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ABSTRACT

Natural products are complex mixtures of compounds with therapeutic effects which are often reported
to be due to the synergistic action of multiple and sometimes unknown components. Consequently,
standardization of these products is complex and a lack of effective quality control (QC) criteria in
most countries has led to marketing of commercial products with questionable quality, safety and
efficacy (QSE). The aim of this study was therefore to develop qualitative and quantitative analytical

methods for use in the QC of Ginkgo hiloba solid oral dosage forms.

Initially, a micellar electrokinetic chromatography (MEKC) method was developed for the
identification of the flavonol glycosides, rutin and quercitrin as well as 3 flavonol aglycones, quercetin,
kaempferol and isorhamnetin in crude extracts of 4 Ginkgo biloba solid oral dosage forms using
ultraviolet (UV) detection. A reversed-flow cyclodextrin-modified MEKC method was subsequently
developed for the simultaneous determination of the aforementioned flavonols as well as ginkgolide A,
B, C, Jand hilobalide (all positive markers) in Ginkgo commercial products. A non-agqueous capillary
electrophoresis (CE) method was also developed for fingerprinting the presence of ginkgolic acids
(negative markers) in Ginkgo biloba leaf extracts, which are purported to be associated with toxic

properties. This method was a so applied to 2 Ginkgo biloba commercial products.

Since the flavonols have strong UV absorbing chromophores, areversed phase high-performance liquid
chromatographic (RP-HPLC) method was developed and validated using photo-diode-array (PDA)
detection which was then successfully applied to fingerprint commercialy available Ginkgo biloba
solid oral dosage forms as well as quantify the relevant flavonol markers present in these extracts.
Sample preparation was simple, rapid and cost efficient with minimal clean-up and the employment of
a minibore column which requires low mobile phase flow rates contributed to the economy of the
method. Unlike the conventional QC approach, samples were not hydrolyzed and direct determination
of 2 intact flavonol glycosides, together with the usual aglycone markers was facilitated which
provided maximal content information for fingerprint comparisons. On the other hand, terpene
trilactones possess poor chromophores and an alternative detection method to UV was required in order

to obtain suitable sensitivity. RP-HPLC with evaporative light scattering detection (ELSD) was



selected for quantification of these non-volatile constituents in Ginkgo dosage forms and this method

was deemed suitable for the routine QC analysis of these positive markersin commercial products.

Since approximately 33 flavonoids have been identified in Ginkgo biloba leaf extracts, baseline
separation using UV/PDA detection normally requires complex gradient programs and long analysis
times. In addition, unequivocal identification of the flavonoids with similar UV spectra and €elution
times cannot be guaranteed. A liquid chromatographic tandem mass spectrometric (LC-MS-MS)
method was therefore developed and validated in order to ensure accurate quantification of the selected
flavonol marker compounds in Ginkgo commercial products. LC-MS-MS analysis of Ginkgo extracts
revealed, in addition to rutin, the possible presence of other quercetin analogues, quercetin-3-O-
rhamnoside-7-O-glucoside or quercetin-3-O-glucoside-7-O-rhamnoside, previously unreported in

Ginkgo biloba leaf extracts or dosage forms.

In terms of evaluating the most suitable analytical method for QC, CE shows exceptional potential in
the future analysis of Ginkgo biloba dosage forms while HPLC-PDA and HPLC-EL SD are currently
the most affordable and practical instruments for the routine analysis of the flavonols and terpenoids,
respectively. LC-MS-MS proved to be pivota for the accurate identification and quantification of the
flavonols due to interference by other flavonoid compounds with similar retention times and UV

spectrato the peaks of interest.

All quantitative and qualitative results revealed large discrepancies in the marker content between the
products regardless of which batch was analysed and product labels disclosed little relevant
information. Although currently not required by most regulatory agencies, some of the usual quality
criteria applied to orthodox medicines was evauated. In particular, dissolution analysis, disintegration,
tablet hardness and weight uniformity were assessed and revealed similar inconsistencies. This thesis
emphasises that implementation of effective QC criteria is long overdue and is essential to ensure

consistent product QSE of commercially available Ginkgo biloba solid oral dosage forms.
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CHAPTER 1

1. INTRODUCTION

Recent surveys on the universal use of complementad alternative medicines (CAMS) indicate a
burgeoning market in developed Western countrispitiethe availability of orthodox medicines. The
sales of dietary supplements (often considered AMS) in the United States (US) ratify the
popularity of CAMS with expenditures increasingrfr&8.8 billion in 1994 to $14.7 billion over the
ensuing 5 years [1]. In 2001, sales of these dedalietary supplements were estimated at $17.8
billion of which herbal remedies accounted for $8ilion [2]. Similarly, the CAMS industry in the
United Kingdom (UK) has been reported to be expamdiy approximately £1.6 billion annually [3].
The explanation for this unprecedented increase theetast decade is multifaceted and there are a
number of unconfirmed speculations. Possible reasmiude patient dissatisfaction with the outcomes
of conventional treatment regimes, a desire forartwlistic healing processes and increased patient
participation in self-diagnosis and treatment [4, I addition, the general populace’s initiative i
taking proactive steps to ensure general well-baimdjthe aversion of the onset of symptoms relating
to chronic diseases are also dominant factorsTi. dissemination of scientific information regaugli

the essential components in consumables as weticesased pressure to provide nutritious food to
economically crippled nations has also emphasikedirhportance of the constitutional make-up of
ingestible products [6].

As research has indicated, the emerging marketAWE has not yet reached its full potential and
many view this as the timely start of a so-callbérbal renaissance”. In fact, CAMS is predicted to
become a permanent facet of the health care syigeand has also impacted other health sectors.
Pharmacies have had to include natural productkein retail range of products [7] and it has been
reported that the sales of herbal medicines aree@sing at a rate that exceeds that of allopathic
medicines [5]. Medical practitioners have also bmde-evaluate conventional treatment therapies and
recognize the importance of a more holistic pate@are approach [8] and more importantly at present,
consider the impact of natural product use on ffieagy and safety of orthodox medicines [5]. In
addition, some tertiary educational institutes hanwvauded certain fields of CAMS certifiable for
degrees and diplomas [8]. It is therefore evidaat CAMS is a ubiquitous phenomenon that requires
definite recognition and attention. It is therefdogical that the increasing demand for CAMS is met
with rising concern regarding the quality, safehd @fficacy (QSE) of such products. Although the
media has given much attention to the use of CAXSBy little scientific evidence regarding the QSE

has been disseminated for a number of reasons wiilidhe discussed in this thesis.

11 THE QUALITY OF CAMS

In order for a medicinal product to produce a cstesit therapeutic response, it is essential theat th

final composition of the product is invariable atftat the active ingredient/s is/are present in



appropriate, non-toxic amounts. This implies thaa iproduct is standardized to ensure reproducible
quality, the efficacy and safety of that productl vie reasonably predictable and consistent [9].
Consistent quality is usually achievable when theva constituent/s has/have been unequivocally
identified and isolated and the constitutional mats simple and controllable, as in the case of

manufactured orthodox medicines [10].

Natural products on the other hand, are complexures of compounds and their therapeutic activities
are often reported to rely on the synergistic actibmultiple and sometimes unknown components [9,
10]. In addition, various factors influence the disv of purported active constituents present in
botanicals. These include geographical location| tygie, cultivation methods, natural biological
variation, season and time of harvesting, harvgstdrying and processing techniques as well as
storage conditions [2, 11]. In some cases, planenads have been erroneously identified, processed
and sold under the premise of another product, 8omes leading to disastrous ramifications [12].
Dried botanical products pose an additional difficin that characteristic macroscopic structureg/m
be altered during dehydration processes and skidgderienced personnel are required for correct
herbal identification or confirmation of authentyc{12, 13]. The quality of the initial plant mateki
used in botanical products has also been repastbd tiramatically compromised by traders who have
substituted costly herbs with more economical dieegheir own financial benefit or in attempt to
dilute the botanical material to comply with thern@asing demands of manufacturers. The substitution
of the herbSephania tetrandra with Aristolochia frangchi in a slimming regime which also contained
orthodox medicines epitomizes this phenomenon gAitant number of end stage renal failures and
urothelial carcinomas were reported in Belgiumhia garly nineties and investigations concluded that
the concurrent administration of the nephrotoximjstalochic acid and the orthodox drug

acetazolamide was responsible for the potentiatlydl effects [12].

Standardization of herbal products is attainablbef active ingredient/s has/have been identifiéd w
certainty and contributes exclusively to the therdjz response. In such cases, the content octhea
ingredient in a product may be altered by additbithe pure compound/s or excipients of interest to
ensure appropriate concentration levels. If thermphaological activity is linked to a constituent or
groups of constituents which synergistically cdnite to the desired effect of which the mechansm i
largely unknown i.e. the active marker/s has/haaentidentified, then standardization can be achieve
by blending batches of either raw botanical mater@ herbal preparations of higher and lower
quality. St. John’s Wort an@inkgo biloba can be classified in this category. In cases wherbal
preparations have no documented evidence of idehtéctive constituents, chemical markers which
possibly do not contribute to any pharmacologi¢tdat may be selected as control measures for good
manufacturing practice (GMP) purposes e.g. valeranid in preparations containing Valerian. In this
way, although little may be known about the comfimsi of a particular herbal preparation, a

reasonable measure of quality control (QC) cahlstilttained [14].



12 THE SAFETY OF CAMS

1.2.1 Adverse effects

There is a general misconception that because hprbdlicts are natural, they are also intrinsically
safe and effective [11, 15]. Most patients do regfard natural products as a form of medication and
are unlikely to document natural product use wheestjoned by health care professionals regarding
their medication history [5, 11]. Natural produese indeed associated with some side effects as
illustrated by the World Health Organization (WH®hich documented that in China, 9 854 cases of
adverse events were reported in 2002 as opposé®®® cases which marked the entire period from
1990 to 1999 [16]. The most frequently reportedeasle events include gastrointestinal symptoms,
headaches, allergic skin reactions and menstrsalrbances. Less common but more severe effects
are related to central nervous system disordersr lioxicity, renal failure, heart palpitations and
respiratory complications [17]. Moreover, adverffeas associated with specific herbal product use
are also documented. For example the anxiolytiwakkava is a known hepatotoxin and serious cases
of hepatitis, hepatic necrosis and even liver failbave been associated with its use. In 2002, in a
follow-up study of 39 reported hepatotoxic effetkated to the ingestion of various commercial kava
preparations in Germany, nine patients developéaifiant hepatic failure and three deaths were
recorded. The remaining patients spontaneously esedvafter discontinuation of the kava products
[18].

Some level of safety is usually considered justifiehen traditional herbal products have an invégera
history of use however it is difficult to determimaimulative toxic effects or even infrequent side
effects in a traditional environment [6, 10]. Indétn, the context of safety is an important
consideration as herbal preparations prepared amingstered in Western arenas might differ
considerably from traditional use [10]. In genegad,accurate reflection of the incidence of sidect$
caused by natural preparations is difficult to asde due to a lack of mandatory surveillance syste
which are intact for orthodox medicines in mostrtoies. In fact, a recent investigation concerrting
adequacy of implemented surveillance systems irJtBehat 99% of all adverse events due to natural
product use were probably not detected [19]. Funtlbee, natural products may also indirectly affect
patients’ health and risk safety when pertinentveotional therapy is delayed or replaced with hierba

preparations that have not demonstrated reasoatidacy [20].

1.2.2  Adulteration and contamination of natural products

Botanical products have often been plagued by ithientional or unintentional adulteration of hgav
metals such as lead, mercury, cadmium and arséficds well as by the inclusion of regulated
proprietary medicines. Commonly undeclared drugdude ephedrine, chlorpheniramine, methyl
testosterone and phenacetin but there have alsoibeielents where prescription medicines such as

alprazolam, colchicine, fenfluramine, sildefenil] [2nd steroids [20], amongst others have been



included in the manufacture of so-called “naturpfoducts [2]. Chemical analysis of the popular
“herbal” remedy, PC-SPES used in the treatment robtpte cancer, confirmed that it had been
adulterated with various combinations of warfaiimjomethacin and diethylstilboestrol [2, 21]. In
another incident, specific Asian natural produceravlinked to hyperthyroidism and hepatotoxicity
which led to the hospitalization of some patientd three fatalities. Chemical profiling concludédit
these products contained thyroid-stimulating agédwsitroso-fenfluramine and fenfluramine [2]. In
fact, up to 25% of traditional Chinese medicinds s Taiwan have been found to contain unspecified

chemicals unrelated to the products’ originallyserébed indications [20].

Products containing abnormal levels of bioactivenponents which could potentially cause toxic
reactions are also considered to be adulterateld fltecent publication on the analysis Gfnkgo
biloba dosage forms suggested that one product was spikbdrutin in order to increase detected
concentrations of flavonol glycosides [22] whicle aisually standardized to 22 - 26% [23]. In additio
to adulteration, plant material may often be comtation with insects, residual insecticides, afkits

and fungal and bacterial growth [9, 13]. Incidesitsh as these unnecessarily jeopardize the health o

consumers and cast doubt on the integrity of therabproduct industry in its entirety.

1.2.3 Interactions with orthodox medicines

Closely related to adverse effects is the risingceon of herb-herb interactions and herb-drug
interactions [15]. A study in 1998 revealed tha¥6f US adults on prescription medicines admitted
co-medicating with herbal preparations with an allerstimation of 15 million people that were akri
for serious adverse complications or therapeuiicaria due to herb-drug interactions [24]. A recent
journal article has suggested that this phenomédramn not curtailed, especially in the elderly [1].
Countless examples of herb-drug interactions areidented, most of which can be detrimental and
even lethal [15] with few references suggestingsjiids beneficial effects [12]. St John’s Wort is an
extremely popular phytomedicine used to allevigt@soms of mild to moderate depression [19]. It
has been shown that this natural antidepressanvadved in the activation of the cytochrome P450
isoenzyme CYP3A4 as well as intestinal P-glycopmtthereby catalyzing the oxidative degradation
of many therapeutic drugs which fall below theirnmmum effective plasma concentrations [2].
Allopathic medicines that are affected by this gsscinclude antiretrovirals, amitriptyline, warfari
cyclosporine, theophylline and digoxin, to nameew 119]. On the other hand, grapefruit juice is an
inhibitor of cytochrome P450 isoenzymes which wondtte to elevated plasma levels of co-ingested
orthodox medicines. This is of particular concernewhconventional medicines exhibit narrow
therapeutic indices [6].

A review on the impact of herbal remedies on s@gi@tients suggested that natural products caeild b
responsible for physiological changes in periopegapatients and may interact with prescribed
medications causing severe complications such esseive bleeding, strokes, cardiac arrests, organ

transplant rejections and alterations in anestteftiects. The authors outlined possible periopegativ



interactions with common herbals such as echinagadic, Ginkgo biloba and St. John’s Wort and
provided a guideline on natural product discontiimmprocedures since their investigations proved
that 16% of a 2 186 patient cohort still used hiemiedications in the month prior to major surgesj; [
Of notable significance however, is the fact thatng patients are unaware of potential herb-drug
interactions and/or adverse effects, posing quessile doubt on the circulating knowledge available

under-informed consumers [20].

13. THE EFFICACY OF CAMS

To date, few herbal products have been subjecte@jdoous randomized control studies which are
routinely used to prove the efficacy of allopathiedicines. In most countries, natural productshate
required to undergo the same testing proceduresmgentional medicines and efficacy is usually
credited to the fact that they have a well-esthblisuse or have been used traditionally over exténd
periods of time, sometimes even centuries [10]. §jmergistic action of principal components present
in herbals produce a “therapeutic response” that tiie mechanism of action a degree of mystique and
complexity. Moreover, CAMS use is generally assclavith a promotion of overall health or healing
and not direct measurable outcomes, as in the ahsenventional treatment regimes. This view
suggests that randomized control studies do nainacmdate additional immeasurable parameters of
unconventional treatment such as “spiritual enharece, centeredness, harmony, unity, or healing”
and only determine scientific outcomes, therebyaliokating the necessity to subject herbal
preparations to clinical trials [25]. Although lustal use does give natural products a degree of
efficacious merit, it can be argued that more difim data need to be accumulated to confirm
appropriate levels of efficacy. For example, misiehas a history of anticarcinogenic activity aut
randomized controlled clinical trial has shown tlitadid not significantly decrease morbidity or
increase the quality of life of patients sufferingm head and neck cancer [10].

Numerous clinical trials using herbal preparatitvave indeed been performed in recent years but
multiple concerns have been highlighted regardiregapplied methodology and overall quality of the
presented data [10]. The difficulty lies in the cdexity of natural products, including their multpl
purported active constituents [10, 24]. Issuedirgjao product quality and safety are also prolatm
factors that cannot be disregarded [7]. Some heytmlucts have distinctive organoleptic properties
which are difficult to mask when performing randaed or blind studies and most clinical trials have
focused on the short term biological impact of léstwhilst cumulative effects have generally been
neglected. The effects of concurrent administratiboonventional and herbal medicines have also not
been adequately addressed and comparative datarledlpreparations administered together with
orthodox medicines of established efficacy is seslip lacking. Critical evaluations of the majoritf
trials have concluded that more evidence is reduiog unequivocal affirmation of current clinical
outcomes [10]. Moreover, factually incorrect meatiports result in misconceptions of the outcomes of
research and contribute to the overall confusidettirgy to the efficacy of CAMS products [8]. Of the

ten most popular herbal preparations on the US atadkly three have consistently been found to be



clinically efficacious; St John’s WorGinkgo biloba and Saw Palmetto [10, 19]. It is obvious that¢her
are currently limitations with regard to performirgcognized clinical trials and protocols need ¢o b
re-evaluated and possibly standardized. Many of litmiting variables could be eradicated by

addressing problems directly relating to the qualftherbal preparations.

1.4. REGULATORY ASPECTSOF CAMS

1.4.1 Definitions

Universally congruent definitions for concepts ilweg non-conventional or natural substances used
to improve health or treat diseases are curremtdypossible due to differing approaches countraageh

adopted in attempts to regulate these productsS@jne definitions are used interchangeably — often
incorrectly [26]. The following definitions are imtded to differentiate terminology and are kept as
neutral as possible however, it is important toerthiat CAMS is currently dynamic in nature and as

perspectives are altered, the descriptive termgyoioay need to be modified.

Food: animal and/or botanical source of essential misisubstrates necessary for physiological
metabolic processes which maintain vitality andbémarowth. Food stuffs may include substances

with little or no nutritional value such as flavemts and colourants [27].

Functional foods: food stuffs which are generally associated withadbitual diet but which also
contain nutraceuticals i.e. they contribute to gehbealth and may prevent disease states. In some

instances, foods are modified in order to clairs #ffect [7].

Foods for special dietary uses (FSDU)/medicinal foods: functional foods that cater for specific
dietetic needs e.g. sugar-free food stuffs for eligh and products that contain cardio-protective

antioxidants [7].

Dietary/nutritional supplement: nutrients such as essential vitamins and minavhlsh are usually
administered independently from food stuffs in quid or oral dosage form and contribute to a
balanced diet. However, the US has included bagaimgredients, amino acids and glandular extracts
in this definition [7].

Nutrients: constituents inherently present in food that aseertial for life and growth such as
vitamins, minerals, trace elements and amino ac&dsne nutrients have demonstrated reasonable

evidence to be classified as nutraceuticals [7].

Nutraceutical: any compound present in a food or dosage formphatides health benefits to the

consumer beyond contributing to basic physiologieatition [7].



Herbs. crude botanical materials which encompass anytpfaatter in whole, fragmented or

pulverized forms and may include stems, leavesdis, seeds, fruit, roots, bark, rhizomes etc..[28]

Herbal preparations. manufactured herbal products containing singular combinations of

complementary herbs in various forms of powdereterals, tinctures or extracts [19, 28].

Phytomedicines/herbal medicines. any botanical material that contains one/more rigtie active

constituent and are therefore theoretically capabieducing a therapeutic response [28].

Phytophar maceuticals: solid oral or liquid formulations originally deridefrom plant material and

which are intended for therapeutic use [9, 26].

Botanicalg/botanical health product: a preparation of plant origin that is not ingestesda nutritive
source for metabolism but contains chemical comptsne/hich are claimed to maintain or promote
health [27].

Natural Health Product (NHP): virtually synonymous with herbal preparations bty also contain

mineral and animal extracts [20].

Naturopathy: the use of non-toxic treatment methods adopterh frarious traditional healthcare
systems for the prevention and cure of diseaséglsstath accentuation on the individuals’ healtlitsn
entirety [29].

Conventional and orthodox medicines: “any substance or mixtures of substances usedrpoing

to be suitable for use of manufacture or sold & in:

a) diagnosis, treatment, mitigation, modification poevention of a disease, or abnormal
physical or mental state, or the symptoms thereaian, or
b) restoring, correcting, or modifying any somatigsychic or organic function in man,

and includes any veterinary medicine” [30].

Complementary medicines. unconventional drug treatment regimes to be usecbnjunction with
mainstream health care in order to achieve an gpipte therapeutic response with minimal or reduced
side effects [29].

Alternative medicines: all heath care practices that can be adoptedaidsté mainstream treatment

regimes and are therefore mutually exclusive [29].

Complementary and alternative medicines (CAMYS): “broad domain of healing resources that

encompass all health systems, modalities, andipeacand their accompanying theories and beliefs,



other than those intrinsic to the politically domuirt health system of a particular society or celfiara

given historical period” [29].

Homeopathy: a curative based approach involving administratbminute doses of substances that
induce or potentiate diseased states at higherotrations and which then stimulates the body’s own

physiological healing mechanisms [7].

Homotoxicology: is based on the premise that disease is the bddjénse mechanism to combat the
effect of accumulated toxins and uses a collabmmadf medical science as well as homeopathy in the
design of anti-homotoxic medication [31].

Phytotherapy: treatment that involves the medicinal use of @amtextracts from plants [7].

Traditional phytotherapy: phytopharmaceuticals whose evidence of QSE is drdvam
traditional/historical use rather than scientifiddence and claim to aid in the prevention of disesa
[26].

Rational phytotherapy: rational allopathic treatment regime using botahdosage forms that have
been subject to the same rigorous evidence-bassmkqures used to prove the QSE of orthodox
medicines and are therefore considered to be ofdhee scientific stature as conventional treatment

regimes. Rational phytotherapy is intended to ailments or diseases [26].

Herbal medicinal products (HMP): phytopharmaceuticals whose levels of QSE have hestified
by rigorous scientifically approved pharmacologiaad clinical studies which are usually applicable
allopathic medicines [26, 27] i.e. are includeddtional phytotherapy.

Traditional herbal medicinal products. phytopharmaceuticals which demonstrate appropriate

standards of quality and safety, while efficachased on longstanding or historical use [31].

Aromatherapy: therapy involving the use of aromatic oils extegicfrom plants primarily by steam
distillation or physical compression [31].

Ayruveda: ancient Indian treatment regime which focuseshenpgsycho-metabolic requirements of
individuals and encompasses mineral, herbal andangroducts as well as exercise and meditation in

order to harmonize the inner self and promote #theaself-healing environment [31].

Chinese medicine: studies the human body’'s energy patterns and &imsorrect energy flow
imbalances characterized by disease. Practitioneag employ various therapies to rectify the

imbalance including herbal medicines, acupunctmegjitation, massage etc. [31]



Flower Remedies/Essences. uses spring water infused with flower essencemflaence patients’
emotional state and restore “happiness”, therebigtasy the body to achieve wellness [31].

Gemmother apy/Embryophytotherapy: a gentle, non-invasive treatment which effectivédgins the

body from toxins by using embryonic plant tissuevkated from seedlings [31].

African Traditional Medicine (ATM): similar to traditional phytotherapy however mirleead

animal products may be included in the formulagon the treatment is of African origin [31].

Unani Tibb (Unanai Sidda): is a holistic treatment regime encompassing Graeddic, Egyptian and
Indian medicine. It is based on the theory thiatatter comprises of 4 basic elements symbolized b
water, earth, air and fire in different ratios whigives the object its own unique “Temperament”. sThi
“Temperament” is maintained by the bodily fluids wHniin turn is influenced by food and liquids that
are ingested. Disease is as a result of imbalaiite dodily fluids which are then corrected byurat

medicines, diet, regimental and psychological thiesa[31].

Tibetan (Sowa Rigpa): based on the tenet of so-called “humoural imbashand adopts Ayurveda,
Bon shamanic, Chinese medicine and Unani Tibb mesin order to treat the physical and psychic
“being”. It is believed that certain disorders aseised by afflictive emotions and/or evil spietsl

relies on karma to address or influence these shise@2].

In order to avoid semantic problems with some teused, terms such as herbal, CAMS and dietary

supplements are used interchangeably throughauthésis.

1.4.2 Requlation of CAMS in Australia

In Australia, complementary medicines are regulaieder theTherapeutic Goods Act 1989 and
include phytomedicines, homeopathic medicines, atharapy oils and nutritional supplements,
amongst others. Under this act, the Therapeuticd&éalministration (TGA) is delegated to guarantee
appropriate levels of product QSE. A therapeuticdpod is either classified as a low or high risk
substance depending on the assessed safety ofdthecp and is then referred to as either a Listed or
Registered product, respectively. The overall sadéty product is evaluated in terms of:

e potential toxicity;

» indications for use i.e. whether the product caiowverall health benefits and prevention of

diseased states or intends to cure diseases odelisp
» the possibility of the onset of significant sidéeefs associated with its use and finally;

» the likelihood of adverse reactions after extenpledods of administration [33].

Most complementary medicines are classified as dligi@ods. Listed goods are required to comply
with Australian legislation but the formulationsgdge forms are not evaluated in terms of product



safety, quality and efficacy. The ingredients usedhe formulation of the product are however pre-
evaluated for safety and quality but proof of eftig is not required. All ingredients must be caesit
with low risk substances as approved by the TGAedigiroducts are limited to claims such as health
maintenance and promotion, the relief of symptoefating to ill-health and reduced risk of acquiring
diseased states but may not claim to cure disedéés.information may appear on the label of the
product but manufacturers are not required to obthe approval of the TGA to make such
structure/function claims. However, if the providedbrmation is found to be deliberately misleading
to the public or the product poses serious safetgerns after marketing, the TGA has the jurisdictio
to request and evaluate evidence that suppliers hagd to substantiate their indications. In aoldliti
the TGA, together with the Complementary Medicinesltation Committee (CMEC), have drafted
guidelines for suppliers on appropriate interpietatof evidence used to substantiate therapeutic
claims. The TGA is also concerned with the procesgraredures and traditional use of herbal
products since, if a product has been historiasdlyd for a particular ailment and prepared accghgin
the safety of that product can be presumed apptepior Listing [33].

Registered complementary medicines, on the othed hae those products which profess therapeutic
benefits beyond structure/function claims and matygonsumers’ health at risk by inappropriate self-
medication or long term administration, thereby uiggg that additional data be provided to
substantiate use. These products are required dergm pre-market evaluation of QSE and may
include both over the counter (OTC) and prescripti@dicines. Both Listed and Registered products
must bear the characteristic AUST L or AUST R numbsseociated with their respective classification
system [33].

The TGA is additionally responsible for ensuringttittee manufacturers of therapeutic goods are
licensed and comply with GMP. Imported phytomedisirare subject to the same GMP requirements
before they can be marketed. The TGA employs a GMF tieam that inspects industrial sites and
evaluates adopted manufacturing procedures befsuing licenses. Thereafter, follow-up inspections

are performed at regular intervals [33].

Post-marketing surveillance for Listed complementasdicines is mostly characterized by targeted,
random audits for Listed products, chemical testhgommercial products or formulary ingredients

and advertising and marketing surveillance. Ausstralso has an integrated system in place for
reporting adverse reactions associated with congi¢gny medicine use and has expedient recall
procedures in place for warranted removal of prtglifdchey are found to compromise the health and
safety of the Australian consumers [33].

Since the implementation of these systems, repbgabstandard QC and the recalling of products due
to complaints of severe adverse effects has indeedrred and caused major damage to the Australian
public’'s confidence in CAMS. Consequently, the goweent elected a new statutory committee, the
Expert Committee on Complementary Medicines in thealth System (ECCMHS) to address the
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shortcomings in the CAMS legislation [8]. The contest has proposed that the quality of
complementary medicine ingredients should be enfbrdegally and the evidence used by
manufacturers to make claims for therapeutic uskiagications be subject to thorough scrutiny. The
government has also agreed to disseminate accurtmretable information to the public to ensure
that consumers make informed decisions regardieg tthoice of healthcare. Improvements in the
efficiency of the adverse events surveillance systge also underway and the government has

committed to support and promote CAMS researchustralia [34].

1.4.3 Canadian Requlatory framework

NHPs comprise an eclectic array of compounds ang indude “any product derived from a plant,
animal or microorganism, vitamins, minerals, andnbeopathics that are used to diagnose, treat,
prevent disease; restore or correct function, raainbr promote health”. However, items that are
stipulated in the exclusion list are not permittedbe incorporated into NHP formulations such as
biological blood products, marijuana, tobacco artchivenous (I/V) or subcutaneous formulations (SC)
[35].

The Natural Health Products Directorate (NHPD) ozessNHP under official Natural Health Products
Regulations (NHPR) which states that all productsstrbe licensed and issued with identification
numbers. NHP licenses are attainable if a monogexi$ts for the product in question [36] or if
suitable evidence of safety and health benefits been put forward to the Directorate [37]. The
responsibility for safety of NHPs resides with tivense holder of the product. Legitimate site Imes

as well as individual importing, manufacturing, kaging and product labeling licenses are mandatory.
GMP procedures are required for the processingufaaturing, packaging, labeling and distribution
of NHPs and include suitable standards of proficgErsonnel, premises, equipment, quality assurance
sanitation, stability and the maintenance of audiecords, standard operating procedures etc.eA sit
license holder is additionally responsible for adeeevents that may occur with NHP use and QC
reports which must be available for inspection iy NHPD upon request. The same QC standards are

required for imported goods [36].

Licensed NHPs may lay claim to applicable benefitsoaiated with product use as per definition.
Package labels or inserts must contain indicatifors appropriate use, quantity, daily dosage,
administration route, the recommended duratiorheftteatment, suitable storage conditions and also
must include applicable warnings, precautions, sffects and possible drug interactions [37]. This
promulgated information ensures the opportunity dognitive, responsible decision-making on the

consumers’ part, concluding autonomy of healthcare.

These Natural Health Products Regulations are dilyrbeing implemented incrementally over the

next 6 years starting from 01/01/04 [37] and itscg&ss remains to be determined.
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It is however important to conclude that althougiNgdPs fall under the national NHPD legislation,
CAMS professions or practices are regulated indaily by Canadian provinces and in some cases,
not at all. For example, traditional Chinese metwicis regulated in only one province, naturopathic
practitioners in four; whilst homoeopathy is notgutated in any. This essentially results in
discrepancies regarding standards of training amdpetency of practitioners and may compromise
public safety [35].

1.4.4  US regulations

In the US, herbal products were included in thanitéin of dietary supplements under the Dietary
Supplement Health and Education Act (DSHEA) in 199% DSHEA is an amendment of the Federal
Food, Drug and Cosmetic Act governed by the Foatl Brug Administration (FDA) [19]. Dietary
supplements may comprise essential vitamins, nmmegandular extracts, amino acids and herbal
preparations and currently fall under the blanketvet of food [27]. The regulation of herbal
preparations therefore differs drastically fromhodox medicines in that they are not required to
undergo pre-market QSE testing. This regulatory fraonk was generated under the assumption that

natural products are safe and that the consunasttitted to affordable autonomous healthcare [19].

The safety as well as the scientific evidence useslibstantiate therapeutic claims of marketed healt
products is the sole responsibility of the manufeat and do not require the FDA’s approval. Claims
may describe the reputed structure/function benefitthe supplement [19] but may not make health
claims. This has left a margin for ambiguous intetgtion [38] and it has been reported that up & 55
of advertising over the internet make illegal healaims [19]. In addition, manufacturers thateige
reports relating to adverse events are not obligaélay that information to the FDA. As a restifie
FDA's jurisdiction is demarcated to restriction reeges or, in extreme cases, warranted recall of
marketed products which have already been provg@ofmardize the health or safety of consumers. For
example, ephedrine alkaloids which exhibit pharn@gioal effects comparable to that of
methamphetamine are often used in natural slimmégimes. They have a potent stimulatory effect
which is potentiated by caffeine and has led todeadverse effects such as cardiac arrhythmiakestr
seizure, myocardial infarction and in a number abfes, death. Approximately 13 000 adverse
incidences were reported to manufacturers, hundmegisiring medical assistance [2] and at least 12
deaths [39] directly associated with their use wherthe FDA apparently only received 1 200
complaints [2]. Whilst Canadian authorities havesgribed ephedra from their sales, the FDA has
stipulated that clear warnings should be visiblatisuch products and depends on the US Congress t
make any further interventions [40].

In the last decade, the US natural products mdr&etbeen riddled with reports of substandard levels
of QSE and there has been a thrust toward moreystriroversight of such products. As in the case of
Australia, the public has become increasingly skapbf dietary supplements in the US with good

reason and in order for this industry to retainpitsition, the US government is compelled to addres
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these pertinent issues. As a result, appropriatedatdized GMP procedures are under negotiation and
may involve validation requirements and stabilagting. Highly reputable third-party auditing wik
available to companies who wish to certify the guaif their products and adopted GMP methods as
well as to perform randomized testing for listeddarct ingredients. In addition, a dietary supplemen
verification program (DSVP) has been launched by thited States Pharmacopeia (USP) which
verifies that actual content concurs with produwatel information and manufacturing procedures
comply with USP standards. Companies who subst¢dbsich procedures may display DSVP logo
seals on their manufactured products as a guaradtepiality. The USP has also committed to
frequently updating official monographs on dietanpplements. Online analytical methods for popular
dietary supplements are intended to be made almiltdy routine product testing. The FDA
commissioner has also issued perspicuous guidesiméise scientific evidence that is required tafyat
health-related claims and has threatened legabra@gainst companies that disseminate inept and

misleading information [38].

1.4.5 Regqulations in the European Union (EU)

Countries within the EU differ substantially in tegting natural products due to historical andurallt
heritages. Natural health products fall categdsida¢tween the realms of supplements and medicines,
with subsequent diverse procurements required fernmarket authorization. Consequently, most
natural products are regarded as either botaneatthor herbal medicinal products and are regdlate
by food or pharmaceutical legislations, respecfivéls a result, natural health products are limtied
the state in which authorization was granted witinimmal inter-state circulation especially of
traditional herbal products [27].

Herbal medicinal products may obtain pre-markehauization under the European Council Directive
2001/83/EC. Registration requires adherence toialffpositive botanical monographs as compiled by
WHO or European Scientific Cooperative on Phytapgr (ESCOP) or by subscribing to the
prerequisites required for traditional herbal maditproducts. Official monographs are established
the Committee for Herbal Medicinal Products (CHM®ich is involved in processing requisitions for
registration and pre-market approval [41] and dont@formation pertaining to the definition
(including the plant part used in preparation), niffecation (fingerprints), purity, radioactivity,
adulterations and content of active constituentsr@mical marker compounds of the product [9].
Traditional herbal medicines may undergo less orgeregistration procedures if there is proof that th
product involved has been traditionally used faniaimum of 30 years globally and 15 years within
the EU. The intent is to make provision for thosebhbmedicines which are used for minor ailments,
have minimal safety risks and proof of efficacyde burdensome and expensive to pursue. The quality
and safety of traditional medicines within the EUs ha be verified by the country of origin and
efficacy is based on historical use [27]. These petglare required to contain the following inséadpt
“traditional herbal medicinal product for use inesffied indication(s) exclusively based upon

longstanding use”. Traditional product exclusionsurdf there are discrepancies in the declared and
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actual content, the product poses significant d$ksafety in its traditional context, the histotica

evidence of efficacy is unconvincing or the appiater levels of pharmaceutical quality are not met.
Products containing vitamins and minerals in codiiom with traditional herbal medicines may seek
licenses under historical use if the pharmaceuticdibn of the herbal actives supersedes thatef th

supplementary ingredients [41].

In some EU countries, herbal medicinal productsexausively found in pharmacies and in others
(such as Germany) they may be sold in other rs&aitors. In Germany, phytomedicines have shared
equal status with orthodox medicines since 197ardigg the requirement to submit full evidence of
QSE prior to marketing. The German Commission Eeziglist committee under the German Federal
Institute of Health, has published over 300 monplgsaon botanical products used in the assessment of
herbal medicinal products and provides essentfatnmation on pharmacological-toxicological studies
as well as the safety and clinical efficacy of paptherbal products [42]. This system is highly
efficacious but has evolved over a considerabléogenf time and is also linked to exorbitant costs.
Implementation of this system in other countriesuldocripple the natural products industry by
effectively increasing costs and decreasing thdabibity of herbal products to consumers [12]. Thes
regulations however serve as a framework for theeati EU legislations with additional simplified

provisions for traditional herbal medicines [27].

In some EU countries such as the Netherlands angiuBel food supplements constitute substances
that contribute to enhanced physiological effects therefore inherently include botanical produlsts.
such cases, information directly relating to thealshealth claims permitted for herbal medicinal
products is prevented by the EU food law and conssimamain unaware of potential health benefits.
The EU has however no laws pertaining to the regudati botanical products as food and some EU

states have developed their own legislations, maosiihg positive and/or negative lists [27].

1.4.6 Requlations in the UK

In contrast to most other countries, the regulatib@ AMS in the UK is focused on CAMS disciplines
rather than the actual products used in phytotesa AMS disciplines are divided into 3 categories
namely professionally organized alternative thexapfacupuncture, chiropractic, herbal medicine,
homoeopathy and osteopathy), complementary thergifie example aromatherapy, hypnotherapy,
Shiatsu, nutritional medicine and yoga) and finadliternative disciplines which includes establihe
and traditional healthcare systems (e.g. Ayurvediaturopathy, Chinese herbal medicine and
traditional Chinese medicine) and other alternathisxiplines (crystal therapy, dowsing, iridology,
kinesiology and radionics). Of these, only two CANt®fessions are regulated under an Act of
Parliament - chiropractors and osteopaths whichuireggualified individuals to register with their

respective Councils before legal permission is fg@ito practice under their professional titles][43
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With the increasing popularity of CAMS, authoritiégve recognized that effective regulation is
necessary to ensure public safety and confidenteeitCAMS industry. Since the statutory regulation
of chiropractors and osteopaths has helped to ainittie integrity of those professions, there owa
general thrust towards the statutory self-regutatmr the registering of united, single bodied
organizations within all CAMS professions. THealth Act 1999 facilitated this move by reducing the
red tape usually required to become statutory psid@als through an Act of Parliament and in
addition, funding has been made available as ageadts for organizations wishing to follow these
recommended routes. Each profession will therefaree their own regulatory framework directly
pertaining to that discipline with enlisted memberkose practice will be monitored for suitable
conduct [43]. In addition, professional bodies aesponsible for ensuring adequate training and
competency within their field of practice [44]. &try bodies will have the authority to enforce

disciplinary action in cases of confirmed malpreetj43].

On the other hand, the quality and safety of heppatlucts themselves is also a contentious issue.
Herbal preparations in the UK are mostly imported &nter the market as nutritional foods or are
formulated in the country using imported dry herbalracts. Consequently, a number of potentially
serious QC issues could arise, ranging from incopiant identification to the accidental substdnt

of botanicals with similar nomenclature but diffegipharmacology or toxicology [12]. In recognition
of these problems, suppliers and manufacturerdhedet products are required to guarantee product
quality, including absence of adulteration and aonhation and have also been requested to provide
information regarding the authenticity of raw maky, complete lists of product ingredients,
harvesting dates and adopted processing techni@ues again, however the onus is on the skilled
CAMS practitioner to ensure that the herbal proglumtailable or issued to consumers are of the
highest possible quality and safety [3]. This falisder the umbrella of appropriate and sufficient
education and training in the respective CAMS gisioes [44].

The efficacy of CAMS is considered secondary to enguproduct quality and safety. However,
products which make claims to treat specific diseashould have appropriate scientific evidence to
prove efficacy “above and beyond the placebo éffactd is mainly directed to professionally
organized alternative therapies in the first catggdhose practices that fall into the second CAMS
category and are generally used in conjunction witihodox medicines are not required to have
substantial evidence of efficacy but health relatéalms should be limited to currently available
literature. The traditional healthcare systemsmaigtellaneous alternative therapies in the lastyaf
CAMS disciplines are accepted with little or noestific proof of efficacy. However, the generalkac
of CAMS evidence in all disciplines has promptedhatities to devote funding and attention to
research, including the performance of approprlRemdomized Clinical Trials (RCT), with the

intention of compiling a database comparable toeéRpected of conventional medicines [44, 45].
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1.4.7 Requlations in South Africa (SA)

Various approaches to regulate complementary amednative medicines in South Africa have been
attempted over recent years and although apprepgaagtslation is imminent, it is not without sersou

contention. South Africa has an ethnically divepmmpulation and appropriate legislative criteria
applicable to all CAMS practice has been a challeptask. The currently recognized CAMS in SA
include amongst others, African Traditional Mede&inAnthroposophy, Aromatherapy, Ayurveda,
Chinese Medicine, Energy Substances/Flower Essembgsitional Supplements, Homoeopathy,
Tibetan Medicine (Sowa Rigpa), Unani-Tibb (Unani Sigdnd Western Herbal Medicine. In 1997,
The Medicine Control Council (MCC) appointed a Coempéntary Medicines Committee (CMC)
primarily to attend to issues relating to the QSEwmilable complementary medicines (CM) [46]. A
separate committee was additionally establishéddas exclusively on the regulation of ATM. It has
been estimated that up to 70% of the South Afripapulation consult traditional healers and
development of an optimal QSE framework is therefionperative to ensure preservation of this

cultural heritage [47].

Pending legislation requires the registration afdoricts by compliance with either pre-market criteri
defined for orthodox medicines or by a Listing Paae (LP) also known as the Expedited
Registration Procedure (ERP). Criteria for orthodoedicines refer to the universally accepted
standardized methodology required to prove QSE amdhies data requisition of pre-clinical and
clinical trials. The LP procedure is less burdensaand more economically viable. It has been
proposed that safety criteria should be drawn fregulating bodies of the relevant CM disciplines
around the world. For example, expertise and dossegarding the legislation of herbal preparations
could be obtained from the renown German Commis&cend Australian TGA, that of Ayurveda
from India’s Department of Health and combined fations from the Homoeopathic Pharmacopeia
Committee of the US and German Commission C fordempathic drugs etc. In this way, the most
appropriate systems can be selected to ensure @ap@8E whilst maintaining the authenticity or
credibility of the CAMS discipline in question witeimultaneous maintenance of international
standards. Amendments based on scientific evidenedditional requirements will be considered and
incorporated where appropriate to accommodate ¢xcsp Proof of appropriate levels of safety and
use in the intended traditional context will be gmount for inclusion in the List. In addition, the
following product information will essentially beequired for each substance: the scientifically
approved name and synonym, its common name, d#itraally understood name, which part of the
plant is used, the appropriate safety levels, sbegarnings, side effects, contra-indications alsd a
the proposed product grading i.e. if it is inten@i®dOTC or prescription sale [46].

Valid indications of requisitioned products will ltiee responsibility of the applicant and a registier
this information will be maintained by the CMC. Tkeidence used to substantiate claims must be
acquired from approved references within the spetitategories and label claims must identify the

category in which the product is affiliated to. th@rmore, it is envisaged that provision will bedaa
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for label claims that pertain to a specific disiipl and will not be restricted to Westernized
expressions. GMP related requirements will be $igecaccording to the relevant CM discipline since
some products such as herbal preparations will irequomprehensive product assays while the

potency of other products such as flower esseneasa as crucial [46].

Whilst the regulations of herbal preparations hanly recently been challenged, vitamins and mirseral
have been regulated since 1985 and 1981, respgctiMaerals were required to be registered with
the MCC if the content in a product was higher thaite the recommended daily allowance (RDA)
while exoneration of vitamin registration was gexhtf the concentration fell below the specified
recommended level. Vitamins and minerals are nowelver classified as nutritional supplements in

SA and will therefore be subject to the new regoitest governing pre-market safety [46].

In addition, the implementation of the proposed Tiadal Health Practitioner’s Bill will facilitatéhe
incorporation of ATM into the current health systeéntjuding the possibility of rebates by medical ai
schemes. This will be actuated by the compulsorystegion of the estimated 200 000 practicing
traditional healers under the authority of a statutouncil which will monitor ethical trade. Affdted
members will be issued with registration numbersctviwill make for conspicuous identification of
approved traditional practitioners. lllegally optamrg healers are liable to twelve months imprisontne
or a hefty fine. In this way, a more integrated Itlheaare system between traditional and Western
practitioners is envisioned. The set criteria fa tertification of traditional healers which axpected

to include education/training and standards oftmadave however not yet been specified [47].

15 CONCLUSIONS

WHO has estimated that approximately 80% of Afsgadpulation use traditional medicines originally
derived from plants as a source of primary headtte c30 - 50% of China’s population regularly use
traditional Chinese medicine and in Western coasfrb0% of the population admit to using CAMS,
albeit in some cases only once [39]. Another litgea source states that 80% of the entire World’s
population depend on botanical products for theiltn in either a direct or indirect capacity [26].
Either way, research consistently indicates that Nid® is deeply embedded in many cultures and is
rapidly gaining unprecedented popularity in Westessantries. This upsurge has resulted in the fiery,
lucrative NHP market being riddled with substandprdducts and practices which have not only
jeopardized the safety of consumers but unsoligiteiences have also sabotaged the integrityef th
NHP industry in its entirety. Consequently, auttiesi in most countries have recognized the need for
appropriate regulatory intervention and NHPs are nequired to yield to long overdue legislations

proposed to ensure product QSE.
As previously stated, the regulation of naturaldoicts is a contentious issue and currently thesagu

a worldwide debate. Public misconception of theehent safety of natural preparations has paved the

way for minimal regulations, sometimes with disas ramifications. Until recently, it seemed that
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most regulatory frameworks were constructed omahdnd error basis to the ultimate detriment &f th
consumer. The delicate balance remains between makatural health products available to
consumers at an affordable price, appropriatingoraarhy of health care while simultaneously

guaranteeing the highest possible levels of QSE.

Germany’s phytopharmaceutical legislation is exempland is frequently used by other Western
countries as a guideline to construct appropriageilatory frameworks. It must be considered however
that Germany’s legislation has been in place fonost three decades and is inextricable from
insurmountable costs. Rigorous QC testing whicHuites RCT demands high cost and time and
impedes availability, especially in poorer natiofis.make provision for this, the current approadois
award some level of safety to products which haaentused historically over extended periods of time
provided the product is processed and administacedrdingly. In such cases, the priority of quality

and safety supercedes that of efficacy.

Countries such as SA and the UK also intend togssibnalize certain CAMS practices which gives
such modalities a degree of credibility. Statutoegulation also ensures ethical trade, suitable
standards of training and includes legal enforcéngeg. practitioners guilty of malpractice may

ultimately face moratorium or disbarment. This aywh does have its merits, but in the UK all facets
of QSE are the sole responsibility of the professiiavhich is extremely burdensome. It would seem
more sensible to delegate responsibility to th@ouar contributing sectors of the natural products
industry and that the professionalization of CAMfgtices adopts an ancillary role in terms of

ensuring appropriate product quality.

In general, it can be concluded that more stringeitgria are required to ensure product qualitg an
safety. Responsibilities within the natural produtidustry need to be explicitly and appropriately
delegated and accountability needs to be enfordéd legal action when necessary. More emphasis
needs to be placed on post-marketing surveillandecfficient adverse events reporting to compensate
for more lenient QSE criteria. False labeling andeaiising claims have misinformed consumers
resulting in inappropriate and often dangerous-eelflication - it is therefore fitting that authaeg
pre-approve health claims and commit to promulgateurate, scientific information to the public
including special warnings, contraindications anmsgible interactions with orthodox medicines.
Finally, continued interest and provision for resbacan only be considered an investment and kenefi
to those countries which rely on knowledge to padevinore answers on this issue. The differences

between CAMS regulations in the aforementioned treesis summarized in Table 1.1.
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Table 1.1. Differences between regulatory approaath€ AMS in some Western countries

Criteria Australia Canada Germany South Africa UK us
Basis of Approval R® L AR ® a) Medicine/ As for As for orthodox Proposed new Regulatory Proposed DSHEA
b) Licensing orthodox medicines regulations to be scopes of amended
Regulations medicines implemented practice regulations
Quality Control
GMP v v 4 4 4 v 4 X v voluntary
QC of Product Ingredients v v v v v v v X v voluntary
QC Final Product 4 X X v v v v X 4 voluntary
Standardization of Actives BP BP BP Canadian NHPO CHMP BP/USP BP/USP X BP & others? USP & others?
(if monograph exists*) ESCOP & &
WHO Other Recognized| Other Recognized
Pharmacopeias Pharmacopeias
Efficacy & Safety
Clinical data v X X a)v b) x v v X X X X
Historical Evidence X v v a) X b)v ? ? v X X ?
Adverse events reporting 4
v v (improved v v v v X X v
system)
Post-marketing surveillance v v v v v v v X X X
All claims must be
supported by acceptable v v 4 4 4 v 4 X X v
sources
Legal pre-approval of claimg 4 X X a)v' b) ? v v ? X X X
Legal enforcement/penalties v ? v v v v v X X ?

*If a monograph for the product in quest

ion doesarast, appropriate proof of safety and efficagysually required; R ®, registered productsjdtet products; AR ®, amended regulations for

registered products; BP, British Pharmacopeia; NHRBtural Health Product Directorate; CHMP, Comedttfor Herbal Medicinal Products; ESCOP, Europeeierfiific Cooperative on
Phytotherapy; WHO, World Health Organization; USRijted State Pharmacopeia ; DSHEA, Dietary Suppierflealth and Education Act
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CHAPTER 2

GINKGO BILOBA

21 INTRODUCTION AND HISTORY

Ginkgo biloba, frequently referred to as a “living fossil”, iset oldest living tree species on earth and
dates back more than 200 million years [48]. this only surviving member of the family Ginkgoceae
after the ice age and for centuries existed satelghina where it was cultivated for its ornamental
beauty, mostly in Buddhist temples and gardens. [8jstern documentation was first recorded by a
German, Engelbert Kaempfer during his travels wligh Dutch East India Company more than three
centuries ago. He named the tree “ginous” or “gaikgsing the Japanese pronunciation of silver
apricot “ginkyo” with reference to the appearan€¢he fruit. Later, Carolus Linnaeus supplemented
the name with the Latin wordioba” which describes the distinctive fan-shaped bitblsaves of the
tree.Ginkgo biloba was introduced in the US in 1794 by William Hawiltand today it can be found

in most parts of the world, particularly in citiegice its tolerance to adverse conditions make it a
ideal decorative botanical. In fadgginkgo biloba may be regarded as a symbol of hope as it was
reported that a Ginkgo tree was the first to spreititout genetic abnormalities after the Hiroshima
atomic bomb blast during World War [Rinkgo biloba is also known as “hill apricot, maidenhair tree,
Oriental plum tree, Salisburia adiantifolia, sihapricot, silver fruit and silver plume” [50]. Figru2.1
illustrates the appearance of a typiGahkgo biloba tree and its leaves photographed in Dundee, South
Africa in 2002.
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Figure 2.1. Photograph of a you@gnkgo biloba tree during summer and a closer view of the leaves

Ginkgo biloba is a perennial dioecious tree and is columnahape with erratic, horizontal branching.

It can live up to 1000 years old and may reachightt@f 30 meters with diameter and circumference
measurements of approximately 1 and 15 metersectsply [48, 50]. After the age of 20, the male
trees are capable of producing motile sperm, alsaracteristic of cycads, contained within
inconspicuous flowers. The fruit borne on femaées resemble the shape and size of plums and are
yellow in colour. They are infamous for their famdour when decomposing and are therefore seldom
planted in public areas [50]. The edible silver seédhe fruit is likened to the appearance of an
almond and may be boiled or roasted and are ofteladed in gourmet dishes in Japan and China or

ingested as a digestive aid after meals [50, 51].

The medicinal use of Ginkgo leaves dates back t@® BC where it was documented in the first
Chinese Materia Medica that brewed leaf extracteevedfective for the treatment of cardiovascular
and bronchial diseases, circulatory complicatiemgelling of extremities, as an anthelmintic [50Han
for the treatment of surface skin wounds and frexkb1]. It was also reported that Chinese royalty
used leaf extracts to alleviate symptoms of senilit the sixties, a German company known as Dr.
Wilmar Schwabe GmbH & Co formulated a concentraBidkgo extract known a&inkgo biloba
extract (GBE) or EGb761 [50]. In this extract, the purported active consits are enriched and
standardized and the undesired components sudte agrikgolic acids are eliminated [52]. EGb761

is routinely used in many pharmacological and clhitrials and is endorsed by the German health
authorities for the treatment of cerebral insuéficty, dementia, intermittent claudication, vertayal
tinnitus [50].

Today, Ginkgo formulations are produced by numeragsufacturers and consistently remain one of

the top selling herbal preparations worldwide [38]order to meet the demands of this surging marke
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large Ginkgo plantations have been cultivated i@ WS, France, Japan, South Korea and China
exclusively for medicinal use [50]. In South Camali(US), the Ginkgo trees are consistently pruped t
shrub size to facilitate harvesting and are usugitked in the summer months [50, 54] when the
concentrations of the purported actives are higfe2l A typical processing procedure involves
dehydrating and pulverizing the leaves followed éxtraction under partial vacuum using a
combination of acetone-water. The solvent is thesperated and the extract is processed further in
order to remove any undesired components followeddncentration and standardization of the active
component [48, 55]. Currently however, no standadli protocol for extraction exists and the

extraction process remains the sole prerogatitkeomanufacturer [53].

22 CHEMISTRY

2.2.1 Chemical composition dbinkgo biloba leaves

Chemical analysis of Ginkgo leaf extracts has rietka complex array of both polar and non-polar
constituents which include terpenes, flavonoidagtohain hydrocarbons, alicyclic acids and cyclic
compounds, amongst others. From the review astizjevan Beek [53, 56] and Sticher [57], Ginkgo

constituents can be broadly categorized as follows:

1 The terpenes
Diterpenes: ginkgolides A, B, C, J, K, L, M
Sesquiterpene: bilobalide
Polyprenols

Steroids

2. The flavonoids
Flavonol glycosides
Flavone glycosides
Acylated flavonol glycosides
Biflavones (amentoflavone, bilobetin, ginkgetin, ogikgetin, sciadopitysin, 5'-
methoxybilobetin, sequojaflavone)
Flavan-3-ols (catechins)

Proanthocyanidins (procyanidin, prodelphinidin)

3. Carboxylic acids
Non-phenolic compounds (ascorbic acid, D-glucatid,aquinic acid, shikimic acid)
Phenolic compounds (such pscoumaric acid, 6-hydroxy-kynurenic acid, proto&tdiuic
acid, p-hydroxybenzoic acid, vanillic acid, caffeic acidpvanillic acid, E-ferulic acid, Z-

ferulic acid)
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4, Alkylphenols
Ginkgolic acids (also known as 2-hydroxy-6-alkylbeit acids, 6-alkylsalicylic acids or

anacardic acids), ginkgols

5. Long-chain hydrocarbons and derivatives

Hydrocarbons, alcohols, aldehydes, ketones, acids

6. Various other compounds such as cytokinifislectins, carotenoids, anti-vitamin B6 (3~

methylpyridoxine), pinitol, sequoyitol, saccharolsigh molecular polysaccharides

Of these groups, the terpene lactones and therftads are purported to synergistically contribute t
the beneficial pharmacological effects of Ginkgaflextracts and are frequently reported as theecti
components [53, 57]. Particular attention has lbmmoted to flavonol glycosides, the diterpenes and
bilobalide. On the other hand, the alkylphenols aeported to cause allergic reactions and may
possibly cause mutagenic, cytotoxic and even nexioeffects although more conclusive evidence is
required to substantiate these postulations. Simpilad-O-methylpyridoxine, known to induce
convulsions in high doses, has also been discowabeit in sub-toxic quantities in Ginkgo leavesl an
commercial products. Methods for the quantitatimalgsis of 6-hydroxy-kynurenic acid in extracts has
also more recently been developed since relatibhéi concentrations have been reported in leaf
extracts (up to 1 - 2 mg/g) and it is speculatedhdwe antagonistic N-methyl-D-aspartate (NMDA)
receptor activity. Also, relatively little attentiohas been given to the polyprenols. They are apola
compounds which are predominantly extracted dupraressing of standardized extracts, probably
during the same exclusion step designed to remuoweyinkgolic acids and are therefore unlikely to

significantly influence Ginkgo’s therapeutic activ[53].

