembrenone in methanol containing 5% BGE injected with an
applied voltage of +20kV and a running buffer of 50 mp®@,

However, the electrolyte concentration had to be increased to 100 sRK), With an applied
voltage of +20 kV to obtain separation of the compounds, mesembrine base, mesembrenone and

A’mesembrenone. The electrolyte generated a current ofiA8Md the separation was found to



be satisfactory with the MT’s of 7.240, 7.400 and 8.102 minutes for mesembrenone, mesembrine

andA’mesembrenone respectively (Figure 7.10).
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Figure 7.10: Electropherogram mesembrine base, mesembrenona’mesembrenone in methanol containing 5%
BGE injected with an applied voltage of +20kV and running buffer 100 DA

The conditions described above were also applied to a mixture of mesembranol and
epimesembranol. The separation was found to be satisfactory with MTs of 7.823 and 8.028

minutes for epimesembranol and mesembranol respectively (Figure 7.11).

7.823

0.006 —
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0.004—
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Figure 7.11: Electropherogram of epimesembranol and mesembranol in methanol containing 5% BGE injected with an
applied voltage of +20kV and a running buffer of 100 mj?®}

However, the electrolyte system was not suitable to effect the separation of the compounds,
epimesembranol and mesembrine by this method. The peaks were observed at MTs 7.122 and

7.195 minutes for epimesembranol and mesembrine respectively (Figure 7.12).

18¢



7.195

[ ' [ ' [ ' [
4 6 8 10
Time (min)

Figure 7.12: Electropherogram of mesembrine base and epimesembranol in methanol containing 5% BGE, injected with
an applied voltage of +20kV and running buffer 100 mj?®,

A mixture of 5 alkaloids was injected to confirm the resolution between mesembrine and
epimesembranol which showed poor resolution with MT 7.618 minutes for epimesembranol +
mesembrine. The other alkaloids were well-resolved with MTs 7.480, 7.818, 8.365 minutes for

mesembrenone, mesembranol afshesembrenone respectively (Figure 7.13).

7.480

7.618

7.818
8.365

Time (min)

Figure 7.13: Electropherogram of 1Q@/ml concentrations each afmesembrenone, mesembrenone, mesembranol,
mesembrine and epimesembranol in methanol with 10% BGE injected at 20kV with running buffer of 1H0nM H

The above alkaloids were scanned between 400 nm and 200 nm using the PDA detector and
showed UV absorption maxima at 228 and 298 nmfaresembrenone whereas other alkaloids
showed maxima at 228 and 278 nm (Figure 7.14), which were comparable with the maxima
obtained during the HPLC-PDA analysis.
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Figure 7.14: UV absorption maxima of Sceletium alkaloids using the DAD-160 PDA detector

A minimal separation between epimesembranol and mesembrine was achieved by increasing the
electrolyte concentration to 200 mMsPD, injected at +20 kV which generated a current of ~95

uA. The sample was prepared by increasing the electrolyte concentration to 10% in methanol. The
observed MTs of 9.855, 10.037, 10.107, 10.295 and 10.842 minutes corresponded to
mesembrenone, epimesembranol, mesembrine, mesembranamaagembrenone respectively
(Figure 7.15).
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Figure 7.15: Electropherogram of 1Q@/ml concentrations each af mesembrenone, mesembrenone, mesembranol,
mesembrine and epimesembranol in methanol, with 10% BGE concentration, injected at +20kVwith running buffer of
200 mM HPO,
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7.6.6 Selection of Internal standard

The sample injection systems in commercial CE instruments are generally nanolitre volumes,
which are prone to high injection volume variability. The use of an internal standard is highly
recommended in such conditions to improve the precision of the injected samples [85]. Since the
MTs of the alkaloids are close, identification of individual alkaloids could be difficult without a
reference internal standard such that the MT's may be calculated as relative migration time
(RMT).

The pre-requisite for an internal standard is that it should not interfere with the primary
compounds present in the sample and should have good sensitivity in the analyzed conditions. In
this regard, the alkaloids papaverine and quinine hydrochloride were considered for further studies.
A 100 pg/ml concentration of papaverine (Figure 7.16) in methanol with 10% electrolyte
concentration was analyzed using the above described conditions and it had a MT of 11.83 minutes
(Figure 7.17).
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Figure 7.16 Structure of papaverine base
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Figure 7.17: Electropherogram of 10@y/ml concentration papaverine in methanol with 10% BGE concentration,
injected at +20kV with running buffer of 200 mMRD,
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However, papaverine co-eluted with mesembrenone at MT 11.650 minutes (Figure 7.18) hence,

papaverine was not suitable for use as an internal standard.
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Figure 7.18: Electropherogram of 10§/mL concentrations of papaverine and Sceletium standard alkaloids in
methanol with 10% BGE concentration, injected at +20kV with a running buffer of 2006} H

Quinine hydrochloride (QHCI) (Figure 7.19) analyzed under similar conditions showed a MT of
6.860 minutes (Figure 7.20) which was an ideal elution time as it did not interfere with

mesembrenone eluting at MT 11.477 (Figure 7.21).
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Figure 7.19 Structure of quinine hydrochloride
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Figure 7.20: 10Qug/mL concentrations of quinine hydrochloride in methanol with 10% BGE concentration, injected at
+20kV running buffer 200 MM 4RO,
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Figure 7.21: Electropherogram of 10@/mL concentrations of quinine hydrochloride and Sceletium standard alkaloids
in methanol with 10% BGE concentration, injected at +20kV with a running buffer of 200,RP®} H

