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ABSTRACT

The number of people using herbal medicines to treat chronic conditions is
increasing worldwide due to the perception that these medicines are safer than
conventional pharmaceuticals. However, several studies have established that herbal
medicines can contain synthetic and toxic natural compounds, undermining patient
safety. Nonetheless, most countries, including Kenya, have a weak regulatory
framework for herbal medicines despite their potential to harm consumers. In Kenya,
most commercially-available herbal medicines have not undergone laboratory testing
to determine if they contain synthetic contaminants, adulterants, or phytochemicals
with relevant reported biological activities. This study addresses this gap by
evaluating herbal medicines sold for diabetes and cancer treatment in Nairobi and
Uasin Gishu Counties for phytochemicals, adulteration and contamination with
synthetic compounds. 24 herbal medicines (9 anticancer and 15 antidiabetic) were
collected from herbal clinics, herbal product manufacturers, herbalists, local retailers
(supermarkets and nutrition stores), and hawkers/ street vendors in Uasin Gishu and
Nairobi Counties. Gas chromatography- mass spectrometry (GC-MS) was used to
determine the phytochemical profile of each herbal medicine. The GC-MS results
revealed that all the sampled herbal medicines contained a wide range of
phytochemicals with reported biological activities useful to diabetes and cancer
treatment. They also highlighted the presence of toxic phytochemicals, including
prunasin-d, 5-keto-d-fructose, and ketone, 7-methoxy-2-benzofuranyl methyl. GC-
MS was also used to identify synthetic contaminants or adulterants present in the
sampled herbal medicines. The results highlighted the presence of several synthetic
compounds, including pharmaceutical salts, pesticide residue, and phthalates, which
pointed to potential safety issues. Thus, this study developed and validated a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method for simultaneous
determination, identification and quantification of four commonly used antidiabetics
— metformin, gliclazide, glimepiride, and glibenclamide - in herbal medicines. The
developed method showed detection and quantification limits ranging from 2.86 to
7.67 ng/mL and 8.64 to 23.24 ng/mL, respectively. The precision of the developed
method ranged from 8.5% to 18.1%, while accuracy was above 80% for all analytes
except metformin (52%). This method was then applied to analyse the 24 sampled
herbal medicines. Metformin was detected in 17% of the samples, at concentrations
ranging from 900 ng/g to 1969 ng/g. Gliclazide, glimepiride, and glibenclamide were
not detected in any sample. Overall, the study findings provide proof of adulteration
of herbal medicines with pharmaceuticals. This adulteration undermines patient
safety due to the potential for adverse herb-drug interactions. Therefore, market
surveillance of herbal medicines sold in the country for toxicity, contamination and

XV



adulteration with synthetic compounds should be conducted and legislation that
outlaws adulteration enacted.

XVi



CHAPTER ONE

INTRODUCTION

1.1 Background Information

The prevalence of chronic conditions, such as cancer, respiratory illnesses, diabetes
and cardiovascular diseases, has been rising in many countries around the globe,
accounting for 74 percent of all deaths worldwide in 2022 (WHO, 2023). According
to the United Nations News (2023), it is projected that this prevalence will continue
rising and chronic conditions will contribute to 86% of the deaths every year by
2030, which represents a 90% increase in total numbers from 2019. Currently, most
of these deaths occur in middle- and low-income countries and are caused by

cardiovascular diseases, followed by cancer and diabetes (WHO, 2023).

1.1.1 Diabetes

The rise in the prevalence of diabetes worldwide is a major public health concern,
with about 463 million adults living with this condition worldwide and over 24
million adults living with the disease in Africa in 2020 (IDF, 2021). The number of
individuals living with diabetes worldwide by region is shown in Figure 1.1. The rise
in diabetes prevalence is linked to social and demographic changes such as a growing
aging population, increased adoption of unhealthy lifestyle behaviours, urbanization,
and globalization. In Kenya, the International Diabetes Federation (IDF) estimates
that 4.56% of the adult population was living with diabetes in 2021, with about 2.7%
of rural dwellers and 10.7% of urban dwellers living with the condition (IDF, 2022).