2.2.2 Chemical properties of the purported active compthe

2.2.2.1 Diterpenesand bilobalide (terpene trilactones)

The terpene trilactones are unique chemical compotowhd only inGinkgo biloba. Their exclusivity
may be attributed the presence of 3 lactone graapsgell as a tertiary butyl group, a rare combaorati
unprecedented in the plant kingdom [57]. The ginktps are 20 carbon diterpenes with cage-like
structures consisting of six 5-membered rings. Thag be differentiated by the positioning and
number of hydroxyl functional groups at C-1, C-3lae+7 of the spiro [4,4] nonane ring [58]. Seven
ginkgolides have been identified in leaf extragiakgolide A (GA), ginkgolide B (GB), ginkgolide C
(GC), ginkgolide J (GJ) [50], ginkgolide K (GK),rigolide L (GL) [56] and ginkgolide M (GM) [50].
GA, GB and GC are present in leaf extracts in §icgmit amounts with small quantities of GJ being
reported and rare mention of GM [59]. GK and GL evenly identified and characterized as recently
as 2001[56].
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In addition to their pharmacological effects, thiekgolides are thought to be responsible for thgebi
taste of the leaves. Bilobalide (BB), a 15 carbompound, is a related sesquiterpene which lacks the
tetrahydrofuran nucleus and spirononane ring thepinkgolides possess but comprises ¥ldctone
rings and includes the butyl and lactone functigralips [50]. The leaves of the Ginkgo tree typjcall
contain relatively small amounts of terpene tribagts, varying from 0.1 to 0.9% [51]. However, the
German Pharmacopoeia specifies that standardizeedcex should contain between 5.0 and 7.0%
terpene lactones, with GA, GB and GC contributo@ 13 - 3.4% and BB to 2.6 - 3.2% [23]. This, of
course implies the need to ensure that commerotmlugts contain concentrated extracts containing
the recommended quantities of terpene trilactomBe. chemical structures of the terpene trilactones

are illustrated in Figure 2.2 and their chemicalparties are further described in the section below

Figure 2.2. Chemical structures of terpene trilaeto

A) Diterpenes GA, GB, GC, GJ and GM

Diter pene R? R? R®
GA H H OH
GB OH H OH
GC OH OH OH
GJ H OH OH
GM OH OH H

The ginkgolides (A, B, C, J and M) have similar cleahformulae and properties. For example, GA
[60] has a molecular formula (MF) of,£1,40 and molecular weight (MW) of 408.40 whereas GB
[60], GJ (Chromadéx, Daimler St. Santa Ana, CA, USAand GM'’s [56] MF are gH,,0:0with the
same MW 0#24.40GC’'s MF is GgH»4011 with a MW of 440.40Their corresponding melting points
are, ~ 300°C (GA, GB and GC) [60] and 290°C (G3R0-324°C (GM) [56]. GA, GB and GC form
bitter crystals when dissolved in ethanol and thé&naviolet (UV) maxima are 219 nm (GA and GB),
220 nm (GC) in ethanol [60]. They are poorly solublevater at room temperature as well as in apolar
solvents, GB being the least polar [53]. They stidug¢ should be stored in a desiccator below 0°C
away from direct sunlight (Sigma, St. Louis, MO, US#hereas the suppliers of GJ (Chromadex
Daimler St. Santa Ana, CA, USAecommend storage at -20°C. Threg, plues have been reported
for GB only, 7.14, 8.60 and 11.89 [56].
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B) Diterpenes GK and GL

O H Diterpene R
B GK OH
~tBu GL H

Ginkgolide K (GK), has a MF of;gH;1600 and MW of 391.36 compared to Ginkgolide L (GL) with a
MF of CigH;¢0gand MW of 375.36. Their melting points are givaers800C [56].

C) Structure of the sesquiterpene, BB

BB has a MF of gH1g0s and MW of 326.30 and should be stored in a desgicdselow 0OC, away
from direct sunlight. BB is unstable above pH 7,[58] and is incompatible with strong oxidizing
agents (Sigma, St. Louis, MO, USA). BB has a pKlaeaf 11.80+ 0.20
(http://www.cas.org/SCIFINDER/SCHOLAR/index.htnitegistry number: 33570-04-6).

2.2.2.2. Flavonoids

Unlike the ginkgolides, the flavonoids compriseaege group of polyphenols that are ubiquitous & th
plant kingdom [61] and occur in substantial projpms in Ginkgo biloba leaves [53]. Up to 33
flavonoids have been discovered [62], most of whichur as mono, di- or triglycosides of the major
flavonol aglycones, quercetin and kaempferol. Alsamount is also derived from isorhamnetin, the
flavonols myricetin and 3'-methyl myricetin anda@kbgpigenin and luteolin, both of which have flavone
skeletal structures [57, 61]. The stipulated flaMoglycoside content in standardized extracts is
between 22 and 27% [23] however, the flavonol agigs themselves occur only in small fractions in
Ginkgo leaves, varying from 0.2 - 0.4%w/w. In adudit p-coumaric acid may be esterified with
kaempferol or quercetin glycosides. According tict&iret al. [57], these esters can be used as suitable

QC markers.

25



The analysis of intact flavonol glycosides is a gaudication of the source of raw material used in
extracts [22, 53]. Quantification of the flavonolygpsides in leaf extracts and dosage forms is
conventionally conducted by acid hydrolysis of theracts followed by the high-performance liquid
chromatographic (HPLC) determination of the restltayglycones. The flavones glycoside
concentration is usually approximated by back-datmn of the aglycone content using the average
molecular weight of flavonol coumaroyl ester glyices (MM 760) [52]. Although this procedure is
relatively simple and reference materials for tlygly@ones are available, true flavonol glycoside
content is exaggerated. This is due to the intriagjlycones already present @Ginkgo biloba and
calculations based on the average glycoside m&jsIfbaddition, glycosides are relatively stable
compounds which hydrolyze only under rigorous estiom conditions and/or incorrect storage and
their presence are therefore excellent QC indisatdn increase in the ratio of aglycones to glydesi

in extracts suggests degradation [57].

The biflavones, whose content is not usually reguite be standardized, have recently been
incorporated into cosmetics with ginkgetin, isogjatin, bilobetin and sciadopitysin being the major
components present in the leaves and extracts. rbla@ihocyanidins, on the other hand, are present in
Ginkgo leaves to the extent of 4 - 12% and are llysstandardized to 7% in extracts [53]. The
proanthocyanidins and the flavonol glycosides grecslated to be responsible for pharmacological
activity of the flavonoids [53, 57]. The flavonolygosides are however by far the most dominant
contributors to the flavonoid fraction and therefare most frequently used as effective QC markers.
The chemical properties of the flavonol glycosidesin and quercitrin (Figure 2.3) and the flavonol
aglycones (Figure 2.4), quercetin, kaempferol asorhamnetin which were selected as marker
compounds for this research will be expounded dpdher.

Figure 2.3. Chemical structures of the selectedfial glycoside marker compounds

H2
OH 0— ¢
(0] (0]
CH, OH
OH
OH OH OH OH OH
Rutin Quercitrin
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Rutin

Rutin has a MF of &H30016 @ MW of 610.53 and forms pale yellow crystals wihgdrated in water,
which gradually darkens when exposed to light. @tystals are usually available in hydrous form and
lose their water after 12 hours at ¥COand 10 mm Hg. Anhydrous rutin is hygroscopic ahduld be
stored in a desiccator. One gram of rutin is delih approximately 8 litres of water, 200 ml bogi
water and 7 ml of boiling methanol. It is solubfesiqueous alkaline solutions, formamide and pyedin
slightly soluble in acetone, alcohol and ethyl atetand almost insoluble in carbon disulphide,
chloroform, benzene, ether and petroleum solved@F Rutin has UV maxima of 258 and 359 nm in
methanol and a pKa of 6.830.60 [http://www.cas.org/SCIFINDER/SCHOLAR/indetml, Registry
number: 153-18-4].

Quercitrin
Quercitrin has a MF of £H,¢01; and a MW of 448.37. It forms yellow crystals frdmth methanol

and ethanol and has a melting point of 176 -°Crth water and 16T in ethanol. It is soluble in
alcohol and alkaline solutions, partially soluliehiot water and practically insoluble in cold waded
ether. Quercitrin forms an intense yellow colourewhdissolved in aqueous alkaline solutions which

turns brown on exposure to air. It has UV maxim&%0 and 258 nm in ethanol [60].

Figure 2.4. Chemical structures of the selectegbfial aglycone marker compounds

Flavonol aglycone R
Isorhamnetin OCH;
Kaempferol H
Quercetin OH

Quercetin
Quercetin has a MF of6H;00,, a MW of 302.23 and is the aglycone of both rativd quercitrin. It

exists in dihydrate form and becomes anhydrou$ at®°C. It forms yellow needles from alcohol and
1 gram dissolves in 23 ml boiling alcohol, 290 misalute alcohol, in glacial acetic acid and in
aqueous alkaline solutions. It is almost insolublevater and alcoholic solutions are extremelyelitt
tasting. It has an LE of 160 mg/kg in mice. Quercetin has UV absorbanegima at 258 and 375 nm
in alcohol [60] and a pKa of 6.89 0.60 [http://www.cas.org/SCIFINDER/SCHOLAR/index.htm
Registry number: 117-39-5].

Kaempferol
Kaempferol has a MF of H,00s, @ MW of 286.23 and is available as yellow needléshas a

melting point of 276 - 27&, is soluble in hot alcohol, ether and alkalinduons and is slightly
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soluble in water. Kaempferol has UV absorbance maxat 265 and 365 nm [60] and a pKa value of
6.93+ 0.60 [http://www.cas.org/SCIFINDER/SCHOLAR/indetil, Registry number: 520-18-3].

Isorhamnetin

Isorhamnetin has a MF of §H,,0,, a MW of 316.26 and a melting point of 303 - 3@ It has a UV
maximum of 365 nm in methanol and a pKa of 6:9m60
[http://www.cas.org/SCIFINDER/SCHOLAR/index.htnRegistry number: 480-19-3].

2.3 PHARMACOLOGICAL ACTIVITY OF PURPORTED ACTIVE CONSTITUENTS
OF GINKGO BILOBA

As with most herbal preparation§inkgo biloba’'s pharmacological activity is attributed to the
synergistic action of multiple chemical compon€d®3, 64, 65] and it is generally accepted that both
the flavonol glycosides and terpene trilactones iategrally responsible for its beneficial effects.
However, it must be stated that the influencestioéiochemical entities present in extracts haveyabt
been determined as obsolete [14, 53] and some misos of action of the extract in its entirety are
unknown [57]. Ginkgo’'s proposed mechanism of actisnfourfold and involves restoring i)
haemodynamic imbalances, ii) abnormalities in Ratdctivating Factor (PAF) activity, iii) free
radical formation resulting in cell damage and tivg¢ lowered adenosine triphosphate (ATP) levels
associated with anoxia [66]. Although research mdigg the pharmacological contributions of
individual components is still seriously lackingcently a number of papers have been published in
this area indicating substantial progress in daténg Ginkgo's precise active chemical constituents
and mechanisms.

2.3.1 Terpene trilactones

Until recently, the pharmacological effects of niaiGA and GB were studied [67, 68] however this
scope has now been extended to GC and GJ as wBB.as fact, a recent investigation has shown
that GB is actually the most potent antagonist &fFH69, 70] while GA, GC and GJ have
demonstrated declining activities in comparison éxhibiting only 20%, 12% and 7% of GB's
potency, respectively [71]. The more apolar the&kgatide, the more anti-PAF activity it demonstrates
[49].

PAF is produced by various cells (dmsophils, neutrophils, endothelial cells andghas) in response

to certain stimuli such as hypersensitivity or @tide stress and acts as an intra and inter-cellula
messenger [71], triggering the conversion of cetlphospholipids to arachidonic acid with subsetjuen
secretion of prostagladins and leucotrienes whrehptentiators of the blood clotting cascade and
inflammation [68]. Inflammation can be charactedizgy an increase in microvascular permeability
and oedema and the influx of intracellula”Gausing smooth muscle contraction [71]. PAF mag als

be responsible for the excessive release of gluafida]. Ultimate physiological effects may include
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bronchoconstriction, cardiac complications, anapkigl hypotension and pulmonary hypertension, to
name a few. As a result, the ginkgolides' anti-Pa¢tivity is beneficial in the maintenance of an

efficient haemostatic system as well as in thetitneat of diseases and disorders primarily assatiate
with abnormal levels of chronic inflammation [73]7In addition, anti-PAF activity is associatedhwi

increased blood flow and therefore enhanced pempleeculation [57].

The ginkgolides are also speculated to mitigatentii@onal excitotoxic effects of glutamate which is
released during periods of ischemia and which maydsponsible for augmenting PAF production
[57]. One publication has also shown that the gilikles have high affinity for glycine receptors
catalyzing research into the radiolabeling of GB tbe future purposes of determining the
neuromodulatory effects of this antagonistic intéom [58]. Recently, it was shown that the terpene
trilactones were responsible for reducing inflamoratossibly by inhibiting the macrophagal nitric
oxide production at the site of infection aftéandida albicans was injected into rat footpads which

caused arthritic swelling [74].

BB on the other hand does not exhibit any anti-R&tvity but is regarded as a potent neuroprotéctan
which acts on neurons and astrocytes [67]. BB $paasible for aortic vasorelaxation by stimulating
the influx of C&" through non-selective cation channels in endaihetlls with resultant NO release.

In the smooth muscle cell, cGMP is then activatgdNI® causing a decline in cytosolic Cand
consequential vasodilation. In addition, the intiimi of both C&™-activated K channels and
prostacyclin release may also contribute to theoneagilatory effects. GA, GB and GC exhibited
limited vasodilatory activity compared to BB in tekame study and the authors subsequently suggested
that BB may effectively be considered as the solgridutor to this pharmacological action due ® it

demonstrated concentration-dependent potency [66].

BB has exhibited electropharmacological actionstbyegative chronotropic effect on the sino-atrial
nodes in rats [66] and is capable of preventingpligoglycolysis by increasing the production of ATP
the mechanism of which is still unknown [73]. BBshalso been tested for possible anti-bacterial
effects in rats infected witBneumocystis carinii where it was found that 10 mg/kg administrationrove
8 days proved as effective as the usual conventiogatment of trimethoxazole/sulphamethoxazole
[50].

2.3.2 Flavonoids

The flavonoids, particularly the flavonol glycosidés#flavones, proanthocyanidins and phenolic acids
are widely recognized for their broad-spectrum fizgical scavenging effects [61, 75], their abitiby
terminate the propagation of free radical productmd their affinity for metal ions involved in the
production of these reactive species [76]. Supdm=nions, hydroxyl and lipid peroxide radicals are
continuously generated as by-products of biologiealox reactions and house unpaired electrons

which make them highly reactive. These specieuaually inactivated and destroyed by specialized
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enzymes such as superoxide dismutase, catalageeandidase. However, in cases of excessive free
radical production or decreased enzyme activitihese reactive species are capable of inducing
oxidative stress and are associated with genetiations as well as chronic diseases such as cancer,

rheumatism and hypertension [75].

The flavonoids help maintain the rheology of blogdobeventing the free radical induced formation of
lipid peroxides. Lipid peroxides inhibit the prodiact of prostacyclin which is essential for
vasodilation and for preventing platelet aggregati®dA dynamic equilibrium exists between
thromboxane Aand prostacyclin and the effects of thromboxanar& therefore accentuated causing
vasoconstriction and platelet aggregation. Thrombexalso inhibits adenyl cyclase resulting in
reduced intracellular cyclic adenosine monophogpf@MP) with consequential platelet aggregation.
These effects result in decreased blood flow anexineme cases could cause hypoxia or ischemia
[57]. The flavonoids may also promote vasorelaxabgrpreventing the degradation of endothelium-
derived relaxing factor by superoxide anion radicfd9]. The vasodilating effects of rutin and
guercetin were compared using rat aorta ring stBpsh compounds exhibited positive concentration-
dependent vasorelaxation effects, although querostis found to be significantly more potent,

surpassing the effects of the terpene lactones [77]

The flavonoids are also responsible for reducingeoed by stabilizing cellular membranes, thereby
promoting capillary integrity and are speculatedptevent the hemolysis of red blood cells [57]. In
addition, the flavonoids may interfere with araamat acid metabolism by inhibiting cyclo-oxygenase
and lipoxygenase involved in the production of thbmxane A and leucotrienes, respectively. The

leucotrienes are linked to the pathogenesis ddiinfhation [68].

In addition to stimulatory effects of EGb 78lon pancreatif-cells, it has recently been shown that
the beneficial pharmacological effects of the flawils described in the foregoing discussion may be
applicable to type 2 diabetes mellitus patients.refent study investigated the effect of Egb[761
ingested over a period of 3 months on blood plegeihich were harvested from patients suffering
from type 2 diabetes mellitus. It was found tha tavels of malondialdehyde, a reactive metabolite
from lipid peroxidation produced during activatioh thromboxane, was significantly reduced. This
action was attributed to the inhibition of cycloggnase (COX)-1, the rate-limiting isoenzyme in the
synthesis of thromboxane and/or the reduction aflable arachidonic acid with subsequent reduction
in generation of prostanoids and free radicals éatras by-products of these biological reactionseOn

again, the flavonoids were postulated to be resplanfor these effects [78].

Ginkgo biloba’s free radical scavenging effects may extend #oitthibition of mono-amine-oxidase A

and B (MAOA and MAOB). Inhibition of these enzymesevents the oxidative deamination of
dopamine and thereby limits the production of fradicals. MAOB is also involved in the catalysis of
protoxins to toxins which cause neurotoxicity [7A8]study performed by Slolest al. [80] showed that

the inhibition of MAO in rat liver is predominantijue to the activity of kaempferol.
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A study investigating the free radical activity agufiercetin, rutinp-coumaric acid, procatechuic acid,
isogingetin and (+)-catechin using the 1,1-diphéhyicrylhydrazyl (DPPH) method showed that
guercetin was the most potent antioxidant. The peEsef theo-dihydroxy functional groups on ring
B of both quercetin and rutin were essential fatigal scavenging activity [75, 76, 81] however, the
addition of the rhamnose unit at positiopdd ring C decreased the antioxidant capacity [F&bably
due to steric hindrance [82]. The double bond prteseming C and thexrhydroxyl groups in positions
Cs and G of ring A are also considered critical determiisaat activity. Review Figure 2.3 for the

structures of rutin and quercetin.

Pietta and co-workers [76] also investigated itheitro antioxidant effects of flavonoid metabolites
and other catechins and found that rutin exhibitexte than twice the activity of vitamin E and was
also more potent than the catechin metabolitesiofilyh quercetin was included as a metabolite of

rutin, its antioxidant activity was not reported.

In another study, the free radical scavenging iefiicy of some flavonoids in cultivated human cells
was investigated [83]. The results were somewhattradictory to those reported by Ellnain-
Woljtaszek [75] with catechins showing weak scavegactivity. The selected flavones however were
collectively the most potent antioxidants althoulgé flavonol aglycone, quercetin, had an antioxidan
capacity second to that of the flavone apigeninctvigixhibited the highest overall activity. Onceinga
3-O-glycosylation of quercetin with a rhamnose unguléed in reduced activity. In addition, since
human endothelial cells were used, the lipophiéisitof the compounds were also considered a

determining factor and may play a role in the dffecpenetrability of these antioxidants [83].

Although rutin’s activity is considered subordinatequercetin, a relatively recent publication whic
investigated the pharmacological effect of rutintbbe antidepressant activity of St John’s Wort fbun
that rutin was required above threshold concepinatio decrease the immobility time of rats in the
forced swimming test (FST). The authors hypothesikatirutin influenced the bioavailability of other
chemical compounds present in the extract and edwisatHypericum extracts should routinely be

analyzed for sufficient rutin content [84].

2.3.3 Other effects

The rate of lipid peroxidation of low density lipapeins (LDL) has been reported to decrease in the
presence of GBE [73]. Shakt al. [85] used an extract standardized to contain 9.4 ohg
“ginkgoflavonglycosides” to demonstrate that GB affective in adjusting abnormal levels of
catecholamines (dopamine and adrenalin) and sénotorthe rat brain as well as plasma levels of
corticosterone after using forced immobilizationinoluce stress in rats. Ginkgo may also increase
levels of 5-hydroxytryptamine (5-HT) in the braB0]. Although these mechanisms can presumably be
extrapolated to the flavonoid fraction, these stadiere all performed usirgjnkgo biloba leaf extract

in its entirety.

31



A study directed at determining the effect of EGHT on mice suffering from induced peripheral
neuropathy showed that the extract was instrumantakducing the symptoms in mice and also
reduced damage to primary sensory neurons. Theanirh is however still unknown [86]. Studies
have also postulated th&inkgo biloba may act directly on the cholinergic system by preieg the
uptake of the acetylcholine precursor, choline rie-gynaptic nerves and by upregulating cholinergic
muscarinic receptors associated with long term stige of GBE. These effects may be partly

responsible for improved cognitive function asstadavith GBE use [79].

Recently, the neuroprotective effects of EGb [7&iave been ascribed to mitochondrial protection,
thereby delaying ageing [87]. Another study hagibatted GB’s protection against rat brain
dysfunction induced by chronic exposure to alumirtarthe reduced production of amyloid precursor
protein (APP) and caspase-3 in the hippocampusatiktly reducing the concentration @famyloid
[88]. Beta-amyloid plaques and vascular depos#scharacteristically found in patients sufferingnfr
Alzheimer’s disease (AD). In addition, GB helpddwer circulating cholesterol levels associatechwit
the production of-amyloid [89]. On the other hand, an investigatias shown that EGb 781causes

upregulation of caspase-3 activity thereby suppmgdbe proliferation of oral cavity cancer cel®9].

From these reports, it is obvious ti@ihkgo biloba’'s constitutional complexity makes elucidation of
its precise mechanisms of action a difficult ta@kerwhelming evidence does however support anti-
PAF and free radical scavenging activity with tleepene trilactones and the flavonoids being the
speculated dominant contributors, respectivelyh@dgh each chemical class has different and mostly
multiple targets of action, their ultimate pharmagical effects complement each other, supportirg t
claim of synergism. This was also confirmed by timelihgs of Nishida and Satoh [77] where the
vasorelaxing actions of the terpenoids and sontiearflavonoids were compared. The authors noted
that the sum of vasodilatory activity of the indival components was less than that observed from
whole GBE extract and concluded that complex imtimas of the chemical components present were

responsible for the observed effect.

24 CLINICAL APPLICATIONSAND USE

2.4.1 Cerebral insufficiency

A decline in mental function is often the resultisdhaemia where reduced blood supply to the brain
results in insufficient oxygen delivery. Under thesypoxic conditions, free radicals are generated
leading to the production of lipid peroxides wittnsequential cell damage and cerebral oedema. This
process occurs gradually with the onset of symptomimsufficiency and ultimately, AD [68]. The
symptoms of cerebral insufficiency include “diffity in concentration and loss of memory, absent-
mindedness, confusion, lack of energy, tirednessresed physical performance, depression, anxiety,
dizziness, tinnitus and headaches” which havbesh linked to a decline in cerebral blood cirdafat

and speculated to be the start of degenerativeuttiphe infarct dementia [59]. Another commonly
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related condition is caused by the obstructionhef ¢erebral blood supply, invariably by thrombus

formation and which is commonly known as a stradd&.|

GBE is available in Germany on prescription and O3@ gnd is primarily indicated for the treatment
of cerebrovascular insufficiency [91], dementia][Zhd postthrombotic syndrome [92] due to its
vasoregulatory and stabilizing effects on arteriggpillaries and veins, antioxidant and anti-PAF
activity, suppression of APP production, its eféeon the cholinergic system and its regeneration of

sensory neurons as described in section 2.3.

2.4.2 Other central blood flow disorders

GBE is endorsed by the German Commission E for gartrent of vertigo and tinnitus [49, 50]. GBE
has recently been postulated to improve cognithasocial skills in adults with Down syndrome [93].
Lay press frequently advertises the use of GBE fbamcing memory/cognitive function [72] and/or

mental function and quality of life [94] in healtlgults.

2.4.3 Peripheral blood flow disorders

Improved peripheral blood flow associated with GBS been used to treat symptoms of peripheral
vascular disease such as Raynauld’s disease amdalarbcclusive diseases [95], intermittent
claudication, impotency [50], fluoxetine-inducedxsal dysfunction [96], arteriosclerosis, varicose

veins, haemorrhoids [81] and diabetes [50].

2.4.4 Effect on Neurotransmitters

Ginkgo biloba’s direct and indirect effect on neurotransmitteas resulted in GBE being used for the

treatment of depression [97, 98], anxiety, str88% 4nd mood swings [50].

245 Anti-PAF effects

Due to Ginkgo’'s potent inhibition of PAF it has widclinical application and its effect on
inflammatory disorders such as shock, burns, uliers, anaphylaxis as well as skin conditions

characterized by inflammation [64], are being res®ad on an ongoing basis [68].

2.4.6 Free radical scavenging effects

In general, free radical scavenging is widely asged with anticarcinogenesis [97] and GBE's
protection of mitochondria coupled with its freeliGal scavenging facilitates its application inares

and anti-ageing products [53]. In addition, GBE'sefrradical scavenging effects are suggested to
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reduce the onset of many pathological states, dmdudiabetes [78], rheumatism and hypertension
[75].

In ChinaGinkgo biloba leaf extracts are commonly used for “asthma, canagaired hearing, lung
weakness and congestion, venereal disease, sexer@yeand longevity” [50] and is prescribed by
practitioners for the treatment of angina, athdesssis, dysentery, filariasis and hypercholestara
[91].

In the US,Ginkgo biloba dietary supplements are advocated for the tredtiofetallergies, asthma,

AD, brain trauma, circulatory disorders, depressidiabetes, eye diseases, headaches, hearing loss,
impotency, memory impairment, multiple schleroBlaynauld’s disease, vertigo, tinnitus and varicose
veins” [50].

25 CLINICAL EFFICACY

2.5.1 Cerebral insufficiency

Kleijnen and Knipschild [99] critically examined 46linical trials reviewing the efficacy of
standardized extracts for the treatment of cerabagaifficiency in elderly patients. In 39 of théats,
positive outcomes were reported while one trialohatied that GBE was not effective in the treatment
of symptoms related to dementia of vascular ori@inly 8 of the 40 evaluated trials were identifas
having acceptable quality based on predefinedri@ifer meticulous methodology such as sufficient
number of patients, comprehensive descriptions ardomization protocols and patient profiles,
outcomes measurements and data acquisition andnpagisn. Positive results were observed in those
8 trials with no serious side effects. Daily dos&420 - 160 mg were administered for at least ékse
and up to 3 months. The administered preparatiatsdad Teboninl, Tanakahl and Rékanl, which

are synonymous with EGb 781 and contain 24% flavonol glycosides and 6% tegplectones and
Kaveril, standardized to contain 25% flavonol glycosided also 6% terpenoids. The authors noted
that a minimum of 4 - 6 weeks of GBE treatment veggiired before beneficial effects were observed.
The evaluation of suitable rational clinical outcanie trials also posed difficulty due to the fatatt
symptoms of cerebral insufficiency (section 2.4ffefjuently vary between patients and seldom occur
simultaneously. The authors concluded that, althaihgie was justified merit to GBE’s beneficial
effects, additional well designed studies needebiemerformed to substantiate available evidence.
These trials were also compared to 5 clinical tislisg the orthodox drug, co-derocrine for dementia

and its efficacy was rated of the same quality BEG

More recently a randomized double-blind, placebotadled, parallel group, multicenter study was
performed over a 52-week period by Le Betral. [100] in orderto determine the effect of EGb 781
in patients suffering from mild to moderate muiftfarct dementia and AD. Initially, 309 selected

subjects were randomized however only 78 and S8epatients receiving EGb 781(120 mg daily)
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and placebo completed the study, respectively. &lm@mary outcome measures were used in the
assessment of patients at set intervals duringcthgse of the study, the Alzheimer's Disease
Assessment Scale for the measurement of perforrtzass®l cognitive dysfunction (ADAS-Cog), the
Geriatric Evaluation by a Relative’s Rating Instrumn@GERRI) which assessed the daily living as well
as the social behaviour of the subject and theic@lirGlobal Impression of Change (CGIC) where the
subject’s general psychopathology was determined bimician. The authors stated that EGb 761
demonstrated a stabilizing function and in somesayen improved cognitive abilities as well asydai
and social behaviour in subjects after a perio@ afonths - 1 year while the CGIC score showed no
improvement. The CGIC score has however been replacéhe Clinician Interview Based Impression
(CIBI) rating scale which has been shown to be nsemsitive but was not available when the initial
study was designed. Adverse events were reportbdtintreatment groups in equal capacity with the

exception of gastrointestinal tract (GIT) symptontsch were more frequent in the EGb 76group.

In a separate randomized, placebo-controlled stLi8ysubjects who were diagnosed with age-related
memory dysfunction were given single doses of ei#2® mg or 600 mg GBE an hour prior to testing
their processing abilities in response to both akdnd visual information. Positive results on both
accounts were reported [73]. According to Granf,[GBE seems to be on the same efficacious level
as acetylcholinesterase inhibitors for AD with teded advantage of being less toxic and should be

considered as a replacement or ancillary preparétimonventional drug therapy fails.

2.5.2 Stroke

Fifty patients participated in a placebo-control®ihical trial which demonstrated that 150 mg GBE
given daily to patients who had suffered from arsnal subarachnoid haemorrhages was successful in
improving reaction times, accuracy and short-teremory compared to baseline and placebo recipient

results [73].

2.5.3 Vertigo and tinnitus

At least 6 reportable trials for tinnitus have b@enformed, mostly using outcome measures based on
subjective assessments with incongruous results1f@%]. Daily dosages predominantly ranged from
16 - 120 mg and the largest clinical trial involvé800 subjects where GBE was administered
intravenously but the actual daily dose was notifipgd. Two open trials reported no significant
improvements in tinnitus. One trial which used (BBE combined with laser treatment reported a 43%
improvement in patients with tinnitus and 20% af Bubjects reported that all tinnitus symptoms had
disappeared. Two trials showed 60 and 16% improwésnef tinnitus symptoms respectively, and 1
trial using the lowest dose of 16 mg daily reporsgghificant improved effects of tinnitus intensity
only. In all trials vital information was missinghe most obvious pertaining to patient information,

dosage or duration of the trial which automaticatigicates that additional comprehensive trialsdnee
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to be conducted to prove efficacy. In spite of theegoing, according to Chavez and Chavez, GBE
shows promising efficacy for the treatment of adirteitus [101].

Chavez and Chavez [101] have also reported themas of 6 trials using GBE to alleviate symptoms

of vertigo. Only 2 trials exhibited significant tBfences compared to the placebo.

2.5.4 Down Syndrome

A preliminary study was recently conducted on 2nggubjects. One subject was 11 years old and
received 80 mg GBE daily for 11 weeks while the otbatient (17 years) received 120 mg every
morning for 13 weeks. Both subjects were without additional medical conditions or abnormalities
and showed an 8.45% and 4.88% improvement in Misieland scale score tests, respectively. In
addition, marked improvements in social behavioarenobserved in both patients and no side effects

were reported [93].

2.5.5 Memory in healthy individuals

Ginkgo biloba is frequently referred to as a “smart” drug in @dising campaigns aimed at healthy
individuals. A few preliminary studies have beemauacted using low, recommended and high dosing
regimes on female volunteers to determine the acogmitive effects ofGinkgo biloba on subjects
showing no signs of dementia [102, 103, 104]. Mwukt al. [72] critically evaluated these trials and
objected to the high dosage regime (240 - 600 m@)3Bquired to achieve significant responses in
memory scanning, picture recall and reaction spgeedttention-related tasks since abnormally high
doses would also implicate increased incidencesleérse effects and/or drug interactions. In aoidliti
studies have demonstrated that memory variationsaoeur during different phases of the menstrual

cycle and female subjects are therefore not aldaitdhoice for such trials.

As a result, Moultoret al. [72] designed a double-blind, placebo-controlledhichal study using 30
healthy male volunteers with a mean age of 20. éxtbjwere given the recommended daily dose of
120 mg of a standardized GBE for 5 days and thd¢adessing the Sternberg Memory Scanning Test, a
prose memory task and a reading span test. Ndfis@mti enhancements of memory were observed in
any of the assessments and the authors postulaethe inclusion of such young subjects may have
excluded the possibility of even slight cognitivectine and therefore possible improvement in brain
function [99]. MoreoverGinkgo biloba was only administered over a period of 5 days wdeeraost
trials have shown that a minimum of 4 - 6 weeksadministration is normally required before
substantial beneficial effects are observed.

Recently, a 4-week, randomized, double-blind, faeeontrolled, parallel-group, monocentric study

was performed involving 66 healthy subjects agad/éen 50 and 65 years to investigate the effect of

EGb 7610 (120 mg administered twice daily) on cognitive dtion. Primary and secondary outcome
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measurements involved subjective assessments atelltased on neurobiological classification of
functions, respectively. EGb 781was found to positively influence the subjectsigeéved mental
health as well as quality of life. In addition, it 2 weeks of administration, EGb T6had a positive
impact on self-judged mood state and at the entheftrial an improvement in motor function was
demonstrated by increased speed results in theelFtagping test in the EGb 781recipients. Only
minor adverse events were reported [94]. Althougs trial shows promising effects of EGb 76in
mental functioning, it would be premature to codelueasonable efficacy of standardized GBE for this

indication.

2.5.6 Peripheral Vascular diseases

Kleijnen and Knipschild [59] reviewed 15 clinicaials examining the efficiency of GBE for the
treatment of intermittent claudication. All trialsported beneficial effects, however only 2 triaisre
deemed well performed. One trial demonstrated Iomgeking distances by 110 meters 31 meters

on placebo after 6 months and the other trial reoalleviation of leg pain during periods of réte
authors considered these results as preliminaryoand again recommended that further trials should

be conducted for concrete evidence of efficacyttiar indication.

One clinical trial has reported the effects of 8 bfly Ginkgo infusion administered twice a day oimpa

levels associated with Fontaine stage 3 chronitusis® arterial disease. A visual-analogue scals wa
used to obtain results and subjects were requéstaamplete the McGill Pain Questionnaire compiled
using qualitative and quantitative assessmentriait®esults showed a reduction in pain during rest
compared to subjects receiving placebo and fewdierda requested the use of the analgesic

pentazocine [95].

2.5.7 Impotency

Two trials have shown significant improvements afteyesting GBE for impotency. An open trial
which treated arterial erectile dysfunction in 6&tignts resistant to papaverine injections showed
improvements after 6 months of treatment with 60GRE daily and increased blood flow after only 8
weeks. Another trial used GBE to alleviate impotemelated to the administration of serotonin
reuptake inhibitors (SSRIs). Of the 100 patiemisluded in the study, only 16% did not report
beneficial effects. The initial dose was 120 mgydaihich was successfully increased in some cases
up to 480 mg [101].

2.5.8 _Hypertension
A randomized, double-blind trial was performednedstigate the effect of either 40 mg or 80 mg GBE

administered 3 times a day to 54 subjects with nalchoderate cognitive dysfunction over a period of

3 months. Arterial blood pressures were monitorédegular intervals when clinical and self-
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assessments for cerebral function were performéxic@lly significant results were reported for hot
indications, with diastolic blood pressure measunets decreasing remarkably in the low dose (40 mg)
GBE patient bracket [105].

2.5.9 Anti-depressant activity

One study has been reported using GBE concurrently amtidepressants. The trial investigated the
administration of 240 mg GBE for the treatment digrds with cerebral insufficiency also diagnosed
with depression. The trial was placebo controlled ecluded 40 patients with statistically sigrefint
positive results reported after 8 weeks using theniton Depression Scale and Short Test of General

Intelligence as outcome measurements [73, 101].

2.5.10 Anti-oxidant activity

Ginkgo's antioxidant activity was preliminarily tesl in 30 patients due for coronary bypass surgery.
The double-blind, placebo-controlled, randomizeddgtashowed GBE recipients had improved post
ischemic cardiovascular damage using haemodynammglobin and thiobarituric acid reactive
agents in the evaluation. Administration of 320 BE@b 7611 daily before surgery showed that free

radical generation was reduced [101].

2.5.11 Asthma

Four studies have shown the effect of a standatdeedract containing GA, GB and GC (in a
preparation called BN52063) on asthma, atopic astand exercise-induced asthma. When tested, the
terpenoids exhibited anti-PAF effects however extpity flow rate in exercise-induced asthma did not

improve [101].

2.5.12 Premenstrual syndrome (PMS)

An open trial which was designed to determine fifeceof GBE on cyclic oedema by I/V (200 - 300
mg) or oral (160 - 200 mg) administration in 11 wesmwho reported complete restoration of PMS
symptoms caused by sodium and water retention dsawehypoalderosteronism due to increased
capillary permeability after 4 - 5 days of treatmgi©91].

In a separate double-blind, placebo-controlledystd65 subjects were given 160 mg GBE daily mid-
way through one cycle until th& Blay of the following cycle. Significant improventsnvere reported,
most notably on breast tenderness with outcomesdbas patient self-evaluation and physical

assessment by a clinical physician [101].
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2.5.13 Other

Isolated trials for hypovolemic shock, diabeticimepathy, Raynauld’'s disease and chronic active
hepatitis B have shown preliminary beneficial effewhile other trials using GBE for hyperlipidemia

and ulcerative colitis have shown it to be ineffex{101].

In summary, it is surprising that after 3 decadedinical research on the efficacy of GBE for dises
related to its supposed beneficial pharmacologétdcts, authors have perpetually concluded that
more extensive, empirical, well organized and dosuoted trials need to be conducted to substantiate
the available preliminary evidence [19]. A partadplanation may exist in that the establishment of
suitable criteria for judging the quality of climictrials has resulted in many trials performedha
1970’s and 1980’s not having met the standardgdod clinical practice and acceptable methodology
[99]. In addition, the majority of clinical trialsave focused on GBE's beneficial effects for cerebra
insufficiency which is characterized by elusive ggoms. The employment of extensively different
outcomes measurements has also added to the catpmgiExomparing and evaluating the results of
these trials and some assessment methods in wéskped trials have been criticized for their laak
sensitivity [73]. Moreover, large multicenter tdahre associated with exorbitant costs which impede
the conduction of long overdue clinical studies.nBieless, the efficacy of GBE for cerebral
insufficiency has not been disproved in approxityaBdecades since the documentation of clinical
trials in 1977 [99] and the use of GBE for the tneent of symptoms relating to dementia and other

diseases has not diminished [72, 106].

Ginkgo's synergistic pharmacological effects arthbmmplex and extensive and random clinical trials
therefore do serve a purpose in helping deternldétianal mechanisms of action in conjunction with
providing new potential clinical indications. Indition, these trials do merit GBE with some level of
safety since adverse events are routinely documerid reported and are determined under various
conditions relating to the dosage, the pathologstaltes of the subjects and duration of GBE

administration.

2.6 DOSAGE

Ginkgo biloba leaf extracts are marketed and sold as soliddosdge forms such as tablets and gelatin
coated capsules, concentrated liquids, tincturets gnd sublingual sprays and also included as
ingredients in some revitalizing drinks and vitanpreparations. Most clinical trials have been
conducted using standardized GBE formulations or E&] which contain 24% flavonol glycosides
and 6% terpene trilactones. In some countries @& a parenteral formulation is available which
has been withdrawn from the market in Germany &fety reasons [107] and is not available in the US
[95].
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The German Commission E recommends the administrafid0 mg standardized GBE 3 times a day
i.e. a daily dose of 120 mg daily [95]. Howeveilinidal trials have typically used ranges within -80

300 mg daily [73] for most indications except ftretenhancement of intellectual performance in
healthy volunteers (600 mg) and for tinnitus wheubstantially lower doses were investigated [101].
Beneficial effects in positive trials were normalbpserved within 4 to 6 weeks [73, 101]. One
publication advised infusing 500 ml of boiling wateith 30 g of driedGinkgo biloba leaves and

drinking 125 ml of the infusion twice a day [64]hi$ may however not be advisable due to the
presence of undesired chemical components sudhmeagirikgolic acids which are normally removed

during extraction processes [53].

2.7 SIDE EFFECTSAND TOXICITY

Adverse events in clinical trials have been regbmeth doses starting from 80 mg per day with
duration of treatment periods ranging from 1 week tyear [73]. The most common side effects were
headaches and GIT symptoms [64, 73] such as stompsét, diarrhoea, flatulence, nausea and
vomiting [101]. Other side effects included dizaagheart palpitations, allergic skin reactions],[64
excessive bleeding [101], burning eyes and bresghkess [11]. Higher doses of 240 mg in 1 clinical
trial showed increased incidences of dyspepsiapsiésturbances and dizziness [105].

GBE administration is not advocated for pregnant eomue to its effects on the arachidonic pathway
nor to those that have previously displayed hypesisigity to GBE [101]. Moreover, it is possibleath
GBE could precipitate cerebral blood vessel vasddatien if maximum vessel dilation exists prior to
GBE ingestion [64]. Allergic reactions have frequgriieen attributed to the presence of excessive
amounts of ginkgolic acids and German health aittesrhave restricted marketed preparations to
contain< 5 ppm [53].Ginkgo biloba leaf extracts are however generally consideretetdow risk
preparations and adverse effects in most clinidalstwere reported to occur with more-or-less the

same frequency as placebo group recipients [99].

The LDsg of oral GBE in mice and rats has been determindzet@.73 mg/kg body weight [101] and
chronic GBE administration over a 27 week periodaits with daily doses ranging from 100 to 1 600
mg/kg demonstrated no organ damage or alterationkepatic or renal function [64]. Isolated
incidences of excessive bleeding in humans haveewemoccurred with chronic GBE use. A 33 year
old woman with no history of head injuries spontarsdy developed bilateral haematomas which
required evacuation after ingesting 120 Gigikgo biloba daily for 2 years. Discontinuation of GBE
reinstated the patient’s recorded bleeding timeadiomal and the authors attributed GBE to be the
possible cause for the incident [108]. A similaseavas subsequently reported concerning a 72 year
old woman who complained she was suffering from wgnimpairment and dizziness after ingesting
150 mgGinkgo biloba daily for approximately 7 months. Scans showed sha had also developed a
subdural haematoma [109]. The following year, andi@ent of subarachnoid haemorrhage was reported
in a 61 year old man after taking 40 @mkgo biloba three to four times daily [110].
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Recently, bilateral haematomas were reported inateeqts after rhytidoplasty and blepharoplasty
surgeries. Extensive and diffuse bleeding was at#ed during the surgical procedures and further
investigations revealed that both patients selfioadd with 160 mgsinkgo biloba leaf extract daily
prior to surgery. The authors postulated that Girkganti-PAF activity was involved in the
haemostatic disturbances [111]. These incidenggsostfindings by Adusumillet al. [5] described

in section 1.2.3. These reports however cannoedarded as conclusive evidence and in fact, Le Bars
et al. [100] reported a placebo recipient developing a subdbhesmatoma during their study
investigating the efficacy dbinkgo biloba for dementia [100]. The normal incidences of haemaits

in elderly patients suffering from dementia were mentioned in any of the reports. Hyphema and

retinal and retrobulbar haemorrhage have also associated witlisinkgo biloba use [112].

With regards to toxicity, it has been postulatest Bome compounds may have beneficial effects under
certain conditions and detrimental effects unddrest. Quercetin has been classified as both a
carcinogen and anti-carcinogenic substance whiilerststudies have demonstrated that its free fadica
scavenging ability renders it useful for the praigm of cardiovascular diseases. The toxicity of a
chemical component may differ significantly whegésted as part of a matrix and studies on isolated
entities may present unrealistic predictions fdaltextracts since the toxic effect of one componen
may be augmented, supplemented or neutralized dha@n[113]. As a result, toxic effects Gfnkgo

biloba leaf extract in its entirety were mentioned irstbéction only.

2.8 DRUG INTERACTIONS

Since pharmacovigilance and related surveillancgtesys for herbal side adverse drug reactions
(ADR’s) are either elementary or do not exist ais time in most countries, most herb-drug

interactions are exclusively determined by isolatede reports resulting in a dearth of crucial
information regarding the safety of such concurtesdtment therapies. Moreover, the causative eatur
of the reported adverse event is difficult to deii@e often resulting in ambiguous conclusions [19].

Until recently, it was perceived th&inkgo biloba leaf extracts posed very few threats in terms of
herb-drug interactions [59]. Some earlier publmwasi merely suggested that concomitant
administration with anticoagulants should not beoremended or should be closely monitored due to

Ginkgo’s anti-PAF activity and prevention of platehggregation [68].

GBE should not be co-ingested with MAO inhibitor gisuor anticoagulants [73] such as aspirin,
warfarin [19] or ticlopidine [114]. Several casdseacessive bleeding have been reported in patients
with histories of chronic use of GBE and blood tlimgnagents. A spontaneous hyphema developed in
a 70 year old man who had been taking 80 mg GBE di@il1 week and 325 mg aspirin daily for 3
years [95]. Recently, a case report of persistestgperative bleeding in a 77 year old woman who
received a hip replacement showed she had beengtdldoth aspirin and 120 mg GBE daily.

Discontinuation of the aspirin did not remedy tmelgpem but after GBE self-medication was stopped,
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gradual improvement of the surgical wound was olesk[114]. Discontinuation of GBE 36 hours
before surgery has been recommended by Adusietrdli [5]. Ginkgo may potentiate warfarin [5] and
interact with clopidogrel and dipyridamole [115].

Additional case reports and studies performed gati@ enzymes involved in drug metabolism as well
as the biosynthesis of prostagladins and sterasle however shed more light on this matter. A recen
study found that GBE induced cytochrome P450 enzyimeats, concluded by increased liver mass,
cytochrome P450 liver content and glutathione Sdfierase activity after feeding male Wistar rats
with 0.5% GBE for 1 week. Discontinuation resultedtiiese observations being returned to normal
baseline levels after 3 weeks. The dose was howi@@times higher per kilogram body weight than
the recommended dose and the authors were undewibether the same effects would occur in

humans after ingestion of the recommended dosdje [7

Even more recently, a study has shown that EGH]7&lcapable of suppressing the activities of
CYP1A2, CYP2C9, CYP2E1 and CYP3A4 human hepatio/mies with insignificant inhibition of
CYP2D6. The terpene trilactones were responsibiesdibstantial inhibition of CTP2C9 however the
terpenoids constituted only 6% of the standard@BE extract used in the study and their contribution
to overall inhibition was considered to be minimghe flavonol glycosides on the other hand, were
found to suppress all but one of the selected RAEYmMes (CYP2D6) and since they were present in
significant amounts (24%) in EGb 761the authors concluded that their potency warchfiiether
studies. Decreased metabolism of diltiazem duehéoinhibition of CYP3A byGinkgo biloba leaf
extracts in mice has also previously been repdit&6d]. It is obvious that the incongruous results o
the effects of GBE on hepatic enzymes warrants éurihtensive investigation since whether GBE has
inducing or inhibiting activities on hepatic enzysnplasma levels of co-administered drugs willaith
fall below minimum effective concentrations or mag/toxic where conventional drugs exhibit narrow
therapeutic indices. These effects may seriously pcomise Ginkgo biloba's safety as a

complementary medicine.

GBE may increase blood pressure when taken condlyrreith thiazide diuretics and augments
trazodone sedation [19]. GBE should not be takeh axcessive amounts of garlic [11] or vitamin E
[115] and a recent study has shown that concomita@stion of GBE and calcium channel blockers
should be avoided [117]. Non-steroidal anti-inflaatory drugs (NSAIDS) should also not be co-
ingested with GBE [118].

29 PHARMACOKINETICS

2.9.1 Terpene trilactones

While a few studies have reported the bioavailgbiif GA, GB and BB [26], GC is apparently not
bioavailable and no data on GJ and GM could beddif]. The pharmacokinetics of GA, GB and BB
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were determined by Maugt al. [119] using liquid chromatography/atmospheric puesschemical
ionization mass spectrometry (LC-APCI-MS). Fifteexalthy male subjects were chosen for the study
and divided into 2 groups for the administrationddferent formulations of GBE. One product was
formulated as a phospholipid complex (GinkgoseRitytosomél) and the other was available in its
uncomplexed form (Ginkgoseléct). Subjects were given 160 mg which correspondefl.@omg of
terpene trilactones/dosage form. The pharmacokipetiameters of these formulations are given in
Table 2.1 as provided by Mawgtial. [119].

Table 2.1. Pharmacokinetics of some terpene lactones

Parameters GinkgoselectO Ginkgoselect Phytosomed
GA GB BB GA GB BB
Crnax 41.8+14.0 5622 37.6+14.2 108.&% 7.7 13.4£ 2.2 60.3+ 13.0
(ng/ml)
Timax (h) 2 2 2 4 3 3
Ta2(h) 2.64+045 | 23%0.38| 231 0.24 1.89+0.14 1.690.31 3.14# 0.36

Cmax Maximum plasma concentration;J], time at G,ax; T1/2, €limination half life

Although GC was included in both formulations, iasvnot detected in the plasma samples and the
authors suggested that either minimal absorptiorapid biotransformation could have occurred. The
limit of detection (LOD) was 3 ng/ml for spiked pfaa samples [119]. The bioavailability of GA and
GB in 2 other studies was determined to be betv@@eand 100% and that of BB between 70 and 80%
[71].

One single dose cross-over study comparativelyuatadl the pharmacokinetic properties of the
terpenoids in 12 subjects using 2 pharmaceuticahds available on the US market. Statistically
significant results were reported in all parametgfrshe selected formulation in comparison to the
reference product which contained EGb [Z6dxtract. Each subject was given a 120 mg dosetuodrei

the test or reference product which was previoasiayed in order to determine the GA, GB and BB
content. Although the reference product was founadntain lower terpenoid amounts, AUC (area
under the curve) values were 1.4, 3, and 1.1 tinglser for GA, GB and BB compared to the test

product, respectively with f£gvaluesexhibiting even more accentuated differences [120].

2.9.2 Flavonols

Although extensively studied due it their ubiquitythe plant kingdom, the absorption, metabolism an
excretion of the flavonols remain a contentiousiéssAs previously mentioned, flavonoid compounds

are mainly represented by the flavonol glycosideSinkgo biloba leaves with the aglycones occurring

typically in insignificant quantities [57].
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Initially it was thought that the flavonol glycosisl could not penetrate the GIT wall and enter inéo t
systematic circulation in its intact or hydrolyzedlycone form since extensive degradation by
intestinal flora would lead to the formation of ploéic acid fission products [121]. Later, it was
generally accepted that the flavonol glycosidesswsdrolyzed by resident intestinal flora in théooo

to render the more hydrophobic aglycones availaliter for absorption or for further degradation by
bacteria [26]. Consequently, further investigatsteidies mainly focused on the activities of the
flavonol aglycones and in particular, quercetinitiah studies performed midway through the last
decade however yielded confounding results. Hollnaad Katan [122] stated that the proposed
mechanism of absorption of the aglycones throughintestinal wall required more intensive research
after a study investigating the relative absorptidrthe aglycone, quercetin, the flavonol glycoside
rutin and other quercetin glycosides from the hunbamm showed that 24%, 17% and 52% of the
administered amounts were absorbed, respectivelgselmesults implied that the uptake of intact
flavonol glycosides into the systematic circulatioocurred more extensively and readily than their
aglycone counterpart. The authors hypothesizedttigaabsorption of the quercetin glycosides in the
small intestine was mediated through sodium-dep@ndgucose transporter 1 situated in the
membranes of enterocytes. This theory was suppbstesbme studies [123, 124] however one study
showed that flavonol absorption along this pathwas compromised by the subsequent efflux of
some glycosides by the apical transporter multidasistance-associated protein 2 (MRP2). It has als
been shown that the broad-specific enzyfiglucosidase located within enterocytes may hydmly

flavonol glycosides if entry is indeed permitte@%].

Other investigations have demonstrated that ibssible that hydrolysis of some flavonol glycosides
could indeed occur in the small intestine or everthie oral cavity indicating that absorption is not
limited to the location of the colon or the glyatisi state of the flavonols. The enzyme, lactase
phloridzin hydrolase present in the brush bordghefsmall intestine has also been found to beldapa
of glycosidic cleavage [125].

In a stability study designed by Goh and Barlow@]] 2iried pulverizedGinkgo biloba leaves, EGb
7610 and aGinkgo biloba commercial product (purchased from a General NeriCenter in the US)
were exposed to simulated gastric and intestingd flboth prepared according to the USP National
Formulary specifications) to determine the stapitif the flavonoid components before absorption.
Minimal evidence of hydrolysis was observed inpléverized Ginkgo leaves, rather digestion seemed
to facilitate the availability of the glycosides. EG611 showed marked conversion of quercetin
glycosides to aglycones while the commercial préslexhibited even lower glycoside and aglycone
recoveries which indicated that extensive flavatejradation had occurred. Based on the premise that
the flavonol glycosides are the active componeasson label claims), the authors suggested that the
raw leaves had potentially greater pharmacologbmefits than commercial products. However,
higher aglycone content was observed in commeimiatiucts as opposed to the leaves before
digestion experiments were commenced. It was steddgbat extraction processes could alter the

flavonol content of commercial products. The authatated that additional studies on the

44



bioavailability and preferential absorption of tlggdycosidesvs. aglycones would be crucial in
determining product superiority. In this study #ighors also highlighted that the effects of masijc

brush border enzymes and resident colon micro i@ not considered.

A recent investigation studied the difference is@bption of quercetin-8-glucoside (isoquercitrin)
and quercetin-¥-galactoside (hyperoside). Isoquercitrin was detkah its mainly glucuronide form
in the plasma however trace amounts of intact isaxjiin was also seen which was confirmed using
tandem mass spectrometry. Hyperoside was not @dt@tteither its intact or quercetin state. Stapili
tests in buffers with pH 1.2 and 6.8 indicated thatchemical degradation occurred in the GIT tract
however simulated GIT contents prepared from ramath, duodenum, jejunum, ileum and colon
showed that intestinal bacteria were in most pribpabesponsible for the hydrolysis of isoquertitr

It was hypothesized that hyperoside was more esgtidb hydrolysis and therefore could not be
absorbed as quercetin or it was completely degrageidtestinal flora to phenolic acids. This study
concluded that major differences in absorption tiedefore bioavailability profiles may exist betwee

different flavonol glycosides and that the sugaretyowas responsible for this observation [121].

This point is further illustrated by Manaehal. [127] where administration of separate doses tfi ru
and quercetin to rats was used to determine thspective bioavailability by quantification of phaa
metabolites, quercetin, a @-methyl quercetin derivative known as isorhamnaeitial a 4'-O-methyl
derivative (tamarixetin) using HPLC with UV (HPLC-U\etection. Quercetin was more rapidly
absorbed than rutin shown by the presence of mitiedbafter 2 hours compared to the substantially

longer lag time of 4 hours for rutin. Quercetin sistently showed greater plasma concentrations.
Erland [128] further investigated the bioavailakildf rutin and quercetin in 16 healthy volunteend a
these results are presented in Table 2.2. In bathscajuercetin glucuronides (detected as quercetin

after conjugate hydrolysis) were used as the mariatabolites.