Although the method using sRO, buffer resulted in partial resolution between the various
alkaloids and internal standard, the current that was generated during the analysis was very high.
This can lead to undesirable joule heating and have deleterious consequences. In view of the need
to keep joule heat at a minimum for effective resolution, a 50 mM,R@R2H,O (pH 4.5)

running buffer was used to reduce the current. $beletiumalkaloids were analyzed with an
applied voltage of +20 kV which resulted in a current of 26 and MTs of 10.375, 10.557,
10.667, 10.738 and 21.150 minutes for mesembrenone, epimesembranol, = mesembrine,
mesembranol and’'mesembrenone respectively. However, it can be seen that resolution was poor

with A" mesembrenone eluting very late at 21.150 minutes (Figure 7.22).
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Figure 7.22: Electropherogram of 1Q@/ml concentration each of’'mesembrenone, mesembrenone, mesembranol,
mesembrine and epimesembranol in methanol with 10% BGE concentration injected at +20kV with a running buffer of
50 mM NaHPO;, ( pH 4.5).

The buffer pH was adjusted to 2.5 usingPBy, and CE carried out with an applied voltage of +20
kV which generated a current of ~3@. Under these conditions, resolution of the individual
peaks was slightly improved with MTs of 10.058, 10.302, 10.430, 10.543 and 18.343 minutes
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which correspond to mesembrenone, epimesembranol, mesembrine, mesembranol and

A'mesembrenone respectively (Figure 7.23).
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Figure 7.23: Electropherogram of 1Q@/ml concentration each of’'mesembrenone, mesembrenone, mesembranol,
mesembrine and epimesembranol in methanol with 10% BGE concentration injected at +20kV with a running buffer of

50 mM NaHPO, (pH 2.5)

The buffer system was further modified by adjusting the pH to 1.5 usiR@,HThe applied
voltage of +16 kV with a voltage ramp of +6 kV/s generated a current giAadd samples were
injected electrokinetically at 2 kV for 0.2 minutes. The separation was substantially improved and
the MTs observed at 9.993, 10.177, 10.305, 10.473 and 11.345 minutes corresponded to
mesembrenone, epimesembranol, mesembrine, mesembranalraesembrenone, respectively

(Figure 7.24). These conditions were subsequently used for further analytical work.
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Figure 7.24: Electropherogram of 1Q@/ml concentrations each afmesembrenone, mesembrenone, mesembranol,

mesembrine and epimesembranol in methanol with 10% BGE concentration, injected at +16kV with a running buffer of
50 mM NaHPO, (pH 1.5)
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Method validation was carried out using a Linear UV/Vis detector and the data output from the
detector was interfaced through a SATINox, to a Waters EmpowerChromatographic
Manager. A typical electropherogram obtained for au@nl Sceletiumstandard spiked with 40
ug/ml of QHCI internal standard is shown in Figure 7.25.
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Figure 7.25: Typical electropherogram obtained from the Linear UV/Vis detector fop@/@0 concentrations each of,
mesembrenone, epimesembranol, mesembrine, mesembfamesembrenone and 46/ml QHCI internal standard in
methanol with 10% BGE concentration, injected at +16kV with a running buffer of 50 mMPRaghH 1.5)
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The tablet sample (Big Tree Health Products, Batch no. 9161) was extracted in methanol and
mixed with running buffer to result in a solution of methanol containing 10% buffer. The sample
was spiked with internal standard (QHCI) to obtain a final concentration of 75 mg/ml agéh410
respectively. A typical electropherogram from the analysis of the tablet sample is shown in Figure
7.26.
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Figure 7.26: Typical electropherogram obtained from the Linear UV/Vis detector for tablet sample in methanol spiked
with 40.g/ml QHCI, with 10% BGE concentration, injected at +16kV with a running buffer of 50 mMPgakpH
1.5)
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Sceletiumplant material (SRM02) was extracted as previously described. The sample was spiked
with internal standard (QHCI) to obtain a final concentration of 50 mg/ml anggAdl,

respectively. A typical electropherogram of the plant material is shown in Figure 7.27.

Figure 7.27: Typical electropherogram obtained from the Linear UV/Vis detector for Sceletium plant material in
methanol spiked with 4@g/ml QHCI with 10% BGE concentration injected at +16kV with a running buffer of 50 mM
NaH,PO, (pH 1.5)



7.6.7 Method Validation

Validation of the method was carried out usBaeletiumablets (Big Tree Health Products, Batch
no.9961).

7.6.7.1 Preparation of Standard and Sample Solutions

Standard methanolic stock solutions (1mg/mizGhesembrenone, mesembranol, mesembrenone,
mesembrine hydrochloride, epimesembranol and quinine hydrochloride (QHCI) were prepared.
Calibration standards were prepared to obtain 6 calibrators in the concentration range of 2.5 — 80
ug/ml of each alkaloid, a concentration of 4@/ml of QHCI in methanol and the final

concentration of 10% BGE in each of the standard solutions.

Sceletiumtablets were crushed and extracted with methanol. Tablet samples were weighed and
concentrations corresponding to 25, 50 and 75 mg/ml provided the low, medium and high samples
for precision studies respectively. The sample preparations were also prepared to obtain 10% BGE
in each sample. The solutions were passed through ([0mM%VDF membrane filters before

injecting into the CE system.

7.6.7.2 Accuracy and Precision Studies

Accuracy and precision studies were performed by separately preparing solutions which were
appropriately diluted to obtain final concentrations of 20 anggdtl of each of the 5 alkaloids at

each concentration for use as QC standards. The samples for the precision studies were prepared
from commercially purchasefl. tortuosuntablets (manufactured by Big Tree Health Products,
Cape Town, South Africa, Batch no. 9961) and made up in methanol as previously described, with
the aid of sonication for 20 minutes. Thereafter, the preparations included BGE at a final
concentration of 10% in each sample. The samples were filtered throughu.48VDF

membrane filters prior to analysis.
7.6.7.3 Recovery Studies- Tablets and Placebo Matrix
Recovery studies were carried out by preparing in triplicate, tablet samples containing 12 mg/ml of

crushed tablets. Standard solutions of mesembrine hydrochloride were used to spike the tablet

preparations to obtain final concentrations of 6, 12 andy2#l of the mesembrine standard.
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The tablet placebo matrix was prepared by mixing the tablet excipents as described in Chapter 5.
Three samples each of tablet placebo matrix (12 mg/ml) were prepared individually by spiking
with the 5 alkaloid standard mixture to obtain final spiked concentrationsugf 8 ug and 12

ug/ml of each of the alkaloids in each of the placebo sample preparations.

7.6.7.4 Limit of Quantitation and Limit of Detection

A solution of a standard stock mixture containing the 5 alkaloids was diluted appropriately to
obtain concentrations for the estimation of LoD and LoQ according to a signal to noise (S/N) ratio

of 3:1 and 10:1 respectively.

7.6.7.5 Results and Discussion

7.6.7.5.1 Linearity

Calibration curves were constructed by plotting the peak area ratio of each alkaloid/QHCI versus
the concentration corresponding to that alkaloid on each of three days. The curves obtained were
found to be linear with determination coefficients greater than 0.99 for all alkaloids except
A’mesembrenone which was found to be greater than 0.97. The relevant data are provided in Table
7.2.

Table 7.2
Linear ranges and coefficients of determination (CZE)
Name of the compound Day y=mx+c Determination coefficient (R)
linear model
Day 1 y = 0.0947x + 0.3096 0.9988
Mesembrenone
Day 2 y =0.1006x + 0.3204 0.9984
Day 3 y = 0.0950x + 0.3106 0.9988
Day 1 y =0.0318x + 0.0997 0.9885
Epimesembranol Day 2 y =0.0362x + .06180 0.9980
Day 3 y =0.0327x + 0.0971 0.9989
Day 1 y =0.0353x + 0.0626 0.9970
Mesembrine HCI Day 2 y =0.3620x + 0.0618 0.9950
Day 3 y =0.0352x + 0.0621 0.9964
Day 1 y =0.0426x + 0.1271 0.9978
Mesembranol Day 2 y =0.0414x + 0.1244 0.9996
Day 3 y = 0.0430x + 0.1237 0.9962
. Day 1 y =0.0152x + 0.0111 0.9907
A'Mesembrenone
Day 2 y =0.0129x + 0.0121 0.9738
Day 3 y =0.0134x + 0.0127 0.9724
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7.6.7.5.2 Precision and Accuracy

The studies were performed using QC samples that were prepared separately on each day of the
analysis. The inter-day RSD values obtained were less than 7% f&céhetiumalkaloid QC
standards. The accuracy of the method was found to be between 90.6-107% for all five

compounds. The results tabulated are shown in Tables 7.3, 7.4, 7.5, 7.6 and 7.7.

Table 7.3
Accuracy: Mesembrenone (CZE)
Mesembrenone Day Weigl;_\r?ttlz:gly /mi) ngzlﬁtugi;e/?nl) % Accuracy Inter-day % RSD
1 17.60 17.85 101.40
QC1 2 20.40 20.67 101.50 1.40
3 20.40 19.90 99.00
1 52.80 54.80 103.80
QC2 2 61.20 55.46 90.60 6.80
3 61.20 57.80 94.40
Table 7.4
Accuracy: Epimesembranol (CZE)
Epimesembranol  Day Wi eigAr?ttléﬁé /mi) nglﬁtuéﬁée/ﬁwl) % Accuracy Inter-day % RSD
1 20.40 22.00 108.0
QC1 2 20.80 19.80 95.20 5.90
3 20.40 21.80 101.90
1 61.20 56.60 92.50
QC2 2 62.40 57.40 92.00 6.30
3 61.20 63.10 103.10
Table 7.5

Accuracy: Mesembrine HCI (CZE)

Mesembrine HCI Day Weigi::tt%jgly /mi) ngLCtuEtge/iql) % Accuracy Inter-day % RSD
1 20.80 20.90 100.50
QC1 2 20.00 20.90 104.50 2.10
3 19.20 19.50 101.60
1 62.40 57.70 92.50
QC2 2 60.00 59.10 98.50 3.50
3 57.60 53.30 92.50
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Table 7.6
Accuracy: Mesembranol (CZE)