Table 2.2. Pharmacokinetic profiles of rutin andrgaén in healthy human volunteers [128]

Parameter Rutin Quercetin
Dose (mg) 8 20 50 8 20 50
Crnax (ng/ml) 24 48 90 41 66 86
Trmax () 6.5 7.4 75 1.9 2.7 4.9
AUC (ng.h/ml) 0.4 0.6 10 05 0.9 1.1
Tu2(h) - - 1171 177 15.1]

Chax Maximum plasma concentration;JJ, time at G, T1/2, €limination half life; AUC, area under curve

These studies seem to favour the hydrolysis of @tierglycosides to aglycones prior to absorption
and it has generally been accepted that flavongdogides do not have access to the systematic
circulation whether they are absorbed in theiranfarm and then hydrolyzed in intestinal enteresyt

or hydrolyzed in the lumen of the gut prior to aipgion in the aglycone form [125]. However, the
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recent study by Chang .al. [121] which used both HPLC-UV and liquid chromaisghny-tandem
mass spectrometry (LC-MS-MS) to confirm their fingn suggest that this conclusion may be
premature since trace amounts of intact isoquaraitere also found in plasma, albeit in subordinate
guantities to glucuronidated quercetin. It seeras tifle exact mechanism of absorption remains efusiv
at this point and further studies are still reqdite determine that exact fate of various flavonol
glycosides in the human body. What seems to beradétd however is that fact that the sugar moieties
influence the rate and extent of absorption antetbee influence relative bioavailability. This halso
been confirmed by Hollman and Katan [122] and BEirathet al. [26].

Based on the postulation that most quercetin glgdessare hydrolyzed to their aglycone form by the
time they reach systematic circulation, quercetithen subject to glucuronidatiod;methylation and
sulfation which occurs either in the liver or dyrithe intestinal absorption process mediated by
strategic enzymes [129]. The majority of the quéncghucuronides (99.4%) are then hypothesized to
be bound by plasma proteins. Due to the factrni@gt pharmacological studies have been performed
using quercetin in its free aglycone form, apprajgriquestions are now directed at the activitieth®f
guercetin metabolites. It has been hypothesizedcthgugated quercetin may be a “prodrug” which is
converted to its active form when required. Thisotlyeand related ones require further evidence to

substantiate their claims [26].

It has been estimated that 4.5% of a flavonol dabainistered as quercetin glycosides is excreted in
the urine [26] as substituted benzoic acids [138] aenal clearance is estimated to be 0.7 L/min
regardless of the original attached sugar moietys Ifurther suspected that the remainder of the
guercetin conjugates either undergo further biafi@mation to unknown metabolites or are excreted
through bile action. It is thought that carbon ditexmay be the dominant final metabolite of quencet
since a study showed that 23.0 - 81.1% of raditdabguercetin was exhaled through the lungs of
healthy volunteers [26].

Kaempferol is a C-3' dehydroxylated derivative aérgetin and is also a component foundinkgo
biloba leaf extracts in its aglycone and glycosidic fd&#]. One study showed that kaempferol and
qguercetin are both glucuronidated by human UDPwghuosyltransferase UGT-1A9 and it was
suggested that this enzyme plays a key role iraliserption and metabolism of these flavonols. & wa
determined thaB-glucuronidase metabolized both quercetin and kéemipextensively into 4 and 2
monoglucuronides, respectively. The presence oflentified quercetin glucuronide was found in the
urine sample of a volunteer 4 hours after admiaiistn of 2 tablets of &inkgo biloba commercial
product purported to contain 28.8 mg flavonol gbkides. Based on these results, the authors
speculated that glucuronidation was the dominartbbwdic pathway for quercetin, kaempferol and

possibly other flavonoid compounds [131].

In summary, to-date, the pharmacokinetic profilebath the terpene trilactones and the flavonoés ar

lacking pertinent information. With regards to tterpene trilactones, the exact fate of GC is of
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significance since it is well represented in n@Btkgo biloba leaf extracts [53]. GJ is typically present
in lower concentrations and its pharmacological phdrmacokinetic parameters have not yet been
extensively explored. Similarly, GM is rarely adsed in any capacity and further studies on these
diterpenes are necessary to determine the abdmbaeailability and therapeutic windows of thissda

of posited active compounds.

The debate concerning the absorption mechanism effldvonols remains a contentious issue.
However, it seems to be unanimous that the sug#tynattached to the flavonol aglycone influences
the rate and extent of absorption. Few studies baea performed on the bioavailability of the vaso
flavonoid glycosides that have been identifiedsimkgo biloba leaf extracts. In studies performed on
the bioavailability of quercetin absorption followg doses containing the aglycone alone, very little
free aglycone content in plasma could be foundes#densive conjugation of the aglycone ocdars
vivo [26].
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CHAPTER 3

CAPILLARY ELECTROPHORESIS

3.1 PRINCIPLESOF CAPILLARY ELECTROPHORESIS (CE)

CE involves the separation of chemical components baseithe differential migration of charged
species under the influence of an applied electfiell. Typically small sample volumes are injected
onto the anodic end of a narrow-bore capillanefliwith buffer and are swept towards the cathode by
the electroosmotic flow (EOF). The EOF is caused kg dpplication of an electric field on the
counter-ions (predominantly cations) accumulated lan riegatively charged silanol groups of the
capillary wall which form an electrical double lay@32]. These cations are solvated and carry the
bulk of the buffer solution with them as they migreteard the cathode [133]. Under these conditions,
compounds are separated by their characteristicepduiretic mobilities which are dependent on the
solute’s charge and size [132]. Small, positively chdrgpecies with high charge-to-mass ratios will
reach the detector at the cathodic end first, fatidvey cations with lower ratios and then unresolved
neutral compounds which migrate under the forcetliémice of the EOF. Next in the sequence are
anions with small charge-to-mass ratios and finallyprici species with large charge-to-mass ratios
are dragged to the cathode by net bulk flow ofE@d# and reach the detector last [132]. A schematic
of a simplified CE system is presented in Figure 3.1.

Figure 3.1. Diagrammatic representatioa simple CE system [133]
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CE is a relatively new technique which has gainegufarity over the last 2 decades due to its high
efficiency, short analysis times, wide application ao@ kcost. It is particularly suited for content
analysis of botanical products which may contain migtghemical constituents and which usually
require lengthy analysis times and complex separatiothade [134]. Moreover, the problems

associated with the adsorption of highly hydrophobienpounds or unknown natural product
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constituents to reversed phase high-performance lighidmatographic (RP-HPLC) columns are
eliminated by simple high pressure washing of the @apillvith water between consecutive injections
[135]. Draw backs of this micro-analysis method is ek of sensitivity due to small volumes of
sample injected onto the column (5-10 nl [136]) #relnarrow optical path length through typical UV
detector cells, requiring samples to be 2 to 5 time®moncentrated to generate the requisite response
achieved by UV detection using HPLC and which magepproblems when analyzing poorly soluble
drugs [137, 138]. Recently, however various instrusleand operational adaptations have been
attempted to overcome these limitations, includirg uke of bubble cells and Z-cells to increase the
detector path length as well as various pre-concémrand sample stacking techniques [139].

CE'’s success is also partly due to various possible sepammodes which have vastly different

operative and separation characteristics and faetitthe analysis of distinctly different classes of
chemical compounds using the same instrument. Theseléchpillary zone electrophoresis, micellar
electrokinetic chromatography, capillary gel eleptroresis, capillary isotachophoresis and capillary

isoelectric focusing [133].

3.1.1 _Capillary zone electrophoresis (CZE)

CZE may be described as an instrumental approach tdt @&he most frequently used mode of CE
due to its simplicity and versatility and has a widgliation range which includes the analysis of
peptides, amino acids and enantiomers. The electrolythis system consists of a simple buffer
solution with a suitable known pH value and separatides place in an uncoated polyimide fused-
silica column with an internal diameter usually ie tlange of 25 - 7im. Sample is introduced at the
anodic end of the capillary and upon the applicat an applied potential, charged analyte species
separate into spatially discrete zones based ondlegitrophoretic mobilities. Neutral compounds are
not capable of migrating in this environment and kdeewith the EOF [133]. Alteration of the buffer
pH is the easiest way to manipulate the charge-to-magss raf ionizable compounds hence
influencing their electrophoretic mobilities and sedpsent separation [140]. This process is

represented in Figure 3.2.
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Figure 3.2. Diagrammatic representation of the CZRsgjmn process
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3.1.2 _Micellar electrokinetic chromatography (MEKC)

MEKC is a hybrid of electrophoresis and chromatograghg has the added advantage over CZE in
that it is capable of separating both neutral armatggd solutes within a single run. Here either an
anionic or cationic surfactant is incorporated irte buffer solution in a concentration above the
critical micelle concentration to form micelles. Miles are spherical aggregates of surfactant
molecules orientated with their polar heads toward$igdeophilic buffer phase and their hydrophobic

tails closely associated within the micellar core [141he micellar phase in MEKC is often referred to

as a pseudo-stationary phase and is likened to therstgtiphase in conventional chromatography

while the properties of the aqueous phase frequenthgsponds to that of the mobile phase [139].

In an electrochromatographic system, the charged regcetiigrate with or opposite to the EOF
depending on their charge. Cationic micelles migreitt the EOF while anionic micelles gravitate
towards the anode. Under neutral or alkaline buféerditions, the magnitude of the EOF is however
greater than the migration velocity of the anioniceties and there is a net movement in the direction
of the cathode [133]. Concurrently, complex intemtt including hydrophobic, electrostatic and

hydrogen bonding occur between the micelles andnlag/te which facilitate separation [142].

In a system using a common anionic surfactant such asnsatbdecyl sulphate (SDS), charged analytes
tend to migrate according to their electrophoretmbitities in the aqueous phase while neutral analytes
partition between the anionic micellar phase andeegs phase, depending on their distribution co-
efficient. The more hydrophilic the analyte, the mdrwill partition into the aqueous phase and \#l
swept with the EOF towards the detection window whike hydrophobic compounds are more strongly
associated with the negatively charged micelles agdata at a slower rate. The MEKC separation process
is depicted in Figure 3.3 [132].
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Figure 3.3. Diagrammatic representation of the MEK@asation process [132]
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Neutral analytes are compelled to migrate at a spetdeen the EOF and micellar velocity and this
detection time frame is also known as the migratiore twindow. It is possible to expand the migration
time window by the addition of organic modifiersarthe aqueous phase in concentrations of up to 20%.
These organic solvents facilitate enhanced resoluioaltered selectivity by reducing the EOF and by
preventing the partitioning of highly hydrophobic lexules exclusively into the micellar core. The same
effect on the migration window is observed by an iaseein the micellar concentration. However higher
conductivities may result in the production of jodleat which causes a parabolic temperature and
(therefore) viscosity gradient in the running buffem the wall to the core of the capillary. The iogmshe
centre of the capillary then migrate at a faster than those near the wall resulting in band broadesund

micellar concentration ranges are thus typically cansd to less than 200 mM [132].

Although the focus of MEKC is on the separation oftredlanalytes, enhanced selectivity of ionic species
may also be achieved by the addition of a surfadtatite CZE buffer system. The negative charge on the
surface of an SDS micelle results in electrostatiaulsépn or attraction between the negatively or
positively ionized analytes, respectively. Since tharge and hydrophobicity influences the distribution
co-efficient of ionized species, these additionalratgons facilitate enhanced separation. Consequently,
cationic surfactants will exhibit markedly differestlectivity in the separation of ionic analytes in
comparison to anionic surfactants [132, 142]. Iditah, the use of cationic surfactants causes a reversal
in the direction of the EOF due to their electrdstattraction to the negatively charged silanol ggu
forming a bilayer of surfactant along the capillamall. This bilayer is arranged by hydrophobic
interactions between free and capillary bound catisarfactant molecules with the cationic heads ef th

second layer facing the buffer solution [133].

In MEKC a variety of surfactants may be used andugfelanionic, cationic, non-ionic and bile salts. Bile
salts such as sodium cholate, sodium deoxycholate arideaonjugates of bile salts are suitable for the

separation of highly hydrophobic compounds as wellrentiomeric separations. The selectivity in MEKC
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can be manipulated further by the employment of stafd mixtures and modification of the aqueous
phase by the inclusion of cyclodextrins, ion-pairieggents, urea and metal salts [132]. Constitutionally
different micellar systems may have varying effectselectivity due to alterations in the size, aggiiegat

number and geometry of the micelles [142].

3.1.3 _Capillary gel electrophoresis (CGE)

CGE involves the separation of macromolecules such asimpscand nucleic acids by electrophoresis of
the compounds through a “molecular sieve” consistingacofuitable polymer network. Size-based
separation occurs when the ionized compounds are kih@srthey migrate through the gel-filled capillary
under the influence of an applied potential withgé solutes experiencing more hindrance than smaller
ones. This technique is suited for analytes which posseass-to-charge ratios which change with an
increase in size, as in the case of DNA and SDS-satlupaiteeins and which have similar mobilities in

normal buffer systems [133].

Gel polymer networks are predominantly selected based pore size. Covalently cross-linked
polyacrylamide may be classified as a chemical gel orétthat has a small pore size and is therefore used
for protein separations while agarose has larger mesingpand is employed for the separation of DNA.
Cross-linked polyacrylamides are rigid in nature #metefore preclude the use of hydrodynamic sample
injection. Linear polymers are characterized by gneélexibility and may be loaded onto the capillary
hydrodynamically [133] however coated capillaries aecessary to eliminate the effects of the EOF [142].
Polyacrylamide gels are available in a range of entrations and the amount required to produce an

effective network is selected based on an inverseaesitip with the size of the analyte [133].

CGE offers distinctive advantages over slab and tubelgetrophoresis in that the capillary itself offers
anti-convective properties and higher voltages carafydied to facilitate separation. In addition, the
automated CE system allows for on-line detection [1BBg selectivity of CGE may also be altered by the

addition of chiral selectors, ion-pair reagents or gl@xing agents to the polymer network [142].

3.1.4 Capillary isotachophoresis (CITP)

CITP is often described as a “moving boundary” elgttayetic technique where 2 buffers are employed to
create leading and terminating electrolytes witthbigand lower mobilities than the analyte, respelstive
The sample zone remains sandwiched between theodjgetbuffer systems and when the electric field is
applied, the analytes separate into discrete zonesaatdband migrates at the same velocity as determined
by the leading electrolyte. Although the electi@d in each zone varies with the lowest field extiigj
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the greatest mobility, each field is self-adjusting argleady-state velocity is maintained. If ions frame o
zone penetrate into an adjacent zone, the veldditgrence causes it to immediately diffuse back itgo i
own zone and in this way sharp boundaries are magdaidditional zone sharpening or broadening may
be achieved with the inclusion of lower or higherotolyte concentrations than the leading or tertimga
zones in the sample. The leading zone dictates thetartinconcentrations observed in successive zones
and since a constant ratio of concentration to mghgitmaintained in each zone, a zone with a lower (or
higher) concentration than the leading band regultene sharpening (or broadening) in order to enan
acceptable equilibrium [133, 142]. It is this prirleipthat is used in pre-concentration or so-called
“sweeping” techniques used in CZE, MEKC and CGE tmenh sensitivity [133].

CITP has limited application however since simultarsedetermination of cations and anions is not
possible and the selection of an appropriate discootis buffer system at the desired pH is often an
arduous task [142].

3.1.5 _Capillary isoelectric focusing (CIEF)

CIEF is a “high resolution” technique designed to sajgaproteins and peptides based on their isoelectric
points or pl values. Ampholytes (zwitterions) are useddanstruct a pH gradient within the capillary with
an acidic solution at the anode and a basic solwdtothe cathode. Once the capillary is filled with a
mixture of ampholytes and solutes, the applicationnoglactric field propels the charged ampholytes and
amphoteric proteins to migrate until they reach giar where they are uncharged (at their respective p
values) and remain stationary or “focused”. High resmiuis obtained since migration of a solute into a
zone of differing pH would cause a disruption in ieumal charge and the solute rapidly migrates back to
into its pl zone. The completion of amphoteric feiog is indicated by a break in current and mobilirati

is induced by application of pressure or by addingtsatither reservoir in order for the zones to migrat
through the detector. As with CGE, this electrophorichnique is well known and has been adapted for
automated instrumental use [133].

3.2 CEMETHODSUSED FOR THE ANALYSISOF FLAVONOIDS

The flavonols are predicted to be well suited forlgsia by CE since they are negatively ionized at high
pH [143] however, it has been shown that the use sifrple phosphate-borate running buffer does not
sufficiently ionize the flavonol skeleton to allowrfdifferential electrophoretic mobilities. Moriet al.
[144] published a short communication in 1993 on thgassion of flavonol-39-glycosides using a
borate-complexing buffer. Under alkaline conditioseparation was facilitated by thresitu complexation

of borate with either the sugar moiety or the ci2hydroxl groups on the flavonol skeleton creating

negatively charged borate complexes capable of nmgrat the presence of an electric field. It was fdun
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that an increase of borate buffer concentrationltexsun retarded migration velocities due to enteahc
borate-complex formation as well as suppression oEBE and that complexation was dependent on the

number of boration sites present on the saccharidetyndi44, 145].

Morin et al. [146] also reported the separation of flavondD-glycosides using MEKC with the addition

of 50 mM SDS to a 20 mM Tris buffer (pH 7.1) whichsaatributed to hydrophobic interactions between
the flavonols and the micellar core. It was conclutiied the above CE methods were superior to published
HPLC methods due to improved demonstration of effigierselectivity and speed. That same year,
Bjergegaardt al. [147] reported a method to separate kaempferol and quegtgtiosides using a cationic
surfactant, cetyltrimethylammonium bromide (CTAB) eaftsample isolation, purification and group

separation procedures were performed.

In 1994, Pietta and co-workers [148] concentratedoptimizing the separation of flavonoids which
differed in their degree of hydroxylation and fouthdt the incorporation of organic solvents in thesie
reduced migration times as well as resolution betweenfldtvonoids. SDS concentrations positively
effected separation at pH 8.3 but had no influenidegher pH values while beyond pH 10.5, separation
was once again reliant on hydroxyl ionization anthb®complexation of the sugar moieties.

There have subsequently been a number of CE methodkded for the analysis of flavonoid markers in
various natural products which have one or more fiaids which are also present Ginkgo biloba
extracts, the details of which are given in Table BL38, 149 - 158]. All reported analyses were @ened
under alkaline conditions except for the determimatibkaempferol-32-rhamnoside in the aerial parts of
Epimedium brevicornum [138] and only one paper described the determinatibthe content of the

markers in a solid oral dosage form [157]. All analysese performed using positive applied voltage.

Pietta and Mauri [149] published a promising MEKC noetthin 1991 for the analysis of 9 flavonoids
commonly found in some natural medicinal products gplied this method for the determination of 5
flavonols as well asstragalin in a standardiz&€iinkgo biloba extract. Baseline resolution was reported
although only one electropherogram of all selectealoihoid reference standards illustrated this
observation, while another showed only the querc&iempferol and isorhamnetin glycosides of which
reference standards of hyperoside (not known torégept inGinkgo biloba) and quercitrin were not fully
resolved. The standardized Ginkgo extract showedmpéete resolution of rutin and isoquercitrin, both
due to unknown interfering compounds however resmiutvas notably superior to that of HPLC using a
Cg Aquapore reversed phase column. This paper primariysied on comparative separations of Ginkgo
using MEKC and HPLC and commented on the improvedutsn, speed, sensitivity and low solvent
consumption using MEKC which would be beneficial fargerprint analyses. It would be of interest
however to perform this experiment using the moreufapCg reversed phase column most frequently
used in the HPLC analysis of Ginkgo preparations. Tagep contradicts heavily documented findings of
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decreased sensitivity using CE. Moreover, those authsesl a standardized extract which dissolved
completely in 30% aqueous methanol without havingude the usual laborious extraction procedures
normally required for the analysis of both raw lesfa&cts and formulated products. The reason as to why
this method has not been subsequently used and degelop¢he QC ofGinkgo biloba extracts and
formulations is not apparent. Perhaps the emphasis eoadfivities of the flavonol aglycones and the
adopted industrial method of flavonol hydrolysis téyagnes prior to analysis has detracted from the value

of analyzing intact Ginkgo extracts, even from aliqaisve perspective.

This method was therefore used as a model to developldagive method to fingerprinGinkgo biloba
solid oral dosage forms performed at high pH, partibuldue to the fact that it was shown that it may be
directly applied to the analysis Gingko biloba preparations. Five flavonols were selected for thieaech
namely 2 flavonol glycosides, rutin and quercitrirdahe conventional aglycone markers, quercetin,

kaempferol and isorhamnetin.

The following variables may be used in method develaqt to optimize selectivity, resolution and

efficiency and are categorized as follows [159]:

System variables: Capillary dimensions
Temperature
Applied voltage
Injection system
Method of detection
Sample variables: Sample solution pH
Solute concentration
Electrolyte variables: pH
lonic strength
Electrolyte composition

Buffer additives

Since the following qualitative analysis was basedhenrhethod of Pietta and Mauri [149] as well as
additional studies previously performed in our labaias[140] using this same method to fingerprint
Hypericum perforatum extracts containing similar flavonol markers, onlynori method adjustments were

necessary before analyzin@inkgo biloba tablet extracts for the selected marker compoundesé&h
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included choice of wavelength, pH and ionic strenfgtfaddition, comparison of the extraction efficiesc

of various solvents on the fingerprint profiles@Gfkgo biloba extracts was investigated.
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Table 3.1. CE methods used for the analysis obfials

Matrix analyzed Flavonoids present in Running buffer composition Buffer pH Voltage Detection Run time Qualitative/ Reference
Ginkgo hiloba leaves wavelength (min) quantitative
and extracts (nm) Analysis
Standardized rutin, isoquercitrin, 50 mM SDS, 8.3 +20 kV 260 14 Qualitative 149
Ginkgo biloba quercitrin, kaempferol- 20 mM sodium borate
extract 3-O-rutinoside,
isorhamnetin-39-
rutinoside, astragalin
Aerial parts of guercetin, quercitrin, | 48 mM SDS, 20 mM sodium boratsg, 8.5 +20 kV 254 20 Qualitative 150
Epimedium species| luteolin, kaempferol-3- 1 mM 1,3-diaminopropane
O-rhamnoside
Eucommia rutin, quercitrir, rutin, 30 mM disodium hydrogen 7.0, 8.9 +30 kVV | 220}, 220-386 21, 20° Qualitative 151
ulmoides extract, quercetin, myricetif phosphate, 30 mM sodium +20 kV?
red winé dihydrogen phosphate30 mM
disodium hydrogen phosphéte
Enzymatically rutin, isoquercitrin 100 mM borate 10.0 +30 Kk 254 7 Qualitative 152
modified
flavonoids
Rhododendron quercetin 50-75 mM borax 8.7 +14 kV| Electro- 16 Quantitative 153
dauricum L. leaves chemical
Hypericum rutin, isoquercitrin, 50 mM Tris, 25 mM 8.8 Constant 254 35 Quantitative 154
perforatum leaves quercitrin, quercetin N-[tris(hydroxymethyl)methyl]-3- current
or flowers aminopropanesulfonic acid, (200pA)
55 mM boric acid
Eucommia rutin, quercetin 50 mM boric acid, 9.5 +20 kV 214 16 Quantitative 155
ulmoides bark and 50 mM SDS,
leaves 4% 1-butanol
Aerial parts rutin, apigenin 25 mM sodium borate, 9.3 +30 kV 270 19 Quantitative 156
Achillea setacea 20% methanol
Aerial parts of kaempferol-30- 20 mM phosphoric acid, 2 +15 kV 254 23 Quantitative 138
Epimedium rhamnoside 100 mM SDS,
brevicornum 20% acetonitrile,
2% 2-propanol
Hippophae quercetin, kaempferol, 20 mM borate, 10.0 +15 kV 270 4.5 Quantitative 157
rhamnoides extract isorhamnetin 5 mg/mif-cyclodextrin
and tablet
Grape wine guercetin, kaempferol 35 mM borax 8.9 +16.8 kV 270 16 Quantitative 158
myricetin, apigenin,
luteolin
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3.3 CE ANALYSISAT HIGH PH

3.3.1 _Choice of wavelength

3.3.1.1 CE Instrumentation

The CE system comprising of a PrinCE (4 tray) Elghoresis System, Model 0500-001 and Butler
Buffer Replenishing Device, Model 0500-001 were hbqturchased from Lauerlabs, Emmen, The
Netherlands. A Linear UV/VIS-206 Multiple Wavelenditetector, Model 0206-0000 (Linear Instruments
Corporation, Reno, Nevada, USA) was used for UV dietecA Polyimide fused silica capillary (56m

I.D. x 360um O.D.) was supplied by Polymicro Technologies (Phqgehiizona, USA).

3.3.1.2 Additional equipment

A Perkin Elmer R100A Strip Chart Recorder, ModelDS80005 (Perkin Elmer Corporation, lllinois, USA)
was used to record the electropherograms. A Cole-Paditrasonic Bath, Model 8845-30 (Cole-Parmer
Instrument Company, Chicago, lllinois, USA) was usedédonication procedure for extraction purposes
and a Mettler Dual Range Electronic Balance, TARel63 (Mettler Instruments AG, Griefensee, Zurich,
Switzerland) was used for weighing reagents and stdeda Crison GLP21 pH Meter (Crison, Barcelona,
Spain) was used to measure and adjust pH values ofan¢lswelutions while an Eppendorf Centrifuge,
Model 54142770 (Eppendorf Geratebau, West Germang) wgad to centrifuge tablet extracts. HPLC
grade water was purified by reverse osmosis through E@jpurification system (Millipore, Bedford,
MA, USA).

3.3.1.3 Materials and reagents

Methanol (HPLC grade), isopropyl alcohol, ethanogtane and ethyl acetate were obtained from Burdick
and Jackson Division (Muskegon, Michigan, USA). Saoditetraborate (N#,0,.10H,0) was acquired
form Saarchem (Pty) Ltd. (Johannesburg, South Afric8PDS, rutin (95%) and quercetin (95%) were
purchased from Sigma (St. Louis, MO, USA). Sodiundrbyide pellets were purchased from BDH
chemicals (Poole, UK) and quercitrin (85%), kaempféd5%) and isorhamnetin (90%) from the Indofine
Chemical Company (New Jersey, USA). The purity of ¢hemndards was assumed as provided by the
certificates of analyses from the suppliersGhkgo biloba product, Formule Naturelle was purchased
from a local pharmacy in Grahamstown, South Africa.

3.3.1.4 Capillary conditioning

New capillaries were conditioned using a constant pressfi2 000 mbar to wash with 1 M sodium
hydroxide for 30 minutes, 0.1 M sodium hydroxide 36rminutes and water for 30 minutes. At the start of
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each day, the capillary was flushed with 1 M sodiydroxide for 10 minutes, 0.1 M sodium hydroxide
for 10 minutes and water for 10 minutes and with 1ddism hydroxide for 2 minutes, 0.1 M sodium
hydroxide for 2 minutes and with water for 2 minutefween consecutive injections to ensure optimal
charge density on the capillary wall. To ensure répeciility and prevent effects of pH changes in the
background electrolyte (BGE) due to electrolysis thuffer at both anodic and cathodic ends were

replaced after each injection.

3.3.1.5 Initial CE conditions

A capillary with a total length of 69.0 cm and effige length of 52.8 cm was used for the separatibe. T
running buffer consisted of 20 mM sodium tetraborateEhdM SDS (pH 8.5). The applied voltage was
+15 kV with a voltage ramp of +6 kV/s and samples wejected hydrodynamically at 200 mbar for 0.1
minutes. Various detection wavelengths were used, 252athnm and 350 nm, depending on the nature
of the extracts. The detector rise time was 0.1 skcand the sensitivity was set at 0.01 absorbance untits
full scale (AUFS).

3.3.1.6 Preparation of reference standards

Unless stated otherwise, reference standards were pdepamng 50:50 methanol-water as solvent as
opposed to 30% aqueous methanol used by Pietta andl [#4@]. The methanol fraction was increased to
facilitate the solubility of the additional selectfavonol aglycones which are less hydrophilic than the
glycosides and to decrease the migration time witltontpromising the separation, as investigated by
Piettaet al. [148]. The negative methanol peak was used as theaheoarker and concentrations were

typically in the order of 5@ug/ml.

3.3.1.7 Resultsand discussion

From the UV absorption spectra of the flavonols in raetthwater (50:50) (Figure 3.4), the wavelengths
for fingerprint analysis of the flavonols were selecé¢®70 nm and 254 nm. The flavonols form intense
yellow solutions under alkaline conditions and dreréfore well suited for analysis in the visible light
range. It would probably be advantageous from aefipgnting perspective to analyze extracts at less
selective wavelengths for augmented comparisons oéogribcluding that of the non-flavonoid fraction.
Wavelengths lower than 254 nm were however not baslue to excessive interference. Hence, most
Ginkgo dosage forms were analyzed at 254 nm or 270 tim350 nm reserved for those extracts where
interference precluded identification of the seldatgarker compounds. This point is illustrated in Fegur
3.5 which shows the fingerprints of the same tablatekanalyzed at 254 nm, 270 nm and 350 nm with
the identified marker compounds as numbered.
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Figure 3.4. UV absorbance spectra of the flavono&)i50 methanol-water
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Figure 3.5. Fingerprint profiles of a tablet extrantlyzed at different wavelengths

A) Naturelle tabletsX 254 nm)

0.008

AUFS

/
L

0 Minutes 34

Conditions: Capillary: 50.0 zm1.D., total length = 69.0 cm, effective length = 52.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes, Voltage: +15 kV; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol, 5=isorhamnetin.
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B) Naturelle tablets\(270 nm)

0.008

AUFS

0 Minutes 34

Conditions: Capillary: 50.0 zm1.D., total length = 69.0 cm, effective length = 52.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes; Voltage: +15 kV; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol, 5=isorhamnetin.
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C) Naturelle tablets\(350 nm)

0.008

AUFS

0 Minutes 34

Conditions: Capillary: 50.0 gm 1.D., total length = 69.0 cm, effective length = 52.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes; Voltage: +15 kV; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol, 5=isorhamnetin.

3.3.2 Choice of pH

3.3.2.1 Experimental Procedure

The optimal pH was selected based on the effects diuffer at pH 8.3, 8.5, 9.3, 9.5, 9.7 and 9.9 on the
resolution and mobility of the flavonol markers. Gkpy conditioning, initial CE parameters and sample
solutions were as described in section 3.3.1.4 - 3.3Th& concentration of rutin, quercitrin, quercetimd
kaempferol was 83.8g/ml and that of isorhamnetin 41pg/ml. Detection was at 254 nm. The pH
adjustments were made with concentrated hydrochémitt and a 1 M sodium hydroxide solution. The pH

range was based on the buffering capacity of sodiuratd@nd the fact that the flavonols are soluble in
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aqueous solutions of high pH. A pH beyond 10.0 wasda¢bin order to maintain the integrity of the

capillary, as recommended by the suppliers.

3.3.2.2 Results

The electropherograms displaying the effect of pHhenseparation of the 5 flavonols are shown in Figure
3.6. Figure 3.7 shows the mobility of the flavonolstted investigated pH values. The electrophoretic
mobility of each reference compound was calculatechgushe equations governing electro-osmotic

mobility (Ueg) [3.1] and electrophoretic mobilityifg) [3.2] which are expressed below.

Ly = total length of capillary (cm)

Meo= Lo L% Vv [3.1] V = separation voltage (KV)

Lp = length to detector (cm)
L.L o
Meff= P 7 Y [1/teo— 111] [3.2] teo= migration time of neutral marker (sec)

t = migration time of solute (sec)
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Figure 3.6. Effect of pH on the resolution of thevthnol marker compounds

A) pH 8.3 B) pH 8.5
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Conditions: Capillary: 50.0 4m 1.D., total length = 69.0 cm, effective length = 52.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS; Hydrodynamic injection: 200 mbar for 0.1
minutes, Voltage: +15 kV; Detection A: 254 nm; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol,
5=isorhamnetin.
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E)pH 9.7 F) pH 9.9
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Conditions: Capillary: 50.0 gm 1.D., total length = 69.0 cm, effective length = 52.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS, Hydrodynamic injection: 200 mbar for 0.1
minutes; Voltage: +15 kV; Detection A: 254 nm; Labeled peaks. 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol,

5=isorhamnetin.
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Figure 3.7. Effect of pH on the electrophoretic ifigband resolution of the flavonols
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3.3.2.3 Discussion

The pH of the buffer is the dominant parameter affigcthe separation of flavonols at high pH which is

clearly illustrated by the dramatically differemisults obtained with relatively small changes in phisTs

due to the fact that that the flavonols are paytigdhized at high pH and under these conditions any
alteration of this parameter results in significantnges in the distribution co-efficients of the analytes
between the micellar and aqueous phase [160]. Fronte=i§id it can be seen that the electrophoretic
mobility of isorhamnetin and kaempferol initially dieed with an increase in pH until a pH of 9.3 after

which a more gradual increase was observed. The resohsiween the analytes at various pH values can
also be deduced from this figure. For example, treplygg of compounds quercetin, kaempferol and
isorhamnetin intersect at pH 9.3, indicating co-ntigra Baseline resolution was obtained at pH 8.3, 8.5
and 9.7. At pH 9.5 and 9.7, the migration ordettta flavonol aglycones was altered and kaempferol
migrated before isorhamnetin, followed by quercefinsimilar migration order occurred at pH 9.9,

however quercetin and isorhamnetin co-migrated.

The migration order of the flavonol glycosides, muind quercetin correspond to findings by Akiyaeha
al. [152] where the flavonol glycosides possessing largearsugieties migrated at a faster rate than those

with shorter saccharide chains. Rutin and quercdria both 39-glycosides with glucose-rhamnose and
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rhamnose units, respectively. When using borate atottee running buffer, separation was dependent on
borate complexation with the hydroxyl groups on riigFlavonol glycosides which have larger sugar
moieties have smaller charge/size ratios resulting irnteshaigration times. The inclusion of SDS into the
running buffer allowed enhanced separation sincertbee hydrophilic marker compounds such as rutin
and quercitrin predominantly partitioned into thgueous phase with minimal hydrophobic interactions

with the micelles and therefore migrated with the EOF

Separation of the less hydrophilic flavonol aglyconsing MEKC may be attributed to differences in
partition co-efficients of the analytes with the miesl as described in section 3.1.2. In addition, a
relationship between the substituents at positions CAR@B (Figure 2.4) and the buffer pH must exist in
order to explain the radically diverse migrationesdand velocities of the flavonol aglycones. Quércet
has a hydroxyl group situated at C-2 of ring B andhis most hydrophilic aglycone, followed by
kaempferol which has a hydrogen atom in the sameigsisorhamnetin is the most hydrophobic of the
group due to a methoxy substituent in position C-2plAtvalues between 8.3 and 9.3, minimal ionization
of the flavonols results in a dominant interactiostvieen the aglycones and the micelles with the
distribution co-efficient of isorhamnetin favoring tls&rongest interaction with the micellar core which
explains its substantially longer migration time in camgon to quercetin. Kaempferol in turn has greater
hydrophobic interaction with the micelles than quencbut spends less time in the micellar core than
isorhamnetin and migrates between the other 2 aglgcofie higher pH values of 9.5 and 9.7, the
aglycones were highly ionized which impeded hydadpb micellar interactions and the aglycones are
separated based on their respective negative chardés &orate complex formation with the hydroxyl
groups on ring B. Quercetin had the strongest bo@tgpkexation due to the presence of the dihydroxyl
groups on C-1 and C-2, followed by isorhamnetin witiah a methoxy and hydroxyl group in positions C-
1 and C-2, respectively. Kaempferol has only one dwyrgroup in position C-2 of ring B available for
borate complexation and was the least negativelygeldannder these conditions. The observed migration
orders were thus altered and kaempferol migratecdtod isorhamnetin while quercetin reached the

detector at the cathodic end of the capillary last.

At a pH of 9.9, an increase in EOF was observed Wgrdifices in migration times of the methanol marker
of 480 seconds as opposed to 528 seconds in all the pithénvestigations. This dramatic increase
explains the reduced selectivity and resolution @f flavonols and in particular, the separation of the
aglycones. The increase in pH caused augmented setfacge density on the silanol capillary wall which
created a higher zeta potential with subsequent gigoerof an enhanced EOF. The reverse is true at low
pH values which will be further discussed in section &8 3.9. Hence, higher buffer pH values are

generally associated with shorter run times usualligeaexpense of separation [142].

Following these investigations, a pH of 8.5 was setedtee to enhanced selectivity and separation of both
the flavonol glycosides and aglycones. Although a pi8.8 was shown to exhibit improved resolution

68



compared to 8.5, the excessively long run time ofrBdutes resulted in preferential selection of pH 8.5
where the run time was reduced to 28 minutes. Sinae ttan 33 flavonoids have been identified in
Ginkgo biloba leaf extracts, excluding other unknown compounds, piaramount that adequate resolution
and peak purity is achieved. Accurate, realistiuits were therefore prioritized above the quickelysis

time of 22 minutes obtained at pH 9.7.

3.3.3 lonic strength

3.3.3.1 Experimental procedure and results

An increase in ionic strength from 20 mM to 38 mM viragestigated. All conditions barring the buffer

molarity were identical to those described in sectiors13 - 3.3.1.6. As predicted, the increase in
molarity resulted in slower migration of the flavormmpounds and an increase in run time from 28
minutes to 40 minutes. Although an increase in resmiutias predicted with an increase in ionic strength,
no significant improvement was observed. In addjtikaempferol and isorhamnetin had broad peak

shapes.

3.3.3.2 Discussion

According to Terabe [132], the buffer molarity sktboot be lower than 10 mM. Higher concentratiores ar
normally associated with improved resolution dusltawer migration times and therefore greater micellar
and buffer interactions [155]. The increased buféena strength supplies an abundance of counter-ions
that effectively decreases the surface charge peratgdton the silica capillary surface. This resultdhan
contraction of the electrical double layer and subeat|suppression of the EOF [142]. The wide peaks
characteristic of slowest migrating compounds occudkezito zone broadening while the analytes diffused
along the capillary length with consequential lossffitiency [133]. An optimal ionic strength is théoee
capable of facilitating separation within an accbfgamigration time and with minimal generation afl@
heat as described by equation 3.3 below. An ioni¢ebugtrength of 20 mM was chosen for the analysis
based on the paper by Pietta and Mauri [149] whaoreaa satisfactory result within the above mentioned

constraints.

W = rate of heat generated per unit volume (W.cm®)
d = capillary diameter (cm)
W = d*iCVv#4L 3.3] V =applied voltage (KV)
C =ionic strength (M)
L =total capillary length (cm)

A =molar conductivity (cn?.2*M™)
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The SDS concentration was also selected based on wdidkmped by Pietta and Mauii49] as well as
previous investigations performed in our laboratorigtO] where it was found that an SDS concentration
of 50 mM adequately separated the flavonols in St. ’3oWort with acceptable levels of joule heat
production. Similarly, this concentration facilitatbeseline resolution of all the selected flavonol raark
compounds used in this study. Higher SDS concentraiime associated with greater partitioning of the
analytes into the micellar pseudo stationary phasett@réfore results in longer analyte migration times
[155]. This effect is more pronounced with the lesdrbphilic aglycones [140]. Moderate concentrations

are usually recommended to minimize the productigow® heat [132].

3.3.4  Separation voltage

The voltage selected was based on work previously peefib on St. John’s Wort in our laboratories [140].
It was found that the resolution between the flaveraitin, isoquercitrin, hyperoside, quercitrin and
quercetin using the same method was most efficient ak¥1¥®llowed by +10 kV, +20 kV and then +25
kV. An increase in the applied field strength gergradsults in an increase in analyte migration and
therefore reduced run times however the resolutiop lbeacompromised. In addition, joule heating is a
common phenomenon when separation voltages above kWl5are applied [161], leading to
disproportionate effects on the EOF and electroplwmbbility of analytes with noticeable loss of
efficiency [142]. The parameters which influence tamperature gradient within a capillary are pmtes

in equation 3.3 in section 3.3.3.2. A suitable searatoltage is therefore one which enables baseline

separation of compounds within a reasonable migraitioe with minimal production of joule heat.

3.35 Effect of extraction solvents

3.35.1 Experimental Procedures

The solvents used in the extraction process were methethgl acetate, isopropyl alcohol, ethanol and
acetone. Conditions were identical to those desciitbeéction 3.3.1.4 - 3.3.1.6 except the total ¢anyil

length was 70.4 cm while the effective length reradithe same at 52.8 cm. Detection waks 254 nm.

3.35.2 Preparation of sample solutions

A minimum of 10 tablets were individually weigheddatihen pulverized thoroughly using a mortar and
pestle. For each selected extraction solvent, a mgssaafer equivalent to the mass of a single tablet was
then weighed and transferred to a 20 ml Kimax tdies milliliters of each selected solvent were pipktte
into the designated tubes and sonicated for 1 hche. tibes were then centrifuged at 35@ for 10

minutes. Equal aliquots of samples containing organicests were then blown down using nitrogen and
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reconstituted in 50:50 methanol-water. Those sampthésimecontained precipitate after reconstitutionaver

centrifuged a second time before the supernatant vexted.

3.3.5.3 Results

Tablets extracted with methanol, ethanol and acegane similar profiles however baseline resolution of
components was not achieved with any of these solVfitis.critical examination of peak resolution and

background absorbance, it could be deduced that@thas the least selective extraction solvent followed
by acetone and then methanol. Unknown compounds gmtad with the selected marker compounds in

all 3 electropherograms shown in Figure 3.8 A, B,@nd

Extraction with ethyl acetate gave a simple profiiéh only 12 small peaks of which only a small rutin

peak and larger quercetin peak were identified. ekhaustive extraction with ethyl acetate was then
performed (3 x 10 ml), followed by a methanolic exti@t of the residue. Both rutin and quercetin peaks
were identified in the latter sample. Ethyl acetgemed to preferentially extract the aglycones sinke on

a few minor peaks were present in the flavonol glyadmsiindow/zone in comparison to profiles extracted
with more polar solvents. Moreover, there are genenatire flavonol glycosides than aglycones present in
unhydrolyzed extracts and a reverse ratio of rutiguercetin substantiates selective extraction ofase |

polar aglycones. Figure 5.8 D shows the profile Niaturelle dosage form extracted with ethyl acetate.

Isopropyl alcohol, on the other hand, gave a distiacprofile with 17 reproducible peaks. Baseline
separation of all the peaks, except for quercetin otmigined. All 5 marker compounds were identifiable
which was not achieved with any of the other solvefte selected flavonol markers were identified in
extracts by comparison of the migration times wittenence standards prepared in the same solvent. The
profile of an unspiked and spiked Naturelle tablatated with isopropyl alcohol is shown in Figures 3.8

E and F, respectively.
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Figure 3.8. Effect of different extraction solventstbe profile of ainkgo biloba solid oral dosage form
A) Methanol B) Ethanol
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Conditions: Capillary: 50.0 ym1.D., total length = 70.4 cm, effective length = 52.8 cm; Running buffer: 20 mM sodium
borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for 0.1 minutes; Voltage: +15 kV; Detection A: 254
nm; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol, 5=isorhamnetin.
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E) Isopropyl alcohol F) Isopropyl alcohol - spikmblet
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Conditions: Capillary: 50.0 4/m1.D., total length = 70.4 cm, effective length = 52.8 cm; Running buffer: 20 mM sodium
borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for 0.1 minutes; Voltage: +15 kV; Detection A: 254
nm; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin, 4=kaempferol, 5=isorhamnetin.

3.3.5.4 Discussion

The effect of solvents with differing polarity inden the extraction of a Naturelle tablet was ingesgéd
in order to determine solvent selectivity. Of thedurcts available during this investigation, the firgyerts
of Naturelle were distinctive with a number of pgdkat could be used in a comparative study. Vital was
disregarded due to its formulation as a liquid in latgecoat which was more difficult to extract acataly

and the remaining 2 products needed to be concethtvafere distinctive profiles were observed.

The polarity indices of the organic solvents usedhils extraction varied, with acetone and methanol
having an index of 5.1, ethanol an index of 5.2] athyl acetate and isopropyl alcohol with indiced df

and 3.9, respectively. Ethanol’s high polarity indeay explain its unselective extraction with high
background absorbance. Although acetone and metthawvel the same index value, peak resolution was
marginally improved with the methanol extract as opgddsehe acetone sample. Ethyl acetate has a higher
polarity index than isopropyl alcohol however itraxted fewer compounds and was therefore not suitable

for use as an extraction solvent for the fingerpmigiGinkgo extracts.

Selective extraction of the marker compounds usethig study posed difficulties since the flavonol
glycosides are highly polar with the aglycones extigiless hydrophilic properties. Highly polar solvents

used in extraction delivered electropherograms witiiesolved peaks due to unknown interfering
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compounds. Some measure of control was achieved by bigjher detection wavelengths however higher
flavonol absorbances and the inclusion of compounds db not absorb in the visible range favored
detection at lower, less selective wavelengths fadiiprinting purposes. In addition, a simple protaafol
dilution to achieve separation is not possible dueatying amounts of compounds present in extracts as
will be seen in section 3.4 where some extracts reduoncentration in order for the relevant peakseto

detected.

Isopropyl alcohol was therefore selected as the didrasolvent. Although its low polarity index is
indicative of less efficient extraction of the mordgya@lycosides, a comparable profile was still possible.
Moreover, the flavonol aglycones which migrate aftbe glycosides are ideally present in low

concentrations in extracts and minimal interferesdenperative for their detection.

34 QUALITATIVE ANALYSIS OF FLAVONOLS IN GINKGO BILOBA ORAL DOSAGE
FORMS

34.1 Instrumentation and additional equipment

The equipment used for this study has been describedtiors8.3.1.1 and 3.3.1.2.

3.4.2 Materials and reagents

Isopropyl alcohol, methanol, sodium tetraborate, SD&tha reference standards used in this study were
sourced as described in section 3.3.1.3. Faimkgo biloba products, Formule Naturelle, Ginkgoforce,
Holotropic and Vital were purchased from a local phecy in Grahamstown, South Africa, the details of

which are provided in Table 3.2.
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Table 3.2Ginkgo biloba dosage forms selected for qualitative analysis obfials

Manufacturer Name of Dosage Label claim Daily Batch | Extract
product form dose number
Formule Ginkgo Tablet | Standardized to contajn 1 tablet | 69937 A
Naturellé biloba 24% Ginkgo tds*,
Flavonglycosides ac
Bioforce? Ginkgoforce | Tablet Each 250mg tablet is 2 tablets | 109022E B
equivalent tds*, ac

to 10 drops of
Ginkgoforce

liquid
Holotropic® Ginkgo Tablet Each tablet contains| 2 tablets| 0308 C
biloba 400mg tds*
genuine imported prn®
Ginkgo biloba
Vital* Ginkgo Capsule| Each capsule containsl capsulel 1108A D
biloba Ginkgo biloba extract daily

equivalent to
6 000mg of herb
powder

IFormule Naturelle, Hout Bay, South AfricaBioforce S.A. (Pty) Ltd., Halfway House, South Afi “Holotropic,
Cape Town, South AfricdVital Health Foods (EDMS) BPK, Kuils River, Weste@ape, South Africa; *three times
daily; %ac, before meal§when required

3.4.3 Experimental Procedure

Operating conditions were as outlined in section 343.8.3.1.6 with exception of the total capilléength

which was 70.4 cm with an effective length at 5218 ¢

3.4.3.1 Preparation of sample solutions (Products A - C)

Individual tablets were weighed and crushed with atan@nd pestle and the resulting powdered tablet was
weighed and transferred into a 20 ml Kimax tube. Tdiiliters of isopropyl alcohol was pipetted into
each tube and the mixture was sonicated for 30 nendibe extracts were then manually agitated to
facilitate re-dispersion of the contents before soiinatvas continued for a further 30 minutes. The
extracts were centrifuged at 35@or 20 minutesand 3 ml of the supernatant was evaporated to dryness
using nitrogen. The samples were reconstituted inl HOrbO0 methanol-water and centrifuged for 10

minutes before the clear supernatant was injected.

3.4.3.2 Sample preparation of Product D

A single capsule was weighed before being sliced op#manblade and the contents squeezed into a 20 ml
Kimax tube. The remaining residue on the gelatin eeas$ carefully washed into the tube with 10 ml

isopropyl alcohol and the contents were extractedeasribed in section 3.4.2.1. Centrifugation was not
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sufficient to remove undissolved components and fiitrethrough a 0.2gm PVDF membrane (Millipore,

Bedford, MA, USA) was required before injection.

3.4.4 Results

The electropherograms with the identified marker caimgls present in Product A 254 nm, 270 nm and
350 nm) were shown previously in Figure 3.5 A - @uFés 3.9 A, B and C show Products B and C which
were monitored ak 270 nm as well as Product D determined 860 nm, respectively. In view of the low
concentrations of components in Products B and Caestivere concentrated by using smaller volumes of
solvent as well as changing detector sensitivity frof1 Qo 0.005 AUFS, in order to obtain a baseline

fingerprint profile while Product D was monitored\aB50 nm in order to eliminate interferences.
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Figure 3.9. Fingerprint profiles of tl& nkgo biloba dosage forms

A) Ginkgoforce tabletsN270 nm)

0.01

AUFS

0 Minutes 30

Conditions: Capillary: 50.0 gm 1.D., total length = 70.4 cm, effective length = 42.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes, Voltage: +15 kV; Detection A: 350 nm; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin,
4=kaempferol, 5=isorhamnetin.
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B) Holotropic tabletsX 270 nm)
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Conditions: Capillary: 50.0 gm 1.D., total length = 70.4 cm, effective length = 42.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes, Voltage: +15 KkV; Detection A: 350 nm; Labeled peaks. 1=rutin, 2=quercitrin, 3=quercetin,

4=kaempferol, 5=isorhamnetin.
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C) Vital capsuleX 350 nm)
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Conditions: Capillary: 50.0 gm 1.D., total length = 70.4 cm, effective length = 42.8 cm; Sample buffer: 50:50
methanol-water; Running buffer: 20 mM sodium borate, 50 mM SDS (pH 8.5); Hydrodynamic injection: 200 mbar for
0.1 minutes, Voltage: +15 KkV; Detection A: 350 nm; Labeled peaks. 1=rutin, 2=quercitrin, 3=quercetin,

4=kaempferol, 5=isorhamnetin.
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3.45 Discussion

In order to ascertain the quality of the various piatd, fingerprint profiles are compared based on visual
criteria of “integrity and fuzziness” or stated ino#mer way, “sameness and differences” [162].
Fingerprinting provides a simple, effective and rapidans of determining the authenticity of the raw
material used in the product i.e. it is possible torddtee the integrity of the product based on its peofi
Liang et al. [162] fingerprinted 17Ginkgo biloba extracts purchased from pharmacies or pharmaceutical
companies in China and compared them to the finggrpfithe standardized extract Egb Z6From the
results it could be ascertained that 3 products weundtesdted with rutin in order to meet certain QC
criteria. The fingerprinting technique could theref provide a simple, rapid approach to identifying a

eliminating false herbal preparations from the comratroarket.

In this study, the fingerprints of Products A and Do remarkable similarities in terms of peak
densities with a large number of peaks present irgly@side migration window which extended from
approximately 12 - 16 minutes. After concentratiod an increase in detector sensitivity, a comparable
profile was observed for Product B while Product @eblittle resemblance to any of the other products.

The authenticity of Product C may therefore be qoeatle.

Although some parallels could be drawn from the pesfilmajor discrepancies in content were apparent in
all 4 commercial dosage forms. Product D had thedsghkontent, followed by Product A, then B and
finally Product C. Daily dosages (Table 3.2) did moimpensate entirely for these disparities. Both
products B and C contained very few components impasison to Products A and D, including the
identified selected marker compounds. Product B dooedathe highest ratio of aglycones versus
glycosides compared to all the other extracts and aatmtamount of quercetin was present. From a
quality aspect, higher concentrations of glycosidesipared to aglycones are preferred since this is
indicative of suitable extraction and storage condgiwhich do not facilitate conversion of the glycesid

to aglycones by hydrolysis [53].

Based on these results, it can be deduced that Psoduend D are of comparable quality however,
Product D was of superior quality to Product A inrterof flavonoid content. The extraction and/or gera

conditions of Product B may require further evaluatitue to the high aglycone to glycoside ratio. Based
on the poor fingerprint profile of Product C, itnce deduced that this product contained very little
flavonoid content and the lack of “sameness” compaoethé fingerprints of the other products casts

reasonable doubt on the authenticity of this product.
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35 CONCLUSIONS

The method originally outlined by Pietta and Maud#9] describing the separation of 9 flavonoids was
used to determine mainly flavonol glycosidesdimkgo biloba leaf extract. Their method was modified

and fine tuned to fingerprint @inkgo biloba solid oral dosage forms using 2 flavonol glycosides and 3
flavonol aglycones as the selected marker compoundaddition, various possible extraction solvents
were tested for their selectivity in order to ensurefiles where marker compounds could be relatively

easily identified at their UV maxima wavelengths.

Although this method was capable of ensuring high résolwf the peaks of interest, the run time of 28
minutes may be considered exceptionally long for #imalysis technique. This may be attributed to the
slower migration velocity of the flavonol aglyconedich are more effectively solubilized by the SDS
micelles than are hydrophilic glycosides. This alsoltedun the wider aglycone peak shapes. In facs, in
recent publication [157] in which quercetin, kaempfeand isorhamnetin were analyzed Hinppophae
rhamnoides, the authors opted for the use of cyclodextrin asifieodh CZE to facilitate separation instead
of SDS due to this very reason. Pietta and Maungthod is therefore particularly suited for the asialy

of flavonol glycosides rather than for aglycones. éitheless, determination of aglycones together with
the flavonol glycosides are very useful QC indicatinge ratios of glycoside/aglycones have been shown
to provide information of both the quality of theear material as well as product quality. An increastn@

ratio of aglycones to glycosides in extracts suggestsadation [57].

3.6 CE METHODSUSED FOR THE ANALYSISOF TERPENE LACTONES

To date, only 1 method has been published addressingefbaration of the terpene lactone$inkgo
biloba using CE. A little over a decade ago, Oehrle [163¢fly described an MEKC method for the
separation of GA, GB and BB using 25 mM phosphate &nch®l SDS. The author stated that the initial
use of borate, boric acid and SDS buffers proved e@oubsuccessful for the separation. Oehrle
demonstrated that separation of the 3 terpenes teulithieved within 17 minutes using a capillary with
dimensions 50.¢m I.D. x 360um O.D. and a total length of 60.0 cm. UV detectiaswset at 185 nm and
the oven temperature was maintained &C3® stock solution (1 mg/ml) of the reference staddawas
prepared in methanol and further dilutions were mad#h running buffer in order to achieve
concentrations of 1.12 mg/ml for all relevant compisInA “terpene mix” was additionally analyzed
which had a final concentration of 0.11 mg/ml. Sangptimes were 5 seconds for the reference standards
and increased to 15 seconds for the “mix”. BB migrateelad of GA and GB and reached the detector after
approximately 10 minutes, followed by GA (16,4 minu@s)l GB (16.6 minutes).
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Oehrle’s method however had a number of shortcominhs. r&solution between GA and GB was not
complete and three essential parameters were notasédunamely, the pH of the running buffer, the
voltage and the injection mode. The pH of the ragrbuffer is of notable significance for the optintiaa

of resolution as illustrated in section 3.3.2. Of naitcal importance however it the fact that BB datges
above pH 7 [53, 56]. To show its applicability, thethod was used to qualitatively analyze a so-called
“terpene mix” but no references were given regardivegsource or the reasons for analyzing that “mix”.
No extraction procedures were described which implied the “mix” was prepared by dissolving the
Ginkgo extract in methanol with dilution using rungibuffer as described for the reference standards. Th
method was not validated and displayed no data pemntgia linearity, range, repeatability or accuracy.