Mesembranol Day WeigAr?ttlésgI] /mi) nglﬁtu éi;e/dml) % Accuracy Inter-day % RSD
1 20.40 19.30 94.60
QC1 2 19.60 18.70 90.30 2.30
3 21.20 19.90 93.90
1 61.20 60.40 98.70
QC2 2 58.80 55.00 92.30 3.20
3 63.30 60.10 94.90
Table 7.7
Accuracy: A’'Mesembrenone (CZE)
A'Mesembrenone  Day Weigﬁ‘éﬁé /mi) W(e:izlr?tuéizye/?nl) % Accuracy Inter-day % RSD
1 19.20 19.70 102.60
QC1 2 18.40 17.80 96.70 3.00
3 17.60 17.70 99.80
1 57.60 55.20 95.80
QC 2 2 55.20 60.10 108.90 6.60
3 52.80 57.60 104.20

7.6.7.5.3 Precision Studies on Tablet Formulation

The RSD for inter-day precision are shown in Table 7.8. The concentrations of the alkaloids,
epimesembranol, mesembrine and mesembranol were determined in all three samples. However,
whilst the presence of mesembrenone aktinesembrenone were evident in all three
concentrations of the tablet samples, only the high sample preparation showed quantifiable
amounts of mesembrenone whereas the contenfroésembrenone was below the LoQ in all

three samples. The content of alkaloids presented as microgram per tablet, are shown in Table 7.9.
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Table 7.8
Precision studies ofSceletium tablets (CZE)

Compound Content in pg/ tablet ( SD) n=3
Mesembrenone Day 1 Day 2 Day 3 Inter-day % RSD
Low _ — _ —
Medium _ _ _ _
High 11.93 (+1.85) 10.31 (+1.00) 11.84 (+1.84) 7.90

Epimesembranol

Low 10.00 (+1.24) 9.30 (+1.10) 11.10 (+0.93) 8.50
Medium 9.34 (+1.26) 10.27 (+0.31) 10.12 (+1.50) 4.80
High 11.17 (+1.22) 12.12 (+1.56) 11.00 (+0.92) 5.10
Mesembrine
Low 162.52 (+6.51) 162.13 (+5.65)  164.91 (+5.60) 0.90
Medium 169.80 (+0.13) 167.47 (+1.22)  162.15 (+3.21) 2.20
High 167.84 (+10.86)  164.00 (+12.20) 159.00 (+6.50) 2.70
Mesembranol
Low 32.52 (+7.14) 37.50 (¥1.55)  38.27 (+3.47) 8.70
Medium 38.46 (+1.37) 38.38 (¥1.82)  36.20 (+1.81) 3.80
High 36.80 (+1.40) 37.50 (¥1.10)  36.10 (+3.57) 1.90
A’Mesembrenone — — — —
Low — — — —
Medium _ _ _ —
High _ _ _ —
Average weight of tablet = 497.3 mg, SD= Standard deviation, — = Below LoQ

Low = 25 mg/ml (n=3), Medium = 50 mg/ml (n=3), High = 75 mg/ml (n=3); Total samples n=9 each day

Table 7.9
Content of identified Sceletium alkaloids per tablet
Compound Content inug/tablet
Mesembrenone 11.3
Epimesembranol 10.5
Mesembrine 164.3
Mesembranol 36.9
A’Mesembrenone —
— = Below LoQ
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7.6.7.5.4 Recovery Studies — Tablet Formulation

Since the mesembrine content was higher than the other alkaloids in these tablets, only the content
of mesembrine was assessed. This was necessary since the lowest calibrator for all alkaloids was

2.5ug/ml, the concentrations of the other 4 alkaloids in the sample preparation would be below the

LoQ.

The values obtained resulted in recoveries between 91%-106% calculated as mesembrine base
over the range of spiked concentrations used with RSDs of less than 9%. The results are shown in

Table 7.10.
The recoveries from the spiked mesembrine HCI from the placebo tablet matrix samples yielded

values ranging between 99%-113% with inter-day RSD of less than 6%. The results are tabulated
in Table 7.11.
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Table 7.10

Recovery studies of Mesembrine from tablet dosage form (CZE)
Day-1 Day-2 Day-3 Inter-day
Mesembrine  Observed content % Mesembrine  Observed content % Mesembrine Oct(J)snet.-Qﬁd % % RSD Roecovery
Sample  (ng/ml added)/12 (ng/12 mg Recgver RSD  (ug/mladded)/12  (ug/12 mg Recc‘)’ver RSD  (ug/mladdedy12 " Recgver E)n—s) % RSD
mg dosage/ml dosage/ml) y (n=3) mg dosage/ml dosage/ml) y (n=3) mg dosage/ml dl(l)gage /rr?l) y - (n=3)
*Content 4.02 3.97 4.13
Low (+5.55) 9.57 9.25 (£ 0.51) 96.66 4.90 (+5.44)9.41 9.12 (£ 0.37) 96.92 4.10 (+5.12) 9.25 9.12 (+0.40) 98.60 4.40
Medium (+11.09) 15.11 14.46 (+1.04) 95.70 7.20 (+10.88) 14.85 15.43 (+1.30) 103.91 8.42 (+10.24) 14.37 15.20 (+1.01) 105.80 6.64
High (+22.19) 26.21 25.02 (+1.36) 95.46 5.44 (+21.76) 25.73 25.30 (+0.90) 98.33 3.60 (+20.48) 24.61 22.60 (+0.81) 91.83 3.60
* Actual content; spiked amounrif represents the total content, i.e. spiked plus original content (follows through the table), (+SD), Average weight = 497.30 mg/ tablet