Despite these obvious flaws, this method was usedstarting point for method development using GA,
GB, GC and BB as markers. The difficulty and expenbeprocuring these reference compounds
necessitated their economic use, at times excluding sértteem during method development. GC was
mostly used to investigate the effects of various paramete the migration of the terpenoids since a
sufficient amount of this reference standard was geisérosupplied by Dr. Egon Koch of Willmar
Schwabe Pharmaceuticals. GJ was procured somewhatwhtn method development was almost
complete.

3.7 METHOD DEVELOPMENT OF THE TERPENOIDSAT HIGH PH

3.7.1 Instrumentation

3.7.1.1 The CE system

All experiments were performed using a PrinCE elgttovesis system Model 0500-002 (Lauerlabs,
Emmen, The Netherlands) and a Linear UV/VIS 200 detgtinear Instruments Corporation, Reno, NV,
USA). A polyimide fused-silica capillary column (f8n I.D. x 360um O.D.) was used for the separation
which was supplied by Polymicro Technologies, Phoekix,USA.

3.7.1.2 Additional equipment

A Perkin EImer R100A Strip Chart Recorder, ModelDE0005 (Perkin Elmer Corporation, Illinois, USA)

was used to record the electropherogram. A Mettleal Range Electronic Balance, Type AE 163 (Mettler
Instruments AG, Griefensee, Zurich, Switzerland) wagsl useweigh reagents and standards. A Crison
GLP21 pH Meter (Crison, Barcelona, Spain) was usedhe¢asure and adjust the pH values of relevant

solutions.
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3.7.2 Materials and reagents

Methanol (HPLC grade) and sodium hydroxide pelletsewirchased from BDH chemicals (Poole, UK),
disodium hydrogen phosphate (analytical grade) fronche@ Chemicals (Isando, Johannesburg, South
Africa) and phosphoric acid (analytical grade) fravierck (Darmstadt, Germany). Sodium dodecyl
sulphate (SDS), GA (90%), GB (90%) and BB (95%) wmwechased from Sigma (St. Louis, MO, USA).
GC (90%) was a generous gift from Dr. Egon Koch oflar Schwabe Pharmaceuticals (Karlsruhe,
Germany). The peak purity of the terpene trilactonesed as reference standards were checked
chromatographically and confirmed by NMR (Nuclearddaetic Resonance) spectroscopy. Water was
purified in a Milli-Q system (Millipore, Bedford, MAJSA).

3.7.3 Initial experimental conditions and results

A capillary with a total length of 60.0 cm and etige length of 45.0 cm was used and conditioned as
described in section 3.3.1.4. Our CE instrument wasble to adjust the operating temperatures however
and experiments were therefore performed at ambéemperature (2Z). Since the pH of the buffer was
not specified, a 25 mM solution using disodium hydroggosphate was prepared and the pH was
measured at 9.3. Stock solutions of the reference stisdere prepared in methanol and then diluted with
running buffer to approximate concentrations of @g/ml. Samples were injected hydrodynamically at
200 mbar for 0.03 minutes. The separation voltage waatsel5 kV with a voltage ramp of +6 kV/s.
Detection was at 190 nm, based on the UV spectra of the terpenoidsrshofigure 3.10.
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Figure 3.10. UV spectra of BB, GA, GB, GC and BB
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Initial experiments on the migration of GA, GB, G@daBB in the sample solution did not yield
reproducible results and in an attempt to achieve asare of consistency, numerous parameters were
investigated. An increase in sample loading, field #edl sample injection (FASI) and lowered sample
ionic strength was investigated to compensate fordheabsorbance of the ginkgolides. Thereafter, the
conditioning of the capillary was altered from thmae mentioned procedure to washing with 10 minutes
water and then 5 minutes buffer prior to injectidgthird experimental washing procedure involved
conditioning the capillary with buffer only for 3 mites in order to avoid a quasi-stable state caused by
capillary conditioning with sodium hydroxide, a stateich is augmented when using phosphate buffer due
to its absorbing properties [142]. In order to enghia excessively long run times were avoided, the
voltage was increased incrementally to a maximum of kK30 Increased voltages resulted in lower
efficiency however and aberrations in the baseline @ joule heat production resulted in the voltafe
+15 kV being reinstated. The pH of the running bufivas also altered but kept in the high pH range of
between 7 and 10. Lower pH values were attempted) ysinitive applied voltage, however no peaks were

obtained due to excessive suppression of the EOF.

In order to limit the use of reference materials aimdplify peak identification, the reproducibility &C
only was investigated. The effects of ionic stren@BS concentration, sample dilution and voltage on
GC’s migration time and peaks heights were determifié@ current was monitored as an indicator of
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joule heat production. Due to the noisy baseline revipus experiments, a smaller diameter capillary
tubing (50um I.D. x 360um O.D.) with the same length was used in orderdcaat dissipation. Samples
were dissolved in running buffer and were injectegctebkinetically at +5 kV for 0.5 minutes. The

capillary was conditioned between consecutive iilgestwith 5 minutes of running buffer.

The optimal electrophoretic conditions for GC weetedmined and then also used for the analysis of GA,
GB and BB. The running buffer consisted of 40 mM SB8 25 mM disodium hydrogen phosphate (pH
9.2). Sample solutions (~1.0 mg/ml) were preparedrinelectrolyte of lower ionic strength (10 mM
disodium hydrogen phosphate and 40 mM SDS) and injedetrokinetically at +5 kV for 0.33 minutes.
The applied voltage was +15 kV with a voltage ranfip+ékV/s. However, some degradation of the
ginkgolides and BB occurred under these conditions f&s been confirmed by Van Beek [53] who cited
the work of Fourtillinet al. (Thérapie 50 (1995) p. 13That BB degrades above pH 7. This method at
alkaline pH was therefore found to be unsuitablettieranalysis of the terpene lactones and may explain
initial difficulties in obtaining reproducible reks. Further investigations at low pH were therefeguired

in order to determine the validity of the origimaéthod published by Oehrle [163].

3.8 METHOD DEVELOPMENT FOR TERPENOIDSAT LOW PH

3.8.1 Effect of sample loading on the resolution leefvGA and GB

3.8.1.1 Instrumentation and materials

All experiments during development were performed gigime equipment described in 3.7.1 and all
materials and reagents were sourced as stated in s8cti@n A Vortexer model G-560E from Scientific
Industries, Bohemia, N.Y., USA was used for sample mixi\_P filters were purchased from Millipore,
Bedford, MA, USA.

3.8.1.2 Capillary conditioning

The washing procedures for unused capillaries an@limiaily capillary conditioning were performed as
described in section 3.3.1.4 and between consecutijeetions, the capillary was conditioned with 15
minutes of buffer only. To ensure reproducibility, theffer at the cathode was replaced after every

injection while the anodic buffer was replenishe@maétvery third injection.

3.8.1.3 Initial experimental conditions

A capillary with a total length of 60.0 cm and efige length of 42.0 cm was used. The BGE comprised of
25 mM phosphoric acid and 40 mM SDS (pH 3) and wagagpesl by dispersing the appropriate amount of

85



phosphoric acid in HPLC grade water which was thikeréd through a 0.4hm HVLP type filter. The
surfactant was weighed and decanted into a volumiaisk and a sufficient volume of phosphoric acid
solution was added for dissolution. The mixture wascadad until the SDS dissolved completely. The
solution was allowed to reach room temperature bdiitirgy it to volume with the same phosphoric acid
solution. The buffer pH was altered using a 1 M sodiyairoxide solution. The separation voltage was -10
kV with a voltage ramp of -6 kV/s and samples weredtgd electrokinetically at -5 kV for 0.5 minutes.

Detection was effected at220 nm with a rise time of 0.1 seconds and sensitfi§.01 AUFS.

3.8.1.4 Preparation of reference standards

Separate stock solutions of the reference standardsprepared by accurately weighing 1.15 mg of GA
and 1.07 mg of GB into separate vials and then disgpthem in 2 ml of a 10 mM phosphoric acid and 40
mM SDS (pH 2.8) buffer solution. A mixture of theeefnce compounds was prepared by pipetting equal
amounts of each stock solution into a vial and the Eargotexed for 30 seconds before injecting onto the

capillary.

3.8.1.5 Experimental Procedure

The effect of sample loading on the resolution of @& &B was investigated by systematically injecting
sample solutions of the reference compounds at -5 k@da@econds, 20 seconds, 4.8 seconds, 4.2 seconds

and 3 seconds.

3.8.1.6 Results

Since separation between GA and GB proved to bdqratic, initial method development at low pH was
performed using these 2 reference compounds only. ritrasi to the results observed under alkaline
conditions, injection of the individual stock soluttoat low pH resulted in a single peak observed for GA
and GB. Initially the sample solutions were injectéd5akV for 30 seconds since this was the injection
time used to obtain an appropriate response at high\ftén the mixture was injected, only one peak
which was slightly broader compared to the indivitualjected peaks was observed which indicated co-
migration and smaller sample loads were therefore iigatet. Injection of the sample for 20 seconds only
caused a decrease in peak height with no improveimengsolution. The injection times were then
drastically reduced to 4.8, 4.2 and 3 seconds. Sadogudéng for 4.8 and 4.2 seconds resulted in decreasing
peak heights with smaller sample injections but also ing@eparation. Baseline resolution was achieved
when the sample was injected at -5 kV for 3 secondsagurther decrease in sampling time was therefore
not attempted. Separation is shown in Figure 3.11.n@@ated ahead of GA which is the reverse order
reported by Oehrle [163].
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Figure 3.11. Effect of sample loading on the sepamati GA and GB

A) -5 kV for 30 sec B) -5 kV fdr8 sec
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C) -5 kV for 4.2 sec D) -5 kdf 3 sec
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Conditions: Capillary: 78 pm 1.D., total length = 60.0 cm, effective length = 42.0 cm; Sample buffer: 10 mM
phosphoric acid, 40 mM SDS (pH 2.8); Running buffer: 25 mM phosphoric acid, 40 mM SDS (pH 3); Electrokinetic
injection: Voltage: -10 kV; Detection A: 220 nm; GA=ginkgolide A, GB=ginkgolide B.

87



3.8.1.7 Discussion

Sample loading contributed significantly to the resolubetween GA and GB. GB only differs from GA
in the positioning of a hydroxyl group at EFigure 2.2) and their structural similarity posefiiclilties in
achieving both chromatographic and electrophosstjaration. The ginkgolides lack strong chromophores
and hence require extracts to be concentrated rmhifjber sample loads to be injected to achieve an
appropriate response. In CE however, only small sangilenes can be injected in order to ensure optimal
efficiency [136] and a sample load at -5 kV foryB8Iseconds facilitated optimal resolution and accéptab

sensitivity of these 2 compounds.

3.8.2 Effect of capillary washing on the separatietwieen GA and GB

3.8.2.1 Experimental Procedure

The effect of capillary conditioning between congeeuinjections on the resolution of GA and GB was
investigated. Initial conditions including capillamashing procedures were the same as outlined in sBectio
3.8.1.2 and 3.8.1.3. The same sample mixture of GRA@B that was prepared in section 3.8.1.4 was
injected at -5kV for 3 seconds. The experimental wasprogrammes between consecutive injections are
shown in Table 3.3. The flushing pressure was set a02rifar for all the steps involved in the washing

sequences.
Table 3.3. Investigated washing procedures on theutgsolof GA and GB
M ethod Number Washing procedure
1 5 min BGE
2 15 min BGE
3 2 min 1 M NaOH,

2 min 0.1 M NaOH,
2 min distilled water,
5 min BGE
4 1 min distilled water,
1 min 1 M NaOH,
1 min methanol,

2 min 0.1 M NaOH,
2 min distilled water,
3 minutes BGE
5 10 min 0.1 M NaOH,
5 min distilled water,
5 min BGE
6 10 min 1 M NaOH,
5 min distilled water,
5 min BGE
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3.8.2.2 Results and Discussion

Following the investigation to determine the effe€tbuffer pH on the resolution between GA and GB
which produced irreproducible results, the capillags replaced with freshly cut, conditioned new tubing
since it was evident that the charge density on tphédlagy surface was no longer sufficient to facilitate
separation. This however did not resolve the inconsigtend a further investigation into the washing
procedures between consecutive injections was necessegycsipillary cleaning is a major determinant of
precision and accuracy [132].

Conditioning with buffer only between consecutivgeations is normally recommended when using
phosphate buffer [142] however it was found that méshl and 2 were both incapable of producing
reproducible capillary surface conditions and res@8tmilarly, GA and GB co-migrated when method 3
was used. Method 5 delivered reproducible results withroved separation while consistent baseline
resolution was achieved when method 6 was employe@nSmnsecutive injections were performed using
methods 5 and 6 washing procedures in order to enspreducibility. Although method 6 produced the
most consistent results, this procedure was rather timguoong. The lengthy equilibration time was
necessary due to the fact that conditioning of neglgticharged silanol groups on the capillary wallhwit
sodium hydroxide while working at low pH may cause égestis and moreover, phosphate buffer is known
to adsorb to capillary surfaces. These two factorsefber necessitated a more extensive washing
procedure [133]. Conditioning with an organic soltvémethod 4) which was used by Waetgal. [164]
while working at low pH was therefore attempted. sThiethod did not produce satisfactory results
however and GA and GB once again co-migrated. Methads therefore selected as the optimal washing
protocol and used in further experiments.

Capillaries coated with polyacrylamide are often useg@rotein analysis or separations involving high
molecular mass compounds to prevent adsorption onto dp#élacy wall. This leads to improved
reproducibility and precision [165, 166]. Janébial. [167] and Janderet al. [166] used polyacrylamide
coated capillaries for their studies in a reduced #owironment at low pH. The use of coated capékari
could possibly decrease equilibration times betweersexutive injections compared to using uncoated
fused polyimide silica capillaries. Only the lattgpé capillaries were however available and were used

throughout the course of this research.

3.8.3 Electropherograms of the terpene trilactohésnapH

3.8.3.1 Instrumentation and materials
All experiments were performed using the equipment destin 3.7.1 and 3.8.1.1 and all materials and

reagents were sourced as previously stated in secfich 3
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3.8.3.2 Capillary conditioning

The washing procedures for newly cut capillaries aitéhl daily capillary conditioning were performed
described in section 3.3.1.4 and between consednfaetions, the capillary was conditioned with method
6 described in Table 3.3 (Section 3.8.2.1). To enseproducibility, the buffer at the cathode wadaegd
after every injection while the anodic buffer waglemished after every third injection.

3.8.3.3 Initial experimental conditions

A capillary with a total length of 60.0 cm and effige length of 45.0 cm was used for the separaiite.
BGE comprised of 25 mM phosphoric acid and 40 mM Sp8 2.8). The separation voltage was
increased to -15 kV with a voltage ramp of -6 kV/slazrease migration time and samples were injected
electrokinetically at -5 kV for 3 seconds. The detettwavelength was 190 nm with a rise time of 0.1
seconds and sensitivity of 0.01 AUFS.

3.8.3.4 Preparation of reference standards

After individual injections of GA, GB, GC and BB wveeperformed in order to determine the migration
order, a mixture containing all 4 reference compsuwas made by dissolving 1.50 mg, 1.12 mg, 1.10 mg
and 1.05 mg of the respective compounds in 2 ml beffasisting of 10 mM phosphoric acid and 40 mM
SDS (pH 2.8).

3.8.3.5 Results

Figure 3.12 A shows the separation of all 4 markenmmunds and Figure 3.12 B shows the separation
when only GA and GB were injected. The run time ®asninutes and the migration order was GB, GA,

BB and then GC. During this method developmentréfierence compound GJ was not available.
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Figure 3.12. Electropherogram of GA, GB, GC and@&BH 2.8
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Conditions: Capillary: 78 um 1.D., total length = 60.0 cm, effective length = 42.0 cm; Sample buffer: 10 mM
phosphoric acid, 40 mM SDS (pH 2.8); Running buffer: 25 mM phosphoric acid, 40 mM SDS (pH 3); Electrokinetic
injection: -5 kV for 3 sec.; Voltage: -15 kV; Detection A: 190 nm; Labeled peaks: GA= ginkgolide A, GB=ginkgolide B,
GC=ginkgolide C; BB=bilobalide.
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3.8.3.6 Discussion and conclusions

Baseline separation between GA, GB, GC and BB wagwaetiiand no degradation was evident at low pH.
Migration orders were the reverse of those describ©&lyrle [163] with GB migrating ahead of GA,
followed by BB and then GC.

Suppression of the EOF under acidic conditions neeg¢sdi the application of a negative separation
voltage (change of polarity) at the injection eridhe capillary. This facilitated repulsion of thei@mc
SDS micelles from the cathode and migration of theatiegly charged analytes towards the positive
electrode at the detector end of the capillary atebocity which superseded that of the non-ionic
components. Compounds with greater distribution fioients towards the hydrophobic micellar core
therefore migrated more rapidly than the more hyklit@pcompounds. MEKC performed under acidic
conditions where the EOF is suppressed is referred storeduced flow micellar electrokinetic
chromatography (RF-MEKC). Migration orders are tfame typically the reverse of those observed under
alkaline conditions where the EOF allows for rapigmation of hydrophilic compounds. This conventional

MEKC mode is known as normal micellar electrokineticoochatography or N-MEKC [166].

It is apparent that Oehrle [163] used N-MEKC duehe migration order of the reference compounds
where BB migrated ahead of GA and GB migrated IBSMEKC is however not suitable for the

ginkgolides since this technique has to be performearualitaline conditions and BB is unstable above
pH of 7. Oehrle’s method could not be repeated inlaboratory even after numerous time-consuming
attempts were made. Based on these facts, it was surthiettiat his method is probably unreliable and

thus inappropriate for the analysis of terpenoids.

Since RF-MEKC is suited for the analysis of hydrophaticpounds [166] and the flavonol aglycones
have hydrophobic properties, this method was furtkeelbped for the simultaneous analysis of both the
selected flavonol and terpenoid marker compounds.

39 DEVELOPMENT OF A SIMULTANEOUS METHOD FOR THE DETERMINATION OF
FLAVONOLSAND TERPENOIDS

3.9.1 Effect of organic solvents on the separatiatheflavonols and terpenoids

3.9.1.1 Instrumentation and materials

All experiments were performed using the equipment sorde materials described in section 3.7.1 and

3.7.2, respectively. Acetonitrile and 1-propanol {(4PLC grade) were purchased from BDH chemicals
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(Poole, UK) Quinine hydrochloridg-cyclodextrin, rutin (85%), quercetin (85%), GA @) GB (90%)

and BB (95%) were purchased from Sigma (St. Louis,, MSA). Quercitrin (99%) was supplied by
Phytolab (Hamburg, Germany) and kaempferol (95%) ianchamnetin (90%) from Indofine Chemical
Company (New Jersey, USA). GJ (95%) was purchased froron@adex (Santa Ana, CA, USA). GC
(90%) was a generous gift from Dr. Egon Koch of Wilinfichwabe Pharmaceuticals (Karlsruhe,
Germany). The purity of the flavonol reference stadd were assumed as provided by the suppliers. The
peak purity of the terpene trilactones used as erter standards were checked chromatographically and
confirmed by NMR spectroscopy. Water was purified iMilli-Q system and 0.4am HVLP filters (both
supplied by Millipore, Bedford, MA, USA).

3.9.1.2 Capillary conditioning

Capillary conditioning was the same as previously desdras in section 3.8.3.2.

3.9.1.3 Initial CE conditions

CE conditions were as stated in section 3.8.3.3. Tdorfiols were monitored at 365 nm and the

terpenoids ak 190 nm.

3.9.1.4 Preparation of reference standards

Since the flavonols are soluble in aqueous alkalimatisas, individual stock solutions of the flavonols
were initially prepared in methanol and then ditlteith the usual buffer solution consisting of 10 mM
phosphoric acid and 40 mM SDS (pH 2.8). Solutiohsutin, quercitrin, quercetin and kaempferol were
prepared by dissolving 0.5 mg in 2Q0methanol and then adding 3 ml of buffer with a m@pette to
give concentrations of 156 8)/ml. Isorhamnetin was less soluble and 0.16 mg was de&tsal 3 ml 50%
methanol-buffer to give a concentration of 53@ml. A mixture of all 5 reference compounds was
prepared by the addition of 2Q0 of the rutin (62.51g/ml) and isorhamnetin (21§83/ml) stock solutions
and 100ul of the quercitrin, quercetin and kaempferol (3{igdml each) stock solutions into a vial which

was then vortexed for 30 seconds to ensure thoroughgrtdefore injecting.

3.9.1.5 Experimental Procedure

The effect of the inclusion of various percentagesiethanol (2, 5, 6, 7, 10, 20 and 30), 1-propanob(2

7, and 10) and acetonitrile (2, 7, 10, and 20h@BGE on the separation of the flavonols was invatsd)
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3.9.1.6 Results

Figure 3.13 shows the electropherogram of the flawimjkected using the identical conditions which
separated the terpenoids. Isorhamnetin, kaempferol aadetin migrated at the same velocity and only
one peak was detected for these compounds. Thergaégsitrin reached the detection window, followed
by rutin. The voltage was then reduced to -10 kV tedpH was investigated over a range of 1.4 tar3.6
an attempt to increase resolution however no proremimdfect on the separation was observed. Buffer

additives in the BGE were then explored.
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Figure 3.13. Electropherogram of the 5 selectedfial marker compounds at pH 2.8
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Conditions: Capillary: 78 pm 1.D., total length = 60.0 cm, effective length = 42.0 cm; Sample buffer: 10 mM
phosphoric acid, 40 mM SDS (pH 2.8); Running buffer: 25 mM phosphoric acid, 40 mM SDS (pH 3); Electrokinetic
injection: -5 kV for 3 sec.; Voltage: -10 kV; Detection A: 365 nm; Labeled peaks: 1=rutin, 2=quercitrin, 3=quercetin,
4=kaempferol, 5=isorhamnetin.
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The effect of methanol on the resolution of thediaels is shown graphically in Figure 3.14. Resolution

was calculated according to the following equation:

Rs = 2 (b-ty)/(wi+wy) [3.4] t = migration time (sec)

w = temporal peak width at baseline (sec)

Figure 3.14. Effect of methanol on the resolutiothef flavonols
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Labels: I=isorhamnetin, K=kaempferol, Q=querce@trin=quercitrin, R=rutin
With increasing methanol concentrations, the migratimes increased but so did the resolution. Baseline
resolution within 13 minutes was obtained using 30%haratl (Figure 3.15 A). When a sample solution of

the terpenoids was injected under these conditions Ve@w&A and GB reached the detection window

after 35 minutes and the peaks were broad and nosegdirated as shown in Figure 3.15 B.
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Figure 3.15. Electropherograms showing the effe@08b methanol in the running buffer
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Conditions: Capillary: 78 um 1.D., total length = 60.0 cm, effective length = 42.0 cm; Sample buffer: 10 mM
phosphoric acid, 40 mM SDS (pH 2.8); Running buffer: 25 mM phosphoric acid, 40 mM SDS 30% MeOH,;
Electrokinetic injection: -5 kV for 3 sec.; Voltage: -10 kV; Labeled peaks: 1=isorhamnetin, 2=kaempferol,
3=quercetin, 4=quercitrin, 5=rutin, GB=ginkgolide B, GA=ginkgolide A.

The effect of 1-propanol on the resolution of threevdéinols is shown graphically in Figure 3.16. As with

methanol, the addition of 1-propanol increased tigration time of all the flavonols. Resolution betwee
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isorhamnetin and kaempferol was not achieved and ebeedse in resolution at the inclusion of 7% 1-

propanol was due to broader peak widths.

Figure 3.16. Effect of 1-propanol on the resolutidthe flavonols
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The effect of acetonitrile on the resolution of thavonols is shown in Figure 3.17. As previously
discussed, the organic solvent effects with an increageetonitrile percentages in the BGE resulted in
longer migration times and improved resolution. Acétde did not however facilitate separation betwee
isorhamnetin and kaempferol. The marked decrease aiuties between quercitrin and rutin with the
inclusion of 20% acetonitrile was due to the braadén peak caused by the excessive migration time of

29 minutes with consequential sample zone broadening.
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Figure 3.17. Effect of acetonitrile on the resolotaf the selected flavonols
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3.9.1.7 Discussion

The flavonols are acidic compounds with pKa valuespgroximately 6.8 (Section 2.2.2). A change of
buffer pH while working under acidic conditions didt affect the ionization of these compounds and no

change in the resolution of the selected markers aleserved.

The addition of organic solvents into the BGE gergralsults in an increase in buffer viscosity and limits
the interaction of the analytes with the micelle ®ndering the aqueous phase more amenable to
hydrophobic analytes. This results in an increase inatia@r time of these compounds but also improved
selectivity [167]. Migration times were the longesing acetonitrile which has a polarity index 6.2,
followed by methanol (polarity index of 5.1) and the-propanol (polarity index of 4.3). Acetonitrieas
therefore the most hospitable towards solubilizatibthe flavonols. Methanol was the most selective of
the 3 solvents however and baseline resolution wasnebtdetween isorhamnetin and kaempferol which
was not observed with either acetonitrile or 1-prabpa®@n the other hand, the inclusion of methandhi
running buffer had a negative impact on both the atign time and resolution of GA and GB and

therefore it was not suitable for the simultaneousyaigof the flavonols and terpenoids.
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3.9.2 _Selection of a suitable micellar marker anskfiile internal standard (I1S)

RF-MEKC differs from N-MEKC in that the EOF is immdibed and migration is dependent on
electrophoresis only [132]. Moreover, the migratiandow is considered infinite as the micellar marker is
exclusively incorporated into the micellar core amdches the detector first, followed by the remaining
analytes in order of decreasing hydrophobicity. Aneagus marker used to indicate the migration time of
the EOF in N-MEKC will therefore never appear ahd ticellar marker in RF-MEKC hence represents
the “dead-time” marker as in conventional elutitioenatography [167].

A micellar marker must be capable of partitioning asdlely into the micelle and numerous compounds
were tested as potential suitable markers. These intludarbamazapine, sudan Ill, stigmasterol, benzyl
alcohol, cyclohexane, xylene, toluene, carbon ¢btmide, ethyl acetate, cyclopentane, benzeniysal
acid, paracetamol, chlorocresol, methyl hydroxybateocholesterol, estron@;estradiol and quinine
hydrochloride. Terabe [132] recommends the use ofeidium bromide or quinine hydrochloride and
sudan Il was used in an example of a micellar markea paper published by Janini [167]. Quinine
hydrochloride was the most appropriate micellar maaket its inclusion into the SDS micelle was evident
by the fact that it eluted ahead of all the refeeecompounds, including all the other chemical campis

present in extracts.

In terms of finding a suitable IS for potential gutative analysis, a chemical compound that migrated
within the zone between the flavonols and ginkgalideas desired and potential standards included
chlorocresol, protrypline, ibuprofen, verapamil, mmazapine, propanolol hydrochloride, resorcinol,

chlorbutol, betamethazone, paracetamol, cytosinedeioe, mometasone, fluorocinolone acetate,
allopurinol, salicylic acid, methyl hydroxybenzoapeopyl hydroxybenzoate and phenacetin. Chlorotreso
migrated directly after rutin and is a suitable IS doantification of all reference compounds. Phenaceti

migrated at 8 minutes with no apparent interferenaés either reference compounds or tablet extracts.
Although salicylic acid co-migrated with GA, it waorsidered a suitable IS for the quantitative

determination of the flavonols since GA does not ab&brblight at the wavelengthA(250 nm) used to

monitor the salicylic acid.

3.9.3 Effect of gamma cyclodextriyYHCD) and beta cyclodextril3B{CD) on the resolution of the

flavonols and terpenoids

3.9.3.1 Instrumentation and materials

See sections 3.7.1 and 3.9.1.1.
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3.9.3.2 Capillary conditioning

To increase reproducibility, the capillary was washedhe start of each day by flushing for 15 minutes
with 1 M sodium hydroxide, 15 minutes with 0.1 M sodibydroxide, 15 minutes with distilled water and

then 40 minutes with 0.1 M sodium hydroxide. Capjlilushing between consecutive injections was kept
as method 6, previously stipulated in section 3.8.2tlwashes were applied using external pressure. To
ensure constant pH at both the anode and cathoddyuffer at the cathode was replaced after every

injection while the anodic buffer was replenishe@aivery third injection.

3.9.3.3 Initial experimental conditions

In order to increase the path length and therefarsitbaty, a square capillary with dimensions 7@ 1.D.

x 360 um O.D. with a total length of 60.0 cm and an effestiength of 45.0 cm was used. The buffer
consisted of 40 mM SDS and 25 mM phosphoric acid Zpt). The separation voltage for the sample
containing both the flavonols and the terpenoids setsat -17.5 kV for the first 11 minutes and then
increased to -20 kV to decrease the run time to 18teén The separation voltage for the flavonol sample
was applied at -17.5 kV. The voltage ramp was -6 lkafld samples were injected at -5 kV for 0.05
minutes. Detection was at190 nm for both the terpenoids and flavonols andifigetime was 0.1 seconds
with a sensitivity of 0.01 AUFS.

3.9.3.4 Preparation of reference standards

Samples were prepared in 50:50 methanol-buffer (10 rhsphoric acid, 40 mM SDS (pH 2.2)). The
increased methanolic fraction was essential to famdligalubility of the reference compounds, particularly
the aglycones. Individual stock solutions of the flaslenand terpenoids were prepared. The terpenoid
stock solution had a concentration of approximatepdng/ml for GA, GB, GC, GJ and BB while the
flavonol stock solution contained 0.13 mg/ml of ak thavonols except for isorhamnetin (0.06 mg/ml).
The flavonol and terpene sample mix contained @06f each solution and 100l each of a 1 mg/ml

quinine hydrochloride solution and 1 mg/ml chloroctesdution, both prepared in 50:50 methanol-buffer.

3.9.3.5 Experimental Procedure

The addition ofY-CD to the BGE on the resolution of the flavonols wagstigated in concentrations of
10 mM and 20 mM. In addition, a 20 mKMCD andf-CD mixed buffer (10 mM each) was also prepared
by their inclusion into the BGE. A final mixed cydextrin buffer containing 5 mM-CD, 15 mMp-CD,

40 mM SDS and 25 mM phosphoric acid was preparedaaple solution containing both the flavonols
and terpene lactones was injected.
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3.9.3.6 Results

The BGE containing 10 mMW-CD resulted in co-migration of isorhamnetin and kaergifand also
guercetin and quercitrin. The results were similar withencyclodextrin concentration was increased to 20
mM however the joule heat production (current measanénof -104pA) caused aberrations in the
baseline and a significant decrease in sensitivity wadiketh probably due to increased background
absorbance. Peak broadening was also evident. Thedlrbixffer system comprised of 10 mM eaGkcD
andf-CD showed a similar profile in terms of separationthatsensitivity was enhanced in comparison to
the results when using the buffers containfAi@D alone. The buffer containing only 5 m¥iCD and 15
mM B-CD resulted in baseline separation of the flavonolsdver, GA and GB were not well resolved as
shown in Figure 3.18-CD was therefore responsible for the improved sejparaf the flavonols and-

CD did not contribute towards separation.

Figure 3.18. Effect of the addition of 5 m¥ACD and 15 mM3-CD to the micellar buffer system

0.005
7
3
1 4
5
9
% 6
2 2 8 12
\ 11
\! 10
0
0 Minutes 19

Conditions: 78 pm |1.D., total length = 60.0 cm, effective length = 45.0 cm; Sample buffer: 50:50 methanol-buffer
(10mM phosphoric acid, 40mM SDS (pH 2.2)); Running buffer: 40 mM SDS, 25 mM phosphoric acid (pH 2.2), 5 mM
Yccyclodextrin, 15 mM S-cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20
kV (11 - 19 minutes); Detection A: 190 nm. Labeled peaks. 1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol,
4=quercetin, 5=quercitrin, 6=rutin, 7=chlorocresol; 8=ginkgolide B, 9=ginkgolide A, 10=hilobalide, 11=ginkgolide
C, 12=ginkgolide J.
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3.9.3.7 Discussion

Gamma an@-CD are oligosaccharides which have 8 and 7 glucois respectively and are cylindrical in
shape with hydrophilic surfaces and hydrophobic cawitin addition, their cavity sizes differ wifaCD
having an internal cavity diameter of 0.75 - 0.83 and 3-CD a measurement of 0.62 - 0.64 nm [132].
Separation using CD is based on forming stable coraplexith the analytes which is dependent on
hydrophobic and hydrogen bonding as well as the sigkshape of the analyte [142]. It is therefore
possible that the co-migration observed between kaawiEnd isorhamnetin and quercetin and quercitrin
was due tor-CD’s large cavity which enabled the simultaneoususion of more than one analyt®-CD,

on the other hand, has a smaller cavity and its thedeiniteraction with the analytes resulted in impbve
separation. Although the mixed buffer system contaisimgM B-CD facilitated baseline resolution of the
flavonols, inclusion of GA and GB into the core YB{CD still occurred which resulted in co-migration.

Moreover, different types of cyclodextrins are alsown to alter selectivity [132].

3.9.4  Effect of3-cyclodextrin on the resolution of the flavonols degbenoids

3.9.4.1 Instrumentation and materials

See sections 3.7.1 and 3.9.1.1.

3.9.4.2 Capillary conditioning

Capillary cleaning was performed as in section 29.3.

3.9.4.3 Initial experimental conditions

The separation was achieved on the same square gafliddrwas used in section 3.9.3.3 however due to
buffer precipitation, both the anodic and cathagtids were trimmed to give a total length of 59.4 cith wi
an effective length of 43.0 cm. The buffer consisied0 mM DS and 25 mM phosphoric acid (pH 2.2).
The voltage was kept constant at -17.5 kV with aaggtramp of -6 kV/s. The flavonols were monitored at
a selective wavelength of 250 nm and after phenacetiched the detection window, the wavelength was
changed to 190 nm. The rise time was 0.1 seconds vetbetisitivity set at 0.01 AUFS.

3.9.4.4 Preparation of the reference standards

The flavonol stock solution was prepared in 50:50 auadhbuffer (10 mM phosphoric acid, 40 mM SDS)
with concentrations of 0.35 mg/ml, 0.31 mg/ml, 0.28/ml, 0.22 mg/ml and 0.10 mg/ml of rutin,
quercitrin, quercetin, kaempferol and isorhamnetispectively. A separate terpenoid stock solution was
prepared with concentrations of 1.50 mg/ml, 1.39 nhgIn60 mg/ml, 1.40 mg/ml and 2.22 mg/ml of GA,
GB, GC, GJ and BB, respectively. Quinine hydrochlendas used as the micellar marker and a stock
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solution containing 1.35 mg/ml was prepared in methbotier (50:50). Phenacetin was included as a
potential IS and a stock solution of 1.13 mg/ml wapared. The final sample solution consisted of g0
of the flavonol stock, 70Ql of the terpenoid stock and 1Q0 of both the phenacetin and quinine stock

solutions. Samples were injected in triplicate at eamitentration level.

3.9.45 Experimental procedure

The effect of3-cyclodextrin 3-CD) on the separation of the flavonols and theeeoids was investigated
by the inclusion of 6 mM, 12 mM and 24 mM in the BGE

3.9.4.6 Results

The effect off-CD on the effective mobility and resolution of tHavbnols is presented graphically in
Figure 3.19 where the average effective mobilitys y#otted against the cyclodextrin concentration. The
migration times lengthened with increasprD concentrations. At B-CD concentration of 24 mM, GC
and BB were detected at a signal to noise (S/N) &HtB:1 while GJ could not be detected at all duthe
baseline noise. Moreover, baseline aberrations alsoepted separation between GA and GB. The
inclusion of both 6 mM and 12 mi3-CD resulted in baseline resolution of the terpenbiolsever, the
flavonols were better resolved at a concentratioddfmM. The run times were 19 and 23 minutes,

respectively.
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Figure 3.19. Effect of-CD on the mobility and resolution of the flavonalsd terpene lactones
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3.9.4.7 Discussion

Initially the buffer consisted of phosphoric acid &S only and the flavonol aglycones, isorhamnetin,
kaempferol and quercetin co-migrated. Increasingeotmations ofi-cyclodextrin in the buffer (6 mM, 12
mM and 24 mM) improved the resolution between theoiel aglycones present in the sample solution by
changing the apparent distribution co-efficient the more hydrophobic flavonol aglycones which
prevented them from being completely incorporateis ithe core of the anionic SDS micelles [132].
Although the effective mobilities of all compounds esed with increasing cyclodextrin concentrations,
the resolution between GA and GB was unaffected. IR&éso between BB and GC decreased slightly.
However, ginkgolide J was not detected at a conagotr of 24 mMf-cyclodextrin due to increased
background noise which can be attributed to theymtian of joule heat, increased background absoeanc
and the lengthened analysis time. Beta-cyclodexomtentration had minimal effect on the ginkgolidss a
these analytes are probably too large to be incagbrato the cavity of th@-cyclodextrin molecular
structure. AB-cyclodextrin concentration of 12 mM was thus essileld as being optimal for the

simultaneous separation of all the relevant compounds.
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3.95 Effect of SDS on the resolution of the flalsmand terpenoids

3.95.1 Experimental Procedure

The effect of SDS on the effective mobility and resion of the flavonols was investigated at 20 mM, 40
mM and 80 mM SDS concentrations. The phosphoric add3a@D concentrations remained fixed at 25

mM and 12 mM, respectively. The remaining conditiamese as described in section 3.9.4.2 - 3.9.4.4.

3.95.2 Results

Figure 3.20 shows the effect of SDS on the effeativility and resolution. The mobilities of both the
ginkgolides and flavonols increased with increasingceatrations of SDS. The migration time at 20 mM
SDS was 33 minutes, at 40 mM it was 22 minutes and atNdt was 14 minutes. At 20 mM SDS, the
flavonols were well separated however, resolution betwthe terpenoids was compromised with co-
migration of GA and GB. At 40 mM SDS, the flavonolsrev@ot as well resolved but baseline resolution
of all the selected markers was obtained. At 80 mM Siu#h the separation of the flavonols and
terpenoids was compromised, hence 40 mM SDS was seladteel aptimal micellar concentration, shown

in Figure 3.21 in section 3.10.4.

Figure 3.20. Effect of SDS concentration on the ditykand resolution of the flavonols and terpenoids
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3.9.5.3 Discussion

Unlike the effect of3-cyclodextrin, the SDS concentration had a profoafidct on the resolution of the

terpenoids which indicates a substantial amount of fareahalyte interactions, possibly because the
ginkgolides are fairly neutral molecules and thedcebphoresis is dependent on the charge of the anioni
surfactant. Moderate concentrations of SDS providetimal separation and prevented exclusive
partitioning of GA and GB into the micellar core8®t mM as well as minimal micellar-analyte interactions
at 20 mM which also impeded separation. Increasing SDfcentrations resulted in heightened
background absorbance and decreased sensitivity wigishreflected in smaller peak areas. In RF-MEKC
an inverse relationship exists between mobility andeitar concentration [167] which explains the

decrease in run time (or increased mobility) with bigtoncentrations of SDS.

3.10 SIMULTANEOUSANALYSISOF FLAVONOLS AND TERPENE LACTONESIN GINKGO
BILOBA SOLID ORAL DOSAGE FORMS

3.10.1 _Instrumentation and additional equipment

Equipment that was used for this analysis has been beddri section 3.7.1. However a polyimide fused-
silica square capillary column (48n 1.D. x 360um O.D.) was used for the separation. In addition, an
ultrasonic bath, Model SC-211TH (Sonicator Instrun@otporation, Copiague, N.Y., USA) was used for
extraction purposes and a centrifuge, Model HN/8Slargon IEC Division, MA, USA) was used to
centrifuge tablet extracts. A Vortexer, Model G-56(€ientific Industries, Bohemia, N.Y., USA) was
used for sample mixing. All extracts as well as the phatpbuffer were filtered through 0% PVDF
filters, purchased from Millipore, Bedford, MA, USAPHC grade water was purified by reverse osmosis

through a Milli-Q purification system obtained frohretsame suppliers.

3.10.2 Materials and reagents

See Section 3.9.1.1 for details of materials andee used. Four solid or@inkgo biloba dosage forms
(Products E - H) were bought from a local pharmacgiahamstown, South Africa (Table 3.4.). Three of
the products were tablets and one product (ProducioHfained pulverized leaf extract in a hard gelati

capsule.
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Table 3.4Ginkgo biloba dosage forms analyzed for flavonol and terpene tectontent

Manufacturer Name of Dosage Label claim Daily Batch Extract
product form dose number
Formule Ginkgo Tablet Standardized to contain| 1 tablet 3011 E
Naturellé biloba 24% tds*, ad
Ginkgo Flavonglycosidés
Bioforce? Ginkgoforce | Tablet Each 250mg tablet is | 2 tablets | Unknown F
equivalent tds*, ac
to 10 drops of Ginkgoforce
liquid
Holotropic® Ginkgo Tablet Each 3 tablets provide: | 1 tablet 0319 G
biloba Ginkgo biloba botanical 300  tds*
mg, Ginkgo biloba extract
equivalent to 900mg
Bioharmony Ginkgo Capsule Each 350mg capsule | 2 capsules EP02.21 H
biloba contains tds*
350mgGinkgo biloba
(Ginkgoaceae)

IFormule Naturelle, Hout Bay, South AfricaBioforce S.A. (Pty) Ltd., Halfway House, South Afi “Holotropic,
Cape Town, South AfricdVital Health Foods (EDMS) BPK, Kuils River, Weste@ape, South Africathree times
daily; ®Additional information was provided, including In®y ginkgolides and 1.0 mg bilobalide per tablet, before
meals

3.10.3. Experimental Procedure

The square capillary was cut to a total length 0@ @&dn and effective length of 45.0 cm. The BGE )
consisted of 25 mM phosphoric acid, 40 mM SDS andhl2B-cyclodextrin. The separation voltage was
set at -17.5 kV for 11 minutes, thereafter the voltage changed to -20 kV (the voltage ramp was -6kV/s)
and samples were injected electrokinetically at -5f&Vv3 seconds. The measured current Wa80 pA
throughout the analysis. The flavonols were monitertea wavelength of 250 nm and the ginkgolides at
190 nm with a rise time of 0.1 seconds and sensitdfit9.01 AUFS. The same conditioning and buffer

replenishing protocols described in section 3.9.3.2wsed to wash the capillary.

3.10.3.1 Sample preparation (Products E - G)

A minimum of 10 tablets of each solid oral dosage foRroducts E - G) were weighed and powdered
using a mortar and pestle. For Products E and G,sa ofgpowder equivalent to 1 tablet was weighed and
for Product F, a mass of powder equivalent to 2 tablas weighed and then transferred into a Kimax tube
before dispersion with 20 ml of methanol. The mixtwas sonicated for 30 minutes and then manually
agitated to ensure re-dispersion before sonication watinced for a further 30 minutes. The extract was
centrifuged at 350 x for 10 minutes and the supernatant decanted into ml5Rimax tube. Twenty

milliliters of fresh methanol were then added to teenaining residue, the contents re-dispersed and
sonicated for 30 minutes followed by centrifugationl @ecantation of the supernatant into the same 50 ml

Kimax tube which was then evaporated to reduce then@ The above procedure was then repeated and
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the combined extracts were evaporated to dryness adiroggjen before reconstitution with appropriate
volumes of 50:50 methanol-buffer (10 mM phosphoriddadi0 mM SDS (pH 2.2)). All samples were

filtered through 0.4m PVDF filter membranes prior to analysis.

3.10.3.2 Sample preparation of Product H

Ten capsules (Product H) were individually emptied aeighed and transferred to a mortar and pestle for
mixing. A mass of powder equivalent to the contenta sfngle capsule was extracted according to the

procedure described in Section 3.10.3.1 above.

3.10.4 Results and discussion

Figure 3.21 A shows the baseline separation of alina@ker compounds within 22 minutes with a
constant voltage of -17.5 kV. A typical electroplggaom of the standards with the programmed voltage
change is shown in Figure 3.21 B. Since a photodimdey (PDA) detector could not be configured to
the CE instrument, the wavelength was manually chafrged 250 nm to 190 nm after 11 minutes.
The flavonols required detection at a more seleatiggelength to ensure maximum absorbance and

minimal interference.
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Figure 3.21. Electropherogram of selected flavamal terpene lactone reference standards

A) Without voltage change
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Conditions: 78 pm |.D., total length = 59.4 cm, effective length = 43.0 cm; Sample buffer: 50:50 methanol-buffer (10
mM phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDS and 25 mM phosphoric acid (pH 2.2), 12
mM S-cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV; Detection A: 190 nm. Labeled peaks:
1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol, 4=quercetin, 5=quercitrin, 6=rutin, 7=ginkgolide B,
8=ginkgolide A, 9=bilobalide, 10=ginkgolide C, 11=ginkgolide J.
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B) With voltage change programmed at 11 minutes
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Conditions: 78 pm |.D., total length = 60.0 cm, effective length = 45.0 cm; Sample buffer: 50:50 methanol-buffer (10
mM phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDS and 25 mM phosphoric acid (pH 2.2), 12
mM S-cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20 kV (11 - 19
minutes); Detection A: 190 nm Labeled peaks: 1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol, 4=quercetin,
5=quercitrin, 6=rutin, 7=ginkgolide B, 8=ginkgolide A, 9=bilobalide, 10=ginkgolide C, 11=ginkgolide J.

The electrophoretic fingerprints of all 4 producte ahown in Figure 3.22 and identification of the
marker compounds was based on relative migration oftladytes compared to the micellar marker.
All products had a greater number of peaks in theoflaid migration window which extended from
approximately 4.5 to 6.1 minutes (after the migratd rutin) than in the less selective terpenoid zone
after 8.2 minutes when the wavelength was changed 280 nm to 190 nm. Although this migration
window is assumed, only a few peaks were observed betwéa and the time of wavelength change
and since rutin is relatively hydrophilic comparedhe other aglycones and glycosides, its migration
is predicted to be one of the slowest of the flavosidide to its dominant partitioning into the aqueous
phase. Minimal interference in the terpenoid zone evasial for the detection and identification of
these markers using a very low UV non-selective wagthe- particularly since the ginkgolides have

low absorbance.

The fingerprints of the commercial products indicdteat large discrepancies occurred in both the flavono

and ginkgolide marker content. Products F and Ghétdd similar profiles with less peaks present overall
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(identified and unidentified) in both the flavorentd ginkgolide migration windows compared to Prosluct
E and H. Product H revealed the presence of all selemarker compounds although baseline noise
prevented unequivocal identification of the last kearcompound, GJ. Product A seemed to have the
highest content of flavonols but had less terpenactohes than product H. Overall, based on peak
intensity and height, Product E contained the masker compounds, followed by Product H, then G and
finally, Product F. Interestingly, Product E was thaly product which claimed some level of
standardization - albeit specified as “flavonglycosictentent only (Table 3.4).

112



Figure 3.22. Electrophoretic fingerprint of ProduEtH

A) Naturelle tablets (Product E)
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Conditions: 78 tm1.D., total length=60.0 cm, effective length=45.0 cm; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDSand 25 mM phosphoric acid (pH 2.2), 12 mM £
cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20 kV (11 - 19 minutes);
Detection A: 190 nm. Labeled peaks. 1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol, 4=quercetin,
5=quercitrin, 6=rutin, 7=ginkgolide B, 8=ginkgolide A, 9=bilobalide.
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B) Ginkgoforce tablets (Product F)
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Conditions: 78 tm1.D., total length=60.0 cm, effective length=45.0 cm; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDSand 25 mM phosphoric acid (pH 2.2), 12 mM £
cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20 kV (11 - 19 minutes);
Detection A: 190 nm Labeled peaks: 1=quinine hydrochloride, 3=kaempferol, 4=quercetin, 5=quercitrin, 6=rutin,
7=ginkgolide B, 8=ginkgolide A, 9=bilobalide.
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C) Holotropic tablets (Product G)
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Conditions: 78 m1.D., total length=60.0 cm, effective length=45.0 cm; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDSand 25 mM phosphoric acid (pH 2.2), 12 mM £
cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20 kV (11 - 19 minutes);
Detection A: 190 nm Labeled peaks: 1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol, 4=quercetin,
5=quercitrin, 6=rutin, 7=ginkgolide B, 8=ginkgolide A.
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D) Bioharmony capsules (Product H)
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Conditions: 78 m1.D., total length=60.0 cm, effective length=45.0 cm; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running buffer: 40 mM SDSand 25 mM phosphoric acid (pH 2.2), 12 mM £
cyclodextrin; Electrokinetic injection: -5 kV for 3 sec.; Voltage: -17.5 kV (0 - 11 minutes), -20 kV (11 - 19 minutes);
Detection A: 190 nm. Labeled peaks. 1=quinine hydrochloride, 2=isorhamnetin, 3=kaempferol, 4=quercetin,
5=quercitrin, 6=rutin, 7=ginkgolide B, 8=ginkgolide A, 9=bilobalide, 10=ginkgolide C, 11=ginkgolide J.

3.10.5 Conclusions

To our knowledge, no papers have been published wheadtribe a method for the simultaneous
determination of both ginkgolides and flavonols usBtg The novelty of this method therefore lies ia th
application of a RF-MEKC procedure for the simultaue determination of a mixture of multicomponents,
two flavonol glycosides, rutin and quercitrin, thrBavonol aglycones, isorhamnetin, kaempferol and
quercetin, four terpene trilactones, GA, GB, GC @iddand one sesquiterpene, BB3imgko biloba solid

oral dosage forms.
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This RF-MEKC method was found to be particularly uséér the analysis o6Ginkgo biloba solid oral
dosage forms since this method was developed under aadditions in which both the flavonols and
terpene trilactones are chemically stable. ImpogarRIF-MEKC facilitated the UV-detection of the
terpene trilactones (which possess poor chromophdne®xtracts since slower migration of these
hydrophilic components resulted in maximal separatiot reduced interference which was facilitated by

using an electrophoretic system which provided a sevéow.

Also, by using RF-MEKC a novel QC approach was inicadl by including the simultaneous
determination of intact flavonol glycosides, rutindaguercitrin, together with the normal aglycones,
quercetin, kaempferol and isorhamnetin in the assayder to ascertain botanical authenticity and

adulteration as well as to determine appropriateaetitn and storage conditions.

311 METHOD VALIDATION AND THE QUANTITATIVE ANALYSIS OF RUTIN AND
QUERCETIN IN GINKGO BILOBA COMMERCIAL PRODUCTS

3.11.1 Instrumentation

All instruments and additional equipment describeseation 3.10.1 was used for the validation.

3.11.2 Materials and reagents

See Section 3.9.1.1 for details of materials and reagesed. Salicylic acid was purchased from
Sigma (St. Louis, MO, USA) and 2 commerciaiinkgo biloba products were bought from a local
pharmacy in Grahamstown, South Africa (Table 3.5).
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Table 3.5Ginkgo bilobasolid oral dosage forms used for the assay

Manufacturer | Nameof | Dosage Label claim Daily dose Batch Extract
product form number
Bioharmony Ginkgo | Capsule Each 350mg 2 capsules ER10.11 I
biloba capsule contains tds*
350mgGinkgo
biloba
(Ginkgoaceap
Nrf Herbaf Ginkgo | Tablet Each tablet 1 to 2 tablets| NTN0O42PW J
biloba contains 350mg| or as directed
Ginkgo biloba by your
50mgGinkgo healthcare
biloba extract practitioner
24% and 240mg
FoodMatrix™

1Bioharmony CC, Wynberg, South Africa\rf Herbal, Centurion, South Africa; *three timesigda

3.11.3 _Procedure

The capillary used was of the same dimensions &slii3 and the running buffer composition has been
described in that same section. The separatioagmltvas -17.5 kV with a voltage ramp of -6 kV/s and
samples were injected hydrodynamically at 20 mbar0f6 seconds. Detection washa250 nm at 0.01
AUFS with a rise time of 0.1 seconds. The capilleonditioning and buffer replenishment were perfedm
as previously described in section 3.9.3.2.

3.11.3.1 Preparation of standard solutions

On each of the 3 days, a 20@/ml rutin and 10Qug/ml quercetin stock solution with 50:50 methanol-
buffer (10 mM phosphoric acid, 40 mM SDS (pH 2&3)the solvent was prepared and diluted to provide
the calibrator ranges of 12 - §&/ml and 6 - 42ug/ml, respectively. Volumes were corrected for the
addition of the IS and the micellar marker. A go@ihydrochloride stock solution (1.25 mg/ml) was
prepared in 50:50 methanol-buffer which was usethasmicellar marker and a 1 mg/ml salicylic acid
stock solution was also prepared in the same sbamhwas used as the IS for the validation. Eastpka
vial contained 25Qul each of the quinine hydrochloride and IS soluticend 2 ml of the relevant

calibration solutions.
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3.10.3.2Preparation of sample solutions

Hard gelatin capsules (Product I)

Forty capsules were individually emptied and wedyjhad transferred to a mortar and pestle for mixfg
mass of powder equivalent to the contents of alesingpsule was extracted according to the procedure
described in Section 3.10.3.1.

Solid oral dosage forms (Product J)

A minimum of 20 tablets of Product J was weighed powdered using a mortar and pestle. A mass of
powder equivalent to one tablet was accurately egigand extracted according to the procedure in
Section 3.10.3.1.

3.11.4 Method validation

3.11.4.1 Calibration curves

A calibration curve for each standard was constiadicin each day of the validation by analyzing atuné
containing both rutin and quercetin at five differeconcentration levels on the first day and three
concentration levels on consecutive days. The pe#dhh of analyte/IS ratios were plotted against the

concentration for each reference standard to obitagar calibration responses.

3.11.4.2 Precision and accuracy

The precision and accuracy of the assay were asskgspiking aliquots of powdered material equinéle
to the content of one capsule of Product | chosenth® matrix for spiking, with low and high
concentrations of rutin and quercetin. This process performed in triplicate on each day of the
validation. Product | contained a significant amipahrutin and therefore recovery of rutin at tloavést

level was not assessed.

3.11.4.3 Limits of detection (LOD’s) and quantfion (LOQ’s)

The LOD’s and LOQ’s were determined by serial dilntioof the lowest calibrator concentration and
established at a S/N ratio of 3:1 and 10:1, repgsgt
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3.11.5 Results and discussion

3.11.5.1 Linearity and range

Calibration curves for rutin and quercetin were stamcted on each day of the validation. The respons
profile was linear for both compounds within thegas of 12 - 84ig/ml for rutin and 6 - 42ug/ml for

quercetin. The results of all 3 days are shown ile3.6.

Table 3.6. Linear ranges and co-efficients of deteation of rutin and quercetin

Co-efficients
Name of Concentration Day Slope y-inter cept of
compound range (pg/ml) deter miznation
(R)

Rutin 12.5-835 Day 1 13.6 -106.4 0.9943

Day 2 12.8 -27.5 0.9977

Day 3 11.4 -40.3 0.9989

Quercetin 6.3-41.9 Day 1 26.9 -82.5 0.9915

Day 2 26.4 -58.0 0.9957

Day 3 24.5 -77.1 0.9987

3.11.5.2 LOD’s and LOQ’s

The LOD for rutin was found to be 3.18/ml and for quercetin, 1.88g/ml. The LOQ for rutin and

guercetin were 6.2fg/ml and 3.75ug/ml, respectively.

3.11.5.3 Accuracy and repeatability

The accuracy and precision of the method was detedanusing QC samples as well as performing a
recovery study.Two QC samples corresponding to low and high comagons of each reference standard
were injected in triplicate midway through the as@& on each day. The accuracy of the method can be
gleaned from Table 3.7 where percentage relativie €/ RE) values were less than 5% except for day 2
where the values for rutin QC 2 and quercetin Qele +6.6 and —6.3, respectively. Intra-day pesmpnt
relative standard deviation (% RSD) values rangenhf0.9 to 8.5% for triplicate injections. Simikarthe

inter-day results (Table 3.8) showed excellent amuand precision.
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Table 3.7. Accuracy and precision of QC samples

Quality Day 1 (n=3) Day 2 (n=3) Day 3 (n=3)
Controls Rutin Quercetin Rutin Quercetin Rutin Quercetin
QC1 QCc2 QC1 QC2 | QCc1 QCc2 QC1 QC2 | QCc1 QCc2 QC1 QC2
Theoretical
conc. 33.57 58.74 16.97 29683.97 59.44 16.85 29.483.37 58.39 16.83 29.46
(ng/mi)
Calculated
conc. 32.35 55.85 16.90 28.584.35 63.35 15.79 30.584.24 58.24 16.80 2935
(pg/mi)
RSD (%) | 85 3.1 47 24 1.6 4.4 .62 09| 84 3.8 2.7 23
RE (%) -3.6 -4.9 04 -39 +1.1 +6.6 6.3 +3.7 | +2.6 -0.3 0.2 -04
Table 3.8. Inter-day accuracy of QC samples
Constituent Average Acquired average Accuracy RE (%)
theoretical value +SD (%) £ RSD
(ng/ml) (n=9)
Rutin 33.64 33.67+1.10 100.1+ 3.3 +0.1
58.86 59.13+ 3.40 100.5£ 5.8 +0.5
Quercetin 16.88 16.48+ 0.57 97.6+ 3.5 -2.4
29.55 29.50+1.21 99.8+ 3.8 -0.2

In addition, one product was selected (Produchd) spiked with low and high concentrations of refere

standards to assess the recovery of the methoda@mnof three days, Product | was assayed indaigito

determine the contributions of rutin and quercétirthe overall recoveries. It was found that Praduc

contained a quantifiable amount of rutin near ther recovery level and was therefore spiked with

amounts which corresponded to medium and high ctrat@ns of the calibration range. Table 3.9 depict

the results of this experiment and the precisiomdscated by the intra-day and inter-day % RSDtifRu

had a higher overall recovery than quercetin whigls expected since rutin has a sugar moiety present

which enhances its polarity and thus aqueous ditjudiower recoveries for quercetin at higher spiki

levels have in fact, previously been documentedHIRLC [168] and liquid chromatography-mass
spectrometry (LC-MS) [169].

Table 3.9. Recovery of rutin and quercetin from Rodd

Constituent M ean spiking Intra-day RSD Inter-day RSD | Mean recovery
level (%, n=3) (%, n=9) (%) £ SD (n=9)
(ng/350mg
capsule) Day 1 Day 2 Day 3

Rutin 508 34 6.9 10.1 8.2 96.9+8.0

1015.8 6.5 5.2 3.6 5.7 91.75.2

Quercetin 334.4 3.8 3.8 4.7 5.94 98.3t5.8

668.8 9.5 5.8 7.9 2.25 82.6:1.9

3.11.5.4 The spec

ificity of the method

The specificity of the method was determined by carimg the relative migration times of rutin and

guercetin to the incorporated micellar marker, ménhydrochloride. In addition, on day 3 of the
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validation, Products E and F were spiked with refeeestandards to confirm identification of the
relevant peaks of interest since slight changesution times could possibly result in erroneouakpe

identification.

3.11.5.5 Analysis of commercial products

Since 22 flavonol glycosides, 6 flavonol aglycoreexd 5 biflavones, amongst others, have been
identified inGinkgo bilobaleaf extracts [57] and reference standards of nudirigese compounds are
currently either unavailable or costly, quantifioat of the flavonol glycosides in leaf extracts and
dosage forms is conventionally conducted by acidrdlysis of the extracts followed by the HPLC
determination of the resultant aglycones. Threennagjlycones have been identified as quercetin,
kaempferol and isorhamnetin of which quercetin kaempferol are usually the main peaks of equal
stature while isorhamnetin concentrations are 8jlfpic5 times lower. Three recent articles have
suggested that manufacturers may adulterate Giekgacts with rutin to claim a higher total flavéno
content which is difficult to detect when using @i@d hydrolysis method [22, 162, 170]. The analysis
of intact flavonol glycosides is also a good intima of the source of raw material used in extr§2®s

53].

As a result, two flavonol markers were selectedgimantification, the flavonol glycoside rutin aitsl
corresponding aglycone, quercetin. Salicylic acakwhosen as the IS and migrated in a zone where
there were no interferences and although it co-aégt with GA at lower, less selective wavelengths,
the higher wavelength at 250 nm ensured unhindee¢eimination of the IS. Products | and J were
selected for quantification. Although the batch t@mof the Bioharmony product (I) was different to
the lot used for the qualitative analysis in SetB8cl0, it was predicted that it should contairfisignt

rutin and quercetin to facilitate their determioati Similarly, the Nrf product (J) was also choan
analysis since it too had previously shown consiténigher marker content than most other products
(barring Vital), including Naturelle when using HPlaBd LC-MS techniques of analysis (Chapters 4
and 5). Product | was also used to perform regostidies since its moderate content facilitates t

analysis of both lower and higher spiking levels.

The electropherograms of products | and J are shoviAigure 3.23 and the results of the analyzed
commercial products are given in Table 3.10. Thd tatatime was ten minutes and the intra-day and
inter-day RSDs were all less than 9%. There waslafoldl difference in the amount of rutin present
between the products. On the other hand, the fitid of rutin to quercetin within products refledte
appropriate storage conditions. From these reguttan be concluded however that there are major
disparities in the flavonol marker content of thése products and that Product J may be considered

to be of superior quality when compared to Prodluct
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Figure 3.23. The fingerprinting profiles of Produttnd J

A) Bioharmony capsules (Product I)

0.07 1
w2
<3
=)
<
4
3
0 M / L
0 Minutes 11

Conditions: 78um 1.D., total length=60.0 cm, effective length=48r; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running bu#® mM SDS, 25 mM phosphoric acid (pH 2.2), 1
cyclodextrin; Hydrodynamic injection: 20 mbar foi60sec.; Voltage: -17.5 kV; Detectian 250 nm. Labeled peaks:
1=quinine hydrochloride, 2=quercetin, 3=rutin, 4=keylic acid.
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B) Nrf tablets (Product J)
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Conditions: 78um 1.D., total length=60.0 cm, effective length=486r; Sample buffer: 50:50 methanol-buffer (10 mM
phosphoric acid, 40 mM SDS (pH 2.2)); Running bu#® mM SDS, 25 mM phosphoric acid (pH 2.2), 12 g
cyclodextrin; Hydrodynamic injection: 20 mbar foi60sec.; Voltage: -17.5 kV; Detectian 250 nm. Labeled peaks:
1=quinine hydrochloride, 2=quercetin, 3=rutin, 4=Keylic acid.
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Table 3.10. Results of commercial products

Product Constituent Amount per Intra-day RSD (%) Inter-day
dosage unit (ug) (n=3) RSD (%)

(n=6)

Day 1 Day 2 Day 3
Product | Rutin 274.0+ 19.3 6.2 4.7 6.6 7.0
Quercetin None - - - -
Product J Rutin 2395.3+ 160.0 | 2.2 5.7 1.7 8.5
Quercetin 271.5+ 3.8 3.9 3.4 2.8 1.4

311 CONCLUSIONS

The RF-MEKC method designed for fingerprinting ottbselected flavonols and terpene lactones was
used for the quantitative analysis of the flavoglylcoside, rutin and flavonol aglycone, quercefihis
method proved to be suitable for the fingerprintafghese marker compounds and was also suffigientl
accurate and reproducible for quantitative analgdist least 2 of the markers, rutin and quercetin
commercially availableGinkgo biloba products. These 2 compounds were strategicallycteeleQC
markers since the ratio of rutin to quercetin rethynformation regarding the authenticity of thevra
material, the harshness/appropriateness of the faanung procedure and the conditions of storage.
Although the profiles implied authenticity and siite storage conditions, the quantification results
indicated major disparities in the marker contenibe@th products and re-iterated the fact that &ffecQC
criteria need to be implemented to ensure congigteiuct quality and efficacy. When using CE-UY fo
the quantification of marker compounds, it is ingige that that the assayed products are spikedder

to ensure accurate peak identification.

313 ANALYSISOF GINKGOLIC ACIDS

As mentioned in chapter 2, the ginkgolic acids ehemically classified as alkylphenols and are
speculated to cause allergic reactions and mutegeytiotoxic and even slight neurotoxic effects][53

It should however be emphasized that these effeste not been adequately proven and there is some
controversy whether these compounds should be refnénom extracts. The ginkgolic acids are
primarily found in high amounts in the Ginkgo faiwhich are commonly ingested as a digestive aid
in Eastern countries) however more recently, thedsdave also been found to contain considerable
guantities [53, 171]. Generally, standardized etgare required to have total ginkgolic acid cohte
limited to 5 - 10 ppm [53] although the German phacopoeia specifies that dry, standardized extracts
may not contain more than 5 ppm [23]. Removal imeslthe inclusion of a simple partitioning step
during the extraction process using an apolar solgach as hexane or heptane [53]. Six ginkgolic
acids have been identified and comprise a sali@did ring with a 6-alkyl side chain which vari@s i
length (13, 15 or 17 carbons) as well as the paséor absence) of double bonds (0, 1, 2 or 3) kwhic
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have a Z-configuration. The 2 main ginkgolic acide &s.; and G7.; [53]. The structures of these

alkylphenols are shown in Figure 3.24.

Figure 3.24. The structures of ginkgolic acids [b35]

OH R Abbreviation
COOH C13H27 C13:0
C15H31 C15:0
CisHag Cisa
R Ci7H33 Ci7a
C17H31 C17:2
C17H29 C17:3

Due to the structural similarities between thesmmounds, separation using HPLC analysis has been
difficult to achieve and is characterized by exsedg long run times of over an hour [23], the ude
complexation techniques [172] or dual column chrmmeaphy [171]. According to van Beek and
Wintermans [171], separation between the paiigo@nd Gs; as well as G and G;.; was
exceptionally difficult to achieve using reversedape chromatography. However, when used in
combination with a silver-loaded cation exchang#?.C separation was facilitated by complexation
of the silver ions in the cation exchanger with tmeible bonds in the ginkgolic acid side chains and
baseline resolution between all 5 ginkgolic acidswossible within 21 minutes using UV detection at
311 nm. This method was used to qualitatively exanairGinkgo leaf extract where a sixth ginkgolic
acid, G5, previously unreported, was discovered in traceunts. This method was described by the
authors as cheap and simple with potential appdicefor routine phytochemical analysis of Ginkgo
leaves and extracts. However, the procedure idivela specialized and additional equipment and

chemicals are required.

He and Xie [172] also used argentation chromatdgrayith ESI-MS detection for the separation of 4
ginkgolic acids with similar results. Ginkgolic dsi Gs.oand Gs., co-eluted as well as €, and G7.1
before addition of 0.03 mol/L solution of silver ®rto the mobile phase consisting of (90:10)
methanol: aqueous formic acid (0.5%). Baseline rstiom was achieved within 30 minutes and the
authors stated that the use of low concentratidrssheer nitrate did not cause corrosion or anyeoth
alterations in the stationary phase and columnwiés therefore not compromised. The analysis of
various batches of Ginkgo leaves revealed diffegerin ginkgolic acid concentrations depending on
geographical location and time of harvesting. Hd e [172] showed thaGinkgo bilobaleaves
harvested in late autumn in China contained theefdwginkgolic acid content (3 x) compared to those
harvested in spring. On the other hand, Stichef i&Ind that the green leaves from a female tree in
Zirich showed the highest flavonol content during thonth of May (spring). Based on these

independent findings it would seem logical thatsithe ginkgolic acids can easily be removed uaing
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non-polar solvent such as hexane, the leaves shmiltharvested when all the purported active
compounds, the flavonols and terpenes, are presémir highest possible concentrations.

Mass spectrometry has also been used for the tatargidetermination of 2 ginkgolic acids;sGand
C,7.1in Ginkgo extracts using electrospray ionizationthie negative ion mode. The low detection
limits of 0.25 and 0.lug/ml, respectively and short run time of approxiehat8 minutes using
acetonitrile and acetic acid as the mobile phaskemghis method highly suited for the analysis of
Ginkgo preparations. Unfortunately the validatioid diot include the remaining ginkgolic acids,
probably due to a lack of reference standards [1¥8]gy and Koch [174] cited research by Veretta
al. (Phytochem. Anal (1993) p. 178) who used gas chrognaphy mass spectrometry (GC-MS) for
the quantitative analysis of ginkgolic acids whielre detected as trimethylsilyl derivatives. Altghu
mass spectrometry (MS) is highly efficacious in quigocally identifying relevant peaks with high
sensitivity and compete liquid chromatographic (k€jolution is not essential for quantification when
using single ion monitoring (SIM), single reactioronitoring (SRM) or multiple reaction monitoring
(MRM) modes, its expense and expertise can haodtyfy its use for the analysis of these compounds
classified as negative markers. Interest in thesepounds is due to their potential negative
pharmacological effects (although it has also beestulated that they may be anti-carcinogenic and
have antimicrobial activity [174]) and their totabntent as opposed to individual quantification is

currently sufficient in order to ensure produckesaf

More recently, a relatively rapid HPLC-UV method wdesveloped without resorting to the use of
argentation, and validated for the determinatiorgiokgolic acids Gs.q, C;5.; and Ci7.4 within 26
minutes which was then applied to analyz8iakgo bilobaextract simply dissolved in methanol. The
mobile phase consisted of (A) 0.1% aqueous formid and (B) 0.1% formic acid in acetonitrile
programmed as a gradient. Only 3 ginkgolic acideevused for validation due to unavailability of eur
reference standards and the tediousness of thati@olprocedures [175]. This method appears to be
simpler and more economical than the previouslcrilesd HPLC methods and the fact that it was
fully validated ensures suitable accuracy and riybday for at least the main ginkgolic acidgs@and

C 17.including Gao

Two studies have included the ginkgolic acids introds used for the analysis of the terpene lactones
and some flavonol components @inkgo bilobadosage forms [42, 170]. Kressmaah al. [42]
guantified the ginkgolic acid content of 27 produftiund on the US market using a validated HPLC
method. However, the individual ginkgolic acids werot specified and no chromatograms were
shown to demonstrate the resolution of these conmgguMoreover, they stated that the ginkgolic
acids elute at 80 - 90 minutes which is long atftermore hydrophilic marker compounds have eluted.
On the other hand, Liat al. [170] used a rapid mass spectrometric methodh®mquantification of 2
ginkgolic acids, Gs.o and Gs.o, in addition to the qualitative analysis of someé&oids and flavonol

components. This method was however not validatel] @& previously mentioned the use of a highly
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sophisticated and expensive LC-MS technique for ghantification of these negative markers is

currently unwarranted.

To our knowledge, no methods have been publishewyBE for the determination of the ginkgolic
acids. This is surprising since CE is well known ifisr high resolution. A rapid, cost effective CE
method was therefore developed for fingerprintingppses to gauge the ginkgolic acid content in 2
commercialGinkgo bilobaproducts.

314 ANALYSISOF GINKGOLIC ACIDSBY NON-AQUEOUS CE

3.14.1 The effect of apparent pH

3.14.1.1 Instrumentation

See section 3.10.1 for the instrumentation andtiaddl equipment used. A polyimide fused-silica
capillary column (50um 1.D. x 360um O.D.) was used for the separation which was segdy
Polymicro Technologies, Phoenix, AZ, USA.

3.14.1.2 Materials and reagents

Methanol, acetic acid and acetonitrile (all HPLCdgawere purchased from BDH chemicals (Poole, UK).
Sodium acetate was procured from Roche Chemicaédb, Johannesburg, South Africa). A 100 mg
ginkgolic acid mix (Bz04-274-08) was kindly donatdyy Dr. Egon Koch of Willmar Schwabe
Pharmaceuticals (Karlsruhe, Germany) and contaiggl(3%), Gs:0(3%) G (47%), G7.1(43%) and C
1722 (3%). The ginkgolic acid (.; reference standard was obtained from Phytolab @dagy Germany).
Water was purified in a Milli-Q system and 0.4 HVLP type filters were used to filter and degas th
BGE (both from Millipore, Bedford, MA, USA).

3.14.1.3Capillary conditioning

The capillary was washed at the start of each dag@ominutes with 1M sodium hydroxide, 30 minutes
with 0.1M sodium hydroxide and 30 minutes with illest water. Between consecutive injections, the
capillary was conditioned with buffer for 3 minutdhe BGE was replaced with fresh buffer at the ad¢h

before each injection and the buffer at the anode neplenished after every third injection.

3.14.1.4Initial experimental conditions

A mixture of the ginkgolic acids in methanol as l&d methanol-buffer (50:50) was injected under the
same conditions previously described in sectiori.3Although the ginkgolic acids are hydrophobic
compounds and RF-MEKC seemed like a suitable CE mumpeaks were observed after 60 minutes

while monitoring at UV wavelength of 310 nm.
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According to Altria [176], non-aqueous CE is suitalidr compounds which are easily ionizable and
insoluble in water. Organic solvents such as methand acetonitrile are popular BGEs due their low
UV absorbance. The paper also gave an example ofeparation of a number of acids, including
benzoic acid using a buffer consisting of 50:50@uérile-methanol with 10 mM sodium acetate and
an applied voltage of +25 kV. These parameters tleeeefore used as the initial experimental
conditions. The total capillary length was 60.0 cithvan effective length of 45.0 cm. The samples
were injected hydrodynamically at 50 mbar for 3osets. The voltage ramp was +6 kV/s. Detection
was at 310 nm with a rise time of 0.1 seconds asehaitivity setting of 0.01 AUFS.

3.14.1.5Preparation of solutions of ginkgolic acid refererstandards

The ginkgolic acid mixture was transferred to a A0vatumetric flask and the remaining contents ie th
vial were dissolved in (3 x 2 ml) methanol and atitte the same flask. The contents were dissolved in
suitable quantity of methanol before being filled iolume to yield a concentration of 5mg/ml of the
mixture. Equal aliquots of the solution were evaped to dryness using nitrogen and then storef’at -
When required, an aliquot of the ginkgolic acid e was reconstituted in methanol to give a total
concentration of 2.5 mg/ml.

3.14.1.6Experimental Procedure
Technically pH cannot be extrapolated to non-aqueggtems. However, the addition of electrolytes
such as ammonium or sodium acetate creates opéiadic or basic conditions to facilitate analyte

ionization and separation. This so-called appgrenh{pH*) can therefore be measured [177].

The effect of the pH* on the resolution of the giokg acids was investigated. The BGE consisted of
50:50 acetonitrile-methanol with 10mM sodium acetathe sodium acetate was weighed and
transferred to a volumetric flask and dissolved dopication in methanol. An equal quantity of
acetonitrile was added and when the buffer reacheth temperature, it was filtered through a 0.45
pum HVLP membrane and the pH* was adjusted from <& iriginal pH* value) to yield buffer
solutions of pH* 8.0, 7.0, 6.0 and 4.0, respecyivaking acetic acid.

3.14.1.7Results

Minimal effect on the separation was observed daber whole pH* range. A slight increase in
migration time was observed with a decrease in phtil a pH* of 6.0 where the migration times were
similar to those at pH* of 8. At pH* of 4.0, a slegpeak was observed. The pH* was therefore kept at
9.8 and Figure 3.25 shows the separation of th&ggiic acid mixture at this pH* value. Since
reference standards for each individual componéhe ginkgolic acid mixture were not available,
and on the basis that the mixture was purportecbtdgain at least 5 ginkgolic acids, each peak was
numerically labeled on the basis of its elutionesrdsave for number 3 since a further peak was
resolved when the separation was later optimized.
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Figure 3.25. Separation of the ginkgolic acidsighpH*
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Conditions: 50um 1.D., total length = 60.0 cm, effective length#5.0 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 10 mM sodium acetatd* 9.8; Hydrodynamic injection: 50 mbar for 3csgVoltage:
+25 kV; Detectio: 310 nm.
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3.14.1.8Discussion

The ginkgolic acids are 2-hydroxy-6-alkyl benzoiédacand are therefore negatively ionized at high
pH* where the electrophoresis process based orgehand size is optimal. The EOF was enhanced
under these conditions and the negatively chargedpounds were swept to the cathode under its
influence. Although a decrease in pH* resulted islaver moving EOF and hence slightly longer

migration times, the separation did not improve.cdaclude, the ginkgolic acids are optimally ionize

at high pH* and moderate changes in the pH* ofBfE did not significantly influence resolution.

3.14.2 The effect of ionic strength

3.14.2.1Instrumentation and materials
See section 3.14.1.1 and 3.14.1.2.

3.14.2.2Capillary conditioning

For the remaining experiments in this section,ittigal usual daily capillary conditioning procedur
was changed to washing with 1M sodium hydroxide f6rminutes, 0.1M sodium hydroxide for 15
minutes, distilled water for 15 minutes and thethwd.1M sodium hydroxide for 40 minutes. The
capillary was flushed before each injection witmiutes 1M sodium hydroxide, 5 minutes water and

finally, 5 minutes BGE.

3.14.2.3 Initial experimental procedure

The total capillary length (5@m 1.D. x 360um O.D.) was 60.0 cm with an effective length of4&m.

The buffer consisted of 50:50 acetonitrile-methanith 10 mM sodium acetate and the applied
voltage was +25 kV with a voltage ramp of +6 kMfgections were performed hydrodynamically at
50 mbar for 3 seconds. Detection took place atrghOwith the rise time set at 0.1 seconds using a
sensitivity setting of 0.005 AUFS.

3.14.2.4Preparation of reference standards
The ginkgolic acid mixture was prepared as previpdsiscribed in section 3.14.1.5. Ginkgolic acig.C

was prepared in methanol with a concentration 26 Gg/ml.

3.14.2.5Experimental Procedure

The effect of sodium acetate on the reference stdn@z., was investigated by changing the
concentration of sodium acetate while keeping #tie 1of acetonitrile and methanol constant at 50:50
The sodium acetate concentrations under investigatiere 10 mM, 20 mM, 30 mM and 50 mM.
Based on the results obtained, ionic concentrado80 mM and 40 mM were chosen for further

investigation of the ginkgolic acid mixture.
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3.14.2.6Results

The effect of sodium acetate on the mobility of giolic acid G;.;is shown in Figure 3.26 and an
electropherogram at the 30 mM sodium acetate caratem is illustrated in Figure 3.27. The mobility
decreases with increasing ionic strengths althdugher peak heights were observed with increasing
concentrations until 50 mM where the peaks weréeably suppressed. From these results, 30 mM
and 40 mM concentrations were selected to deterthimeffects on the ginkgolic acid mixture shown
in Figure 3.28. From the graph it can be seendliadugh the migration of the analytes was slower a
concentration of 40 mM resolution was unaffectedtly ionic concentration change. Once again,
marked peak suppression was seen at a concentodtlmM sodium acetate. Although all the peaks
had slightly different migration velocities (measoments were taken from the peak apex), baseline
resolution between the peaks was not achieved aa#f B and 4 were presented as a split peak.
Ginkgolic acid G.;was identified as the first ginkgolic acid in théxtare (peak 1) by calculation of
the migration times relative to the EOF.
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Figure 3.26. Effect of ionic strength on the mabitf ginkgolic acid G;.;
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Figure 3.27. Ginkgolic acid ;using 30 mM sodium acetate

0.002
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0 Minutes 14
Conditions: 50um 1.D., total length = 60.0 cm, effective lengtt#5.0 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 30 mM sodium acetétgdrodynamic injection: 50 mbar for 3 sec.; Vg +25 kV;
DetectionA: 310 nm; Labeled peak: ginkgolic acid .
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Figure 3.28. Effect of ionic concentration on thehility of the ginkgolic acid mixture
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3.14.2.7Discussion

The increased migration times of the ginkgolic aeiith increasing ionic strength was due to suppoess

of the EOF. Higher ionic strengths are normally aseociated with broader peaks however, the reverse
was observed. This can be explained by a procelesi ¢altrinsic sample stacking” which occurred when
the BGE had a higher ionic strength than the samphe [178]. The conductivity of the sample zoneswa
initially lower than the running buffer and once thotential was applied, the analytes in this zoigrated
rapidly under the influence of the greater fielesgth until they reached the boundary of the sarmphe
and BGE. The decrease in field strength at the @ayninterface then caused the analytes to migrate
slower. This process continued until all the aredyivere concentrated at the boundary interfacdtiresu

in sample stacking which was observed by the shanmgher peaks at 20 mM and 30 mM sodium acetate
concentrations [133]. The decrease in peak heightthe 40 mM and 50 mM ionic strengths can be
explained by an increase in background absorbdmaeacterized by a decrease in sensitivity. The bnge
migration times also caused broadening of the samphe with resultant wider peaks. As resolutios wa
not significantly altered by changes in the iortiesgth, the optimal sodium acetate concentratioB00
mM was selected, primarily based on the optimizeakpshape and height of ginkgolic acig.(as well as

the ginkgolic acid mixture.
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3.14.3 The effect of applied voltage

3.14.3.1Experimental Procedure

The effect of voltage on the resolution of the gimlig acids was investigated by changing the voltage
settings to +20 kV, +25 kV and +30 kV with a comstaoltage ramp of +6 kV/s. Conditions were the sam

as previously described in sections 3.14.2.1 td.3.4. The sodium acetate concentration used was\80

3.14.3.2Results

The results of this experiment are shown in Figu® 3Resolution was marginally improved at +25 kV.
At +30 kV, peak 3 and peak 4 merged completelyhWigher applied voltages, an increase in the ritgbil
of all marker compounds was apparent and the me tlecreased from 18 minutes at +20 kV to 14
minutes at +25 kV and then to 12 minutes at +30Kwe peaks were sharper using higher applied vatage
with the peaks at +20 kV being relatively broad. apelied voltage of +25 kV was considered optimal.

Figure 3.29. Effect of applied voltage on analgeatution
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3.14.3.3Discussion

The use of non-aqueous CE had the advantage thatwtieee minimal effects of joule heating and high
voltages could be applied which ensured that thmtest possible run times were achieved with
marginal loss of efficiency. At +30 kV, peak 3 amebk 4 co-migrated, probably due to the shortened
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time spent in the capillary tubing however ever2@ kV and +25 kV, these peaks almost merged and
baseline resolution was not achieved. The sharpsspat +25 kV compared to +20 kV resulted in a
minimal improvement in resolution and +25 kV was thost suitable separation voltage based on both
resolution and total run time.

3.14.4 The effect of the organic solvent in BGE

3.14.4.1Experimental Procedure

The ratio of acetonitrile to methanol on the resohlutof the ginkgolic acids was investigated by
changing the ratio from 50:50 to 25:75 and 75:25levkeeping the concentration of sodium acetate
constant at 30 mM. The samples were injected onlye ©he remaining conditions were as stated in
sections 3.14.2.1 - 3.14.2.4.

3.14.4.2Results

Figure 3.30 shows the effect of methanol and adeilenon the resolution of the ginkgolic acids and
the corresponding electropherograms are showngiar€s 3.31 - 3.33. Higher fractions of methanol in
the BGE resulted in improved resolution at the espeof an increased run time to 30 minutes. The
separation between peak 3 and peak 4 was impravidobiseline separation was still not achieved. An
extra peak was present (peak 3) which can alsebe as a shoulder peak in the electropherogram
where the BGE was 50:50 acetonitrile-methanol. Highercentages of acetonitrile in the buffer
resulted in sharper, higher peaks and a much sharetime of 12 minutes, however resolution was
compromised. Only 4 peaks were present and peaid Peak 4 co-migrated. The 50:50 acetonitrile-
methanol composition was a compromise between ffeete of the other 2 investigated buffers and

was therefore chosen for further experiments.
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Figure 3.30. Effect of acetonitrile compositiontbe resolution of the ginkgolic acids
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Figure 3.31. Electropherogram of ginkgolic acidgwétrunning non-aqueous buffer of 25:75
acetonitrile-methanol
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Conditions: 50um 1.D., total length = 60.0 cm, effective lengti5.0 cm; Sample solvent: methanol; Running buffer:

methanol-acetonitrile (75:25), 30 mM sodium acet&tgdrodynamic injection: 50 mbar for 3 sec.; Vge +25 kV;
DetectionA: 310 nm.
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Figure 3.32. Electropherogram of ginkgolic acidgwétrunning buffer of 50:50 acetonitrile-methanol
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Conditions: 50um 1.D., total length = 60.0 cm, effective lengtt#5.0 cm; Sample solvent: methanol; Running buffer:

methanol-acetonitrile (50:50), 30 mM sodium acet&tgdrodynamic injection: 50 mbar for 3 sec.; V@& +25 kV;
DetectionA: 310 nm.
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Figure 3.33. An electropherogram of ginkgolic acidth a running buffer of 75:25 acetonitrile-
methanol
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Conditions: 50um 1.D., total length = 60.0 cm, effective length#5.0 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (25:75), 30 mM sodium acetatgdrodynamic injection: 50 mbar for 3 sec.; Vaea +25 kV;
DetectionA: 310 nm.
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3.14.4.3Discussion

Although mixtures of acetonitrile and methanol popular organic solvents for non-aqueous CE, their
effect on the migration patterns of electrolyteads yet fully understood. Separation has beendtyoa
explained by ion-solvent interactions, ion-dipolateractions, ion-ion interactions and most
importantly, electrostatic interactions betweenitres and counter-ions present in the organic sblve
mixture. Some solvent properties which play a iialehese interactions are outlined in Table 3.11.
[179].

Table 3.11. Properties of acetonitrile and metharioth facilitate separation in non-aqueous CE

Property Methanol Acetonitrile
Autoprotolysis at 25C (pKautd 17.2 >33
Dielectric constant 32.63 36.01
Viscosity (centipoise) 0.544 0.345
Dipole moment (Debye units) 1.70 3.92

Methanol is popular in non-aqueous CE and is pdatilyu useful for increasing the solubility of
hydrophobic compounds. In these experiments, higleecentages of methanol resulted in slower
migration, broader peaks and the most efficierdltg®n as seen in Figure 3.31. In the paper bya2or

et al.[179], the same trend was seen. Methanol is an gmgiic solvent and may alter the ionization
of both acidic and basic compounds and therefotddcpossibly have affected the ionization of the
ginkgolic acids at high pH with resultant lengthémeigration times. The extra peak (peak 3) seen in
Figure 3.31 was also seen as a shoulder peak ure=8}32. Whether this peak is an impurity or a
ginkgolic acid is unknown. Six ginkgolic acids hawefact been identified in leaf extracts [171],
however the mixture apparently contained only 5 elgmC;s.o (3%), Gs.o (3%) Gsq (47%), G7a
(43%) and C;7., (3%) with their constituent proportions in parersiseas provided by the supplier.
Based on this, 3 smaller peaks (~3% of each) ofcxqipately the same height/area and 2 larger peaks
(47% and 43%) should have been present in therefgwtrogram. In the buffer containing 75%
methanol and 25% acetonitrile (Figure 3.31), 3 tengleaks and 3 larger peaks were present and in
50:50 acetonitrile-methanol (Figure 3.32), 2 smigheaks (excluding the shoulder peak number 3) and
3 larger peaks were present. Only peak 1 coulddeetified as .1 by comparing its relative
migration time to an authentic reference standdethce, either peak 4 or 5 could be an impurity ssle

the ginkgolic acid mixture actually contained 6lgjolic acids as opposed to the suggested 5.

Acetonitrile had a dramatically different effect the ginkgolic acids compared to methanol. Incregsi
the acetonitrile content to 75% resulted in morgidanigration velocities although not as drastic
compared to the change from 25% to 50%. Acetoaitslless viscous and has a much larger dipole
moment than both water (1.85) and methanol (1.Ad)the former solvent is classified as an aprotic
solvent [179]. These properties altered the buffeegectivity and resolution and migration time

decreased with an increase in peak height.
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The BGE consisting of 50:50 acetonitrile-methanol selected as optimal for fingerprinting purposes.
Although resolution was greater with higher metHaoontent, the longer run time and lower
sensitivity detracted from its benefits. Since #im of the developed method was for qualitative
purposes only, the same amount of information cdigldderived when equal quantities of organic

solvents were used with the advantage of highesithaty and a shorter run time of 15 minutes.

315 QUALITATIVE ANALYSIS OF THE GINKGOLIC ACIDS IN GINKGO BILOBA ORAL
DOSAGE FORMS

3.15.1 Instrumentation

All instruments and additional equipment descrilveslection 3.14.1.1 were used for the analysis.

3.15.2 Materials and reagents

Refer to Section 3.14.1.2 for all materials used|uding the relevant reference standards. Hexase
purchased from BDH chemicals (Poole, UK). Two conmuiaGinkgo bilobaproducts were bought from a
local pharmacy in Grahamstown, South Africa (Table}

Table 3.12Ginkgo bilobadosage forms selected for qualitative analysigimfgolic acids

Manufacturer Name of Dosage Label claim Daily dose Batch Extract
product form number
Bioforce' Ginkgoforce| Tablet Each 250mg | 2 tablets tds* 406088E K
tablet is
equivalent to 10
drops of
Ginkgoforce
liquid
Nrf Herbaf Ginkgo Tablet Each tablet 1to 2 tablets| 2H2044PW L
biloba contains 350mg| or as directed
Ginkgo biloba by your
50mgGinkgo healthcare
biloba extract practitioner
24% and 240mg
FoodMatrix™

IBioforce S.A. (Pty) Ltd., Midrand, South Africa\Irf Herbal, Centurion, South Africa; *three timesilgt
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3.15.3 Experimental Procedure

A polyimide fused-silica capillary column (50m 1.D. x 360um O.D.) with a total length of 59.8 cm
and effective length of 44.8 cm was used for thpasstion. The remaining conditions were as
previously described in sections 3.14.2.2 - 3.#4eXcept for the sodium acetate concentration which
was 30 mM. The detector sensitivity was increased.®02 AUFS when analyzing the products (with

the exception of Nrf extracted in methanol wheeeghnsitivity was set at 0.005 AUFS).

3.15.3.1Standard solutions

Standard solutions were as prepared as previoeslyrithed in sections 3.14.1.5 and 3.14.2.4.

3.15.3.2 Sample solutions

Twenty tablets from each dosage form were weighedeattracted according to the processes previously
described (Section 3.10.3.1). An additional extosxctising hexane instead of methanol was also peed

according to the same procedure but the dry estigete reconstituted in 5 ml methanol.

3.15.4 Results and discussion

Methanol is considered a non-selective solventrasdbeen previously used for the extraction of gtk
acids [53], however these compounds are hydrophinliature and extraction using a solvent withveeio
polarity index such as hexane was predicted to beerauitable. Extraction of the positive marker® (th
flavonols and terpenoids) with methanol was usedalicother analysis techniques and, in order tapsfy
sample preparation procedures, it was presumedttbaame samples used for the content analysigeof
positive markers could also be used for the qualdaanalysis of the negative ones. Both commercial
products were therefore extracted with each soheemt the profiles were compared qualitatively for
extraction efficiency and selectivity. The resalte shown in Figures 3.34 and 3.35. Figure 3.3@sslibe

electropherogram of a blank injection of methamiyo
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Figure 3.34. Effect of extraction solvent on threggrprints of Products K
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Conditions: 50um 1.D., total length = 59.8 cm, effective lengt4.8 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 30 mM sodium acetatgdrodynamic injection: 50 mbar for 3 sec.; V@& +25 kV;
DetectionA: 310 nm.
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B) Methanol
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Conditions: 50um 1.D., total length = 59.8 cm, effective lengt4.8 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 30 mM sodium acetitgdrodynamic injection: 50 mbar for 3 sec.; V@& +25 kV;
DetectionA: 310 nm.
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Figure 3.35. Effect of extraction solvent on theg#rprints of Products L

A) Hexane B) Methanol
0.0016 0.004
wn wn
<9 <9
- -
< <
1
4
5
: \V‘omj 6 O
0 Minutes 16 0 Minutes 18

Conditions: 50um 1.D., total length = 59.8 cm, effective lengtt#4.8 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 30 mM sodium acetatgdrodynamic injection: 50 mbar for 3 sec.; Vg +25 kV;
DetectionA: 310 nm.
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Figure 3.36. Electropherogram of a methanol blank
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Conditions: 50um 1.D., total length = 59.8 cm, effective lengti4.8 cm; Sample solvent: methanol; Running buffer:
methanol-acetonitrile (50:50), 30 mM sodium acetatgdrodynamic injection: 50 mbar for 3 sec.; Vg +25 kV;
DetectionA: 310 nm.

Using hexane to extract Product K indicated thathe had a higher extraction efficiency than mathan
since peaks 1, 4, 5 and 6 could be detected ihekane profile (Figure 3.34 A) while only peakstiand

5 were seen in the methanolic extract (Figure 834rhe methanolic extract of Product L (Figure 385
was less selective than the hexane extract préfilgure 3.35 A). The high background absorbance
prevented baseline resolution of the peaks andifbation of the relevant markers was difficultnGhe
other hand, the hexane profile showed selectiveetkon of the ginkgolic acids only and peaks 15 4nd

6 could unambiguously be identified. The drasticalifferent methanolic profiles of the 2 products
(Figures 3.34 B and 3.35 B) is due to the fact thathanol is a less selective extraction solvemt an

Product L contained more extractable compounds Bnaduct K.

Bioforce and Nrf were specifically chosen for fingenting the ginkgolic acids since Nrf contained
consistently higher levels of positive markers whralyzed both qualitatively and quantitatively lehi
Bioforce showed very low amounts i.e. Nrf was cdasd to be of better quality than Bioforce. It was
therefore appropriate to choose these 2 productinfperprinting of the negative markers to sesirfilar
conclusions could be drawn. Nrf showed slightlyneiglevels of peaks 1, 4 and 5. Both products dosda
similar amounts of peak 6 and peaks 2 and 3 cautléhe detected in either product. Based on thesdtse
toxic effects due to the presence of the ginkgadicls would be more likely to occur with the ingestof

Nrf than Bioforce.

516 CONCLUSIONS

This non-aqueous CE method, although preliminary,bdessn shown to be superior to the published
methods proposed to date in terms of simplicityst@nd speed. This method also demonstrated a

measure of repeatability since preliminary studiese conducted one year prior to product analysis
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and almost identical profiles of the reference dtaids were obtained. In addition, non-aqueous CE is
ideal for analysis of these compounds since theyhgdrophobic which normally results in excessively
long run times using RP-HPLC and the inclusion @& thethanolic fraction in the running buffer
facilitates solubility of less polar analytes. Mover, the problems associated with the adsorptfon o
highly hydrophobic compounds to RP-HPLC columns weliminated by simple high pressure
washing of the capillary between consecutive imp@st Extraction with hexane gave a clear
fingerprint with no interferences and a blank matilesample was injected which showed no peaks
except for the EOF (Figure 3.36). He and Xie [172pahowed that hexane was highly efficient and
selective in the extraction of the ginkgolic acidhie presence of 1&; in both the ginkgolic acid

mixture and tablet extract was confirmed usingferesce standard.

The ginkgolic acids are negative markers and althdhgir speculated undesirable pharmacological
effects have not been conclusively proven, themmlete elimination from extracts is recommended
[172] which is relatively simple to perform by tleclusion of a partitioning step using an apolar
solvent such as hexane or heptane [53]. From a €€pective, a simple fingerprinting method is
therefore sufficient to determine if this step vimduded in the extraction and formulation procasd
unnecessary expenditure on analysis of these camdgounan thus be circumvented. In addition,
individual quantification at this point is tedioasd expensive and to our knowledge, only..Gs
available commercially. Moreover, complex purifioat procedures have been a hindrance in the past
[175]. Fingerprinting is the most affordable andagiical technique and can provide sufficiently
accurate information regarding the ginkgolic adihtent. Although baseline separation between peak
4 and 5 was not obtained, both compounds couldostildentified in both the ginkgolic acid referenc
mixture and in the commercial products. Productlyasig revealed that substantial amounts of
ginkgolic acids were present in both dosage formslyzed which casts doubt as to whether any

attempts were made to minimize their content.
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CHAPTER 4

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

4.1 INTRODUCTION

Reversed phase high-performance liquid chromatbgréRP-HPLC) is currently the most frequently

used method for the analysis of herbal preparat[@88€, 162] since it is a well-established and
relatively rudimentary analytical technique whishailso economically viable for routine QC analyses.
Furthermore, HPLC is versatile and is extremely widef fingerprinting herbal medicines [181].

Although HPLC with UV detection is the most comntenhnique used for the analysis of compounds
with strong chromophores, assays using other deteanodes are rapidly increasing due to
technological advancement. PDA detection with itsitiwavelength monitoring and scanning
capabilities has the additional advantage of deteng peak purity as well as identifying peaks with
the aid of spectral libraries and is particularseful when analyzing complex matrices such as plant
extracts [180]. In fact, a recent article has prtaddPLC-PDA use for the fingerprinting of traditain
South African herbal medicines [182].

Electrochemical detection (ED) also offers a measiirselectivity since substituents with differing
electro activity may cause characteristic voltametesponses. HPLC with refractive index (RI) and
evaporative light scattering detection (HPLC-ELSDyaumodates compounds which have poor UV
absorbances [180]. Recent advances in MS instratienthave paved the way for the incorporation of
liquid chromatography tandem mass spectrometry (L&NEB) assays for use in the pharmaceutical
industry [183]. Other more complex hyphenated tegples have been explored more recently such as
HPLC-PDA-MS, HPLC-NMR spectroscopy, HPLC-PDA-MS-NMRdaklPLC-chemiluminescence
[180].

4.2 ANALYSISOF FLAVONOIDSBY HPLC

Analysis of flavonoids with RP-HPLC was reviewed bgigle and Conkerton [184] as early as 1988.
UV detection was the most popular detection metdoeé to the presence of strong flavonoid
chromophores and availability of UV detection sysde Pietta and co-workers [185] developed a
binary HPLC-PDA gradient system which was applieGiiokgo bilobaleaf extractdor the separation

of naturally occurring flavonoids in 1991. Hastdral. [62] separated 33 flavonoids found in Ginkgo
leaves and extracts to obtain fingerprint proféesl also published a method for the quantificatibn
the flavonol aglycones after acid hydrolysis [186].1993, Sticher suggested such an approach to
standardize phytomedicines containing flavonol congmts [52]. Table 4.1 summarizes the more
recent HPLC methods [42, 187-191] used for the amalyf only flavonol aglycones which occur in

Ginkgo bilobaplant extracts, commercial products and humaneuafter consumption of &inkgo
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biloba tablet using this QC approach. The exception & rifethod developed during this research
[168], which also includes analysis of the glycesidrutin and quercitrin. The importance and value o

including the glycosides as positive markers hanlgiscussed in Chapter 2.
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Table 4.1. HPLC methods used in the analysis efcsedl flavonol markers common@inkgo biloba

Matrix analyzed Sample extraction/ Compound M obile phase Column Qualitative/ Detection Ref
preparation guantitative
Ginkgo biloba 80% MeOH followed by quercetin, Isocratic: Cosmosil Quantitative uv 187
extract and acid hydrolysis kaempferol, MeOH, phosphoric acid 0.3% 5CiAR (370 nm)
commercial isorhamnetin (50:50) (150 x 4.6 mm 1.D.)
products
CommercialGinkgo MeOH-acid hydrolysis guercetin, Isocratic: RP LiChrospher100 Quantitative uv 42
biloba products kaempferol, Isopropanol, MeCN, water Cis (370 nm)
isorhamnetin (5:47:100 viviv) + citric acid (125x4.0mm1.D.)
CommercialGinkgo | 80% MeOH followed by guercetin, Gradient: Supelco Discovery Quantitative PDA 188
biloba products acid hydrolysis kaempferol, A) Water-MeOH-TFA (250 x 4.6 mm) (365 nm)
isorhamnetin B) MeOH-TFA
Single Commercial MeOH, dry extract then quercetin, Gradient: Supelco Discovery g Quantitative ELSD 189
Ginkgo biloba extracted by liquid-liquid kaempferol, A) Water-MeOH-TFA (250 x 4.6 mm I.D.)
product extraction using isorhamnetin B) MeOH-TFA
hot water and EtAc
CommercialGinkgo MeOH rutin, quercitrin, Gradient: Phenomenex Luna ;& Quantitative PDA 168
biloba products quercetin, MeCN, formic acid 0.3% (250 x 2.0 mm I.D.) (wavelength
kaempferol, (one step) max for each
isorhamnetin analyzed
compound)
CommercialGinkgo PDA: quercetin, PDA: RP: Spherisorb ODS1 Quantitative PDA 190
biloba products RP: 80% MeOH followed kaempferol RP: A) MeOH, MeCN (150 x 4.6 mm I.D.) (355nm),
by B) THF in water ED
acid hydrolysis NP: ODS (BASY)
NP: dioxane in hexane (100 x3.2mm 1.D.)
NP: 80% dioxane
followed by ED:
acid hydrolysis RP: MeOH, MeCN, NaCl®9
NP: dioxane-hexane-MeOH
ED:
MeOH
Human urine after acid hydrolysis quercetin, Isocratic: Platinum EPS Quantitative uv 191
administration kaempferol Phosphate-THF-MeOH- Cis (380 nm)
Ginkgo bilobatablet isopropanol (250 x 4.6 mm 1.D.)

(70:15:10:20 viviviv)

MeOH, methanol; HCI, hydrochloric acid; TFA, ttfiroacetic acid; EtAc, ethyl acetate; MeCN, acittite; THF, tetrahydrofuran; ED, electrochemidatection; RP, reversed phase; NP, normal

phase
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Lin et al. [187] focused on selecting the optimals €Column and mobile phase for the separation of
aglycones only as well as determining the mostiefiit hydrolysis conditions. Nine different columns
with dimensions 150 x 4.6 mm 1.D. (5 columns), 250.6 mm 1.D. (2 columns), 300 x 3.9 mm I.D. (1
column) and 125 x 4.0 mm |.D. (1 column) were sigmplboy Waters, Merck, GL Science and
Phenomenex and 9 mobile phase compositions wetedtdsy calculation of the retention times,
resolution and selectivity. Table 4.1 depicts thec#fir mobile phases and related analytical columns
chosen. The Cosmosil;§xolumn resulted in optimal efficiency and resolatieith a run time of 35
minutes. For the acid hydrolysis, 2 different hyatoric acid (HCI) strengths (5.5% and 20%) were
added to Ginkgo extract and hydrolyzed for 15, 80,and 120 minutes, respectively. Complete
hydrolysis was achieved by refluxing with 20% HQ@Ir f15 minutes in a water bath (€ or
alternatively with 5.5% HCI for 30 minutes. Preoisiand accuracy of the method was demonstrated
and 12Ginkgo bilobaproducts formulated as film and sugar coated taptedinary tablets, drops and
oral solutions were assayed. The authors reportdthiere were no interferences with the peaks of

interest however only one product chromatogram stasvn.

Kressmanret al. [42] calculated total flavonol glycoside conterdri hydrolyzed flavonol aglycones
to determine the pharmaceutical quality of 27 bsaofiGinkgo bilobaproducts available on the US
market. The method used for the assays was adfipredan official WHO monograph and validation

data were not provided.

Li and Fitzloff used HPLC with PDA detection to compdlavonol aglycone content in various
pharmaceutical products [188] and also publishedethod to simultaneously determine the terpene
lactones and flavonol aglycones using HPLC-ELSD [18&9]the latter method, a single commercial
capsule was extracted using ethyl acetate withgdtatysis. This extraction procedure proved to be
suitable for the analysis of both the terpenesamigcones using a liquid-liquid extraction procealof
reference standards which showed 94 - 100% recovéighough this method did not involve a
hydrolysis step, the analysis would have been rimdoemative for QC purposes if at least one flaono
glycoside such as rutin was included in the asalgrnatively, hydrolysis with back calculation thfe
glycosides would have provided some indication tef glycoside content. Whether this extraction
procedure would effectively extract the glycosidesot unknown however based on the relatively
clean profile of the extract, either the producswed low quality or ethyl acetate failed to extréu
more polar flavonol glycosides and this method catinus be sufficiently vindicated for fingerprimgj

of commercial products or extracts. Moreover UVeddbn is more sensitive for the analysis of the
flavonoids as shown by the flavonol aglycone LODueal of 2 ng on-column load [188] compared to
20 - 30 ng for ELSD detection [189]. Since the flamoaglycones are typically present in small
guantities in leaf extracts, varying from 0.2 - %®w/w [57] and quercetin, kaempferol and
isorhamnetin contributed to only 0.07, 0.01 and @%Qw/w) of theGinkgo bilobacommercial product
[189], these publications demonstrate that a memsidve detection technique is paramount for
accurate detection and quantification of the agigcoompounds, particularly if sample hydrolysis is

not included in the assay.
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In the last year, 2 methods have been publishedhiranalysis of the flavonols @inkgo biloba
commercial products, one of which compared botmaband reversed phase analysis of quercetin and
kaempferol with either ED or PDA detection [190pdRlts showed that peak tailing improved using
normal phase HPLC (NP-HPLC) compared to RP-HPLC homebhen ED was used as the detection
mode, RP-HPLC was more sensitive. ED demonstrateerlbOD levels than PDA detection. For the
analysis of the commercial preparations, samplese weydrolyzed for PDA detection and the
kaempferol and quercetin content of the commemmiatiucts were consistent with the label claims.
The results using ED were largely inconsistent wite product label information and the authors
suggested that this was due to the absence ofetbeant compounds in extracts or interferences
prevented accurate detection. It was thus conclutietl the extraction procedure required further

optimization to ensure successful application.

The other method was developed during this researdhdescribes the quantitative analysis of selected
marker compounds of both the flavonol glycosided aglycones [168]. The following section
describes the development and validation of a nokefloo this simultaneous determination of the
flavonol glycosides, rutin and quercitrin as wel #heir corresponding aglycones, quercetin,

kaempferol and isorhamnetin.

4.3 METHOD DEVELOPMENT USING HPL C-PDA

4.3.1 Instrumentation

A Waters 2690 Separations Module and Waters 2986HBivde Array equipped with an auto sampler,
on-line degasser system and column heater wasfaséde HPLC analysis (Milford, MA, USA). A
Mettler Dual Range Electronic Balance, Type AE 1BRettler Instruments AG, Griefensee, Zurich,
Switzerland) was used for the weighing of reagants$ standards and a Phenomenex Luna (5 ug) C

column with dimensions 250 x 2.0 mm |.D. was usadlie LC separation.

4.3.2 Materials and reagents

Formic acid (analytical grade) was purchased fromrdd (Darmstadt, Germany) and acetonitrile
(HPLC grade) was obtained from BDH chemicals (Pddl€). Rutin (95%) and quercetin (95%) were
purchased from Sigma (Missouri, USA) and querci{Bb%), kaempferol (95%) and isorhamnetin
(90%) from Indofine Chemical Company (New JerselsA) The purity of these flavonols was
assumed as provided by the certificates of analfysasthe suppliers. Water was purified in a M{@i-

system (Millipore, Bedford, MA, USA) and HVLP filtewere purchased from the same source.
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4.3.3 Method development

Initial LC conditions were based on the method used C-MS (section 5.3.4) using a Phenomenex
Luna® Gg150 x 2.0 mm I.D. column maintained at’@5 Although the short run time using isocratic
conditions of 0.3% formic acid-acetonitrile (75:2&) 500ul/min was achieved using the reference
standards, exclusive determination of the peakistefest was not possible when tablet extracts were
analyzed and interfering peaks in the zone whesxaifun and quercetin eluted necessitated further
method development for use with a PDA deteckoP@0 — 400 nm) to confirm peak homogeneity. A
Naturelle tablet extract which exhibited a fairlgneplex profile was prepared as described in section
4.4.4.1 and was used for further method developmfergsimple one step gradient method was then
introduced which started with 0.3% formic acid-acétrile in a ratio of 85:15 and then changed to
75:25 at 5 minutes for the remainder of the analyishe. Although the run time was 17 minutes,

detection of both the quercetin and quercitrin peaiis compromised by interferences.

The increase in percentage acetonitrile in the ragifilase was then delayseriatumto 5, 6, 7, 8 and
8.5 minutes, respectively. With use of the highertipns of aqueous phase, resolution continued to
improve at the expense of longer run times. Peakdgeneity testing was performed on the relevant
peaks of interest as determined by their UV spaetiaive to those of the pure reference standards.
Interfering peaks still hindered the detection akigetin however and the acetonitrile fraction was
programmed to change linearly from 15% at 8 mindte25% at 11 minutes to further facilitate
separation in this elution zone (Figure 4.1). The &béctrum obtained at the peak at 14.0 minutes did

not however correspond to that of quercetin.
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Figure 4.1. Superimposed chromatogran3%0 nm)
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Detection A: 350 nm; Solid line=chromatogram of tablet extradotted line=chromatogram of reference

standards.

A final adjustment involved earlier introductionthie linear change from 15% acetonitrile at 7 nesut
to 25% at 12 minutes to result in the gradient shawTable 4.2 and although the peaks were better

resolved and the peak shapes improved in the direrekition zone, quercetin could still not be

unambiguously identified (Figure 4.2).
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Table 4.2. Final mobile phase proportions usedddhér analyses

Time Flow Formic-water Acetonitrile
(%) (%)
0.01 0.50 85.0 15.0
7.00 0.50 85.0 15.0
12.00 0.50 75.0 25.0
35.00 0.50 75.0 25.0
35.01 0.50 85.0 15.0
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Figure 4.2. Superimposed chromatogram using théieggrtadescribed in Table 4.2 above

0.050]
0.0457
0.040]
] IS
0.035] 3
] (0] -_—
0.0307 = 2
] g [}
; ; s
[
2 0.025- §
X
1

0.020]

= |sorhamnetin

0.015]

0.0107

0.0057

0.0007

200 400 600 800 1000 1200 1400 16.00 18.00 20.00 22.00 2400 26.00 28.00 30.00
Minutes
Conditions: Column: Phenomenex Luna (5 pmg (@50 x 2.0 mm [.D.); Column temperature: €% Mobile
phase: MeCN-0.3% formic (gradient change 7-12 naislyt Flow rate: 500ul/min; Injection volume: A,
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standards.

A Phenomenex Luna (5 pm)ydgeolumn with dimensions 250 x 2.0 mm 1.D. was theocpred in an
attempt to improve resolution and after performiofumn system suitability, the gradient in Table 4.2
was used again. Peak resolution was greatly imprarel although quercetin and kaempferol were
homogeneous (isorhamnetin was absent in the extthetpeak purity analysis of rutin and quercitrin
suggested that those relevant peaks co-elutedothier unknown compounds present in the extract.
(Figure 4.3).

156



Figure 4.3. Superimposed chromatogram using thadthenex 250 x 2.0 mm |.D. column
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standards.

Thereafter, the effect of flow rate on the resolutizcas systematically investigated at 200nin, 300
pl/min, 400 pl/min and 500ul/min. Lower flow rates were generally preferred dadhe lower back
pressure and less solvent consumption howeverpdofin was the only flow rate whereby all 5
marker compounds were well resolved (save quelcdtinder these conditions, isorhamnetin eluted
last at 31.2 minutes (Figure 4.4). Extracts of &p#vailable dosage forms, Ginkgoforce, Bioharmony,
Nrf and Vital were then prepared according to thecpdures described in section 4.4.4 and injected
under the same conditions as Naturelle (Figure £8ak homogeneity testing was performed on the
relevant marker compounds present in the extratEtss method was then selected for validation as it
was the only method in which the majority of thek&were shown to be resolved. The exception was
guercetin which was not quantified in Bioharmong da interferences which were present even when

monitoring at more selective wavelengths (350 - B).
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Figure 4.4. HPLC-UV chromatogram of the flavonolereihce standarda 850 nm)
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Figure 4.5. HPLC-PDA profiles of 5 dosage forms
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C) Nrf tablets
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DetectionA: 350 nm.
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E) Vital capsules
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4.3.4  Tablet extraction efficiency

Tablet extraction efficiency was based on reseanstolving St. John's Wort tablets [140]. The
percentage of rutin, isoquercitrin, quercitrin, quegin and kaempferol recovered from a Holotrogic S
John’s Wort tablet after exhaustive extraction witethanol (3 x 10 ml) was determined in that study.
Two parallel studies were conducted in which 6 atgquof powdered tablet material equivalent to the
mass of a single tablet were weighed and decamited separate Kimax tubes. Ten milliliters of
methanol were added to each tube which was theaxext to ensure even dispersion of the powder in
the extraction solvent. Thereafter, 3 of the tubesewsonicated for 1 hour and the remaining 3 tubes
for 2 hours. After the respective sonication timih® extracts were centrifuged, the supernatant was
poured into clean Kimax tubes and fresh methansladaled. The sonication procedures were repeated
twice more. The supernatants of each extractiongoiare were then injected and analyzed by HPLC-
PDA detection to calculate the percentage of ticevered marker compounds which were extracted
for 1, 2 and 3 hours (the first 3 tubes) and fot 2nd 6 hours (the remaining 3 tubes), respegtivel

From the results it was shown that a 1 hour soioiegirocedure extracted 99.7 %, 69.8%, 80.8% and
82.8% of the rutin, quercitrin, quercetin and kaéanu present in the tablet, respectively. Aftee th
following hour, more than 90% of the quercetin &a@mpferol was extracted while 88.7% of the
quercitrin was recovered. After th& @xtraction, the remaining percentages were reedveit was
concluded that sonification for 1 hour was suffitiéor the routine analysis of St. John’s Wort dpsa
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forms and that the increase in the percentageri@vextraction after 2 and 3 hours did not warthet

lengthy extraction times.