Table 7.11
Recovery studies of Mesembrine from tablet matriXCZE)
Day 1 Day 2 Day 3

Tablet Mesembrine Observed Mesembrine Observed Mesembrine Observed % Inter-day
Matrix content in matrix content % Recovery contentin matrix  content % Recovery contentin matrix ~ content Recovery
Sample (ug/ml) (ug/ml) (ng/ml) (ng/ml) (ug/ml) (ug/mi) ~ Recovery o4 RSD (n=3)

Low 4.16 4.18 100.30 3.68 3.82 103.74 3.84 4.20 109.42 4.40
Medium 8.32 7.86 94.45 7.36 8.51 108.17 7.68 7.61 99.10 7.00

High 12.48 12.67 101.56 11.04 12.38 112.15 11.52 12.44 108.00 5.00
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7.6.7.5.5 Limit of Detection and Limit of Quantitation

The LoD and LoQ for mesembrenone were found to Ipg/tnl and 2ug/ml respectively. The
LoDs and LoQs for mesembrine, mesembranol and epimesembranol were found tqdyenll.5
and 2.5ug/ml, respectively whereas the values Ad¥lesembrenone were estimated at 2.5 and 3.5

ug/ml for the LoD and LoQ respectively.

7.7 CONCLUSIONS

CE methods have been conspicuously absent in the scientific literature. Hence, in view of the
advantages and potential offered by CE, a method was developed and validated for application of
CE to fingerprint the presence of alkaloids as well as for use as an assay method for the

gquantitative analysis of alkaloids 8celetiunproducts.

Due to the fact that the CE system involves the use of aqueous-based electrolytes and relatively
cheaper uncoated fused silica capillaries for the separation compared to the more expensive HPLC
columns, it is considered as a far more economical procedure, which is also easier to transfer

between laboratories [85].

Since the identified markers have closely related structures, of which two alkaloids, mesembranol
and epimesembranol were epimers, the higher resolution capability of CZE is an attractive
incentive to use this method in efficiently separating the multi-component alkaloidal mix in
Sceletiumas well as in accomplishing this in relatively short analysis times. The sample
preparations were relatively simple and involved a one step methanol extraction which provided
reproducible results. Furthermore, the PDA detector was extremely valuable for peak identification

and homogeneity testing during the initial method development.

In summary, a relatively simple CZE method was developed to identify 5 alkaloids and quantify
mesembrine, an importaBiceletiumalkaloid. The method has been shown to have the necessary
accuracy, precision and reproducibility for the rapid fingerprinting and quantitative analysis of

mesembrine ifsceletiunproducts.
These findings indicate that CE should be considered as an alternative and viable option for the

fingerprinting and assay of phyto-pharmaceuticals, and as such, can be used as an important QC

tool in the quest to determine the quality of complementary medicines.
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CHAPTER 8

FERMENTATION STUDIES OF SCELETIUM PLANTS

8.1 INTRODUCTION

Phytochemical constituents in plants are reported to vary due to differences in growth conditions,
mode of harvesting, time of harvesting, drying and storing the harvested material [86]. There are
studies that have shown variations between plants grown in a field and greenhouse [87]. The
geographical influence on chemical components in cultivated plants has also been reported [51].
For example,Sceletiumspecies cultivated in Germany did not form alkaloids whereas those
cultivated in the USA contained these components [88]. Such variations have important
implications for the content and consistency of phyto-pharmaceutical products. In some cases,
where plants are reported to be processed in a specific manner, for example, fermentation before
production of products, further variations may result.

Sceletiumplants and their products have been purported to improve mood and decrease anxiety,

especially when the plant material has been fermented and either chewed or smoked. The
fermentation process in which whole plant material is crushed and then placed in sealed containers
for several days and dried under the sun is purported to improve the potency and efficacy of the

preparation. Fermentation has been highlighted as one of the important treatnfecetetifim

[51] and this process has been used for advertising increased potency of such products which are
marketed as dried and fermented plant powder and used in preparations of commercial phyto-

pharmaceutical dosage forms containBagletium

Smith et al. [51] in their review published in 1996 detailed the fermentation technique based on
information obtained from a traditional user SifeletiumThe process involved crushing the plant
material using stones and allowing the crushed plant material to remain in a bag for about 2-3 days
after which the bag is opened, mixed and closed again. Fermentation is then continued for 8 days
and then the contents are removed from the bag and spread out to dry in sun. It was emphasized
that if the described process is not followed, the product would not be effective for its indicated

mood elevating effects.