Regarding the 2 hour sonication intervals, a sintiland was seen with 96.6%, 73.8%, 86.4% and
88.6% of the rutin, quercitrin, quercetin and kaémg being extracted after 2 hours, respectively.
From these results it was concluded that the poslyodescribed protocol where methanol is replaced

after 1 hour is more efficient than when the tabietture is sonicated continuously for 2 hours.

4.4 METHOD VALIDATION AND QUANTITATIVE ANALY SIS OF GINKGO BILOBA
SOLID ORAL DOSAGE FORMS

4.4.1 Instrumentation and additional equipment

See section 4.3.1. In addition, a Cole-Parmer &ldin&c Bath, Model 8845-30 (Cole-Parmer Instrument
Company, Chicago, lllinois, USA) was used in theisation procedure for extraction purposes and an
Eppendorf Centrifuge, Model 54142770 (Eppendorf Gbat, West Germany) was used to centrifuge
tablet extracts.

4.4.2 Materials and reagents

Reagents were sourced as stated in section 4812F Filters were purchased from Millipore, Bedford,
MA, USA. Six Ginkgo bilobaproducts (A, B, C, D, E and F) were purchased feofocal pharmacy in
Grahamstown, South Africa. Four of the productsewsolid oral dosage forms and 2 preparations

contained herbal extract in a gelatin capsule. Tal#delow depicts the product detalils.
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Table 4.3Ginkgo bilobadosage forms used for HPLC-PDA analysis of flavenol

Manufacturer Name of Dosage Label claim Daily Batch Extract
product form dose number
Holotropic* Ginkgo Tablet Each 3 tablets 1 tablet 0318 A
biloba provide:Ginkgo tds’

biloba botanical 300
mg, Ginkgo biloba
extract equivalent to

900 mg
Formule Ginkgo Tablet Standardized to 1 tablet 82060 B
Naturellé biloba contain 24% Ginkgo| tds’, aé
Flavonglycosides
Bioforce® Ginkgoforce| Tablet| Each 250mg tablet|is2 tablets| 210120E C
equivalent tds’, aé

to 10 drops of
Ginkgoforce

liguid
Nrf Herbaf Ginkgo Tablet Each tablet containg 1-2 200303047 D
biloba 350mgGinkgo tablets

biloba, 50mgGinkgo daily
biloba extract 24%

and 240mg
FoodMatrix™
Bioharmony Ginkgo Capsule| Each 350mg capsule 2 1EP02.21 E
biloba contains capsules

350mgGinkgo biloba|  tds’
(Ginkgoaceae)

Vital® Ginkgo Capsule| Each capsule containg capsule] 0024B F
biloba Ginkgo bilobaextract| daily
equivalent to
6 000 mg of herb
powder

1Holotropic, Cape Town, South AfricdFormule Naturelle, Hout Bay, South AfricaBioforce S.A. (Pty) Ltd.,
Halfway House, South AfricdNrf Herbal, Centurion, South AfricdBioharmony CC, Wynberg, South Africdital
Health Foods (EDMS) BPK, Kuils River, Western CapajtBafrica; 'tds, three times dailf;ac, before meals

4.4.3 Preparation of standard solutions

Separate stock solutions of the reference standeeds made in methanol-water (50:50). A working
solution of the combined standards was subsequergfyared in methanol-water (50:50) and diluted to
provide a series of analytical standards rangioghfB - 26ug/ml for use in constructing calibration

curves for each of the target analytes.

4.4.4 Sample Preparation and Extraction

4.4.4.1 Solid oral dosage forms
Twenty five tablets of each solid oral dosage foRroflucts A - D) were powdered in a mortar using a

pestle. A mass of powder equivalent to 1 tablet acaurately weighed and dispersed in methanol (25
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ml). The mixture was sonicated for 1 hour with mdragatation after 30 minutes and then centrifuged
at 350 xg for 15 minutes. The samples were diluted with appate volumes of methanol and water in
order to maintain a 50:50 methanol-water solvetibrand filtered through 0.4hm PVDF filters

before injecting.

4.4.4.2 Hard gelatin capsules
Twenty five capsules (Product E) were emptied, welgaed a mass of powder equivalent to the

contents of a single capsule was extracted asideddn section 4.4.4.1 above.

4.4.4.3 Soft gelatin capsules

Individual capsules (Product F) were sliced lorgjitally, the contents squeezed out and combined
with the soft gel shell containing residual contévéethanol (25 ml) was added and the analytes were
extracted by sonication for 1 hour with manual &g after 30 minutes, followed by centrifugatiamn
350 xg for 15 minutes. The samples were diluted with appate volumes of methanol and water in
order to maintain a 50:50 methanol-water solvetibrand filtered through 0.4hm PVDF filters

before injecting.

4.4.5 HPLC-PDA conditions

The flavonols were separated at°@5on a minibore Phenomenex Lunp Eig (2) column with
dimensions 250 x 2.0 mm using the gradient metremtribed in Table 4.2. The total run time was 33

minutes at a flow rate of 4Q@/min. The PDA scanning range was set frdar200 - 400 nm.

4.4.6 Method validation

4.4.6.1 Calibration curves

Linear calibration curves were constructed on 3 eoative days by analysis of a mixture containing
each of the flavonols at 4 concentration levels glotting peak area against the concentration ofi ea
reference standard. Calibration curves were coctettluat the relevant wavelength of maximum
absorption of each reference compound. Specifisilgs determined by calculation of peak
homogeneity facilitated by the PDA detector.

4.4.6.2 Precision and accuracy
The repeatability of the assay was assessed byngpifiblet extracts (Product A) with high, medium
and low concentrations of each reference standzch concentration level was prepared in triplicate

over 3 days to determine both intra-assay and-assay precision.

Product A was chosen to perform recovery studidsipficate and 3 blank extracts were prepared to

determine the original concentration of the chasanker compounds.
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A mass of powder equivalent to the mass of 1 tablas spiked with low, medium and high
concentrations based on the suitable range for egfehence standard except for the low spike for

rutin, since a significant amount of rutin was fduo be present in this product.
4.4.6.3 LOD’'sandLOQ’s
The LOD’s and LOQ'’s were determined by means of sdiiation based on a S/N ratio of 3:1 for the

former and 10:1 for the latter.

4.4.7 Results and Discussion

4.4.7.1 Linearity and range

Figure 4.4 shows a typical HPLC-UW (350 nm) chromatogram of 5 flavonols: rutin, queim)
guercetin, kaempferol and isorhamnetin with retantimes 8.4, 13.9, 19.7, 27.9 and 31.3 minutes,
respectively. Quantification was performed&50 nm for rutin and quercitrin, 375 nm for qudirte
and 365 nm for isorhamnetin and kaempferol, respelgt Assessment of peak purity showed
homogeneity (with the exclusion of quercetin in B®harmony capsules) thereby excluding the
possibility of the presence of interfering compaseand rendering the method specific. Linear ranges
and co-efficients of determination are depictediable 4.4.

Table 4.4. Linear ranges and coefficients of deteation

Name of Concentration Day Slope y-inter cept Co-efficient of
compound range (ng/ml) deter mi2r1ation
(R9)
Rutin 3.1-25.1 Day 1 1.94¢ 1.61¢€ 0.9997
Day 2 1.95¢ 1.90¢€ 0.9998
Day 3 1.96¢ 1.42¢ 0.9996
Quercitrin 3.2-257 Day 1 2.06¢ 4.59¢ 0.9997
Day 2 2.06¢ 1.95¢ 0.9998
Day 3 2.07¢ 1.20¢€ 0.9995
Quercetin 3.1-25.0 Day 1 4,788 1.20¢ 0.9996
Day 2 4,788 -7.92¢€ 0.9997
Day 3 4.78¢ -1.83¢ 0.9994
Kaempferol 3.3-26.4 Day 1 4.32¢ 6.35¢ 0.9998
Day 2 4.31¢ 5.83¢ 0.9998
Day 3 4.34¢ 2.06€ 0.9996
Isorhamnetin 3.1-244 Day 1 5.15¢ -6.06€ 0.9997
Day 2 5.09¢ -8.14¢é 0.9998
Day 3 5.06¢ -1.63¢ 0.9997

4.4.7.2 LOD’'sandLOQ’s

Product D contained the highest quantities of nrad@mpounds and was sequentially diluted to
determine the LOD and LOQ in the tablet matrix. TheDiOwere 1.36, 0.34, 0.87, 0.90 and 0.75
pg/ml for rutin, quercitrin, quercetin, kaempferaldaisorhamnetin, respectively and the LOQ’s were
found to be 2.7¢ug/ml for rutin, 0.77ug/ml for quercitrin, 1.13ug/ml for quercetin, 1.5%g/ml for

kaempferol and 1.08g/ml for isorhamnetin.
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4.4.7.3 Precision and accuracy

The intra-assay and inter-assay repeatability ofntlie¢hod for all 5 marker compounds are given in
Table 4.5. The intra-assay precision represents aetamulated in triplicate in each day of the
analysis. The RSDs ranged between 0.2 and 5.5%intdéreday precision was calculated from nine
determinations over 3 days for each concentragerlland values were typically below 8.0% except

for isorhamnetin at both low and medium concertregiwhich were 12.0% and 10.9%, respectively.

Table 4.5. Intra-day and inter-day repeatabilityhef HPLC analysis

Intra-day RSD (n=3) i _

Constituent Mean (%) Inter-day RSD (n=9)

(Hg/ml) (%)
Day 1 Day 2 Day 3

4.3 1.6 0.9 5.4 4.8
Rutin 12.3 2.9 0.9 0.6 1.6
17.6 1.7 0.4 0.4 1.7
5.0 0.7 0.2 0.5 0.8
Quercitrin 11.8 1.2 0.9 0.7 1.2
17.3 1.7 0.6 0.8 1.7
4.6 1.8 3.9 4.6 7.4
Quercetin 9.4 1.9 1.9 1.0 4.3
13.3 1.3 1.3 4.1 3.9
6.4 55 1.7 2.5 5.4
Kaempferol 13.0 1.8 3.0 15 5.3
18.6 1.7 1.4 1.3 2.0
4.9 0.6 1.9 15 12.0
Isorhamnetin 9.1 25 15 0.5 10.9
141 0.6 15 0.6 7.2

Recovery data obtained from Product A are depitiebable 4.6. Isorhamnetin shows consistent but
somewhat lower recoveries at all three spikinglieeempared to the other flavonols. Isorhamneti ha
a methoxy functional group at the R position (Feg@r4) and exhibits lower polarity than the other
marker compounds. Sample solutions were originpligpared in 0.3% formic-methanol (75:25)
however decreases in peak areas with repetitivections were observed for all of the flavonols,
particularly the aglycones. Inspection of the sasmhowed precipitation of the standards which was
particularly evident for isorhamnetin. Samples wsubsequently prepared in methanol and diluted
with water or a mixture of methanol-water in ortemaintain a solvent ratio of 50:50. Low recovsrie
for isorhamnetin have been previously reportedas ghromatographic-mass spectrometric (GC-MS)
[192], liquid chromatography mass spectrometry (LS)NIL69] and HPLC-UV analysis [187].
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Table 4.6. Recoveries of flavonols fra@ainkgo bilobaextract (Product A)

Constituent Amount added Mean recovery £ SD
(ug/500mg tablet) (%)
Rutin - -
312.3 98.4+2.9
450.0 97.9t1.7
Quercitrin 131.3 94.9+0.7
287.5 102.4£1.2
425.0 101.9:1.7
Quercetin 143.8 89.6:1.2
312.5 81.1+1.6
437.5 79.5:1.0
Kaempferol 165.0 96.#5.5
330.0 98.9+1.8
475.3 97.9:1.7
Isorhamnetin 157.3 78.5:0.6
314.5 72.5:2.5
453.0 77.90.6

4.4.7.4 Analysis of the commercial products

HPLC analysis of 85inkgo bilobapreparations gave remarkably similar fingerprintfies (Figure
4.6) with more peaks present in the flavonol glydeslution zone compared to the aglycone zone.
This is in agreement with the literature where isvi@und that standardized leaf extracts contaig onl
0.4% (w/w) of kaempferol and 0.5% (w/w) quercetBV][ Rutin was also present in substantial
guantities in 5 of the 6 products - Product C (@florce) was the exception. The exceptionally high
ratio of rutin to other compounds present in ProdDgFigure 4.5) suggests that this product may
possibly be adulterated.
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Figure 4.6. Superimposed HPLC-UV chromatogram ofdfrégo bilobacommercial products
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Minutes

Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile

phase: MeCN-0.3% formic; Flow rate: 400ul/min; Injea volume: S4; DetectionA: 350 nm.

Quantitative analysis of &inkgo bilobadosage forms is shown in Table 4.7 over the 3 cutse
days. Product F was formulated as a liquid in & gefatin capsule and some loss of material during
the extraction procedure was evident by the highdéRSD values, hence only 2 of the 3 assays were
included in the final assay results. Average madagitent in each of the brands varied remarkably. A
160 fold difference in rutin content was found beén products C and D. Product D was the only
product where all 5 marker compounds were fountigresent although as previously stated, the
fingerprint profiles indicated that the rutin comtenay have been fortified. The quercetin contant i
Product E was not determined due to interferencebelLaaims gave no indication of individual
marker content. Product B gave detailed informatiegarding amounts of total flavonol glycosides,
ginkgolides and BB, whereas the remaining prodsiotgply specified the contents based on raw

material incorporated into each tablet/capsule @4t).
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Table 4.7. Flavonol marker content (per tablet/ckg)sn 5Ginkgo bilobadosage forms
Product Rutin Quercitrin Quercetin Kaempferol I sorhamnetin
(n=9)* (ug % SD) (Mg £ SD) (ug % SD) (Mg £ SD) (ug % SD)
A 213.0+7.4 38.4£2.2 244+ 4.2 - -
(Holotropic)
B
(Formule 1240.0+ 5.2 508.0+ 9.5 + - -
Naturelle)
C 35.4+2.2 29514 26.35: 5.2 154+ 2.1 +
(Bioforce)
D 5690.0+ 5.1 318.2+ 16.8 352. % 7.7 95.2+2.4 51.5-2.6
(Nrf)
E 293.2+ 8.8 205.50 6.2 ND - -
(Bioharmony)
F (n=6) 4200.0+ 10742+ 96.2 | 307.411.0 137.&8.1 49.9+ 8.7
(Vital) 377.2

Tanalysis performed over 3 different days and aihslas were prepared in triplicatesontent expressed per 2
tablets; (+), indicates that the marker could emtified but was below the LOQ; (-), indicates ttie marker was
not detected; ND, the marker was not determinectalirgerferences

45 CONCLUSIONS

A simple, precise, rapid and reproducible RP-HPLGARREthod was developed to quantify 5 relevant
flavonol marker compounds with successful applaatio Ginkgo biloba dosage forms. Sample
preparation was simple and no tedious cleanup vegessary. In addition to the usual flavonol
aglycones, 2 intact flavonol glycosides were deteesh in order to obtain comprehensive fingerprints
which can be used to gauge the quality and auttigntf Ginkgo bilobaextracts and dosage forms.
This QC approach has recently been adopted by ad#vors [22, 170] who have recognised the need
for more stringent control on commercially avait#xtracts and dosage forms. This is the first
validated method however which has been publisHemlvisig the quantitative determination of

selected flavonols as well as their correspondgigcanes inGinkgo bilobadosage forms [168].

Since up to 33 flavonoids [57] have been identifie@inkgo bilobaleaf extracts and these compounds
have strong chromophores, HPLC-UV is seen to prodigailed fingerprints for product profiling at
selective wavelengths. Complete separation of hedl ftavonoids was not possible using a simple
gradient with a shorter analysis time. Moreovencsithe analyzed dosage forms could contain
differently extracted raw material as well as dife excipients, complete resolution of all thekseaf
interest using the same method was confounded éypthsence of those varying and potentially
interfering compounds. The PDA detector was extrgmalluable for peak identification and
homogeneity testing. This method can, neverthdbesseadily modified to accommodate a specific
formulation in order to determine marker compouimdhose products where interferences may hinder

detection.

Product analysis showed similar qualitative prefitmwever 1 of the products gave evidence of rutin

fortification. The quantitative analysis of the dgsaforms revealed major disparities in marker
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compound composition. These results indicate thigalde QC measuraseed to be implemented to
ensure the QSE @inkgo bilobaproducts commercially available to consumers.

4.6 ANALYSISOF TERPENE LACTONESBY HPLC

The ginkgolides are non-volatile compounds and polaature and are therefore amenable to analysis
by RP-HPLC. Early analytical papers used HPLC-UV/PO®3] however, the terpene lactones
possess poor chromophores with fgalues of GA, GB and GC reported at 2.72, 2.37 280 [56]

and they can therefore only be monitored at lom-selective wavelengths (190 and 220 nm) [53]. UV
detection of terpene trilactones is therefore cliffi especially for the analysis of crude Ginkgo
extracts and extensive clean-up procedures ardlyiseguired prior to the analysis of leaf extraatsd
dosage forms [53, 189, 194].

RI detection has been used successfully [195, h@6linstable baseline problems and low sensitivity
[195] detract from its selectivity. In contrast, Ni&s proved to be a valuable detection method @ue t
its sensitivity and LC-MS-MS facilitates exclusivenadysis of selected peaks of interest with
unequivocal peak identification which is particlyauseful when analyzing crude extracts such as
botanicals [197, 198]. Analysis of the ginkgolidesng GC-MS has also been investigated [192, 199]
but this method of analysis requires complex samppdparation as well as derivatization. In addition
to these detection modes, van Betlal. [200] obtained similar results to Rl in terms epeatability
and selectivity using NMR for the successful quasation of GA, GB, GC, GJ and BB in Ginkgo
leaves and phytopharmaceuticals. More recefilylNMR has been used to quantitatively determine
GA, GB, GC and BB inGinkgo bilobaleaves and commercial dosage forms. Advantagebi®f
method included no sample clean-up or derivatipatitnich contributed to the speed of the method
[201]. However, NMR, GC and MS detectors requirghhi trained personnel for operation.
Furthermore, the quite exorbitant costs, low awdlity and maintenance of such equipment makes

these detection methods currently impractical éoitine analyses [53, 198].

On the other hand, the relatively inexpensive evaipve light scattering detection (ELSD) has gained
popularity for the analysis of non-volatile compdanthat possess poor chromophores. Detection
involves the nebulization of the LC effluent intdiree aerosol, followed by the evaporation of thereno
volatile solvent in a heated drift tube. A silicphotodiode then measures the scattering of ligh$e

by the remaining solute particles as they pass frandrift tube into the light scattering cell [18%he

light scattering response is determined by thetsadize and concentration [189, 202]. Recently, a
number of papers have been published using HPLC RIitBD detection for the determination of
terpene trilactones in complex matrices such aarmaceutical dosage forms, beverage, snack and
dietary supplement products [188, 189, 198, 203-208 1 paper has described the assay of a Ginkgo
extract in an injectable formulation [202] (Tabl&8}.
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Table 4.8. HPLC methods used for the analysis oétexpactones using Rl and ELSD detection

Matrix Sample Analyzed M obile phase Column Detection | Ref
analyzed purification/ext terpene
raction lactones
procedure
Ginkgo biloba MeOH, dry GA, GB, Gradient: Nucleosil Gg ELSD', 198
leaf extracts, extract then GC, GJ, A) MeOH (250 x 4.0 mm LC-MS?
phytopharma- extracted by BB B) water 1.D.)*?
ceuticals liquid-liquid Waters Gg
extraction using (150 x 3.9 mm
hot H,O + 1.D.)?
EtOACh
MeOH
Ginkgo biloba MeOH GA, GB, Gradient: Synergy Max ELSD 203
commercial GC, GJ, A) AmAc Cis
products BB B) MeOH- (150 x 4.6mm 1.D.)
isobutanol
Ginkgo biloba EtOAc GA, GB, Isocratic: RP LiChrospher RI 42
commercial GC, BB THF, MeOH, Cg
products water (10:20:75| (250 x 4.0 mm
VIVIV) 1.D.)
Ginkgo biloba 80% MeOH GA, GB, Gradient: Supelco Discovery] ELSD 188
commercial MeOH* dry GC, GJ, A) water- Cis 8
products extract then BB MeOH-TFA B) (250 x 4.6 mm 189
extracted by MeOH-TFA 1.D.) 4
liquid-liquid
extraction using
hot H,O +
EtOAC
Ginkgo biloba EtOAc, SPE GA, GB, Isocratic: Diamonsil Gg, ELSD 202
injections GC, BB MeOH, water 5um
(33:67) (250 x 4.0 mm
1.D.),
YWG Cg,
10 pm
(250 x 4.0 mm
1.D.)
Ginkgo biloba MeOH GA, GB, Gradient: Alltima ELSD 204
commercial GC, GJ, A) water-TFA Cis
products BB B) MeOH-TFA (100 x 4.6 mm
1.D.)
Beverage, Various: GA, GB, Gradient: Phenomenex g ELSD 205
snacks and 5% KH,PQy, GC, GJ, A) water (250 x 4.6 mm
commercial boiling water, BB B) MeOH- 1.D.)
products EtOAc-THF, isobutanol
containing MeOH-acetic
Ginkgo biloba acid

MeOH, methanol; GA, ginkgolide A; GB, ginkgolide BOGginkgolide C; GJ, ginkgolide J; BB, bilobalide; SPE

solid phase extraction cartridge; DMF, N,N-dimethgihamide; EtOAc, ethyl acetat&mAc, ammonium acetate;

TFA, trifluoroacetic acid; Ref, reference

Ganzeraet al. [203] quantified GA, GB, GC and GJ as well as timoant of BB present in 9

commercial products with a total analysis time Bfi2inutes using a gradient program with a buffered

mobile phase of 10 mM ammonium acetate, methandliswbutanol. Validation of the method was

only briefly described over a linear range of 315300 pg/ml with an LOD of 20.8g/ml (203 ng on-

column).

100.10%), the experiment was performed once ortllgeatower end of the calibration range.
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Kressmanret al.[42] assayed 27 US products for terpenoid contectraing to the official WHO and
Pharmeuropa monograph. However, GJ was not inclimléde assay and no validation data were

shown or referred to.

Li and Fitzloff [189] published a comprehensive noethfor the simultaneous determination of
ginkgolides and only the flavonol aglycones, queing&kaempferol and isorhamnetin using a gradient
method of methanol, water and trifluoroacetic adi€A). The final analysis time was 50 minutes,
including an equilibration period however, all shkgolides as well as BB eluted within 16 minutes
and this method has the potential for applicatmthe analysis of terpene trilactones. The LOD was
20 - 30 ng on-column and the calibration range was 350 pg/ml for GJ with the remaining
compounds demonstrating second-order polynomigbredgions within a slightly lower range of 4 -
200pug/ml. The repeatability of the method as shown leyahalysis of 3 sets of 3 controls over a 3 day
period was relatively poor with a RE and RSD of Y46and 17.26%, respectively being recorded on
the third day. Recovery studies were not reporkedaddition, only a single product was analyzed

resulting in no available comparative data to sidfitly assess the validation of their method.

Herring [204] recently published a method for theparation of 4 ginkgolides and BB within 14
minutes using a gradient consisting of water, nathand TFA. The LOD was relatively high at 125
ng on-column. Four commercial products were analyaed whilst the method showed acceptable

repeatability, no recovery studies were performéétivis a critical determinant of method accuracy.

Tanget al.[202] assayed the content of GA, GB and GC, together BBhn a Ginkgo injection for

QC purposes. In addition, separation of the releymaks was compared using two columns, a
Diamonsil and YWG (Table 4.8). Baseline separati@s wbtained on the Diamonsil column using a
simple isocratic method of methanol and water batrtin time was 41 minutes. The analysis time was
halved using the YWG column however separation eetwBB and GC was compromised by an
interfering peak which was speculated to be GXbnfirmation was circumvented due to a lack of GJ
reference standard. Moreover, the calibration ramgge 75 - 800 pug/ml, the LOD and LOQ were not

given and solid phase extraction was used for sagiphn-up.

Langet al. [205] published a method which focused on theagtion procedures required for accurate
guantification of the terpene trilactones in beges snacks and capsules contair@igkgo biloba
The 3 analyzed capsules were extracted with 5%PK¥] followed by a liquid-liquid extraction with
sodium chloride and a mixture of ethyl acetate diktF. The terpenes were separated within 30
minutes on a Phenomenexg&250 x 4.6 1.D.) column using a gradient of waded a mixture of
methanol and isobutanol. Reference to a previaudys§R06] was provided concerning the recovery
data of the capsules (95 - 102%) with RSDs of fleas 7.4% performed at a single concentration level
using GA, GB, GC and BB only. The LOD was 40 ngomitumn load for all reference standards but
the LOQ was not provided. Method repeatability weslated by both inter- and intra-day RDS<of
7.1%.
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Although a number of proficient methods have alyed@den published using HPLC-ELSD, its
simplicity, easy operation and cost efficiency aainime overrated and it was therefore a logical @hoi
to attempt to use the same approach for the qicatiifin of terpene trilactones @inkgo bilobasolid
oral dosage forms. As a result, an accurate, mecapid and reproducible RP-HPLC-ELSD method
was developed and fully validated according to US&ndards and applied to the quantitative
determination of GA, GB, GC, GJ and BB using a $engradient of methanol and water as mobile
phase. Baseline separation of the reference s@édams achieved within 14 minutes using a
Phenomenex Luna (5um)4Ininibore column with dimensions 250 x 2.0 mm I.Chieh normally
requires lower solvent flow rates compared to tidewdiameter conventional HPLC columns, thereby
resulting in reduced analysis costs by decreadiegcbnsumption of relatively expensive HPLC
solvents. Sample clean-up involved an inexpensiueéd-liquid extraction procedure and this method
was successfully applied to the quantitative deimaition of the selected marker compounds in various
commercially availablé&inkgo bilobaoral dosage forms formulated as hard and softigetapsules

as well as tablets and is particularly suitabletifigr routine analysis and QC of such products.

4.7 METHOD DEVELOPMENT

4.7.1 Instrumentation

All experiments were performed using a Waters 2&3#parations Module and Waters 2996
Photodiode Array equipped with an auto samplerlimdegasser system and column heater for the
HPLC analysis (Milford, MA, USA). An Alltech ELSD 20 detector system was supplied by the
same source and Empower ® Software was used fgrtieessing and integration of data. A Mettler
Dual Range Electronic Balance, Type AE 163 (Mettlestrbmments AG, Griefensee, Zurich,
Switzerland) was used for weighing of reagentsstaddards. A Phenomenex Luna (5 pnpcGlumn

with dimensions 250 x 2.0 mm I.D. was used to effiee LC separation.

4.7.2 Materials and reagents

Methanol was supplied by Romil (The Source, Watezthe@ambridge, GB) and ethyl acetate by BDH
chemicals (Poole, UK). GA (90%), GB (90%) and BBY® were purchased from Sigma (Missouri,
USA) and GJ (95%) was obtained from Chromadex ¢Anta, CA, USA). GC (90%) was a generous
gift from Dr. Egon Koch from Dr. Willmar Schwabe Phmaceuticals (Karlsruhe, Germany). The peak
purity of the terpene trilactones used as referestandards were checked chromatographically and
confirmed by NMR spectroscopy. Water was purifigd reverse osmosis using a Milli-Q system

(Millipore, Bedford, MA, USA) and HVLP filters wengurchased from the same source.
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4.7.3 Optimization of separation of terpene tridmets

The mobile phase was selected based on a numbetewbysly published methods where either
methanol-water (~30:~70) or methanol-water-THF (~20:~10) was used [53,188]. Although THF
was reported to give better resolution [53], it veamided as a mobile phase component due to its
instability/explosive hazard properties [207]. Thddiion of acetonitrile, even in small quantities
compromised the resolution between GA and GB widatonsistent with the findings of Targ al.
[202]. The incorporation of phosphoric acid into the agisecomponent of the mobile phase resulted
in total peak retention on the column after 1 haod methanol and water were subsequently selected
as the mobile phase components.

All 4 ginkgolides and BB were well separated withhiid minutes using an isocratic method consisting
of methanol-water (30:70) at a column temperattiréd58C and flow rate of 300 pl/min (Figure 4.7).
However, when the proportions of the mobile phaseevadjusted to 35:65 methanol-water, GC, GJ
and BB co-eluted.
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Figure 4.7. Isocratic HPLC-ELSD chromatogram of #mpéne lactones

200 400 600 800 1000 1200 1400 16.00 18.00 20.00
Minutes
Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-:water (30:70); Flow rate: 300ul/minnjéction volume: 34; Drift tube temperature: 116C; Gas
flow rate: 2 L/min; Peak labels: BB= bilobalide, Ggimkgolide J, GC=ginkgolide C, GA=ginkgolide A,
GB=ginkgolide B.

A gradient method was attempted to decrease thiysimdime and also to improve sensitivity by
changing the ratios of methanol-water from 30:7@raBB, GJ and GC had eluted. This was effected
by linearly increasing the percentage methanoDté@ over the remaining 12 minutes of the 20 minute
run time. The last peak eluted at 17 minutes andexukently, the following gradient involved
changing methanol-water from 30:70 at 7 minutea timear change of 50:50 over 20 minutes which
decreased the run time by one minute only. Sligahges in the gradient profile ensued until chagngin
the final gradient from 30:70 methanol-water at Butes to 70:30 over the following 10 minutes
resulted in an analysis time of less than 16 mmuide flow rate was then increased slightly to 350
pl/min and using the previous gradient all selectealker compounds eluted within 14 minutes (Table
4.9). Figure 4.8 shows the elution orders of thieremce standards using this method. Both the
isocratic and gradient method gave suitable chrognatms for analysis but the gradient method was
selected due to the enhanced sensitivity and tipgowed peak shape of GA and GB caused by the
higher organic composition of the mobile phase.
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Table 4.9. Gradient profile used for analysis eftidrpene lactones

Time Flow rate M ethanol Water
(minutes) (ml/min) (%) (%)
0 0.35 30 70

6 0.35 30 70

16 0.35 70 30

Figure 4.8. Gradient HPLC-ELSD chromatogram of tHeremce standards

12,00 4.00 6.00

800 1000 1200  14.00

Minutes
Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: 54; Drift tube
temperature: 116C; Gas flow rate: 2 L/min; Peal labels: Peak labeBB= bilobalide, GJ=ginkgolide J,

GC=ginkgolide C, GA=ginkgolide A, GB=ginkgolide B.

4.7.4 ELSD parameter optimization

The most important parameters affecting the ELSD sigggponse is the drift tube temperature and
nebulizer gas flow rate. The drift tube temperafa@litates the evaporation of the nebulized aaros
so that the light scattering response of the ndati¥® solute can exclusively be determined. Mobile
phases with a high aqueous content require highftrtabe temperatures for evaporation than those
comprised predominantly of organic components. I8ityi optimal sensitivity of non-volatile solutes
requires higher drift tube temperatures than sesfatile solutes [208]. It was therefore predictedtta
relatively high drift tube temperature would beuiegd for adequate evaporation since the ginkgslide
are non-volatile and the mobile phase consistedtanbally of water. The effect of temperature on
sensitivity was determined over the range of 7Q@26°C in increments of 10 degrees until 110°C and

was thereafter increased by increments of 2.5°GiriAk tube temperature of 117.5°C was finally
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selected based on the evaluation of the S/N rdfigure 4.9 shows the HPLC-ELSD chromatograms

of the reference standards with drift tube tempeest of 70C (A) and 117.5C (B), respectively.

Figure 4.9. HPLC-ELSD chromatograms of the terpeniggusrious drift tube temperatures

A) 70°C
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B) 117.5C
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow ra&50ul/min; Injection volume: %4; Gas flow rate: 2
L/min; Peak labels: BB= bilobalide, GJ=ginkgolide @C=ginkgolide C, GA=ginkgolide A, GB=ginkgolide B.

Gas flow rates influence droplet size of the coluefftuent before evaporation occurs. Higher flow
rates result in the formation of smaller aerosalptits and less scattering of light with subsequent
lower sensitivity but a more stable baseline. Gndther hand, lower gas flow rates are associatiid w
larger droplet formation, augmented light scatpi@md therefore a higher response but the bassline

compromised. It is therefore imperative that thasgmeter is optimized to ensure that the highddt S/
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is achieved [208]. The gas flow was therefore itigated over the range of 0.7 - 3.5 L/min in
increments of 0.2 L/min. The sensitivity was highas0.7 L/min (Figure 4.10 A) as predicted and
nebulizer gas flow rates higher than 2.2 L/min (Fégd.10 B) obviously compromised the sensitivity.

As aresult, 1.5 L/min (Figure 4.10 C) was chosenssit exhibited the best S/N ratio.

Figure 4.10. HPLC-ELSD chromatograms of terpenesiabus gas flow rates

A) 0.7 L/min
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile

phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: 54; Drift tube
temperature: 117.82; Peak labels: BB= bilobalide, GJ=ginkgolide J, GOnggolide C, GA=ginkgolide A,
GB=ginkgolide B.
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C) 1.5 L/min
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile

phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: 5d; Drift tube
temperature: 117.8; Peak labels: BB= bilobalide, GJ=ginkgolide J, GOnggolide C, GA=ginkgolide A,
GB=ginkgolide B.

4.7.5 _Tablet extraction efficiency

Tablet extraction efficiency was investigated usiagous solvents [53]. A mass of powder equivalent
to the mass of a single tablet of Product C (Ntfjiolu contained sufficient quantities of the reldvan
marker compounds was extracted exclusively withhamedl (3 x 20 ml) (Figure 4.11 A). This
procedure is described in section 3.10.3.1. The saoeedure was followed using ethyl acetate (3 x
20 ml) as extraction solvent (Figure 4.11 B) amhlffy the method of Li and Fitzloff [189] was
investigated by using methanol as the primary etitra solvent followed by a liquid-liquid extractio
using hot water and ethyl acetate as describeddtion 4.8.4.1 (Figure 4.11 C). All extract resislue
were reconstituted in 10 ml volumetric flasks. Magious extraction procedures were also performed
on the reference standards. For each extractiocegwe, only one sample was prepared due to a
shortage of reference standards. It was found d&ftabugh methanol proved to be an excellent
extraction solvent it was non-selective and intémfig compounds co-eluted with the peaks of interest
When ethyl acetate was used as the primary exiractolvent, its lower polarity ensured little
interference but the polar ginkgolides were note#fectively extracted as with methanol. It was
concluded that the method described by Li and FitfgB9] was the most suitable and efficient
extraction method since it extracted higher amowffitginkgolides (based on peak area and height)
with minimal interference. In addition, Li and Fff reported extraction efficiencies of 94.7 - 9%.2

when this method was used for the extraction oteéhgene trilactone reference standards.
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Figure 4.11. HPLC-ELSD chromatograms of referencedstals superimposed with the dosage forms

extracted with various solvents
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: 54; Drift tube
temperature: 117.%82; Gas flow rate: 1.5 L/min; Peak labels: BB= bildiae, GJ=ginkgolide J, GC=ginkgolide

C, GA=ginkgolide A, GB=ginkgolide B; Solid line=chmatogram of tablet extract, dotted line=chromatagraf
reference standards.
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C) Methanol, dry extract then extracted with hotevand ethyl acetate
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: H4; Drift tube
temperature: 117.%8; Gas flow rate: 1.5 L/min; Peak labels: BB= bildine, GJ=ginkgolide J, GC=ginkgolide
C, GA=ginkgolide A, GB=ginkgolide; Solid line=chromogram of tablet extract, dotted line=chromatograrn

reference standards.

48 METHOD VALIDATION

4.8.1 Instrumentation and additional equipment

The instrumentation was the same as described fioset7.1. In addition, an ultrasonic bath, Mo&8€l-
211TH (Sonicator Instrument Corporation, Copiagug,., USA) was used for extraction purposes and a
centrifuge, Model HN/SII (Damon IEC Division, MA, WS was used to centrifuge tablet extracts. A
Vortexer, Model G-560E (Scientific Industries, Batia, N.Y., USA) was used for sample mixing.

4.8.2 Chemicals and materials

Chemicals and reagents were sourced as previowesdgrided in section 4.7.2. Fiv@inkgo biloba
commercial products (Products A - E) were purchdsech a local pharmacy in Grahamstown, South
Africa. Three of the products were formulated inlealform, one product contained liquid Ginkgo egtra
in a soft gelatin capsule and one product contamaderized Ginkgo leaf extract in a hard gelatipsule
(Table 4.10).
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Table 4.10Ginkgo bilobadosage forms used for HPLC-ELSD analysis of thectesjuls

Manufacturer | Nameof | Dosage Label claim Daily Batch Extract
product form dose number
Holotropic* Ginkgo Tablet Each 3 tablets 1 tablet 0319 A
biloba provide:Ginkgo tds®

biloba botanical 300
mg, Ginkgo biloba
extract equivalent to

900 mg
Formule Ginkgo Tablet Standardized to 1 tablet 82060 B
Naturellé biloba contain 24% Ginkgo| tds, ad

Flavonglycosides,
1.2 mg ginkgolides,
1.0 mg bilobalide

Nrf HerbaP Ginkgo Tablet Each tablet containg 1-2 MTMO092PW C

biloba 350mgGinkgo tablets

biloba, 50mgGinkgo daily
biloba extract 24%

and 240mg
FoodMatrix™
Vital* Ginkgo | Capsule| Each capsule contains 1 B0400209B D
biloba Ginkgo bilobaextract| capsule
equivalent to daily
6 000 mg of herb
powder
Bioharmony Ginkgo | Capsule| Each 350mg capsule 2 1ER10.11 E
biloba contains capsules

350mgGinkgo biloba|  tds’
(Ginkgoaceae)

1Holotropic, Cape Town, South AfricaEormule Naturelle, Hout Bay, South AfricNIrf Herbal, Centurion, South
Africa; “Vital Health Foods (EDMS) BPK, Kuils River, Westernp@a South Africa?Bioharmony CC, Wynberg,
South Africa;®tds, three times dailyac, before meals

4.8.3 Preparation of standard solutions

The stock solution for the calibration curve waspared by accurately weighing ~5 mg of each
reference standard into a 25 ml volumetric flasksalving the contents in methanol and then filling

to volume with the same solvent. In order to obthi final concentration range of 12.5 - 100 pg/ml,
appropriate concentrations of the stock solutiomewgpetted into 10 ml volumetric flasks and then

filled to volume with methanol.

4.8.4 Sample preparation and extraction

4.8.4.1 Solid oral dosage forms
A minimum of twenty tablets of Products A - C wenglividually weighed and pulverized using a
mortar and pestle. An aliquot of powder equivalenthe mass of a single tablet was then accurately

weighed and carefully transferred to a 20 ml Kintalze. Twenty milliliters of methanol were added
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and the powder was extracted according to the gdroeedescribed in Section 3.10.3.1 but the dried
extracts were not re-constituted in buffer as pmasly described. Instead, the dried extracts were
suspended in 20 ml hot water and liquid-liquid agtions were then performed in triplicate (3 x 20 m
with ethyl acetate. The ethyl acetate fractions wereled and evaporated to dryness using nitrogen.
Product A was reconstituted with 8 ml methanol,aséed into a 10 ml volumetric flask and made up
to volume using the same solvent. Products B ange@ reconstituted with 18 ml of methanol,

decanted into 25 ml volumetric flasks and themdilto volume.

4.8.4.2 Soft gelatin capsule

A single weighed capsule of Product D was sliceagitudinally and the contents were carefully
squeezed out into a 20 ml Kimax tube. The remaigielgtin coat was then sliced into two halves and
added to the contents. Twenty milliliters of methlawere added and the capsule was extracted as
described in section 4.8.4.1 above. The extract reasnstituted with 25 ml methanol and then

decanted into a 50 ml volumetric flask beforerjiit to volume.

4.8.4.3 Hard gelatin capsule

A minimum of twenty capsules of Product E were imdlially emptied and weighed before ensuring
thorough mixing using a mortar and pestle. Twentifiliters of methanol was added to a mass of
powder equivalent to the contents of one capsutk exttracted as previously described in section
4.8.4.1. The extract was reconstituted with 8 mthraeol, decanted into a 10 ml volumetric flask and
made up to volume using the same solvent. All samplere filtered through 0.45 ym PVDF

membranes before injecting 5 pl onto the column.

4.8.5 HPLC-ELSD conditions

The ginkgolides were separated on a Phenomenex (Bupan) Gg miniborecolumn with dimensions
250 x 2.0 mm |.D. which was maintained at a temipeeaof 45°C. The mobile phase consisted of
methanol-water in proportions of 30:70 for thetfiéssminutes, after which the methanol was increased
linearly to 70:30 for the remainder of the analytaise. The flow rate of the mobile phase was 350
pl/min, the injection volume was |l and the total run time was 16 minutes. The ELSPB ftaw and

drift tube temperature were set at 1.5 L/min and3°L7, respectively.

4.8.6 Method validation

4.8.6.1 Linearity and range
Linear calibration curves were constructed using fiencentration points on each of the 3 days and

plotting the double logarithm of bokhandy-axis values.
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4.8.6.2 Precision and accuracy

The precision and accuracy of the method was detedrby spiking powdered tablet material from
Product A with amounts corresponding to low, mediand high concentrations of each reference
standard. Each concentration level was performédplicate and the recovery and % RSDs were used
to determine the accuracy and precision of theyaseapectively. Since insufficient reference mater

was available, the recovery study for GJ was peréal on the second day of the validation only.
4.8.6.3 LOD’s and LOQ'’s
The LOD’s and LOQ's were determined by serial ddotof the stock solution containing all reference

standards according to a S/N ratio of 3:1 and I@edpectively.

4.8.7 Results and discussion

4.8.7.1 Linearity and range

The ranges and coefficients of determination arsgumied in Table 4.11. The RSDs over all 3 days
ranged between 0.1 and 9.2% with the highest valesrded at the lower end of the concentration
range. A typical HPLC-ELSD chromatogram of the rafesestandards (1Q@/ml) is shown in Figure
4.8.

Table 4.11. Linear ranges and co-efficients of deiteation

Name of Concentration Day Slope y-inter cept Coefficient of
compound range (pg/ml) deter mi2|1ation
(R)
GA 12.7-101.4 Day 1 1.45 3.52 0.9989
Day 2 1.57 3.22 0.9918
Day 3 1.48 3.47 0.9994
GB 12.7-101.4 Day 1 1.45 3.48 0.9986
Day 2 1.66 3.00 0.9995
Day 3 1.45 3.48 0.9999
GC 12.6 - 100.8 Day 1 1.38 3.47 0.9988
Day 2 1.66 2.90 0.9996
Day 3 141 3.45 0.9999
GJ 12.8 - 102.0 Day 1 1.34 3.52 0.9942
Day 2 1.59 3.02 0.9984
Day 3 1.40 3.47 0.9998
BB 12.9-103.4 Day 1 1.43 3.45 0.9974
Day 2 1.56 3.14 0.9891
Day 3 1.46 3.43 0.9999

4.8.7.2 Precision and accuracy

The results of the recovery experiments are showhaile 4.12. The precision is indicated by the
intra-day and inter-day RSDs which were well bel6w% except for the intra-day RSD for the
medium recovery level of GC on the first day (5.4%)e accuracy of the method is represented by
the % RE which ranged between +1.9 and -3.2 ovét ddlys for GA, GB, GC and BB and +0.1 and -

1.5 for GJ on the second day. These results redaxllent method accuracy and precision. Moreover,
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the repeatability of the method is better thanresailts obtained by Li and Fitzloff [189], Larg al.
[205], and Herring [204] while Ganzeea al.[203] did not report repeatability data.
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Table 4.12. Recovery of the ginkgolides and BB

Constituent Mean Spiking level Intra-day RSD (% n=3) Inter-day RSD Mean Recovery (%) % RE
(Mg/500mg tablet) Day 1 Day 2 Day 3 (%, n=9) +3D (%)
(n=9)

BB 101.0 2.0 0.3 0.8 1.6 101.9+ 1.6 +1.9
403.8 3.6 18 0.9 11 99.4+ 1.1 -0.6

1245.4 0.5 1.0 15 3.0 100.4+ 3.0 +0.4

GA 101.0 15 0.7 0.1 1.8 101.5+1.8 +1.5
403.6 4.8 1.9 0.3 1.3 100.2+ 1.3 +0.2

1245.0 0.6 15 1.2 2.3 101.0+ 2.3 +1.0

GB 403.0 0.5 2.0 0.9 0.5 101.2+ 0.5 +1.2
806.2 4.2 1.3 0.3 1.2 99.6+ 1.2 -0.4

1612.2 0.9 0.9 1.9 0.9 100.1+ 0.9 +0.1

GC 400.8 0.4 2.8 1.6 15 979+ 1.4 -2.1
801.6 5.4 2.0 1.7 0.5 96.8+ 0.5 -3.2

1603.2 0.7 14 13 4.0 08.3+ 4.0 -1.7

GJ 288.4 - 1.3 - - 100.1+ 0.3 (n=3) +0.1
(Day 2) 576.8 - 1.6 - - 99.2+ 0.6 (n=3) -0.8
1153.6 - 1.6 - - -1.5

98.5+ 1.0 (n=3)
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4.8.7.3 LOD’'sand LOQ’s

The LOD’s of the ginkgolides were 31.3 ng (showrFigure 4.12 A) and LOQ was 62.5 ng (Figure
4.12 B). The LOD’s correlated with the range of L@DJgiven by Li and Fitzoff [189] for the
ginkgolides and was better than those proposedédirtd) [204], Ganzerat al. [203] and Langgt al.
[205]. No LOQ values were given by the previouslgmntioned authors [189, 203, 204], and Tahgl.
[202] reported neither LOD nor LOQ values.

Figure 4.12. The LOD’s and LOQ’s of the terpenedaes
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Conditions: Column: Phenomenex Luna (5pm} @50 x 2.0 mm I.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: %d; Drift tube

temperature: 117.%8C; Gas flow rate: 1.5 L/min.
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4.8.7.4 Analysis of commercial Ginkgo biloba product

Figures 4.13 A - E show the HPLC-ELSD chromatogramtheffive analyzed commerci@inkgo
biloba products and Table 4.13 indicates the content ef ritarker compounds. All five marker
compounds were quantifiable within each produdtaalgh inter-product content differed considerably.
From these results it can be concluded that ProDuist of superior quality to the other brands and
since Product A contained consistently lower ameuott all the markers, this product may be
considered of lower quality.

Figure 4.13. HPLC-ELSD chromatograms of @Giekgo bilobacommercial products

A) Holotropic tablets (Product A)
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Conditions: Column: Phenomenex Luna (5pm} @50 x 2.0 mm I.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: 54; Drift tube
temperature: 117.82; Gas flow rate: 1.5 L/min; Peak labels: BB= bildioe, GJ=ginkgolide J, GC=ginkgolide
C, GA=ginkgolide A, GB=ginkgolide B.
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B) Naturelle tablets (Product B)
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C) Nrf tablets (Product C)
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Conditions: Column: Phenomenex Luna (5pm} @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: %d; Drift tube
temperature: 117.8C; Gas flow rate: 1.5 L/min; Peak labels: BB= bildiake, GJ=ginkgolide J, GC=ginkgolide
C, GA=ginkgolide A, GB=ginkgolide B.
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D) Vital capsules (Product D)
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E) Bioharmony capsules (Product E)
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Conditions: Column: Phenomenex Luna (5pum} @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (final gradient method); Flow rat850ul/min; Injection volume: %d; Drift tube
temperature: 117.8C; Gas flow rate: 1.5 L/min; Peak labels: BB= bildiake, GJ=ginkgolide J, GC=ginkgolide
C, GA=ginkgolide A, GB=ginkgolide B.

190



Table 4.13. Terpene content in Ginkgo solid oral dedarms [ig per tablet/capsule)

Product BB GA GB GC GJ
(n=3) Ug £ SD ug+SD ug £ SD ug+SD ug £ SD
A 314.7+ 14.8 304.3 25 176.0: 7.0 183.a+ 2.7 110.34 8.1
(Holotropic)
B
(Formule 723.8+15.2 1432.0+ 32.1 809.5+ 24.4 657.0+ 25.9 298.8+15.9
Naturelle)
C 1358.3+ 27.0 1590.8& 25.0 1062.&: 12.1 788.8 14.5 292.(k 15.6
(Nrf)
D 1258.5+ 30.6 3445. 82.6 1910.&: 74.0 1547.5 68.0 641.5- 35.5
(Vital)
E 584.0+ 7.0 353.3:3.3 219.3 5.3 252.: 6.4 93. 74+ 2.1
(Bioharmony)

According to the German Pharmacopoeia, extractalghme standardized to contain between 5.0 and
7.0% terpene lactones, with GA, GB and GC contititguto 2.8 to 3.4% and BB to 2.6 to 3.2% [23].
Table 4.14 shows the calculated BB and trilactorregrgages based on the amounGaikgo biloba
extract used per dosage unit as disclosed on tdupr labels. Since the content specifications are
based on the percentage of the marker compoundsmirmGinkgo bilobaextract, Products B and D
could not be compared since insufficient label infation averted calculation. Product A and E did
not meet the German Pharmacopoeia standards whddugt C marginally exceeded these

specifications due to the incorporation of onlyrb@ of standardized extract into each tablet.

Table 4.14. Terpene lactone content according ttathed claim and German Pharmacopoeia standards

Product Label claim BB content | Total terpene BB (% of Total terpene M eets
(mg) content (mg) extract) (% of GP?
extract) standard
A GB'extract 0.31 0.77 0.03 0.09 No
(Holotropic) | equal to 900 mg
B 1 mg bilobalide, 0.72 3.20 - - -
(Formule 1.2mg
Naturelle) ginkgolides
C GB' extract 24% 1.36 3.73 2.72 7.46 No
(Nrf) 50 mg
D GB' extract 1.26 7.54 - - -
(Vital) equivalent to
6000 mg of herb
powder
E 350 mg GB 0.58 0.92 0.16 0.26 No
(Bioharmony)

GB!, Ginkgo biloba GP*, German Pharmacopoeia; -, insufficient label infation for calculation

4.9 CONCLUSIONS

The ginkgolides are unique chemical compounds faxuiusively inGinkgo bilobapreparations and
are therefore frequently used as marker compowrd3€ purposes. For the analysis of these markers,
ELSD detection provides advantages above using U¥ctleh in terms of sensitivity and selectivity
and is relatively inexpensive and easily operaldmmared to GC and MS equipment. While it is
obvious that pertinent information relating to nwthvalidation is lacking in one or more areas @& th
RP-HPLC-ELSD methods published to date, a compréyepsvalidated method was developed for
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the determination of GA, GB, GC and GJ as well & iB commercially availablé&sinkgo biloba
tablets and capsules. This method demonstratedgbessary speed, accuracy, precision, sensitivity
and repeatability to be considered for routine Qtalysis of such products. Furthermore, the
inexpensive sample clean-up procedure, the useettianol and water as the mobile phase and the
lower solvent flow rate afforded by the employmehta minibore column offers definite economic

advantages for high sample throughput.

Although quantifiable amounts of all marker compdsinvere present in the Ginkgo commercial
products analyzed, there were major disparitiesha actual terpene content. In some cases, the
information disclosed on the product labels prodidigtle or no relevant information. None of the
commercial products met the German Pharmacoposfgsifications for terpene trilactone content
although one product did exceed the standards. We¢h#tese results are due to inappropriate or false
label claims or incongruity between the actual eahfind the claims is unknown at this point and can
only be determined once standardization of indigldtomponent content is disclosed on the product
labels. For example, at times product content sxidleed as % extract rather than in terms of thesma
of individual components (Table 4.14). Furthermosece clinical trials have used standardized
extracts for dosing, the efficacy of these produstdubious and these results have effectively
demonstrated that implementation of effective Qffeda is essential in ensuring consistent product
QSE.

4.10 HPLC-ELSD ANALYSISOF THE GINKGOLIC ACIDS

The methods used for the analysis of the ginkgalidsaare described in section 3.13. Separatioheof t
ginkgolic acids using a simple HPLC method has mtheen achieved and attempts were therefore
made to include these compounds in the method idedciabove. Since the ginkgolic acids are
lipophilic compounds [53], it was predicted thagsk compounds would elute after the terpenoids and
method development was conducted using the ginkgeids alone. The methanolic component in the
mobile phase was increased in order to preventsskady long run times and a mobile phase of 95:5
methanol-water resulted in thg/@inkgolic acid (section 3.14.2.4) eluting at 3 nmasi(Figure 4.15
A). The peak’s identity was verified using the amliPDA detector a 310 nm. The ginkgolic acid
mixture (section 3.14.1.5) was then injected usirgsame methanol-water ratio illustrated in Figure
4.14 B. A decrease in methanol content to less 8% resulted in a run time in excess of 40 minutes
and method development ensued using various rafieaethanol-water with the methanol content
ranging between 87% and 95%. However no improvenmemngsolution of the ginkgolic acids was
evident. Thereafter, the methanol content was mimed at 95% and the water fraction was
incrementally substituted with 1%, 2% and 4% aciétiten however, only 1 peak was still observed.
The water fraction was then completely replaced \aithtonitrile to give ratios of 85:15, 90:10 and
95:10 methanol-acetonitrile, respectively. The besparation was obtained using 95:5 methanol-

acetonitrile shown in Figure 4.15. The resolutiod gpeak shapes were extremely poor and it was
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concluded that this method is unsuitable for theect®n of the ginkgolic acids iGinkgo biloba

extracts and dosage forms.

Figure 4.14. HPLC-ELSD chromatograms using 95:5 nmethevater as mobile phase
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Conditions: Column: Phenomenex Luna (5pum} @50 x 2.0 mm I.D.); Column temperature: 45°C; Mobile
phase: MeOH-water (95:5); Flow rate: 300ul/min; lof®n volume: 5u; Drift tube temperature: 116C; Gas

flow rate: 2 L/min.
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Figure 4.15. HPLC-ELSD chromatogram of a mixtureiokgolic acids with mobile phase methanol-
acetonitrile (95:5)
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Conditions: Column: Phenomenex Luna (5pum} @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeOH-acetonitrile (95:5); Flow rate: 300uifmInjection volume: 54; Drift tube temperature: 11€C;

Gas flow rate: 2 L/min.

411 SIMULTANEOUS DETERMINATION OF FLAVONOLS AND TERPENE
TRILACTONESUSING HPLC-PDA-ELSD

A method was published in 2002 [189] for the simoéous determination of flavonol aglycones and
terpene trilactones using HPLC with ELSD detectiod has been discussed in section 4.2. The same
authors also published a paper using HPLC-PDA fier @nalysis of flavonol aglycones and HPLC-
ELSD for the analysis of terpenoids in the same JE38]. In that publication, sample preparation of
the flavonols involved hydrolysis of the glycosidesaglycones, RP-HPLC separation and subsequent
quantification at\ of 365 nm using PDA detection. The ginkgolides avextracted with methanol
followed by a liquid-liquid extraction of the dryieact with hot water and ethyl acetate, evaponatio
dryness and reconstitution with methanol. GA, GEZ,&J and BB were then determined using
HPLC-ELSD. Nine commercial products were separateBlyaed for their terpene and “flavonol

glycoside” content.

During the period of this current research progetl concurrently with the work of Li and Fitzloff
[188,189], development of an HPLC-PDA-ELSD method @alas underway. In this particular project,
attempts were made to develop a method for thelsimaous determination of the flavonol glycosides,
rutin and quercitrin in addition to the flavonollygpnes quercetin, kaempferol and isorhamnetin and
the terpene trilactones GA, GB, GC and BB. GJ wrswailable at that time.
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412 METHOD DEVELOPMENT

4.12.1 Instrumentation and materials

The instrumentation used and sourcing of materiats ragents has previously been described in
sections 4.7.1 and 4.72. As previously mentionetiw@s not available during the early part of this
study.

4.12.2 |Initial conditions and LC optimization

Since the ginkgolides are strongly retained onGhecolumn when phosphoric or formic acid are included
in the mobile phase and the flavonols are readiljed using a mobile phase of methanol-water withou
buffer, the latter solvent combination was seledt@mdmethod development. GA, GB, GC and BB (1
mg/ml solution) were successfully separated withiminutes using an isocratic method of methanokwat
(30:70) at a flow rate of 50Ql/min and column temperature of 4D (Figure 4.16 A). A flavonol (100
pg/ml) solution containing the usual marker compaunas then injected under the same conditions and
the peaks resolved within 70 minutes. Due to ting lanalysis time, peak tailing of the flavonol agiges
occurred (Figure 4.16 B).

195



Figure 4.16. HPLC-PDA chromatograms using an isacnaixture of methanol-water (30:70)
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Conditions: Column: Phenomenex Luna (5umj} @50 x 2.0 mm 1.D.); Column temperature: 40°C; Mobile

phase: MeOH-water (30:70); Flow rate: 500ul/min;éofion volume: 54; Drift tube temperature: 116C; Gas
flow rate: 2 L/min.
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A mixture of the flavonols and terpene trilactoness then prepared and a simple one step gradient wa
introduced after the elution of the terpenoids atiog to the method in Table 4.15. The run time ®@s

minutes and GB and rutin co-migrated (Figure 4.17).

Table 4.15. Gradient 1 used for the separationefltvonols and terpenoids

Time Flow rate | % Methanol % Water
(mins) (ml/min)

0.01 0.50 30.0 70.0
10.00 0.50 30.0 70.0
10.01 0.50 40.0 60.0
60.00 0.50 40.0 60.0

Figure 4.17. HPLC-PDA chromatogram of the flavoranisl terpenoids using gradientX1l220 nm)
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Conditions: Column: Phenomenex Luna (5umj} @50 x 2.0 mm 1.D.); Column temperature: 40°C; Mobile
phase: MeOH-water (gradient: Table 4.15); Flow ra®00ul/min; Sample solvent: methanol-water (40:60);
Injection volume: 54; DetectionA: 220 nm; Drift tube temperature: 120; Gas flow rate: 2 L/min; Peaks 6, 7,

and 9 were unknown impurities.

An increase in the methanol content was then inited at 7 minutes in the gradient program (Table
4.16) in order to facilitate separation between&®@ rutin and baseline separation of all the pess
achieved (Figure 4.18). Peak tailing of the aghgsowas still evident however and the one step ehang
in mobile phase caused a drastic baseline shifhvahenitoring the eluent at 220 nm due to the UV
absorbance of methanol. This shift was not obskeatemore selective wavelengths of 254 nm and
higher. Various attempts were made to minimize #hit by linear changes in the methanol content

over longer periods of time from 8 to 10 minutesl @&to 11 minutes however this shift was still
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apparent. Moreover, quercetin eluted where the libaselrifted which would have complicated
guantification. Less drastic changes in the methanolponent were also attempted by changing the
methanol percentage from 30% to 35% instead of 49%he gradient step and although baseline
resolution between all the compounds was still agd, the lower methanol content had a negative
impact on the peak shape of isorhamnetin. The adddf acetonitrile in the gradient, even in small
percentages also had a negative impact on the giegde of the aglycones. Optimal separation was

therefore obtained using gradient 2 in Table 4.16.

Table 4.16. Gradient 2 used for the separationefltvonols and terpene trilactones

Time Flow % Methanol| % Water
(mins) (ml/min)

0.01 0.50 30.0 70.0
7.00 0.50 30.0 70.0
7.01 0.50 40.0 60.0
60.00 0.50 40.0 60.0

Figure 4.18. HPLC-PDA chromatogram of the flavoraisl terpenoids using gradient’2320 nm)
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Conditions: Column: Phenomenex Luna (5pmy} @50 x 2.0 mm I.D.); Column temperature: 40°C; Mobile
phase: MeOH-water (gradient 2); Flow rate: 500ul/miSample solvent: methanol-water (40:60); Injection
volume: 544; DetectionA: 220 nm; Drift tube temperature: 180; Gas flow rate: 2 L/min; Peaks 7, 8 and 10

were unknown impurities.

4.12.3 ELSD optimization

Since this method was preliminary, extensive opation of the ELSD parameters was not
undertaken. The original drift tube temperature wasulated according to the ELSD manual [208] in
which the methanol to water ratio used in the n®lghase was used to determine the optimal

temperature required to facilitate vaporization. e temperature was calculated to be 98.%or a
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methanol-water ratio of 30:70 and flow rate of 300nin. This value was however increased slightly
to 110C, based on work performed by Thompsainal. [209] and greater sensitivity was obtained
using this higher temperature. The gas flow remaisetdat 2.0 L/min throughout all experiments.
Under these conditions, suitable sensitivity wataioled to detect the ginkgolides but the flavonols
were not detected. Figure 4.19 shows the ELSD respohGA, GB, GC and BB.

Figure 4.19. HPLC-ELSD chromatogram of the terpeitectones
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Minutes
Conditions: Column: Phenomenex Luna (5umj @50 x 2.0 mm I.D.); Column temperature: 40°C; Mobile
phase: MeOH-water (gradient change at 7 mins); Flaer 500pl/min; Sample solvent: methanol-water (896

Injection volume: 54; DetectionA: 220 nm; Drift tube temperature: 120; Gas flow rate: 2 L/min.

413  DISCUSSION AND CONCLUSION

A preliminary method was attempted for the simudtaus determination of the terpene trilactones GA,
GB, GC and BB, the flavonol glycosides, rutin ancegitrin and the flavonol aglycones, quercetin,
kaempferol and isorhamnetin. Baseline resolutios alained within 20 minutes which is faster than
the method described by Li and Fitzloff [189] whictok 35 minutes however GJ was not included in

this method due to its unavailability at that time.

This method was developed under the premise thdlabhenols could be detected and quantified using
the PDA detector with the eluent subsequently tietdo the ELSD for detection of the terpene
trilactones. In fact, it was implied by Li and Fa#l [188, 189] that greater sensitivity was obtaine
using UV than ELSD detection for the flavonols. listlvay, optimal sensitivity for both chemical

classes could be facilitated within a single run.
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Detection of the flavonols using ELSD is clearly pblessince the LOD levels obtained by Li and
Fitzloff [189] were in the order of 20-30 ng undbkeir conditions of operation of the ELSD. It is thus
highly likely that optimization of the ELSD parameter the use of higher concentrations of flavonol

marker compounds would probably have resulted ieatien of the flavonols.

However, based on subsequent work undertaken wtherdlavonols were successfully quantified
using LC-MS-MS (Chapter 5), this ELSD method for theuwtaneous analysis of flavonols and
terpene trilactones was not pursued further buapedrHPLC-ELSD method was developed for the
exclusive quantification of the terpenoids only @inkgo bilobasolid oral dosage forms and is

described in sections 4.6 - 4.9 of this thesis.
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CHAPTER 5

LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY OF FLAVONOLS

51 INTRODUCTION

To date, approximately 4000 flavonoids have beentified in the plant kingdom [210], classified

structurally by the presence of a chromane skeleitina phenyl group on either position C2 or C3 of
ring B (Figure 2.3). Although the flavonoids ar@guced by all vascular plants for protection agains
pathogens and herbivores [211], flavonoid compasits not identical in all plant species and vasiou

combinations of the polyphenols may facilitate spedifferentiation [212].

The flavonoids have strong chromophores resultin@HPLC with UV detection being the most
common method of analysis [213]. Although this roeltlis economically viable, a major deterrent for
its successful application is the lack of selettivNumerous flavonoids with similar retention tisne
and UV spectra have been identified in crude pdattacts and unequivocal identification of the &drg

analyte using UV or PDA detection alone cannot b&rgnteed.

On the other hand, LC-MS facilitates component (peanfirmation by mass detection as well as
collision-induced dissociation (CID) from which iiitiate structural details such as the glycosylation
position can be deduced [214]. Baseline resolutbmatural compounds in complex mixtures is
possible but often at the cost of long analysisetimsing complex gradient programs with UV/PDA
detection. However, the use of SIM, SRM and MRM e®@hen using MS detection facilitates the
detection and accurate quantification of co-elutimgunresolved peaks [197]. According to a recent
review article published by Molnar-Perl and FizfaB0], LC-MS is the preferred method for

gualitative analysis of flavonoids. Moreovet:glycosidic flavonoids, where the sugar moiety is
attached to the & or 8-C carbon (Figure 2.3), are resistant to conventidwyalolysis protocols and

tandem MS facilitates accurate structure elucide@d5].

lonization techniques predominately applied for #malysis of polyphenolic compounds include ion-
spray detection techniques such as electrospraizaibion (ESI), atmospheric pressure chemical
ionization (APCI) and thermospray and then ion-detson techniques which include fast atom
bombardment (FAB), matrix-assisted laser desorpt@mmzation (MALDI) and plasma desorption

(PD). Of these, the most commonly used methodsE&leand APCI which are both atmospheric
pressure ionization (API) techniques and can bel ursesither positive or negative ion modes [213,
214, 216].
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LC-ESI involves nebulization of the LC effluent to rioran aerosol by the application of an electric
field on the metallic capillary of the ESI probe adepending on the voltage polarity, the aerosol
droplets are then either positively or negativéigrged. This nebulization process is aided by algup

of nitrogen which encapsulates the capillary. Destidn then follows which results in an increase in
the charge density on the surface of the dropletsas the droplets reduce further in size, repulsio
forces eventually cause a coulombic explosion &edsuspended ions are then transported into the

vacuum of the mass analyzer [217].

The APCI interface, on the other hand, consists gfaas capillary surrounded by a high velocity
nebulizing gas as well as a heater block whicHifatgs the rapid formation of a fine mist of vaas

the LC eluent passes through the capillary. Nearcpsllary tip, a corona discharge needle causes
ionization and reacts chemically with the vaporizethlyte molecules before transportation of these
ions to the mass analyzer. Although both ESI and IAle€hniques are classified as soft ionization

methods, thermally labile compounds are generaltysnitable for APCI detection [217].

52 METHODSUSED FOR THE ANALYSISOF FLAVONOLSUSING LC-MS

A number of papers have been published in the pastars using LC-MS for the analysis of natural
plant extracts containing 1 or more of the seledtadonol markers present iGinkgo bilobaleaf
extracts, examples of which are shown in Table 3111 218-224]. In addition, several papers have
been published on the analysis of the flavonoidsemt inGinkgo bilobaleaf extracts [169,170, 214]
and 1 paper has been published using GC-MS faddtermination of the flavonol aglycones in human

plasma after ingestion of@inkgo bilobadosage form [225].

Mauri and Pietta [214] fingerprinted a cru@enkgo bilobaleaf extract by means of direct infusion into
an electrospray interface in positive ion mode Wwharilitated the simultaneous identification of GA

GB, GC and GJ as well as 6 flavonol glycosides wérgetin, kaempferol and isorhamnetin. The
sample was dissolved in 50% methanol-water. Sifme gaper concentrated on the rapid ESI
fingerprinting of at least 8 different medicinalapts, little experimental information and method
development was divulged. The authors however mahégesuccessfully demonstrate the diverse
application of ESI-MS for the QC of medicinal plants

Recently, 2 papers have focused on the analysigaaft flavonol glycosides [169, 170] as opposed to
the more usual process of sample hydrolysis withversion of the glycosides to their corresponding
aglycones quercetin, kaempferol and isorhamnetire @aper was based on the work described in this
chapter [169] and the other paper was publishesl tlean a month later by Liat al. [170] who
developed a direct infusion nanoelectrospray idiinatandem quadrupole time-of-flight method
(nanoES-MS) for the simultaneous qualitative detectf the terpene lactones GA, GB, GC and BB,
the flavonols rutin, quercetin, kaempferol and lisonnetin and also quantified ginkgolic acids “I'dan

“II" using the same method in negative ion mode.olio knowledge, this is the only method published
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which is capable of analyzing some positive andatieg markers in a single analysis. The results
showed that 4 of the 14 analyzed marketed produete potentially fortified with rutin, quercetin,
kaempferol or isorhamnetin as deduced by the abaslaratios of glycosides to aglycones and also by
the fact that the aglycones are known to be preisesmall quantities of 0.2 - 0.4%w/w in Ginkgo
leaves [57]. These aglycones as well as rutin aneneercially available in their pure form. The author
commented that this adulteration would not be deted QC involved the usual method of glycoside
hydrolysis and in addition, tedious sample hydnslysrocedures were circumvented. Moreover, two
products had toxic levels of ginkgolic acids, ofi@vbich contained more than 60 000 times the upper

limit of 5 pug/g material.

Although this direct infusion method has contrilsusggnificantly in terms of emphasizing the need fo
more effective QC criteria and provides a potelytiptoficient method for the fingerprinting @inkgo
biloba extracts, it also had a few shortcomings, espgdilk lack of a chromatographic separation
step. References concerning the flavonol and terpentent in the commerci@linkgo bilobaproducts
were made without construction of calibration csnaad although the method showed a measure of
repeatability by the repeated analysis of a statiked Ginkgo extract over 18 days, it was not
validated. Of the 6 ginkgolic acids identified inn®&go leaf extracts, only 2 ginkgolic acids were
guantified, Gso and Gs,owhile the concentration of &, was estimated using§p as the reference
standard. According to van Beek [53], the main golic acids are G.; and G-... The effect of various
strengths of aqueous methanol (20 - 100% methamothe extraction of the Ginkgo compounds was
also investigated by observation of the peak irterad 100% methanol was shown to extract the
highest levels of ginkgolic acids (which was prealide since water has a negative effect on extracti
efficiency [53]). However, as illustrated in secti3.15.4, hexane is a superior extraction solvent
compared to methanol which is an important conaittamn when these compounds are required to be
guantified. The ginkgolic acids are considered agtiee markers and the focus on their quantificatio
may be considered as misguided since the toxi¢itheginkgolic acids have not yet been adequately
proven. Hence, quantification of the purported biv@ components should therefore take precedence.
Moreover, for quantitative determinations, it isvisdble to include an LC separation step in order t
avoid matrix effects with subsequent ion suppres$i7]. Finally, although the presence of rutin,
quercetin, kaempferol and isorhamnetin could beficoad by spiking the extracts with reference
standards, a number of other flavonols were algmtified without explaining how these flavonol

glycosides were structurally defined.
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Table 5.1. LC-MS methods used for the analysis ebfi@l markers in plant extracts

Matrix analyzed Analyzed M obile phase API mode Typeof MS Reference
flavonols present
in Ginkgo biloba
leaf extracts
St. John’s Wort rutin, quercitrin Gradient: ESI (+) IT 219
capsules quercetin, A) water-0.5%
TFA
B) 0.5% TFA in
MeOH-MeCN
(13:7)
Onion, elderflower and quercetin, Gradient: ESI (+) IT 220
lime blossom, St. quercitrin, water-MeCN-
John’s Wort kaempferol AA
Pulp mill effluent quercetin, Gradient: ESI (z) QqQ 211
kaempferol A) water-0.5%
AA
B) MeOH
Theobroma cacao rutin, quercitrin, Gradient: | Spray (-) QaqQ 218
quercetin, A) water-0.1%
kaempferol, FA
isorhamnetin B) MeCN-0.1%
FA
Artichoke waste rutin, quercitrin, Gradient: | Spray (-) QqQ 221
quercetin A) water-0.1%
FA
B) MeCN-0.1%
FA
Apple peel rutin, quercitrin, Gradient: APCI (+) QgQ 222
quercetin A) MeOH
B) water-0.5%
AA
Strawberry fruit rutin Gradient: ESI (%) IT 223
powder and fruit A) MeCN
extract B) water-0.1%
FA
Adinandra nitidraleaf quercitrin Gradient: ESI (-) Q 224
extract A) water-0.1%
FA
B) MeCN-0.1%
FA

MeOH, methanol; MeCN, acetonitrile; TFA, tetrahydnafn; FA, formic acid; AA, acetic acid; ESI, elexpray
ionization; APCI, atmospheric pressure chemicalzation; IS, ion spray; IT, ion trap; TOF, time dfgjht; Q,

single quadrupole; QgQ, triple quadrupole; (-), atege ion mode; (+), positive ion mode; (), positiand

negative ion mode

53 LC-MSMETHOD DEVELOPMENT OF FLAVONOLS

53.1

Instrumentation

HPLC analyses were carried out using a SpectraSYSPRBD0O pump equipped with an AS 1000

autosampler and UV 1000 variable-wavelength UV dete(all supplied by Thermo Separation
Products, Riviera Beach, FL, USA). Separation wadsezed on a Phenomenex Luna® €50 x 2.0

mm |.D. reversed-phase minibore column packed lithm ODS-2. Negative ion electrospray

ionization mass spectrometry (ESI-MS) was performsithg a Finnigan MAT LCQ ion trap mass

spectrometer (San Jose, CA, USA).
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5.3.2 Materials and reagents

Formic acid (analytical grade) was purchased fromrdd (Darmstadt, Germany) and acetonitrile
(HPLC grade) was obtained from BDH chemicals (Pddk). Rutin (95%) and quercetin (95%) were
purchased from Sigma (St. Louis, MO, USA). Quemi{d9%) was supplied by Phytolab (Hamburg,
Germany) and kaempferol (95%) and isorhamnetin {9fi%m Indofine Chemical Company (New
Jersey, USA). The purity of the flavonol referendandards were assumed as provided by the
certificates of analysis from suppliers. Water vpasified by reverse osmosis in a Milli-Q system
(Millipore, Bedford, MA, USA).

5.3.3 Preparation of reference standards

Due to the mobile phase composition of 0.3% forati-acetonitrile (75:25), samples were originally
prepared in the same solvent, however inter-dagatgbility was poor due to precipitation of the
standards in solution, particularly the flavonollyagnes. Samples were subsequently prepared in
methanol-water (50:50), which also was used as stdm@ple solvent in the qualitative analysis

performed by Mauri and Pietta [214].

5.3.4 LC optimization

LC conditions were originally developed independensing UV detection only. An isocratic method
using methanol-0.5% phosphoric acid (50:50) publishon the Institute for Nutraceutical
Advancement’s website [226] for the analysis offayyked Ginkgo extracts was further developed for
the analysis of the 2 flavonol glycosides, rutind aquercitrin as well as the flavonol aglycones,
guercetin, kaempferol and isorhamnetin. The oailgimn time was 30 minutes at°8using a flow
rate of 1.2 to 1.5 ml/miand a 250 x 4.6 mm |.D. Phenomenex Prodigy® ODS+&n column.

A Phenomenex Luna®,g150 x 2.0 mm |.D. minibore column was used in theggeriments which
demanded a relatively low flow rate, hence Hi0fhin was used with a column temperature of@5A
reference solution containing @/ml of the flavonols was used for method developinaad 5ul was
injected onto the column. The methanol component vegdaced with acetonitrile to improve
resolution and this fraction was further decreate®5% to aid separation between the flavonol
glycosides which eluted close to the void. Sincegphoric acid is too viscous for MS use, it was
initially replaced with HPLC grade water. Howevdie tpeak shape was poor and formic acid was

added with increasing percentages and optimizedfitoal concentration of 0.3%.

This choice of mobile phase composition was paytisilibstantiated in a study performed by de Rijke
et al.[213] where the use of various buffer-modifier camattions using acetonitrile, methanol, 10 mM
ammonium formate and 10 mM ammonium acetate onUWeand MS responses of 15 known

flavonoids was tested. Two of these flavonoids wemmmon to those found iGinkgo bilobaleaf
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extracts, namely rutin and kaempferol. Since higlemponses are normally desired to maximize
method sensitivity, it was generally concluded foat C-UV, the methanol-formate combination gave
the best overall results, however acetonitrile-fat@nwvas also capable of generating greater peafs ar
for some flavonoids. More specifically, rutin shalve double increase in peak height when
acetonitrile-formate was used compared to methBomolate while kaempferol exhibited a lower
response with the acetonitrile-formate combinati®imce acetonitrile is a powerful organic modifier
which aids resolution, the peaks were sharper andtimes were substantially shorter when it was
employed as the organic modifier. The effect of sodvent combinations on the resolution of the

flavonoids was however not discussed.

5.3.5 API source selection

According to Sanchez-Rabanegtzal.[218], soft ionization techniques are well suifedthe detection

of polar, non-volatile and relatively thermostabampounds such as the flavonoids. A soft ionization
technique is essential to ensure that degradafidheoglycosides to aglycones does not occur [214].
ESI is generally suitable for the detection of hygpblar analytes which are ionized in solution whil
APCI is used for non-polar, non-ionic compoundswideer this distinction is not always apparent
[216] and selection of the most suitable techniguéurther complicated when analyzing complex
mixtures containing both polar analytes such asafliges and relatively non-polar compounds, for
example the flavonol aglycones [213].

A comparative study of ESI versus APCI was invedéd in both positive and negative modes by de
Rijke et al. [213] using 15 flavonoids which included rutin akdempferol. Although APCI was
reported to give better results than ESI for thegsides, the responses of both rutin and kaemipfero
were approximately the same with either source gusin ion-trap MS instrument. The aglycone
responses were comparable using either APCI orrEblei negative mode. The S/N ratio of the peaks
also improved with both ionization techniques whiem negative ion mode was used. From Table 5.1 it

can be seen that the majority of the reported aralyere performed using an ESI interface.

Since ESI is the softer technique and preservatidhe glycosidic flavonols was crucial to thisdu

it was selected as the most appropriate API scamdea comparative APCI study was not conducted.

5.3.6 MS optimization and tuning

The MS parameters for each flavonol were optimizgdlipect infusion of a 2jug/ml mixture of the
relevant flavonols at gl/min into the source. The capillary temperatures waintained at 24C and
the sheath and auxiliary gas flow parameters wlrar@l 20 arbitrary units, respectively. The spray
voltage remained constant for all compounds atk¥.5Both positive and negative ion modes were

attempted, however the latter mode gave a mordestah signal for all of the selected flavonol
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markers. The deprotonated molecular ions for rafirgrcitrin, quercetin, kaempferol and isorhamnetin
were observed ah/z609, 447, 301, 285 and 315, respectively.

In a recently published review by Tsao and Deng J2b@y reported that ESI in the negative ion mode
is generally the first choice for the analysis bé tflavonoids. This result is further supported by
literature where it has consistently been shown tha best sensitivity for rutin is obtained in the
negative ion mode when applying electrospray tandess spectrometry (ES-MS-MS) [227]. While
the positive ion mode is considered as the mogirimditive regarding structure elucidation, the
negative ion mode demonstrates higher sensiti20] 227, 228]. This was also confirmed by
Wolfenderet al.[228] who found that the positive ion mode providedre structural information and

was easier to interpret than the negative ion mbdbreet al.[210] used the negative ion mode due to
its augmented sensitivity and specificity for as@éyof some flavonoids commonly found in plant
extracts. For the purposes of this study, maximemsisivity was required for the detection of the

flavonol aglycones which normally occur in very dingaiantities in Ginkgo extracts.

5.3.7 LC-MS in full scan mode

Preliminary studies were performed in another latwy equipped with the same MS instrument
models described in section 5.3.1. LC separationaghgeved isocratically at 46 on a 150 x 2.0 mm
I.D. Luna Ggreversed-phase minibore column packed witmbODS-2. The mobile phase consisted
of 0.3% formic acid-acetonitrile (75:25) which weet at a flow rate of 700/min in order to maintain

a stable pump flow action and the injection volumas 20ul. MS conditions were identical to those in
section 5.3.6. Individual LC-MS full scans of theference standards were conducted using the
optimized conditions for each compound and thent&e times for rutin, quercitrin, quercetin,
kaempferol and isorhamnetin were 1.03 minutes, m@iutes, 4.23 minutes, 8.33 minutes and 9.90
minutes, respectively (Figure 5.1). LC-MS full scanfs 4 Ginkgo biloba commercial products,
Holotropic (batch number: 0312), Ginkgoforce (bataimber: 109022E), Naturelle (batch number:
69936) and Vital (batch number: 1108A) were fingieted as illustrated in Figure 5.2 using the
optimised MS conditions. The fingerprints had rekahty similar profiles while interfering peaks
prevented identification of the relevant marker poamds. LC-MS-MS was therefore shown to be the

method of choice for further analyses.
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Figure 5.1. Full scan mass chromatogram of theoflalmarker compounds
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phase: MeCN-0.3% formic acid (75:25); Flow rate: 70@pn; Injection volume: 54; Peak labels: a=rutin, b-
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Figure 5.2. Full scan mass chromatograms of 4 cawiadgroducts using LC-MS
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C) Naturelle tablets
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5.3.8 _Collision induced dissociation (CID)

CID was undertaken in the MS-MS mode to yield d@agiic product ion mass spectra, which were
characteristic of the structural moieties presernhe analytes. While infusing the standard mixtthie
collision energy was varied from 10% to 50% andftagmentation profile investigated for each of the
flavonols. The collision energies for rutin, quenioit quercetin, kaempferol and isorhamnetin were
32%, 29%, 35%, 47% and 37% respectively and wessashso as to obtain product ion mass spectra
without total loss of the deprotonated parent mdkacion. Partial integrity of the parent ion aided

the identification of flavonol glycosides which f@if only in terms of the sugar moieties and therefo
have similar fragmentation spectra (Figure 2.3)e Htanning ranges for each flavonol and their

characteristic fragments ions are shown in Talile 5.

Table 5.2. Characteristic fragment ions of the ftlstandards

Flavonol standard Scanning range Target analytem/z m/z of fragment ions
observed

Rutin 150.0 - 650.0 609 301
179
Quercitrin 150.0 - 650.0 447 301
179
Quercetin 120.0 - 350.0 301 273
257
179
Kaempferol 150.0 - 350.0 285 257
239
151
Isorhamnetin 150.0 - 350.0 315 300

The fragmentation of rutin gave rise to intense iatm/z301 andn/z179 corresponding to the loss of
the rutinose unit and subsequent retrocyclizatiothe C-ring (between bonds 1 and 2) leading to the
127" fragment. Quercitrin was observed to lose its teahrhamnose unit and also produce a product
ion atm/z301 followed once again by the subsequent retizagon pathway to produce the product
ion atm/z179. Quercetin, in addition tora/z179 fragment, produced product ions resulting ftbm
neutral losses of CO and ¢®om the C-ring corresponding to the fragmentsHIMEO] and [M-H-
CO)]" at m/z 273 andm/z 257, respectively. The ion ab/z 179 also indicated a retrocyclization
fragment, which was consistent with the fragmeataidf the flavonols rutin and quercitrin (Figure
5.3).
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Figure 5.3. Fragmentation patterns of rutin, quencand quercetin
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The product ion mass spectrum of kaempferol condaioes atm/z257,m/z239 corresponding to the
fragments [M-H-CQO]and [M-H-CO-HQYJ, respectively. The ejection of CO is notably folehby B-
ring rotation and bonding with the A-ring to forimetfused ring structure ofi/z257. The retro-Diels-
Alder fragmentation product wherein bonds 1 anch8eugo scission leading to the formation of the
13A"ion atm/z151 was also evident. The fragmentation pathwagempferol, originally proposed by
March and Miao [229is presented in Figure 5.4.
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Figure 5.4. Proposed fragmentation pattern of kderap[229]
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Isorhamnetin exhibited fragmentation with the lo§the CH; radical from the deprotonated aglycone
molecule (n/z 315), thus producing the ion at/z 300 (Figure 5.5). These product ion mass spectra
were similar to those observed in other mass speetiry studies of flavonoids [210, 211, 229] and

thus provided unequivocal identification of theerelnt flavonols.
Figure 5.5. Fragmentation pattern of isorhamnetin
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54 METHOD VALIDATION AND QUANTITATIVE ANALYSIS OF GINKGO BILOBA

SOLID ORAL DOSAGE FORMS

5.4.1 Instrumentation and additional equipment

The same LC-MS system described in section 5.3.1used for the validation. In addition, A Cole-Parmer
Ultrasonic Bath, Model 8845-30 (Cole-Parmer InsteanCompany, Chicago, Illinois, USA) was used in
the sonication procedure for extraction purposesanMettler Dual Range Electronic Balance, Type AE
163 (Mettler Instruments AG, Griefensee, Zurich, t3arland) was used for weighing the reagents and
standards. An Eppendorf Centrifuge, Model 54142 'Efipéndorf Geratebau, West Germany) was used to

centrifuge tablet extracts.

5.4.2 Materials and reagents

Reagents were sourced as stated in section 5.812F Rlters were purchased from Millipore, Bedford,
MA, USA. Six Ginkgo bilobaproducts (I, II, 1lI, IV, V and VI) were purchasdtbm a local pharmacy in
Grahamstown, South Africa. Four of the productsewsolid oral dosage forms and 2 preparations

contained herbal extract in a gelatin capsule.T3dx¢e 5.3 for product details.
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Table 5.3Ginkgo bilobadosage forms selected for quantitative LC-MS-MSyaisof the flavonols

Manufacturer Name of Dosage Label claim Daily Batch Extract
product form dose number
Holotropic* Ginkgo Tablet Each 3 tablets 1 tablet 0318 [
biloba provide:Ginkgo tds’

biloba botanical 300
mg, Ginkgo biloba
extract equivalent to

900 mg
Formule Ginkgo Tablet Standardized to 1 tablet 82060 Il
Naturellé biloba contain 24% Ginkgo| tds’, aé

Flavonglycosides

Bioforce® Ginkgoforce| Tablet| Each 250mg tablet|is2 tablets| 210120E 1l
equivalent tds’, aé

to 10 drops of

Ginkgoforce

liguid
Nrf Herbaf' Ginkgo Tablet Each tablet containg 1-2 200303047 I\
biloba 350mgGinkgo tablets

biloba, 50mgGinkgo daily
biloba extract 24%

and 240mg
FoodMatrix™
Bioharmony Ginkgo Capsule| Each 350mg capsule 2 1EP02.21 \%
biloba contains capsules

350mgGinkgo biloba|  tds’
(Ginkgoaceae)

Vital® Ginkgo Capsule| Each capsule containg capsule] 0024B Vi
biloba Ginkgo bilobaextract| daily
equivalent to
6 000 mg of herb
powder

1Holotropic, Cape Town, South AfricdFormule Naturelle, Hout Bay, South AfricaBioforce S.A. (Pty) Ltd.,
Halfway House, South AfricdNrf Herbal, Centurion, South AfricdBioharmony CC, Wynberg, South Africd/ital
Health Foods (EDMS) BPK, Kuils River, Western CapajtBd\frica; 'tds, three times dailfac, before meals

5.4.3 Preparation of standard solutions

Separate stock solutions of the reference standeeds made in methanol-water (50:50). A working
solution of the combined standards was subsequergfyared in methanol-water (50:50) and diluted to
provide a series of analytical standards rangioghfB - 26ug/ml for use in constructing calibration

curves for each of the target analytes.

5.4.4 Sample preparation and extraction

5.4.4.1 Solid oral dosage forms
Twenty five tablets of each solid oral dosage fopmoducts | to IVV) were powdered in a mortar using a

pestle. A mass of powder equivalent to 1 tablet acaurately weighed and dispersed in methanol (25
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ml). The mixture was sonicated for 1 hour, with maragitation after 30 minutes and then centrifuged
at 350 xg for 15 minutes. The samples were diluted with appate volumes of methanol and water in
order to maintain a 50:50 methanol-water solvetibyand filtered through 0.45m PVDF filters

before injecting.

5.4.4.2 Hard gelatin capsules
Twenty five capsules (product V) were emptied, wetjtand a mass of powder equivalent to the

contents of a single capsule was extracted asideddn section 5.4.4.1 above.

5.4.4.3 Soft gelatin capsules

Individual capsules (product VI) were sliced longlinally, the contents squeezed out and combined
with the soft gel shell containing residual contévéethanol (25 ml) was added and the analytes were
extracted by sonication for 1 hour with manual &g after 30 minutes, followed by centrifugatian
350 xg for 15 minutes. The samples were diluted with appate volumes of methanol and water in
order to maintain a 50:50 methanol-water solvetibyand filtered through 0.45m PVDF filters

before injecting.

5.4.5 LC conditions

LC separation was achieved isocratically atG®n a 150 x 2.0 mm I.D. Luna;§reversed-phase
minibore column packed with fim ODS-2. The mobile phase consisted of 0.3% forag-
acetonitrile (75:25) which was pumped at a flove ratt 500ul/min. The injection volume was i and

the column eluate was monitored on-line with UVed&bn at\ 350 nm prior to MS detection.

5.4.6 MS conditions

Method validation and marker content analysis & ¢bmmercial products was performed in the MS-
MS mode using CID. The collision energies for rutiquercitrin, quercetin, kaempferol and
isorhamnetin were 32%, 29%, 35%, 47% and 37% vdfiillary voltages of -32.5 V, -5.50 V, -46.0 V,
-41.0 V and -46.0 V, respectively. The capillarjnperature was maintained at 2@0and the sheath
and auxiliary gas flow parameters were 80 and 2ftrary units, respectively. The spray voltage

remained constant for all compounds at 4.5 kV.

5.4.7 HPLC-MS-MS

During the chromatographic run, the mass spectmmeas programmed into five segments, which
allowed for optimal detection of each flavonol etMS-MS mode. A typical total ion chromatogram

of the five reference standards is shown in Figufetogether with their corresponding product ion

mass spectra. The elution order of the referencedatds were as follows: rutin (1.9 minutes),
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quercitrin (2.8 minutes), quercetin (7.0 minutdggempferol (13.5 minutes) and isorhamnetin (16.0

minutes) together with their corresponding prodoctmass spectra.

Figure 5.6 Elution order of the reference standards with theiresponding fragmentation patterns
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5.4.8 Method validation

5.4.8.1 Calibration curves

Calibration curves were constructed on 3 conseewtays by analysis of a mixture containing each of
the flavonols at 4 concentration levels and plgttipeak area against the concentration of each
reference standard.

5.4.8.2 Precision and accuracy

The precision and accuracy of the assay was assbgsspiking an amount of powdered material
equivalent to the weight of a single tablet of pradl with high, medium and low concentrations of
each reference standard. The amount of each anehgeletermined in triplicate over three days. &inc
product | contained a significant amount of rut®7.3ug) at the lowest level, recovery of rutin was

assessed at medium and high concentrations only.
5.4.8.3 LOD’sand LOQ’s
The LOD’s and LOQ’s were determined by means ofaselilutions based on a S/N ratio of 3:1 and

10:1 respectively.

5.4.9 Results and discussion

5.4.9.1 Linearity and range

Calibration data for each compound were obtainédguthe optimized LC-MS-MS conditions. The
response profile was determined and observed tdinkar for each of the flavonols within the
concentration ranges 3 - 2§/ml. The calibration data are presented in TableBag¢h concentration
level was analyzed in triplicate, once at the sththe day, midway through the analysis and after

sample set was completed. The RSDs for all datatpwiere less than 4%.
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Table 5.4. Linear ranges and co-efficients of deteation

Name of Concentration Day Equation Co-efficients of

compound range (pg/ml) determination (R?)
Rutin 3.1-251 Day 1 y = 1E+0% 0.9942
Day 2 y=1E+0% 0.9986
Day 3 y = 1E+0% 0.9970
Quercitrin 3.2-25.7 Day 1 y = 2E+0% 0.9960
Day 2 y = 2E+0% 0.9989
Day 3 y = 2E+0% 0.9972
Quercetin 3.1-25.0 Day 1 y = 6E+06& 0.9935
Day 2 y = 6E+0& 0.9936
Day 3 y = 7E+0% 0.9969
Kaempferol 3.3-264 Day 1 y = 1E+06& 0.9968
Day 2 y = 1E+06& 0.9900
Day 3 y = 1E+0& 0.9937
Isorhamnetin 3.1-244 Day 1 y = 2E+0% 0.9957
Day 2 y = 2E+0% 0.9956
Day 3 y = 2E+0% 0.9974

5.4.9.2 LOD’s and LOQ'’s

The LOD’s and LOQ’s were determined by means of selilation of the reference standards. The
LOD’s were 0.39ug/ml, 0.40ug/ml, 1.56 ug/ml, 1.65pug/ml and 0.38ug/ml for rutin, quercitrin,
guercetin, kaempferol and isorhamnetin, while tterresponding LOQ’s were 0.78y/ml, 0.80

pg/ml, 3.13ug/ml, 3.30ug/ml and 0.76ug/ml, respectively.

5.4.9.3 Precision and Accuracy

The repeatability and accuracy of the method waduated by analysing a commercial product
(Product I) that was spiked at three concentraléwels over 2 different days. Prior to spiking, the
background levels of the flavonols in Product | &veletermined so as to calculate actual recoveries.
Intra-day RSDs were all less than 10% whilst theeriday RSDs ranged between 1 and 16%.
Isorhamnetin and quercetin showed the highest REB1% and 15.32% at the 1fg@/tablet and 437
pg/tablet levels respectively. Such a high variatian be attributed to insolubility which in the eaxf
isorhamnetin has been documented in previous stitlE8, 187, 192] as a result of its lower polarity
A higher concentration of quercetin stock solutiees used and thus the possibility of precipitatbn
guercetin cannot be discounted and may have catedbto a larger % RSD at the highest spiking
level. Similarly, whilst recoveries greater thar¥®@ere observed for rutin, quercitrin and kaemgfero
lower recoveries were observed for quercetin anch&amnetin. The results of this experiment are
presented in Table 5.5.
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Table 5.5. Precision and recoveries of flavonolsfproduct |

Constituent Spiking level Intra-day RSD Inter-day RSD Mean recovery
(/500 mg) (%) (%) (%) £ SD
(n=3) (n=6) (n=6)
Rutin* - - - -
312.3 3.0 4.1 94.6+ 3.9
450.0 1.2 6.8 90.4+ 6.2
Quercitrin 131.3 15 1.7 93.1+£4.9
287.5 2.8 4.4 93.5+5.7
425.0 24 4.5 90.6+ 6.5
Quercetin 143.8 4.1 4.4 75.3+1.3
3125 1.6 9.5 70.3+7.9
437.5 3.0 15.9 69.1+ 10.9
Kaempferol 165.0 6.8 1.3 93.5+8.2
330.0 3.3 3.7 100.4+ 3.6
475.3 2.8 2.2 100.9+ 2.2
Isorhamnetin 157.3 2.7 15.7 58.8+ 8.2
3145 3.3 11.2 64.1+ 7.9
453.0 2.6 54 63.7+ 4.2

* Product | contained a quantifiable amount ofriut fall on the lower linear calibration range dahdrefore a low

spike was not necessary

5.4.9.4 Analysis of commercial products

During the preliminary LC-MS-MS analysis of the sacmmmercially available Ginkgo products
described in section 5.3.7, an unknown compound faaisd (peak b) to be partially resolved from
rutin (Figure 5.7). While observing the product gpectra of rutin and the unknown compound, it was
noted that both HPLC peaks yielded deprotonated eulzle ions characteristic of rutirm(z 609).
Investigations through MS-MS revealed that thet fiesak, eluting at 1.27 minutes produced a product
ion atm/z301 resulting from heterolytic cleavage of thermoside unit, which also corresponded to the
fragmentation profile of the reference standard. 3éeond peak however produced a fragment/at
447 resulting from the loss of glucose [M-H-Glulollowed by dehydration [M-H-Glu-O] to
produce a fragment ah/z 429. A further product ion observed mtz 300 results from homolytic
cleavage of the rhamnose unit from the [M-H-Glfflagment. While the first peak provided
unequivocal confirmation of rutin, the cleavagetgmat of the second peak is suggestive of another

guercetin glycoside.
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Figure 5.7. A negative total ion chromatogram (Té€VYital (A) with corresponding mass spectra of
rutin (B), a quercetin glycoside (C) and quercébin
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When these experiments were repeated in our lagrasing the LC-MS-MS conditions described in
sections 5.4.5 and 5.4.6, the partial resolutiomveen the rutin peak (peak a) and peak b was not as

pronounced (Figure 5.8). Five parameters had howelranged since the preliminary studies, the
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mobile phase flow rate, the tablet batches, a nealmn, the injection volume and the instrument. |
was possible on our SpectraSYSTEM HPLC pump to dseredth flow rate below 70Ql/min and
maintain a stable eluent flow which was not possir the HPLC pump used during the preliminary
studies. However an increase in flow rate above |#0@in resulted in back-pressures above 3 000
p.s.i. and lower flow rates were thus preferrede Thproved resolution obtained between rutin and
peak b for all 4 products in the preliminary stuthd lower resolution observed for the same products
in the subsequent study eliminated the possibitipystitutional differences between batches. In
addition, preparation and injection of extractarirboth new and old batches of the Naturelle dosage
form using LC-MS-MS showed no difference in peakotation. The use of a newer column was
expected to improve the resolution and this wasexddhe case when the previous column was used as
a comparison. A decrease in sample loading is lyspalred with lower peak areas with improved
resolution and the change from a fixed|#Q@o 5 ul loop was necessary to prevent overloading on the
minibore column. The causative factor for the deteted resolution therefore suggested potential
instrumental differences (including the plumbingtveen the system where the preliminary studies

were conducted and our equipment.

Figure 5.8. Negative TIC of thginkgo bilobacommercial products which shows the poor resatutio

between rutin (a) and peak (b)
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c=quercitrin, d=unknown glycoside, e=quercetin, fempferol, g=isorhamnetin.
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B) Naturelle tablets
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C) Ginkgoforce tablets
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Conditions: Column: Phenomenex Luna (5 pmg (@50 x 2.0 mm [.D.); Column temperature: €% Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 500qin; Injection volume: 54; Peak labels: a= rutin,

c=quercitrin, d=unknown glycoside, e=quercetin, fewpferol, g=isorhamnetin.
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D) Nrf tablets
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E) Bioharmony capsules
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Conditions: Column: Phenomenex Luna (5 pmg (@50 x 2.0 mm [.D.); Column temperature: €% Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 500qin; Injection volume: 54; Peak labels: a= rutin,

c=quercitrin, d=unknown glycoside, e=quercetin, f=mpferol, g=isorhamnetin.
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F) Vital capsules
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Conditions: Column: Phenomenex Luna (5 pmg (@50 x 2.0 mm [.D.); Column temperature: €% Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 50@qin; Injection volume: 54; Peak labels: a= rutin,

c=quercitrin, d=unknown glycoside, e=quercetin, f=mpferol, g=isorhamnetin.

In order to improve the resolution between the swoikeed peaks, a Phenomenex Lung3pm (ODS

2) with dimensions 250 x 2.0 mm |.D. was used. Rutas then quantified in MS-MS mode with SRM
of the ions am/z609 and 301. Based on the rutin standard, a gepeaafibration curve between the
range 0.39 - 25.Jug/ml was constructed (R= 0.9964, 0.9971 and 0.9972 over the 3 days,
respectively). In this manner, rutin was selectivahd accurately quantified in extracts. The impcbv
separation between rutin and peak b in the prodactiown in Figure 5.9. The second peak with an
[M-H]  ion atm/z609 was also suggestive of a quercetin glyco8ideed on the biochemical pathway
of the flavonol glycosides, the most likely positgofor glycosylation to take place is at the 3- @nd
hydroxyl group, while the 5-hydroxyl group of quetio is protected by hydrogen bonding with the
adjacent carbonyl group and is therefore never rappigt involved in glycosylation [230]. Hence this
would indicate the possibility of one of two quemeglycoside analogsgiz., quercetin 32-glucoside-
7-O-rhamnoside or quercetin@-rhamnoside-1-glucoside. The former compound has been found in
the leaves of sea buckthorHigpophae rhamnoidessp.Mongolicg where it was found to be the
dominant flavonol in the leaves and accounted fipreximately 24% of the flavonoids [231]. The
latter compound has been found to be the most amtigdycoside in the leaves bigustrum vulgare

L. (Oleaceae) and the mass spectral pattern matichesbserved in the current study [232]. Strudtura
investigations of flavonol glycosides frorh rhamnoidesrecently carried out have demonstrated that
the loss of the sugar moiety from C-7 of the aghgeds more favoured than fission of the glycosidic

linkage at the C-3 position [233]. Hence, basediterature evidence and the mass spectral pattesn,
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second peak is suggestive of th®-glucoside, however NMR spectroscopy of the isalatempound

is required to conclusively confirm this speculatand was not within the scope of this work.

Figure 5.9. The resolution between rutin (a) andkgbausing the Phenomenex Lung 6um (ODS

2) column with dimensions 250 x 2.0 mm I.D.
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Conditions: Column: Phenomenex Luna (5 pmg @50 x 2.0 mm [.D.); Column temperature: €% Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 706qin; Injection volume: 5u4; Peak labels: a=rutin,

b=unknown glycoside.
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B) Naturelle tablets
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C) Ginkgoforce tablets

100
90
80
70

60

50

40

Relative Abundance

30

20

10

0 1 2 3 4 5
Minutes

Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm [.D.); Column temperature: €5 Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 706qin; Injection volume: 5u4; Peak labels: a=rutin,

b=unknown glycoside.
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D) Nrf tablets
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E) Bioharmony capsules
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm [.D.); Column temperature: €% Mobile

phase: MeCN-0.3% formic acid (75:25); Flow rate: 700qin; Injection volume: 5u4; Peak labels: a=rutin,

b=unknown glycoside.
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F) Vital capsules

100 a
90
80
70
60
50

40

Relative Abundance

30

20

10

0 1 2 3 4 5
Minutes

Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm [.D.); Column temperature: €5 Mobile
phase: MeCN-0.3% formic acid (75:25); Flow rate: 70@qin; Injection volume: 54; Peak labels: a=rutin,

b=unknown glycoside.

In 5 of the commercial products analyzed using LCIMIS (Figure 5.8), an additional peak (d) was
observed in the quercitrin scanning segment (156%0.0). The mass spectra of peak (d) indicated on
the TIC of Bioharmony (Figure 5.8 E) is shown inutigg5.10. The fragmentation ionsrafz447 and
285 are indicative of the presence of either limeokr a luteolin glycoside such as luteoliro?-
glucoside or luteolin-B-galactoside. Kaempferol-3-glucoside also has fragmentation ionsnofz
447 and 285 [218, 221]. The presence of this aufditi peak demonstrates that this method could
potentially be used for the analysis of other flaocompounds present in Ginkgo extracts.
Unfortunately, reference standards were not aveilfs confirmation of this peak’s identity.
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Figure 5.10. Mass spectra of peak (d) presentiftbe Ginkgo solid oral dosage forms
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Table 5.6 contains the assay results of each ofitkeflavonols expressed ipg per tablet/capsule.
Product VI was formulated as a liquid in a softagiel capsule and some loss of material during the
extraction procedure was evident by the higher % R&lues, hence only 2 of the 3 assays were
included in the final assay results. Concerning &igdycones, quantifiable amounts of quercetin,
kaempferol and isorhamnetin were found in ProdiWctvhereas Product VI showed the presence of
guercetin and kaempferol, with a trace amount ofhiamnetin. All the products analyzed were
observed to contain quantifiable amounts of the fiawonol glycosides, rutin and quercitrin. Once
again from a product quality aspect, the presericegmificant amounts of glycosides compared to
aglycones is preferable, however conspicuouslyelaligcrepancies in the flavonol glycoside content
(particularly rutin) between products is indicatigga lack of adequate QC. Product IV showed the
highest overall marker content followed by Proddtt Product 11l had the lowest glycoside content
with the detection of all 3 aglycones, albeit beltive LOQ. This is indicative of poor storage
conditions and/or rigorous extraction proceduressdgl on the recommended daily dosage displayed
on the product labels (Table 5.3), the intake ohridr each product would be 8Q4), 3300ug, 232

Mg, 12080ug (if the maximum dosage is followed), 2088 and 475Qug for products I, II, lll, IV, V
and VI, respectively. With these random valuespificantly different therapeutic responses reldted

the ingestion of these products can be expectedhanidbel claims prove to have little relevance.
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Table 5.6. Flavonol marker content (per tablet/ckg)sn 6 dosage forms

Producl:t Rutin? Quercitrin Quercetin Kaempferol I sorhamnetin
(n=3)
| 268.0+ 77.3ug 15.9+ 0.9ug + - -
(Holotropic)
I 1100.0+ 9.1ug 78.6+ 3.7ug + - +
(Naturelle)
11 38.6+ 0.9ug 4.6+ 0.5ug + + +
(Ginkgoforce)
v 6040.0+ 109.0ug 76.5+ 1.5ug 328.0+ 6.3ug 85.0+ 3.7ug 42.9+ 2.5ug
(Nrf)
\% 347.0+ 15.9ug 35.5+ 2.5ug - - -
(Bioharmony)
VI (n=2) 4750.0+ 500.0pg | 143.7£19.2ug | 224.0+ 16.1ug 113.2+ 7.2g +
(Vital)

Tn = number of assays conducted per dosage fi®aiculated using Selected Reaction Monitoring (SRM); (

indicates that the marker could be identified baswelow the LOQ; (-) indicates that the marker m@sdetected

5.5

LC-MSMETHODSUSED FOR THE ANALYSISOF TERPENE LACTONES

Since the ginkgolides have poor chromophores, radtafe detection techniques to UV have been
extensively explored. These include RI [42, 195]SBL(Chapter 3), GC-MS [192, 199] and LC-MS
[119, 170, 234-238]. Of the LC-MS methods, 3 wegealoped for the qualitative analysis®@inkgo
biloba leaf extracts [170, 214, 235] using ESI as the ABHe except for Chest al. [238] who used

an APCI interface. The details of some recent natheed for the quantitative analysis of the tegpen

lactones are shown in Table 5.7.

Table 5.7. LC-MS methods used for the quantitativedyasis of the terpenes

Matrix analyzed Analyzed LC eluent APl mode | Typeof LOD Ref
terpene MS
lactones
Human plasma after| GA, GB, BB Gradient: APCI (-) IT 3ng/ml| 119
administration of 2 A) MeOH
Ginkgo commercial B) water
products
Ginkgo bilobaleaf GA, GB, Gradient: APCI () QqQ 0.5-2.0| 194
extracts and GC, GJ, BB A) water (SIM) ng/mli
commercial products B) MeOH
Ginkgo biloba GA, GB, Gradient: ESI (-) IT 0.13-5.0| 236
commercial products| GC, GJ, BB A) water ng/ml
B) MeOH
Ginkgo bilobaleaf GA, GB, Gradient: SSi IT 2.5-10 | 237
extracts GC, GJ, BB A) water ng*
B) MeOH

MeOH, methanol; GA, ginkgolide A; GB, ginkgolide BOGginkgolide C; GJ, ginkgolide J; BB, bilobalide; ESI,

electrospray ionization; APCI, atmospheric pressthremical ionization; SIM, single ion monitoring;, ®n

spray; IT, ion trap; QqQ, triple quadrupole; (-ggative ion mode; (+), positive ion mode; SSI, sospray
ionization; Ref, reference; *on column load

Two of these papers are of particular relevance wigipect to the QC @inkgo bilobadosage forms.

Jenseret al. [194] developed and validated a rapid, sensitiveARCI-MS method for the detection
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and quantification of the terpene lactones in 10sSwroducts extracted in triplicate with methanol.
Although the run time was short (14 minutes, inglgdcolumn stabilization), separation was not
achieved using LC alone and SIM was required foumte quantitation. GJ was quantified using the
calibration curve of GB and recovery studies weeefgymed by adding standardized extract to the
relevant preparations due to a lack of referenaadstrds. Nevertheless, this method demonstrated
superior sensitivity compared to UV with minimalgale clean-up and was deemed suitable for the
rapid, routine analysis of Ginkgo dosage forms. Bseay results revealed inconsistent terpenoid
content between the products with only 4 produethahstrating adequate levels corresponding with
those used in clinical trials. In addition, theawsunended daily dosages differed significantly betwe
manufacturers and the authors suggested that ssibmisf additional pharmacological and clinical
data should be instated for those products whictadmed lower terpenoid content before authoriratio

of product registration.

Sunet al. [236] recently published a paper where 9 Ginkgmmrercial products were analyzed LC-
MS-MS for terpenoid content. Baseline separatiothefstandards was achieved within 14 minutes and
an internal standard was included in the assay.LTi@’s were exceptionally low (0.13 - 1.5 ng/ml)
except for GJ which was 5 ng/ml. Recovery rangediden 90.0 - 99.4% and intra and inter-day RSDs
of the QC samples were <5% and <8%, respectivele fEnpene trilactone content of 6 of the
commercial products were shown to deviate froméh®unt disclosed on the product labels. This
method was superior to previously published LC-MS-m8thods in terms of sensitivity and the

authors suggested using this method for the roatiradysis of Ginkgo products.

5.6 CONCLUSIONS

A rapid, accurate, specific, precise and reprodecitC-MS-MS method for the identification and
guantification of some relevant marker compoundssinkgo bilobasolid oral dosage forms was
developed. The use of an isocratic LC method carntiithto the simplicity and speed of the method by
avoiding additional column equilibration betweemsecutive sample injections. In addition, the lower
flow rate design of the minibore column reducedveont consumption and ensured efficient

vaporization of the LC eluent in the ESI source.

The simultaneous quantitative determination of rwdimd quercitrin together with the aglycones,
quercetin, kaempferol and isorhamnetin permitted thetection of those flavonol glycosides,
facilitating the provision of useful stability imfmation which is circumvented when samples are
hydrolyzed to back calculate flavonol glycoside teo. This method also has the advantage that a
hydrolysis step, previously used for the standatéhn of flavonols in Ginkgo extracts is not reuair

To our knowledge, this is the first validated LC-M®thod published [169] for the quantification of

the flavonols in Ginkgo dosage forms using this &@roach.
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Tandem mass spectrometric analysis of Ginkgo estremtealed, in addition to rutin, the possible
presence of other quercetin analogues, querce@mtamnoside-©-glucoside or quercetin-3-

glucoside-7©-rhamnoside, previously unreported @Ginkgo bilobaleaf extracts or dosage forms.
Recent literature findings and the mass fragmemntgiattern observed in this study favour the presen

of the former analogue although NMR elucidatiordi&ta are required to confirm this speculation.

The assay results of the Ginkgo solid oral dosagadshowed major disparities in marker content and
daily dosages did not compensate for these radiiffdrences. Product labels contained minimal
relevant information and only 1 product (Naturellwps standardized to contain 24% Ginkgo
“flavonglycosides”. The results of this study clgaindicated that QC procedures need to be

implemented to ensure the QSEGihkgo bilobaproducts currently available to consumers.

Although LC-MS is a sophisticated and relatively exgive technique in terms of capital and operating
costs, it is extremely valuable for the accuratangitative analysis of flavonoid compounds in plant
extracts since separation and unequivocal ideatifin of the flavonoids using the more common
UV/PDA detection systems cannot be guaranteed. h \Wdgards to the terpene lactones however,
adequate LC-MS methods are available for the armalysihese analytes and since ELSD is a less
expensive and relatively uncomplicated detectiochrigque, it was chosen to assay commercial
products for terpene lactone content (Chapter 4yMSdoes, however, demonstrate the necessary
sensitivity and selectivity to quantify terpeneshiiman and animal plasma where the detection o tra
amounts of the target analytes is essential.
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CHAPTER 6

QUALITY CONTROL

6.1 INTRODUCTION

In order to ensure safety and efficacy of a medicthe quality of that medicine should be consisten
This quality is directly related to the manufactgriprocess or so-called GMP. In addition, the gualit
of the finished product is determined by varioufic@l tests such as identification, dissolution,
uniformity of dosage units, assay, moisture and/heaetal determinations in order to confirm the
products’ identity, content and purity as well aarigus other chemical, physical and biological
properties [9].