Smith et al. in 1998[55], reported that the constituents were of higher concentration only after

fermentation. It has been suggested that the crushing process, prior to anaerobic fermentation,
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introduces oxalate-degrading microbes into the skin or plastic bag thereby eliminating the potential
toxic effects of oxalic acid, which is removed by this traditional ‘fermentation’ process while
retaining alkaloids. In their work, they described tlkatigoed prepared from fermenting
Sceletium tortuosumwas screened for the presence of the mesembrine alkaloids using gas
chromatography (GC) with a NPD and based on their mass spectra, three alkaloids, 4'-O-
demethylmesembrenol, mesembrine and mesembrenone were identifiékkhfblvels, as well as

the ratios of the three alkaloids were reported to have changed remarkably. Substantial increases in
total alkaloid levels were observed when $ueletiummaterial was crushed, bruised and extracted
prior to drying whereas no such changes occurred when intact plants were oven dried at 80°C and
then extractedKougoed when prepared by the contemporary plastic bag method has been
reported to contain the mesembrine alkaloids at levels and ratios substantially different from those
of unfermented material. In addition, a marked decline was seen in the contenO-of 4'-
demethylmesembrenol and mesembrine levels, whilst the content of mesembrenone increased
significantly. When fresh plant material 8teletiumwas crushed and immediately dried at 80°C,

the chromatographic profile was observed to be similar to that of a fermented sample [55].

It has been suggested that an enzymatic reaction may occur during the process of bruising the
plants and that these reactions may explain the changes in alkaloid ratio and content. Also, the
temperature (80°C) probably influences the changes in alkaloidal content. The report further
mentioned a second experiment which was carried out by suspending the crushed plants in liquid
nitrogen in order to assess the enzymatic influence. When the frozen plant material was re-
suspended in water, the enzymatic activity resumed but was eliminated by boiling in ethanol. The
authors thus suggested that the essential step in the productimugiedmay therefore not

entirely be due to “fermentation” but that crushing the plant material and consequent mixing of
cellular material may also be equally necessary. Based on these results, it was suggested that
instead of performing a “traditional” fermentation, simply crushing and drying at 80°C may be a
quick alternative method to modify the alkaloid content. A further traditional method of
preparation ofSceletiuminvolves heating crushed material under a fire which is also a rapid
method of preparation purported to provide the same or similar changes in alkaloidal content.
However, the alkaloidal content following this particular process has not been reported. Hence, it
appears that such treatments have a rational pharmacological basis and have evolved over many

generations through trial-and-error experimentation by indigenous people of southern Africa [55].



There are many websites on the internet which discuss the process of fermentation and make
claims that products subjected to a fermentation process result in enhanced effects. The website

described below suggests a ‘Do it yourself’ fermentation procedure (Figure 8.1a).

Figure 8.1a: Website on preparation of ‘Kanna’ from Sceletium
http://www.herbalistics.com.au/shop/product_info. piymducts_id=139 date assessed 18-8-2006

The website further describes the step-wise process, the containers used in fermentation process

and the yields that will be obtained by this process (Figure 8.1b).

Figure 8.1b: Website on preparation of ‘Kanna’ from Sceletium showing fermentation of a sample.
http://www.herbalistics.com.au/shop/product_info.pmmducts_id=139date assessed 18-8-2006

20¢



8.2 STUDY OBJECTIVE

The main objective of this study was to carry out a fermentation process under controlled
conditions and to monitor the change in alkaloidal content using a quantitative HPLC/PDA method

and also the LCMS method for their identification.

8.3 EXPERIMENTAL

8.3.1 Reagents and Materials

All reagents and materials used have previously been described and have been detailed in Chapters
4 and 5.Sceletiumreference compounds and plant material and its products have been described
and detailed in Chapters 2 and 3, respectively.

8.3.2 Instrumentation

The HPLC and LCMS systems and equipment used have previously been described in Chapters 4
and 5. A Hot air oven Model FSIE and a low temperature incubator, Model L.T.I.LE (Labcon (Pty)
Limited, Krugersdorp, South Africa) were used to dry the samples and for the temperature

controlled studies respectively.

8.3.3 Preparation of Standard Solutions and Samples

Standard methanolic stock solutions (1mg/mizGhesembrenone, mesembranol, mesembrenone,
mesembrine hydrochloride and epimesembranol were prepared. A working stock solution was
prepared and diluted to obtain a concentration of [ igithl of each alkaloid. Standard solutions
comprising a set of nine calibrators in the concentration range of 400-30,000 ng/ml were prepared
for HPLC-UV analysis.

The Sceletium tortuosumplant (SP04, GRA) was used for this study. Five grams of crushed plant
material was extracted twice using 2 portions of 20 ml methanol which were combined and made
up to 50 ml with methanol. The solution was filtered and 1.0 ml was diluted to 10 ml and an

aliquot of 10l was injected into the HPLC.
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8.3.4 Methods

Two separate fermentation studies were carried out. The first study was performed during
December 2005 and January 2006. The samples for fermentation were made from the aerial plant
parts of Sceletium tortuosur(v5 g) which was transferred into a polythene bag (Figure 8.2) and
carefully hand crushed using fingers, which yielded a watery plant mass (Figure 8.3). The second
study was carried out in a similar manner using ~ 130 g of the same plant’'s arial parts during
November 2006. The study periods were chosen during November-January to coincide with the
summer season and hot days, since the natural habffetdtiumis in the hot and arid Karoo

regions of South Africa.

Figure 8.2: Arial parts of S. tortuosum Figure 8.3: Crushed plant material for fermentation
collected into polythene bag

The initial analysis for alkaloid content was performed on the wet mass, sampled on Day 1
immediately after crushing and rest of the material was left to ferment under sunlight during the
day and remained in place through the night. Subsequent samples were collected on each day at

the 24" hour for a period of 10 days and analyzed by HPLC.