The biopharmaceutical characterization of herbapgrations is not as perspicuous as proprietary
medicines since in many cases the activity of tleparation is attributed to the synergistic effefct

multiple components or the preparation in its etfir In many countries, long-standing use usually
precludes the standard requirements for biophamti@e¢ characterization (Chapter 1) [14]. As a

result, some of the usual QC tests are deemedtahiior unnecessary or are of insignificant value.

WHO has issued general guidelines to assist inrgmgsthe safety and efficacy of CAM products.
These include suitable plant identification testdy§ical and/or chemical) and if possible,
chromatograms of the purported active/s or mar&erpound/s present in products should be provided.
Alternatively, characteristic fingerprints of thiapt material used in the products are essentigtdee

botanical authenticity [9].

The USP [240] has included dry Ginkgo leaf in aisactievoted to dietary supplements. Although a
monograph for Ginkgo solid oral dosage forms hasbeen included, the USP does specify that some
formulated dietary supplements such as Glucosamaiblets should undergo dissolution and weight
variation testing or in some cases, only weightatiam and disintegration testing are required sagh
for the specifications for American Ginseng tablethe general test scheme for dietary supplements
and pharmaceutical medicines are shown in Tabl¢289]. Hence, whilst several of the tests for the
QC of dietary supplements in the USA have recemgign described in the USP as shown in the table
below, mandatory testing for those criteria has ymitbeen implemented. This situation is similar in

other countries as well making some of those msignal rather than mandatory.
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Table 6.1.Pnarmaceutical test scheme for pharmaceuticals @targ supplements [239]

Pharmaceuticals Dietary supplements

<301> Acid-neutralizing capacity <1216> Tablet fliy

<2040> Disintegration and digson of dietary
supplements

<701> Disintegration

<711> Dissolution <2091> Weight variation

<2750> Manufacturing practidetietary
supplements

<724> Drug release

<785> Osmolarity <2090> Weight variations of digtaupplements

<905> Uniformity of dosage forms

<1087> Intrinsic dissolution

<1088>In vitro andin vivo dissolution evaluation
of dosage forms

<1090>In vivo bioequivalence guide

<1216> Tablet friability

The numbers in < > refer to the specific sectionthe USP 28 [240]

In Germany, comprehensive quality criteria for eatérketed phytopharmaceutical are specified in
individual monographs according to a general ginde(Table 6.2). In addition, those preparations
where the active constituents have been identifigl certainty (e.g. Opium, Belladonnae folium) are

required to undergo compulsory stability anditro dissolution testing [9].

Table 6.2. Quality criteria for herbal preparatiom&ermany [9]

Criteria

Description

Clear scientific definition

Plant specie, part of plant used, origin, time of

harvesting and collection, processing procedureg

Proof of identity

Authenticity of raw material using TLC*, HPLC, GC {
produce comparative fingerprints

Sensory features such as smell and colour

Purity

General

Foreign materials

Radioactivity

Adulteration testing

Moisture, ash, physical constants, solvent residue
microbial contamination
Lead:< 5.0 ppm, cadmiumne 0.2 ppm, mercurys 0.1
ppm, pesticides: ppm range (varies), Aflatoxin B2
pa/kg, Aflatoxins B1, B2, G1, GX 4 ug/kg
Compulsory for phytopreparations which originate i
contaminated locations

If applicable/common occurrence

>

Content

Lead compounds or active constituents

Biological activity

Analytical methods for quantitative determinatiarcis
as photometric analysis, TLC, HPLC, GC
Biological assay required if appropriate analytical

methods do not exist or are unacceptable

*Thin layer chromatography
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In Canada, NHP's are required to undergo idemtiiin, assay, heavy metal, microbial contamination
and disintegration testing while leak rate and haddity, dissolution, uniformity of dosage unitach

moisture content testing is voluntary [241].

6.2 CLASSIFICATION OF HERBAL PREPARATIONS

The International Pharmaceutical Federation (FIR) fmablished guidelines for the classification of
herbal preparations according to the amount ofrinédion available on the efficacy and chemical
composition of the product. According to these gliites, herbal preparations can be broadly
classified into the following categories:

A Extracts in which the known/accepted pharmacokgactivity is assigned solely to a single
or group of constituents. Standardization may teesed by adjusting the level of actives by
addition of inert excipients or extracts which hdmgher or lower levels of the desired active
compounds.

B Extracts where the pharmacological effects ar@ca®d with constituents or groups of
constituents which synergistically contribute te tesired effect of which the mechanism is
largely unknown i.e. active marker/s have beentifled. Standardization can be achieved by
blending batches of either raw botanical matealherbal preparations of higher and lower
quality but the addition of inert excipients is parmitted.

C Extracts where there is no documented eviden@n dflentified active constituent which is
responsible for the therapeutic effect. Chemicahpounds which may not contribute to any
pharmacological activity are then selected as nmarkee GMP purposes [14, 242].

According to the European Agency tioe Evaluation of Medicinal products (EMEA), prepfamas
which fall under categories B and C as well as idiaie-release formulations are exonerated from
dissolution testing. In addition, in preparatiorisene the active constituent is highly soluble inemus
media which have pH values consistent with thahefGIT, disintegration testing is then a sufficient
indicator of GMP. Germany requires that all herpadparations in category A undergo dissolution
testing while those belonging to groups B and C eatempt, provided they are immediate-release
formulations [242].

6.3 DISSOLUTION

Ginkgo bilobafalls under category B and although the USP dodsspecify dissolution testing, 2

papers have appeared in the literature using #iisable QC tool.
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Kressmanret al. [42] determined the release rate of terpene tdtees and flavonol glycosides in 14
commercial products using 0.1 M HCI as the dissmtuimedium at 37 = 0”& and a rotation speed of
100 rpm. The methodology was however poorly desdrimed exactly how the flavonol glycoside
content was determined is questionable. It candseraed that each sample was hydrolyzed before
injecting onto the HPLC system in order to deterntmeaglycone content and the dissolution profiles
of 3 products showed total ‘flavone glycoside’ ede. The manner in which the data were obtained for
this profile is unclear. It is well known that tflavonoids are not soluble in acidic media. Moraopve
the authors referred to the release rate of theoglges in 14 products on at least 2 occasionsufith
showing any data whilst a detailed table showedelemse rates of the terpene trilactones at 1&nd0

60 minutes sampling intervals. Since the dissotutete may relate to the bioavailability of theiet
compounds and 3 of the products’ dissolution pesfiteleased less than 75% of the purported active
constituents within 30 minutes compared to the roffneducts, the authors questioned the efficacy of

the various brands.

Two commercial products which demonstrated dissimmilasitro quality in the above study were used
for anin vivo clinical trial using 12 subjects to determine pfermacokinetic parameters of GA, GB
and BB as well as the significance of the differprgfiles. One product contained EGb Z6Wvhich

was used as the reference and the other was aasf@@t test product. Dissolution studies were
performed to confirm the results of the first studyder the same conditions and a second test using
acetate buffer (pH 4.5) reiterated the originaffigs. Each subject was given a 120 mg dose of reithe
the test or reference product which was previoasbayed in order to determine the GA, GB and BB
content (Section 2.9 in Chapter 2). The bioavaiigbibsults were congruent with the dissolutionadat
where the test product showed a poor dissolutiofilerin comparison to the innovator product. Itsva
thus concluded that 2 products which contain th@esamount of desired actives (i.e. they are

pharmaceutically equivalent) do not necessarilyehidentical bioavailability [120].

Since dissolution testing of flavonols in Ginkgorrflations is conspicuously absent from the
literature, one of the objectives was to deterngpgmal aqueous dissolution conditions to determine

the release rate of rutin fromGinkgo bilobasolid oral dosage forms.

6.4 METHOD DEVELOPMENT

6.4.1 Instrumentation

A Hanson SR8 PLUS Autoplts Multifill ™ and maximiser syringe fraction collector (Chatsvor
CA, USA) was used for the dissolution studies. At#v& 2690 Separations Module and Waters 2996
Photodiode Array equipped with an auto samplerjrmnédegasser system and column heater was used
for the HPLC analysis (Milford, MA, USA). A MettldDual Range Electronic Balance, Type AE 163
(Mettler Instruments AG, Griefensee, Zurich, Swilaed) was used for the weighing of reagents and

standards and a Crison GLP21 pH Meter (Crison, @an@, Spain) was used to measure and adjust
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the pH of relevant solutions. A Phenomenex Lunar§ Ggcolumn with dimensions 250 x 2.0 mm
I.D. was used to effect the separation.

6.4.2 Materials and reagents

Formic acid, hydrochloric acid and phosphoric a@dalytical grade) were purchased from Merck
(Darmstadt, Germany) and acetonitrile (HPLC grad®e) sodium hydroxide pellets were obtained
from BDH chemicals (Poole, UK). Rutin (95%) and mpatin (95%) were purchased from Sigma
(Missouri, USA). Water was purified in a Milli-Q stem (Millipore, Bedford, MA, USA) and PVDF
filters were purchased from the same supplier. dlmmmercial products were procured from a local
pharmacy in Grahamstown, South Africa (see Tablg 6.3

Table 6.3Ginkgo bilobacommercial products selected for dissolution firafi

Manufacturer | Name of | Dosage Label claim Daily Batch Extract
product form dose number
Nrf Herbal Ginkgo Tablet Each tablet contains| 1-2 | NTN0O92PW K
biloba 350mgGinkgo biloba | tablets

50mgGinkgo biloba daily
extract 24% and
240mg FoodMatrix*

Formule Ginkgo Tablet | Standardized to containl tablet 3011 L
Naturellé& biloba 24% Ginkgo tds’, ac
Flavonglycosides
Vital® Ginkgo | Capsule| Each capsule contains 1 BO400209B M
biloba Ginkgo bilobaextract | capsule
equivalent to daily
6 000 mg of herb
powder

INrf Herbal, Centurion, South Africaormule Naturelle, Hout Bay, South Africd/ital Health Foods (EDMS) BPK,
Kuils River, Western Cape, South Africads, three times dailyac, before meals

6.4.3 HPLC conditions

Separation of rutin and quercetin was achievedimwi@hminutes using a mobile phase of acetonitrile-
0.3% formic (25:75) at a flow rate of 4@0min. For the analysis of rutin only, the acetatetfraction
was decreased to 14% in order to increase theorltitne to 6.5 minutes to ensure peak purity. The

column temperature was maintained &t@and the PDA scanning range was fior200 - 400 nm.

6.4.4 Dissolution conditions

Dissolution tests were performed using the Type &l@®) apparatus of the USP 28 (<711>) [240].
Each of the 8 vessels contained 900 ml of the apatepdissolution media and the temperature of the

vessel contents was maintained at 37 £@.9he rotation speed of the paddles was 100 rpsturie
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adjustments of the media were made by replacenigheavithdrawn sample volume with fresh buffer

at the same pH.

6.4.5 _Selection of pH

6.4.5.1 Experimental procedure

Four pH values of 1.2, 5.4, 6.8 and 7.8 were setefdr the initial experiment. A 0.1 M HCI solution
was used for the dissolution medium at pH 1.2 adiQohosphoric acid was used for preparation of
the remaining media. Adjustments of the pH were enaith sodium hydroxide pellets. Nrf was
selected for method development since it consistel@monstrated higher rutin and quercetin content
compared to the other available commercial produgight vessels were available and for each pH
value 2 vessels were used. One of each of theddiplvessels was allocated for the reference snda
(weighed amounts of rutin and quercetin) wherebisf4ablets were added to each of the other vessels
at the different pH’s. The reference standardsp @8 mg) and quercetin (1.4 mg) representing glpic
amounts present in 4 Nrf tablets were added tostiyate the solubility of these components under th

conditions of the dissolution tests.

The results of this study provided information faeuor a subsequent study to examine the release
profiles of rutin from Nrf at pH 6.8, 7.4 and 7.8hree vessels were allocated for each of pH 6d8 an
7.8 and 2 vessels for pH 7.4 in order to obtainraye values and % RSDs by generating data at 6
different intervals of time for each sample (36B03ninutes). All withdrawn samples were analyzed in

triplicate.

6.4.5.2 Results

Figure 6.1 shows the results obtained from thenruéiference standard at 4 different pH's. The
solubility and the dissolution rate of rutin is see increase with an increase in pH. Howeverdsoli
reference material was still visible in the dis$ioln media at pH 1.2 after 24 hours. At pH 7.8,086.

of the rutin was dissolved after 60 minutes wheraishe other pH values, much less rutin was
dissolved at that same time. Quercetin, in the ansopresent in 4 Nrf tablets (1.4 mg total) was not

detectable in the concentrations present in themelof dissolution media in each vessel (900 ml).
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Figure 6.1. Dissolution profiles of rutin in vauis dissolution media
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Similar release profiles of rutin were observedrfrine Nrf tablets monitored over a shorter timeniea
(Figure 6.2). However, rutin showed a relativelgher release at pH 6.8 compared to H 7.8. The

profile at pH 1.2 showed a much slower release esetpto the rutin reference standard profile at the
same pH.
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Figure 6.2. Dissolution profiles of rutin in disgibn media of various pH values
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Based on the above results, 3 pH values (6.8,tl4/s88) were selected and release profiles were onc
again determined. A new Nrf product with the saratch number was used for this experiment. Less
rutin was released than the previous Nrf lot (Fég6r3) over the same time period. The release rate

was marginally better at pH 7.4 than at the othgH2X/alues.
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Figure 6.3. Dissolution profiles of rutin from Naf pH 6.8, 7.4 and 7.8
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6.4.5.3 Discussion

The pH range was selected according to the FDA ga&l#or industry where the recommended range
is 1 - 7.5. The pH values were chosen accordingeqk; of the drug [243]. The flavonols have pK
values of approximately 6.8 and solubility was deieed at pH = pK(6.8), pH = pK+1 (7.8), pH =
pKs-1(5.4) and then at pH 1.2. As previously mentihrtbe flavonols are soluble in aqueous alkaline
solutions [60] and it was therefore predictablet ti@ best solubility of the reference standards wa
observed at higher pH values. The release of futim the tablet matrix was however better at pH =

pK, rather than at pH 7.8 which was optimal for trendards.

The second experiment also showed more release &.$lthan 7.8. However, pH 7.4 showed a
marginal improvement in release of rutin and altifoonly 2 vessels were used, the % RSD values
were lower. The optimal buffer pH was therefore ctelé as pH 7.4. Possible reasons why less rutin
was released from the tablets compared to the quswexperiment may be due to the fact that the
previous Nrf lot had been opened approximately htim@rior to dissolution assessment and the tablets
(which were stored without the presence of a dasijcmay therefore have absorbed moisture. The
possibility that the 2 containers actually contdimifferent batches of raw material and/or diffeéren
excipients were used which possibly altered thecas®# of rutin cannot be discounted. Both
experiments were conducted for at least 8 houts thhi¢ maximum amount of rutin being released after

2 hours in the first experiment as opposed to ¥ hothe second experiment.
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6.4.6 Dissolution profiles of commerci@inkgo bilobaproducts

6.4.6.1 Experimental conditions

The HPLC and dissolution conditions were as describegkctions 6.4.3 and 6.4.4. The dissolution
medium consisted of a 0.1M phosphoric acid (pH.7=f&her 4 tablets or 4 capsules were placed into
each of 4 vessels at q7. Four vessels were allocated for each of theo8umts, Naturelle, Vital and
Nrf. Samples were withdrawn at 10 minute intenfalsthe first hour, followed by half hourly interga

for the next hour and then samples were taken e¥drgurs until 8 hours. Fresh buffer was used to

replace the volume removed by sampling and comestior dilution were made in the calculations.

6.4.6.2 Results

Figure 6.4 A shows the dissolution profiles of eatlthe 3 dosage forms. The RSDs for all data points
ranged between 1.1 and 8.6%. The results from thaidGte sampling time for Vital was not reported
due to the high RSD (>20%). Vital is formulatedaasoily liquid in a soft gelatin capsule and valéab
data were therefore expected especially durinditstefew sampling times as the capsule disintegtat
almost immediately, releasing the oily mass inmdlqueous media. The Nrf tablet gave results similar
to those observed in the previous section with 1&63difference in the maximum amount of rutin
released within 60 minutes. There were major difiparin amount of rutin released (Figure 6.4).
However, each profile reached a plateau after 6lutes and minimal further release of rutin was seen
for all dosage forms.
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Figure 6.4. Dissolution profiles of 3 commerdizihkgo bilobaproducts
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6.3.6.3 Discussion
From the release profiles it can be assumed tHaB allosage forms were immediate release
formulations since most of the rutin, if not allasvreleased after 60 minutes. None of the product
label's expressed the rutin content present irdtieage forms and comparisons using the label claims

were therefore not possible.

The solubility of rutin in aqueous alkaline soluiowas demonstrated by determining the dissolution
of rutin reference standard in the various mediar @n initial 24 hour period. It was obvious thiz
matrix affected the release of rutin and althougt @aptimal pH was selected based on the release of
this marker from Nrf, profiles of 2 other dosagenfis, a plain coated tablet (Naturelle) and a liquid
extract in a soft gelatin coat (Vital) were additdly obtained. Similar profiles and acceptable %
RSDs were obtained at each sampling interval hestweving applicability of the method for

determining dissolution of rutin i@inkgo bilobaformulations.

This dissolution test was simple and economicaledgom and no sample hydrolysis was required.
Since rutin is probably the most dominant singlatgbutor to the quercetin aglycone content in
Ginkgo biloba dosage forms assayed and its absorption, disoiuimetabolism and excretion

(ADME) mechanisms are not yet fully known, its raleaharacteristics provide valuable information

relating to the biopharmaceutical properties ofk@mformulations.

Since Ginkgo bilobafalls under category B according to the FIP cfasgion system and these

products are immediate-release formulations, theseamercial products would be exempt of
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dissolution testing in both Europe and Germanydisihtegration testing would suffice. The USP does

not include Ginkgo formulated as dosage formssmionograph.

6.5 TABLET HARDNESS AND DISINTEGRATION

6.5.1 Instrumentation

Tablet hardness was determined using an Erweka TBRbZB0691 and an Erweka 2T61 version 1.45
of 12.08.96 (both supplied by Optolabor, Randb@&guth Africa) was used for tablet disintegration

assessment.

6.5.2 Materials

Two products were selected for the determinatiotabfet hardness and disintegration, Ginkgoforce
and Nrf. Nrf contained consistently higher levelgositive markers when analyzed both qualitatively
and quantitatively while Ginkgoforce demonstratedc lower content. A similar trend was seen
when these products were qualitatively analyzedhémative marker content in section 3.15 of Chapter
3 although the content disparity was less appariatile 6.4 provides information on each of these

products.

Table 6.4Ginkgo bilobaproducts selected for tablet hardness and disatieg testing

Company Name of | Dosage Label claim Daily dose Batch Extract
product form
Bioforce® | Ginkgoforce| Tablet] Each 250mg tablet?2 tablets tds* 406088E K
is equivalent to 10
drops of

Ginkgoforce liquid

Nrf Herbaf Ginkgo Tablet Each tablet 1to 2 tablets | 2H2044PW L
biloba contains 350mg | or as directed
Ginkgo biloba by your
50mgGinkgo healthcare
biloba extract 24%| practitioner
and 240mg
FoodMatrix™

IBioforce S.A. (Pty) Ltd., Midrand, South Afric8\Irf Herbal, Centurion, South Africa; *three timesilgt

6.5.3 _Tablet hardness

The USP does not specify tablet hardness paranfetedsetary supplements. Twenty tablets of each
of Nrf and Ginkgoforce tablets were determined tatunlet hardness was found to be 70.0 and 69.8
Newton, respectively. The RSD was 23.23% for Nrf @rik2% for Ginkgoforce and the high RSD of

Nrf may be interpreted as a lack of suitable mactufing QC and/or inappropriate storage conditions.
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6.5.4 Tablet disintegration

Tablet disintegration was determined according prezifications for uncoated and film-coated tablets
in the USP 28 (<2040>) [240], using Apparatus Astllled water, maintained at 37 + 0Gwas used

as the immersion fluid. One tablet was placed heaf the six baskets and then raised and lowered
vertically at a constant frequency within the disgration medium for the allocated time period.
According to the USP, 6 tablets should disintegraepletely within 20 minutes. If 1 or 2 of these
tablets fail to disintegrate, the same test shbaldepeated on an additional 12 tablets. Of thli@ts
tested, 16 must disintegrate completely within 2idutes in order to meet the requirements. The

results for both Nrf and Ginkgoforce are shown ibl€&6.5.

Table 6.5. Disintegration results ofainkgo bilobadosage forms

Nrf Ginkgoforce
Test Disigration time Test Disigration time
(minutes) (minske
1 (20 minutes) None of the tablets 1 (20 minutes) 3.22
disintegrated 2.36
2.54
4.50
3.36
3.16
2 39.03 2 4.53
31.36 3.15
32.07 4.55
43.03 4.30
44.24 5.34
22.03 4.01
3 27.43 3 3.56
24.33 1.56
24.31 4.48
29.03 4.54
25.07 -*
28.33 2.36
4 44.46 4 Not performed
58.48
46.44
40.04
38.46
28.23
Average (n=18) 34.80 Average (n=17) 3.62
SD 9.9 SD 1.0
% RSD 28.5 % RSD 28.4

* No result was recorded

Not a single Nrf tablet disintegrated within thessified USP time of 20 minutes and the disintegrati
time was then lengthened to 60 minutes in ordeshbi@in values. Disintegration times for 18 tablets
ranged from 22.0 to 58.5 minutes with a RSD of 285

All 6 tablets of the first test for Ginkgoforce mlitegrated within 4.5 minutes and Test 1 was theeefo
sufficient to meet the USP specifications. An adddl 2 tests were performed in order to obtain a
comparative % RSD to Nrf. It is interesting to nthat the RSDs of both products were very similar
with 28.5% reported for Nrf and 28.4% for Ginkgafer
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Since the average mass of the Nrf tablets wereetthiat of the Ginkgoforce tablets and they were als
larger, the thickness and diameters of 20 tabtets footh dosage forms were then compared using a
Mitutoyo MFG CO.LTD PB-1B caliper in order to explaihe large variations in the disintegration

results. These measurements are shown in table 6.6.

Table 6.6. Diameter and thickness measurementedf ttosage forms

Parameter Nrf (n=20) Ginkgoforce (n=20)
Diameter (cm) Thickness Diameter (cm) Thickness
(mm) (mm)
Average 1.38 0.79 0.95 0.87
SD 0.02 0.10 0.01 0.02
% RSD 15 12.5 11 2.3

The high variability in the thickness of the Nrf ketis may explain the large range of disintegration
times observed for this formulation. Although ueli Nrf had a convex surface which might also

have contributed to its longer disintegration times

6.6 WEIGHT VARIATION

The weight variation tolerance for uncoated and-filmated botanical dosage forms as specified in the
USP 28 (<2091>) [240] was used to compare variatshies of tablets used in the validation of

previously described methods. The results are shiowable 6.7.

Table 6.7. Weight variation of son@&nkgo bilobadosage forms

Product Validation Batch number Average * % RSD Inter-
SD (mg) batch
(n=20) % RSD
Ginkgoforce HPLC 210120E 251.2+2.3 0.9 -
LC-MS
Holotropic HPLC 0318 493.8+11.4 2.3 1.7
LC-MS, 15 (n=2)
ELSD 0319 481.8+7.3
Naturelle HPLC 82060 551.2+5.2 0.9 0.1
LC-MS, 0.8 (n=2)
ELSD 82060 552.9+45
Nrf HPLC 200303047 569.8 + 17.5 3.1 1.9
LC-MS, (n=3)
ELSD, MTMO092PW 549.3+22.4 4.1
CE NTNO42PW 563.0 + 6.3 1.1

According to the USP, 20 tablets of each dosage faust be weighed individually and not more than
2 of the tablets are permitted to deviate from rir@an by more than 7.5%. All of the tested dosage

forms met the criteria of weight variation.
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6.7 DISCUSSION AND CONCLUSION

Dissolution, tablet hardness, disintegration andghteuniformity testing were performed on various
Ginkgo bilobadosage forms.

Dissolution testing is becoming increasingly impottin the QC of CAM since it gives an indication
of the rate and amount of the active compound/shvig/are released over a specific time frame.
Dissolution of 3 different formulations revealedathall were immediate-release dosage forms and
therefore would normally be exempt from dissoluti@sting vide infra p. 236). In such cases,

disintegration testing may be considered a suitaolieator of GMP.

Disintegration tests were performed on 2 produmt& which consistently contained higher levels of
positive markers (Nrf) and one which contained vittie flavonol components (Ginkgoforce). Nrf
failed to meet the USP 28 disintegration specificest with an average disintegration time of 34.8
minutes (n=18) while the Ginkgoforce tablets (n=dig)ntegrated well within 20 minutes. It is obviou
from these results that a lack of QC is implied tloe Nrf formulation. The size and shape of the
formulations may have had an influence on the thgiration rate while tablet hardness did not diyect

influence this experiment.

All tablet batches tested for weight uniformity qairad with the USP 28 specifications.

The issue of bioavailability and bioequivalence eftal preparations has gained much interest in
countries such as Germany where herbal productsegtdated as proprietary medicines. The majority
of Ginkgo clinical trials have used the innovatooguct, Egb 760 and the question of bioequivalence
has arisen since many products have been subsbgfenulated based on the standardized content
requirements of the German and European monogiamhthey are pharmaceutically equivalent. As
shown by Kressmarmt al. [120], pharmaceutically equivalent products do netessarily imply
bioequivalence since different extraction and maatufring procedures may alter the release
characteristics of the active markers. The corigrabetweenin vitro dissolution testing anth vivo
bioavailability if shown to be consistent, provdstt dissolution is an extremely economical and
valuable tool to assess the quality of the finispeaduct and may be an important indicator of the

bioavailability of the preparation.

6.8 HYDROLYSIS METHOD VERSUS INTACT FLAVONOL GLYCOSIDE
DETERMINATION

As mentioned previously, conventional quantificatiof the flavonol glycosides for marketing
purposes is determined indirectly from the aglycooetent after acid hydrolysis of the sample. The
presence of small amounts of other aglycones ssi@pigenin and luteolin are also often present [52,

61]. However, the true flavonol content followingdmnolysis may be exaggerated as previously
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discussed (Chapter 3). In the past, these shongsmiere not considered a serious problem provided
all manufacturers adopted the same QC techniqueaudrding to Sticheet al. [61], “As long as
there is no exact knowledge on the biological d@gtief individual flavonol glycosides, standardimat

based on these (aglycone) compounds is acceptahteaf pharmaceutical point of view.”

Although sparse, evidence exists which suggestsrthim does in fact contribute to the activity of
herbal preparations [84]. Moreover, recent artitiage also suggested that commercial products may
be adulterated with rutin in order to register lighGinkgo flavonol” glycoside content, especially
when QC involves spectroscopic analysis [22, 18)].1 Although conclusive evidence concerning
the individual biological activity of the flavongjilycosides is still amiss, these recent studiesutin
have demonstrated that rapid advancement is beadgrm this area and to exclude the glycosides,

particularly rutin from routine QC analysis is calesed presumptuous.

To illustrate this point, a commercial product usedhe CE validation of rutin and quercetin (Nrf:
batch number: NTNO0O42PW) was extracted with methaa®l described in section 3.10.3.1and
reconstituted in 25 ml methanol. Five millilitrefthe extract was then hydrolyzed based on a simila
procedure described by Li and Fitzloff [188] wherenbof the extract was refluxed with 20 ml 4N
HCI:MeOH (1:4) (v/v) for 30 minutes. The hydrolysiss however incomplete and the acid strength
was increased to 6N HCl:MeOH (1:4) (v/v). Complitarolysis was achieved after 90 minutes. A

blank sample was also prepared by hydrolysis wigthanol only. The results are shown in Figure 6.5.
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Figure 6.5. HPLC-UV chromatograms of an unhydrolygamhple (A), blank standard (B) and acid
hydrolyzed tablet (C) extrack @370 nm)
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B) Tablet refluxed in methanol only- no acid (blank)
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From these results it can be seen that a quaéfeount of quercetin, kaempferol and isorhamnetin
were intrinsically present in the extract befor@toyysis (Figure 6.5 A) and that rutin was the main
contributor to the quercetin peak after acid hybw (Figure 6.5 B and C). Identification of the
aglycones after acid hydrolysis was facilitatedthy UV spectra since a slight shift in the retemtio
times of kaempferol and isorhamnetin was seen. Allspeak eluted at 27.9 minutes which was not
present in the blank and could also possibly béagofol aglycone compound such as apigenin,

myricetin or luteolin.

Of the 22 flavonol glycosides identified @inkgo bilobaleaf extracts, 8 are quercetin glycosides, 7
kaempferol glycosides, 3 isorhamnetin glycosideghZosides of myricetin and 1 luteolin and 1
apigenin glycoside have been found [62]. Althoulitage not present in equal amounts, based on this
composition, the quercetin peak should be the rpostinent, followed by kaempferol and then
isorhamnetin. The large discrepancy between thecqtierand kaempferol peak heights therefore
raises concern and the unhydrolyzed sample retteatithe greatest contributor to the large quenceti
peak is in fact rutin and not any of the other &rgetin glycosides. Although substantial amounts of
rutin have been identified in leaf extracts, novehierthe published literature has rutin been idieti

as the most dominant flavonol and in the fingetpahthe 33 identified flavonoids by Haslet al.
[62], the rutin peak is of similar intensity compdrto the other glycosides. Moreover, in the HPLC-
PDA profiles of the variou§inkgo bilobadosage forms analyzed in Chapter 4 (Figure 4.5,fairly
obvious that rutin in Nrf out-scales the other fiawl glycosides in the chromatogram and based on
these findings, this product may be suspected afltemdtion. Figure 4.6 also illustrates that

fingerprinting of crudésinkgo bilobaextracts is essential for identifying product ifiozaition.

Since the ratio of glycosides to aglycones is apairtant stability indictor of suitable storage and
extraction conditions, analysis of the intact glsides is certainly warranted for comprehensive QC.
For example, Ginkgoforce has consistently showigh hglycone to glycoside ratio which is clearly
illustrated by quantification of the selected flasbaglycone and glycoside markersGimkgo biloba
commercial products in Chapters 4 and 5 wheregllicane marker compounds were detected and
glycoside content was remarkably low in comparisonthe other commercial products. As the
aglycones contribute to only 0.2 - 0.4% (w/w) ohigjo leaves [61] and since the results of the HPLC
analyses revealed that the content of quercetincaagarable to both rutin and quercitrin (Figurg 4.
B and Table 4.7), the quality of this preparatiomfigreat concern. Moreover, acid hydrolysis result

alone would have given an unrealistic and grosggation of the true glycoside content.

While criticism of the conventional quantificatiamethod is indeed warranted at this point, the
replacement of this well-accepted method is notesiad. Instead it is suggested that comprehensive
routine QC ofGinkgo bilobacommercial products should include one or moreoftel glycosides and

that rutin currently proves to be an excellent @didator.
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6.9 ANALYTICAL METHOD COMPARISON FOR QC OF GINKGO BILOBA DOSAGE
FORMS

6.9.1 CE Analysis

Although CE is a fairly new technique which was omroduced in the 1980s [162], it presents
distinct and unique advantages compared to HPLC isnghrticularly useful for the analysis of
complex mixtures of compounds such as herbal patipas due to its versatility, high resolution and
efficiency, speed and low cost [162, 216]. A lirtita of this analysis method is that typically shal
sample volumes (5 - 10 nl [136]) are required tarfpected onto the capillary in order to maintaigh
efficiency with a subsequent loss of sensitivit39l. Furthermore, use of optical detection is also
associated with reduced sensitivity due to the vamall pathlength provided by small capillary
diameters. Problems relating to repeatability absohute precision are also frequently documented
[162].

In terms of the analysis aBinkgo bilobasolid oral dosage forms, this technique provedo¢o
extremely useful for the fingerprinting of both fin® and negative markers particularly due to its
versatility, high resolution and low cost. The attalysis of the separations demonstrated shanter
times compared to HPLC, however conditioning of tapillary between consecutive injections
required to achieve acceptable reproducibility algtrd from its overall speed. Sensitivity was
enhanced by using a square capillary to increaseptical path length through the detector cell and
the terpene trilactones were detected in the estraithout interferences by using RF-CDMEKC
where the hydrophilic components migrated at a stovelocity, facilitating maximal separation. The
poor response of the terpene trilactones is ontijgllg due to CE constraints however and the low UV

absorbance of these compounds is mostly resporieitleeir difficult detection.

The high efficiency of this technique facilitatectaled profile comparisons of the flavonoids prasen
in Ginkgo biloba extracts, however unequivocal identification o€ theaks of interest using UV
detection alone was difficult. Although a micellararker was used to calculate relative migration
velocity in order to eliminate shifts in retentibme, slight changes in elution times may posskidye
resulted in erroneous peak identification and sgjlaf the extracts was pivotal to ensure confirorati
of the peaks of interest during analysis. Due &s¢hconstraints and the fact that the terpenoislsess
poor chromophores, it is suggested that simple é¥ection is replaced with more sophisticated
detection systems when analyzi@inkgo bilobaleaf extracts or dosage forms. PDA detection, for
example, would allow spectral confirmation of peak#early, hyphenated CE techniques with more

complex detectors such as MS would be preferal®i2][1
Two marker compounds were successfully used fowv#tidation of the RF-CDMEKC method and

notorious precision and accuracy problems wereessally overcome by inclusion of salicylic acid as
the IS.
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The use of non-aqueous CE for the fingerprintinchefdginkgolic acids ifsinkgo bilobadosage forms
(section 3.14 in Chapter 3) is ideal for these ocoumgls as their structural similarity and
hydrophobicity resulted in more complicated anddorger analysis times when using RP-HPLC and
exorbitant expenditure on analysis of these comgewsing LC-MS is currently unwarranted. From a
QC perspective, a simple, rapid and economic fimgieting method is sufficient to evaluate whether
an exclusion step was part of manufacturing proaadsthis method demonstrated definite potential to

be used for routine QC analysis of the negativekerarinGinkgo bilobasolid oral dosage forms.

Although CE does present definite challenges, samnsideration should be given to the fact that it is
a relatively new technique and initial difficulti@se thus inevitable. Advances are continuousipdei
made in this field and CE has irrefutably demorsttan the last decade that it has enormous patenti
in the future for analysis of herbal preparatic2tg].

6.9.2 HPLC and LC-MS

6.9.2.1 Analysis of the flavonols

More direct comparisons can be made between LC-MSMBHPLC-PDA analysis @inkgo biloba
commercial products since the same samples we foseboth methods. However, samples were
frozen at -60C after the HPLC determinations for a period of Inthdoefore the LC-MS-MS analysis.
The dosage form contents were determined on eadheof3 validation days using HPLC-PDA
detection while that of LC-MS was determined onl#tst day only. The HPLC-PDA data are shown in
Table 6.8 and the LC-MS data in Table 6.9.

Table 6.8. Marker content of the various dosage $camalyzed by HPLC-PDA detection

Product Rutin Quercitrin Quercetin Kaempferol Isorhamnetin
(n=9) (Mg £ SD) (Mg £ SD) (Mg £ SD) (Mg £ SD) (Mg £ SD)
Holotropic 213.0+7.4 38.4+ 2.2 24.4+ 4.2 - -
Formule 1240.0£ 5.2 508.¢t 9.5 + - -
Naturelle
Ginkgoforcér 354+ 2.2 29.5 1.4 26.35+ 5.2 154t 2.1 +
Nrf Herbal 5690.0+ 5.1 318.2+ 16.8 352. & 7.7 95.2+ 2.4 51.5+ 2.6
Bioharmony | 293.2+8.8 205.50k 6.2 ND - -
Vital 4200.0+ 1074.2+96.2 | 307.4£11.0 137. 8.1 49.9+ 8.7
377.2

TAmount expressed per 2 tablets; ND, not determéhegto interferences
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Table 6.9. Marker content of the various dosage $aanalyzed by LC-MS-MS

Product Rutin Quercitrin Quercetin Kaempferol Isorhamnetin
(n=3) (Mg £ SD) (Mgt SD) (Mgt SD) (Mgt SD) (Mgt SD)
Holotropic 268.0+ 77.3 15.9+ 0.9 + - .
Formule 1100.0+ 9.1 78.6t 3.7 + - +
Naturelle
Ginkgoforce 38.6+ 0.9 4.6+ 0.5 + + +
Nrf Herbal 6040.0+ 109.0 76.5: 1.5 328.0 6.3 85.0+ 3.7 42,9 2.5
Bioharmony 347.0+£15.9 35.5 2.5 - - :
Vital 4750.0+ 500 143. A 19.2 224.6£ 16.1 113.2 7.2 +

From these results, where the markers were suctlgsghiantified using both LC-MS and HPLC-

PDA, the average, standard deviation and % RSDs wa&lculated in order to directly compare the
results (Table 6.10).

Table 6.10. Percentage RSD of the marker compougtsisebn the 2 analytical methods

Product Rutin Quercitrin Quercetin Kaempferol Isorhamnetin
% RSD % RSD % RSD % RSD % RSD
Holotropic 16.2 58.6 + - -
Formule 8.5 103.5 + - +
Naturelle
Ginkgoforce 54.2 74.1 + + CD
Nrf Herbal 4.2 86.6 5.1 8.0 12.9
Bioharmony 11.9 99.8 ND - -
Vital 8.7 108.1 22.2 135 +

CD, content discrepancy (detection using LC-MS gniyp, not determined since quantification was aiedi

using LC-MS only

From these results it can be seen that for rutieragtin, kaempferol and isorhamnetin, similar eant

trends were observed using both detection methadepé for rutin in Ginkgoforce which was

guantified near the LOQ which explains the high “DR®&orhamnetin in Naturelle was also only
detected using LC-MS-MS. The RSDs were all well be@0% except for quercetin in Vital

(22.2%). Slightly higher amounts were expected gigitPLC-PDA detection due to background

absorbance which is essentially nullified when gsirtC-MS-MS due to exclusive detection of the

target analyte.

On the other hand, the quercitrin content was eatotely comparable and since LC-MS-MS is a

highly selective detection technique which faciégunequivocal peak identification, the HPLC result

were re-evaluated to find possible reasons forlénge discrepancy. The HPLC-PDA peaks were then

carefully double-checked and identified using ratentimes, spectral comparisons with reference

standards and peak purity testing with 3 dimengiomving for verification of peak homogeneity.

The HPLC-UV chromatogram\ (350 nm) of the quercitrin reference standard asdarresponding

spectrum is shown in Figure 6.6.
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Figure 6.6. The HPLC-UV chromatogram of quercitriference standarc (350 nm) and

corresponding UV spectrum
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeCN-0.3% formic (gradient change 7-12 nagltFlow rate: 400ul/min; Injection volume: 4;

DetectionA: 350 nm.

In the extracts it appeared that there was a stigabge in the retention time of quercitrin whishot
unusual when analyzing complex matrices and thetspef the peaks closest to the retention time of
the reference standard were therefore reviewed.Hdlotropic (Figure 6.7 A), a single peak was
observed at 13.7 minutes and although the retetititmwas exactly 1 minute early, the spectrum was
very similar to that of quercitrin. The peak hadoag tail and the 3-dimensional (3-D) spectrum
showed minor unresolved peaks in this area. Sinsknarios were observed for Ginkgoforce,
Bioharmony and Vital (Figures 6.7 C, E and F, retipely) however in each of those chromatograms,
the profile of a second peak was more evident énpgbak tailing zones. Definitive spectra of these
peaks were not possible due to their presencenirctmcentrations and the first peak’s spectrunilin a
3 cases seemed to correspond reasonably clostlgttof the quercitrin reference standard.

For Naturelle (Figure 6.7 B), a peak eluted befamd after the expected quercitrin elution time. The
spectra were compared and the first spectrum @nhalesely matched that of quercitrin while theaath

was obviously that of another related flavonoidNirfi (Figure 6.7 D), 3 clear peaks were observed in
the quercitrin elution zone. The spectrum of thedi@doeak resembled that of quercitrin while the

remaining 2 were also of other unidentified comptgjralso probably flavonoids.
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Figure 6.7. HPLC-UV chromatograms 850 nm) of the identified quercitrin peaks in exts
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0.005] 1205.0
4 7\“
] 1
0.0047] ~ 0.0047
1 © 1
0.003 i
] 0.0037 |
o) 1 ) I
< 0.002] < 1111 351.9
] 110 /N
1 0.002] || \/ | f\
0.0017] I / \
] \V,////
0.0007] 0.001]
7\ T ] T T T T ] T T T T T T T T ] T T T T T
12.00 13.00 14.00 15.00 250.00 300.00 350.00
Minutes nm

Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile

phase:

DetectionA: 350 nm.

B) Naturelle tablets
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile

phase:

MeCN-0.3% formic (gradient change 7-12 neislat Flow rate: 400ul/min; Injection volume: A;

Detectiond: 350 nm; Red spectrum=peak 1 (13.8 minutes) Bpectrum=peak 2 (14.1 minutes).
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C) Ginkgoforce tablets
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeCN-0.3% formic (gradient change 7-12 naigtFlow rate: 400ul/min; Injection volume: 4,;
Detectiond: 350 nm; Red spectrum=peak 1 (13.8 minutes) Bpectrum=peak 2 (14.1 minutes).

D) Nrf tablets
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeCN-0.3% formic (gradient change 7-12 naigtFlow rate: 400ul/min; Injection volume: 4,;
Detection A: 350 nm; Red spectrum=peak 1 (13.8 minutes), Bipectrum=peak 2 (14.1 minutes), Green

spectrum=peak 3 (14.5 minutes).
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E) Bioharmony capsules
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeCN-0.3% formic (gradient change 7-12 naislyt Flow rate: 400ul/min; Injection volume: A,

Detectiond: 350 nm; Red spectrum=peak 1 (13.8 minutes) Bpectrum=peak 2 (14.1 minutes).

F) Vital capsules
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Conditions: Column: Phenomenex Luna (5 pmy @50 x 2.0 mm 1.D.); Column temperature: 45°C; Mobile
phase: MeCN-0.3% formic (gradient change 7-12 naigytFlow rate: 400ul/min; Injection volume: 4,;

Detectiond: 350 nm; Red spectrum=peak 1 (13.8 minutesje Bpectrum=peak 2 (14.1 minutes).

Since quercitrin is a flavonol glycoside it was egfed to be present in substantial quantities én th
dosage forms and based on this premise, the pghkdtited in red in Figure 6.7 in all of the extic

were determined quantitatively to give the samaltess in Table 6.8. The LC-MS-MS data however
revealed that the dosage forms contained relatioslylevels of quercitrin and it was concluded that

the UV detection of quercitrin was negated dudd@iesence in small quantities in tBakgo biloba
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dosage forms and its response was therefore eamitpromised by interfering flavonoid compounds

with similar spectra.

It obvious that numerous flavonoids with similaespa are present f@inkgo bilobaleaf extracts and
unambiguous identification of marker compounds gV detection alone has shown to be not
possible. HPLC-PDA detection is however well suifed the fingerprinting ofGinkgo bilobasolid
oral dosage forms where emphasis is on the gueditptofile rather than on actual content. HPLC-UV
is still the most common system available in phaengical laboratories, is fairly cost efficient and
easily to maintain and operate compared to moréiistpated systems. At present, it should be
considered as the first choice for the qualitativalysis of the selected flavonols Ginkgo biloba

commercial products.

LC-MS-MS, on the other hand, proved to be indispelesdor the accurate quantification of the
flavonol markers irGinkgo bilobadosage forms within a reasonable analysis timedtfition to peak
identification using retention times afforded bguid chromatography, the molecular mass of the
analyzed compounds as well as efficient structlueidation was possible using CID which resulted in
the mass detection of the characteristic dauglues.iMoreover, selective detection of the target
analytes ensured exclusion of any possible intenfs# and background absorbance and the marker
compounds were accurately quantified within a nedd short run time of between 10 and 20 minutes.
This is not possible using HPLC-UV detection wherggloun times and complex gradient systems are
normally required for separation. LC-MS-MS is getigraot the first choice for fingerprint analysis
due to high operational costs compared to HPLC. Heweit is highly recommended for
guantification of compounds in complex matriceshsas natural products and according to Cagtri
al. [197], this hyphenated technique has demonstiadéd maturity and robustness for this application.
These authors predicted that with greater avaitghili automated bench-top systems, LC-MS will be

the method of choice for the routine analysis @flyes present in complex matrices such as food.

6.9.2.2 The terpene trilactones

It has already been established that HPLC-UV armligsinot suitable for the determination of the
terpene trilactones due to their poor UV absorlgraperties and the presence of unknown interfering
compounds in crude Ginkgo leaf extracts and fortiaria. Two alternative detection methods that
have frequently been used are HPLC-ELSD and LC-MS. rasiqusly mentioned, ELSD provides
advantages above UV detection in terms of selégtand is relatively inexpensive and easily operabl
compared to MS equipment. LC-MS-MS is a more semsdietection technique and also demonstrates
the necessary selectivity to quantify the terpeandsuman and animal plasma where the detection of
trace amounts of the target analytes is essehtiaimal sample clean up is also a distinct advagatag
well as reduced analysis times. For the routinea@alysis ofGinkgo bilobasolid oral dosage forms,
ELSD detection is however sufficiently sensitive aadfavored due its simplicity and economic

attributes. Moreover, recent publications have regbexcellent validation data with better recoesri
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than some of those achieved using LC-MS. This has bken demonstrated in the ELSD study

presented in this thesis.

6.10 CONCLUSIONS

Direct data comparison using CE, HPLC and LC-MS far #imalysis of the flavonols and terpene
trilactones inGinkgo bilobadosage forms is not possible since method devedapand analyses were
conducted over a 3 year period and batch-to-batstsistency is not guaranteed. Products were
purchased when required and those that were almialthat time were analyzed. Due to an obvious
lack of standardization and QC criteria, definitpr@duct evaluation is not currently possible. Gahe

trends between products could however be disceanddvill be briefly summarized.

6.10.1 Ginkgoforce

Two different batches of Ginkgoforce were qualitalyvanalyzed using CE, one at high pH and the
other using RF-CDMEKC and in both fingerprint ptefi, very few peaks were observed. These results
were confirmed when the profiles of a selective aod-selective extraction solvent were compared for
the determination of the ginkgolic acids using roueous CE. Both profiles were remarkably similar
and it was concluded that this product containgk lextractable constituents. The latter finger{si
also revealed the presence of substantial amountegative marker compounds (Figure 3.34 in
Chapter 3).

Quantitative analyses using HPLC-PDA and LC-MS-MSetyeconfirmed the above results. All 5 of
the flavonol markers were detected using eitheeali®n mode. In both cases, the flavonol marker
content was shown to be extremely low and the &tiaglycones to glycosides was exaggerated. This

provided substantial evidence of unfavorable raien extraction and/or storage conditions.

This product was not selected for dissolution studimce its rutin concentration (as illustrated by
previous HPLC-PDA and LC-MS-MS analyses) was pitedi¢o be below the LOD. Contrary to what
was expected, this product complied with the USPc@teria of tablet disintegration and weight
variation and the tablet hardness was 69.8 Newtith a RSD of 7.12% (n=20).

In summary, although this formulation did meet sdd®&P 28 specifications, positive marker content
was grossly lacking regardless of which batch waalyged and the ginkgolic acids were also
determined to be present in substantial amountkéarbatch which was fingerprinted. Moreover, the
high ratio of flavonol aglycones to glycosides mated product instability and this formulation was

therefore deemed to be of poor quality.
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6.10.2 Holotropic

Holotropic was also fingerprinted using CE at lovd &igh pH. A remarkably different fingerprint was
obtained for the batch analyzed at high pH in campa with the 3 other products and its botanical
authenticity was considered questionable. The kenelyzed at low pH had a profile similar to that of

Ginkgoforce where very few peaks were detected givewthe peak responses were somewhat higher.

Although a different batch was analyzed, the HPLGARIDd LC-MS analyses were in agreement with
the qualitative results obtained at low pH. Thedlaol glycoside levels were low in comparison with
the other products but significantly higher tharGimkgoforce and the aglycone to glycoside ratie wa
also more acceptable. Quercetin was detected bsittgmethods while kaempferol and isorhamnetin
concentrations were below the LOD. Although alleBpene trilactones were quantifiable, the overall

content was lower than the products discusseceifalfowing sections.

Rutin’s release profile was not determined sinsatitin content was predicted to be below the LOD.

Holotropic met the USP specifications for weightiaton testing.

In summary, this product contained little positicearker content and its quality was considered

marginally better than Ginkgoforce due to its imm@o aglycone to glycoside ratio.

6.10.3 Bioharmony

Bioharmony was fingerprinted using CE at low pH aatih and quercetin were quantified using RF-
CDMEKC. All the flavonol markers and terpene triiweés were detected in the fingerprint analysis
while rutin was quantified in the batch used fortimoel validation.

HPLC-PDA and LC-MS-MS data showed similar glycosidatent to Holotropic but none of the
flavonol aglycones were detected. The quercetin eziintvas not determined using HPLC-PDA
detection due to interferences. HPLC-ELSD analysishefterpene trilactones revealed an average

content trend and all were present in quantitiesatthe LOQ.

In summary, this product contained moderate flat@mal terpene trilactone marker content and the
ratio of the glycoside and aglycone content refiddtivourable storage conditions.

6.10.4 Naturelle
Informative fingerprint profiles of this product veealso obtained at both high and low pH using CE.

Both profiles were relatively complex and indicatadh flavonol marker content. Of the terpenoids,
GA and GB were detected in the RF-CDMEKC fingerprin
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Once again, the HPLC-PDA and LC-MS-MS results cordilnthe qualitative data and the 2 flavonol
glycosides were quantified in the extracts. Quéncetas detected using both techniques but
kaempferol was absent. Conflicting results wereioled for isorhamnetin which was detected using
LC-MS-MS only. The HPLC-ELSD results showed that Neltar also contained relatively high

amounts of all of the terpene trilactones. The BBtent of 0.72 mg per tablet was slightly less than
the label claim (1.0 mg) while the ginkgolide contt¢3.73 mg) exceeded the specified claim of 1.2

mg.

From the release profile of rutin, it can be dedutet Naturelle is an immediate release formufatio
with 97.2% release after 60 minutes. Naturelle thetUSP 28 weight variation specifications and the
product label included a list of “typical” contemalues of active ingredients per tablet which also
specified the vitamin B and folic acid content. ri8fardization of the “Ginkgo flavonglycosides” to

24% was claimed which was conspicuously displayethe product packaging.

In summary, this product contained a relativelyhHigvonol and terpene lactone marker content and i
an immediate release formulation. The ratio of ftasdoaglycones to glycosides suggested favourable
raw material extraction and/or storage conditiond this product was considered of higher quality
than Ginkgoforce, Holotropic and Bioharmony. Altighunot entirely accurate, this product voluntarily

supplied more consumer information on its contathan any of the other products.

6.10.5 Nrf

Nrf tablets were unfortunately not available for @&gerprinting however, its rutin and quercetin
content was quantified using the CD-RFMEKC methduere the content of both marker compounds
were found to be superior to that of Ginkgoforce|dtropic and Naturelle (using HPLC-PDA and LC-
MS determinations) as well has Bioharmony which alas quantified using CE, HPLC-PDA and LC-
MS-MS.

This was the only product in which all 5 flavonol nker compounds were quantified using both
HPLC-PDA and LC-MS determinations. The HPLC-PDA fingarpprofile showed that rutin was
present in a disproportionate quantity and thistbatas suspected of fortification. CE quantificatidn
rutin in a subsequent batch showed lower rutinemnivhich was also reflected in the dissolutioradat

where the maximal rutin content corresponded tgtkgious batched analyzed using RF-CDMEKC.
The HPLC-ELSD data showed that the terpene contentdrewatically higher compared to the

content in all the other analyzed products bartivag of Vital. Based on the disclosed label content

Nrf also exceeded the German Pharmacopeia’'s Q@athiforGinkgo bilobaleaf extracts.
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Since this product appeared to be of exceptiorpllity, it was fingerprinted for the presence fud t
ginkgolic acids. The content was determined to ldri than that observed for Ginkgoforce and it was

deduced that little or no attempts had been madediace the negative marker content in this product

Nrf was used for determining optimal dissolutiomditions due to its exceptionally high rutin corten
and its final dissolution results demonstrated tthes product was an immediate release dosage
formulation. Although a different batch was useijrdegration tests failed to comply with USP 28
specifications. Nrf met the USP’s criteria for wietigariation and tablet hardness was determinéx to
70.0 Newton with a RSD of 23.23% (n=20).

In summary, although batch-to-batch consistenamsel to be somewhat lacking with 1 batch
showing evidence of rutin fortification, high legedf all the selected marker compounds were evident
and this product was distinctly superior in terrhgasitive marker content. The flavonol aglycone to
glycoside ratio suggested suitable storage andetidn conditions. This product revealed the presenc
of a substantial amount of negative marker compsuadd did not pass the USP 28's tablet
disintegration test. In addition, a high RSD (23)2%&s noted when the tablet hardness was tested.

6.10.6 Vital

Vital was fingerprinted at alkaline pH and the hifigvonoid peak density required detection to be

performed ah 350 nm in order to minimize interferences (Fig8r@ C in Chapter 3).

All 5 flavonol markers were quantified using HPLC-#Metection and all except isorhamnetin were
also present in concentrations above the LOQ ukidgVS-MS. The rutin content was somewhat
lower than in Nrf, quercitrin content was margigaiigher and the aglycone content was comparable
in both Nrf and Vital products. The terpene tritaot levels were the highest of all the products
(Holotropic, Bioharmony, Naturelle and Nrf) analgey HPLC-ELSD.

Dissolution testing revealed that this was an imatedrelease formulation with 98.6% of the

maximum amount of rutin being released at the G@utai sampling time.

In summary, this product was not subject to as nf@@ytests as Nrf but nevertheless demonstrated
consistent product quality in terms of positive kestrcontent with acceptable storage and extraction
procedures as indicated by the favourable flavghaloside to aglycone ratio.

6.11 GENERAL CONCLUSIONS

Ginkgo bilobais a well-known phytomedicine which has been extehg studied as shown by

numerous publications which have appeared in tleeature. However, QC of Ginkgo (and other

phytomedicines) is severely lacking. Although a bemof papers have been published addressing the
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quality of Ginkgo bilobaformulations available on the market, discrepanaiethe marker content
between products were observed and in many caseswas an urgent call for the implementation of
effective QC criteria.

This thesis has met the timely call for practicad @eonomical separation methods using leading edge
technology and equipment such as CE and MS as weth@ more usual and accepted HPLC
techniques for the determination of appropriate kearcompounds postulated to contribute to the
pharmacological activity in Ginkgo. These methods @redicted to be of significant future assistance
to companies involved in the manufacture and QGGofkgo-containing products as well as to

regulatory authorities in their quest to assure QB&ich products.

The major contribution of the novelty of this worled in the RF-MEKC method used for the
simultaneous determination of the terpenes andflals as well as the non-aqueous method for the
determination of the negative markers, the ginkgacids. Of the HPLC methods available in
literature, the most recent were selected and iwgotan order to deliver rapid and inexpensive
analysis of the positive marker compounds preserinkgo and also included some glycosides in
order to detect product fortification as well aoypding information to ensure suitable storage
conditions. The LC-MS-MS study revealed novel infatibn regarding the fragmentation of some

flavonols specific to Ginkgo.

The results in this thesis regarding the flavonall aerpene trilactone content i@inkgo Biloba
commercial products available on the South Afrinesarket emphasized the lack of QC on one level or
another. These results reiterate justified concemegarding the QSE of these products and

implementation of effective QC criteria is thus emgly necessary to ensure consistent product gualit
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