In order to reproduce the results obtained by Seiithl. [55], one plant sample was separately
crushed and dried at 80°C for 5 hours to investigate whether drying the crushed plant at 80°C
would provide similar results to the fermented sample which showed an increase in

mesembrenone content.

The second study was carried out on similar lines of the first study for 14 days. However, this
analysis included analysis by LCMS as well as HPLC.

A parallel study was designed to study the transformation of the alkaloids mesembrine and
A’mesembrenone. Standard mesembrine hydrochloride was prepared in water to obtain a solution
of 0.5 mg/ml. The sample was exposed to the same fermentation conditions used for the plant
samples. The solution was sampled on each day at the same times of the plant sample preparation

and analyzed under the same conditions.
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A further study was designed to study the effect of light and temperature on different solutions of
mesembrine hydrochloride, methanol and water respectively. The samples were divided into two
sets which were protected from light. One set was maintained at 40°C in a low temperature

incubator and the other at ambient temperature (~ 22°C).

8.3.5 Observations and Results

8.3.5.1 Sceletium Plant Fermentation Studies

The first study showed interesting transformation of two main alkaloids. It was found that for
mesembrine and’mesembrenone, the content of the former decreased whilst the latter increased.
A previous study by Smitet al reported the transformation of mesembrine and a non-specified

mesembrenone and showed similar trends [55].

The first sample on Day 1, analyzed immediately after crushing, showed a concentration of 1.33%
mesembrine and the presence\dhesembrenone which was confirmed by PDA analysis, albeit at
very low detection levels (< LoQ) (Figure 8.4). However, the crushed sample which had been
dried at 80°C showed no significant change in mesembrine content (1.12%) to the initial content
found on Day 1 and th&” mesembrenone content was still below the LoQ (Figure 8.5) in contrast
to the results reported [8mith et al[55] who found high concentrations of mesembrenone under

similar conditions.
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Figure 8.4: Initial crushed plant material on Day 1 (Study 1). Top segment - PDA-UV scan of the relevant alkaloids.
Bottom segment - HPLC chromatogram A’'mesembrenone, mesembranol, mesembrenone, mesembrine and
epimesembranol at 8.066, 9.942, 10.557, 13.12 and 18.97 minutes respectively
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Figure 8.5: Crushed plant material on Day 1 - sample dried at 80°C (Study 1). Top segment PDA-UV scan. Bottom
segment HPLC chromatogrami’mesembrenone, mesembranol, mesembrenone, mesembrine and epimesembranol at
8.100, 9.926, 10.554, 13.113 and 18.902 minutes respectively
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The sample on Day 5 showed concentrationa’nfesembrenone, now >LoQ, of 0.07% with the

mesembrine content decreased to 0.68% (Figure 8.6).

L
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19147
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12.00 14.00 16.00 18.00 20.00 22.00

Minutes

Figure 8.6: Crushed plant material on Day 5 sample (Study 1). Top segment - PDA-UV scan. Bottom segment - HPLC
chromatogram A’mesembrenone, mesembranol, mesembrenone, mesembrine and epimesembranol at 8.118, 10.049,
10.614, 13.184 and 19.147 minutes respectively

During the course of the study, the mesembrine content showed a steady decline from an initial
1.33% to 0.05% on the £@lay. On the other hand, the contennGhesembrenone was found to
increase from below the LoQ on days 1 to 4 and 0.11% on théayO(Figure 8.7).
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Figure 8.7: Crushed plant material on Day 10 sample (Study 1). Top segment - PDA-UV scan. Bottom segment - HPLC
chromatogram -A’mesembrenone, mesembranol, mesembrenone, mesembrine and epimesembranol at 8.161, 9.365,
10.103, 13.105 and 19.475 minutes

The graphical representation of the mesembrineAdrmsembrenone content is shown in (Figure

8.8). It was also observed that no significant change in content of mesembranol, mesembrenone
and epimesembranol occurred during the entire fermentation process (content of mesembranol,
mesembrenone and epimesembranol were found to be reasonably constant at ~0.14%, ~0.15% and

~0.4%, respectively).
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Figure 8.8: Fermentation of Sceletium tortuosum - Study 1

The second study was carried out for 14 days and also showed a decrease in mesembrine content
with a concurrent increase in‘mesembrenone. However, the tranformations were slower
compared to the first study. The initial mesembrine content for the Day 1 sample was found to be
2.2% with mesembrine content decreasing to 0.8% by Day 14. Whilsh\’"Mesembrenone

content was found to be below the LoQ from days 1-5, a value above the LoQ of 0.06% was
subsequently determined and which increased to 0.18% on Day 14. The graphical representation of

the percentage content is shown in (Figure 8.9).
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Figure 8.9: Fermentation of Sceletium tortuosum — Study 2
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8.3.5.2 Mesembrine Hydrochloride Studies

Since the results obtained from the plant studies showed transformation of mesembrine and

A’mesembrine, it was important to study pure compound, mesembrine hydrochloride in water

under similar conditions of exposure to that used for plant fermentation. The compound showed a

gradual transformation t&’'mesembrenone over a period of 14 days (Figure 8.10a—n). On day 14,

only 35% mesembrine remained whereas 6S%esembrenone was now found in the solution

(Figure 8.10n). Interestingly, no alkaloids were found in the same solution when tested after 20

days (Figure 8.100).
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Figure 8.10a—f: LCMS-TIC chromatograms of mesembrine HCI transformatibfimtesembrenone- Day 1 to 6
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Figure 8.100: LCMS-TIC chromatograms of mesembrine HCI transformatisfimiesembrenone- Day 20

In contrast, the sample in methanol showed no such transformation. It thus seems that the alkaloids
appear to be stabilized in the presence of methanol (Figure 8.11) whereas the same alkaloids in
agueous solutions appear to be influenced by temperature and light which resulted in their
respective transformations.
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Figure 8.11: LCMS-TIC chromatogram of mesembrine HCI in methanol exposed to sunlight

In order to confirm the influence of light and temperature, a study was conducted on samples in
water under light protected conditions carried out at room temperature (22 = 2°C) (Figure 8.12)

and at 40°C (Figure 8.13) where no change in mesembrine occurred. This study thus confirmed the
influence of light and temperature on the stability of mesembrine in aqueous solution.
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Figure 8.12: LCMS-TIC chromatogram of mesembrine HCI in water protected from sunlight at room temperature
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Figure 8.13: LCMS-TIC chromatogram of mesembrine HCI in water protected from sunlight maintained at 40°C

8.4 CONCLUSIONS

In summary, the studies show that the fermentation process transforms mesembrine to
A’mesembrenone and requires an aqueous environment together with the presence of light to
facilitate such a change. The HPLC and LCMS methods were employed to monitor the respective
alkaloids and both fermentation studies showed reproducible results. These studies indicate that if
mesembrine is the alkaloid that is purported to cause the claimed biological
activity/pharmacological effect, then the claims of more effective material due to fermentation are
guestionable. Furthermore, the suggested enzymatic activity during fermentaBoaletiumas
reported by Smitret al [55] needs to be further investigated. Such a study could involve the
addition of a specific enzyme inhibitor during the fermentation process and subsequent monitoring

of the content of mesembrine ant’mesembrenone.
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CHAPTER 9

CONCLUDING REMARKS

The identified alkaloids in Sceletium, mesembrine, mesembrenoney’mesembrenone,
mesembranol and epimesembramare found to beresent in varying amounts in both raw
material and its dosage forms. This underlined a number of unique issues with respect to the
quality and related purported therapeutic efficacgcdletium Since these particular alkaloids are

not commercially available, procedures are required for their extraction and purification from plant
material for use as markers in order to develop analytical methods for assay and QC of the plant

material and dosage forms.

The need for qualified reference substances is of paramount importance in the development and
validation of analytical methods. The alkaloids, mesembrine, mesembrenone and

A'mesembrenone, were isolated and purified whereas mesembranol and epimesembranol were
synthesized. All these compounds were characterized by various spectral methods and  were
subsequently used as markers for the development and validation of analytical methods for the

assay and QC @&celetiunplant material and pharmaceutical dosage forms.

A relatively simple HPLC method was developed and validated and which conformed to all
parameters of analytical method validation. The method and the markers were used to identify and
gquantify severaBceletiumalkaloids. Furthermore, this method was found to efficiently separate
the alkaloidal markers from complex components present in plant material as well as from
excipients in the tablet dosage forms using a simple one step methanol extraction procedure. The
method was successfully applied for the assay and @Eealétiumplant material and its dosage

forms.

The application of LCMS for the analysis $€eletiunplant material and dosage forms for several
of the alkaloidal components was successfully developed and validated. The efficiency of the
LCMS method was enhanced by the HPLC separation which resolved the closely related
alkaloidal compounds present $teletium The soft ionization method was found to be selective
and sensitive foSceletiumalkaloids. The specificity provided by the LCMS method resulted in

unequivocal identification of the alkaloids based on theirvalues and can readily be applied for
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the QC of those compounds and products. This method was successfully used for the chemo-
taxonomy of some species and available dosage for@sabétium

Application of CE is an exciting prospect for high efficiency separation of multi-component
systems. The use of aqueous-based electrolytes and relatively cheaper uncoated fused silica
capillaries makes it more economical compared to systems that require the use of organic solvents.
The CZE method was validated and applied for fingerprinting the relevant alkaloids and also as an
assay method for the quantitative analysis of mesembri@eeatetiumproducts. These findings
indicate that CZE should be considered as an alternative and viable option for fingerprinting and

QC of phyto-pharmaceuticals.

The application of the HPLC and LCMS methods provided valuable insight into the fermentation
process. The transformation of mesembrinétmesembrenone was monitored under controlled
conditions with reproducible results. The study confirmed that mesembrine in aqueous solution
under the influence of sunlight is unstable. It was found that an aqueous environment together

with the presence of light may facilitate this transformation during the fermentation process.

The quality of herbal medicines is presently a major concern worldwide. Herbal preparations are
generally consumed as non-prescription and over the counter (OTC) products. Selective analytical
methods and monographs have to be developed for the standardization of herbal products due to
inherent variations of the constituents in their source plants. During the course of this project, it
was observed that there is an increased intereStdétetiumcultivation for the herbal product
market. The cultivators of these herbal plants have contributed much to this study and have shown

a keen interest in improving the quality of their products.

This study has provided the relevant analytical markers, validated analytical methods, and equally
important, the necessary technical support for cultivators to identify the correct species and an
insight into the chemical constituentsQdeletiumThus, the objective of applying pharmaceutical

analysis for the assay and QCSwfeletiummand its products has been successfully achieved.
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