However, this figure is suspected to be an underestimation given that about 60% of

1



Kenyans with diabetes are undiagnosed as they present to healthcare facilities with
unrelated complaints (Ministry of Health Kenya, 2020). Additionally, approximately

14% of the Kenyan population is estimated to have impaired glucose intake.
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Figure 1.1: The Number of Individuals Living with Diabetes Worldwide (IDF,
2022)

Diabetes is a chronic condition characterized by unfavourably high blood glucose
levels due to either poor utilization of insulin or absence of insulin (WHO, 2022a).
According to the Centres of Disease Control and Prevention (CDC) (2023), the major
types of diabetes based on their clinical presentations and aetiologies include type 1
diabetes, gestational diabetes, and type 2 diabetes. Type 1 diabetes is an autoimmune
condition wherein the pancreas stops producing insulin. Thus, people with type 1
diabetes are treated with daily insulin doses. Only about 5 to 10% of people with
diabetes have this type (WHO, 2022a). Type 2 diabetes involves the body cells

having an inadequate response to insulin (CDC, 2023). It is the most commonly



diagnosed diabetes type, with 90 to 95% of individuals with diabetes having this type
(WHO, 2022a). Gestational diabetes involves insufficient production of insulin

during pregnancy and usually disappears after the child’s birth (CDC, 2023).

Several classes of synthetic drugs, including biguanides, meglitinides, sulfonylureas,
alpha-glucosidase inhibitors, and thiazolidinediones, have been developed for
diabetes treatment (Tran et al., 2020). The chemical structures of common
biguanides (metformin), meglitinides (repaglinide and nateglinide), alpha-
glucosidase inhibitors (miglitol and voglibose), sulfonylureas (glipizide) and
thiazolidines (pioglitazone and rosiglitazone) used in diabetes treatment are provided
in Figure 1.2. However, none of these drugs cure diabetes. Hence, most diabetic
patients take synthetic drugs for the rest of their life to manage their condition and
associated complications (Ngugi et al., 2015). Unfortunately, this continuous use of
synthetic drugs causes adverse side effects, which has increased the demand for non-
toxic drugs for diabetes management (Kumar et al., 2021). As a result, the use for
herbal medicines for diabetes treatment has increased in recent years. Over 800
medicinal plants worldwide are used in diabetes treatment because they are relatively
inexpensive, effective, and have fewer side effects (Bilal et al., 2018; Kumar et al.,

2021).
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Figure 1.2: Chemical Structures of Some Approved Antihyperglycemic

Pharmaceuticals (Tran et al., 2020)

Achieving optimal diabetes control is difficult because of the complexity of the
disease (CDC, 2023). However, only a few herbal plants and medicines have
undergone laboratory testing to determine their efficacy and safety. Uncontrolled
diabetes is associated with several major complications — such as hyperglycaemia,
hyperlipidaemia, angiopathy, nephropathy, retinopathy, nephropathy, and
ketoacidosis — which result in reduced life expectancy and disability (Ngugi et al.,
2015). Hyperglycaemic condition is the most common complication in both Type 1
and Type 2 diabetic patients (Papatheodorou et al., 2018). It involves the blood sugar
concentrations remaining higher than the normal range despite the patient taking an

antidiabetic medication, necessitating the prescription of additional medications to
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correct it (Tomic et al., 2022). Additionally, poor glycaemic control often leads to
organ damage, necessitating specialized treatment (Ministry of Health Kenya, 2020).
Therefore, it is important to subject herbal plants and medicines used for diabetes
treatment to laboratory testing to determine their efficacy and safety to prevent the

development of diabetes-related complications (Kumar et al., 2021).

1.1.2 Cancer

The prevalence of cancer is also rising globally, with over 19 million new cases and
about 10 million deaths being reported in 2020 (International Agency for Research
on Cancer, 2020). Notably, cancer is among the primary causes of mortality and
morbidity globally, making it a major public health concern (Ministry of Health
Kenya, 2017). The estimations are grimmer for middle- and low-income countries,
where cancer diseases account for about 70% of deaths. In Sub-Saharan Africa,
520,158 cancer-related deaths were reported in 2020, representing an 87.2%
mortality rate (Globocan, 2020). In Kenya, cancer causes seven out of a hundred
deaths, with a 21.5% survival rate (Ministry of Health Kenya, 2017). In 2020,
approximately 42,116 new cancer cases were diagnosed in Kenya, with 27,092
cancer-related deaths occurring in the same year (Globocan, 2020). The three most
commonly diagnosed cancer cases among Kenyan males and females in 2020 are

presented in Figure 1.3.
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Figure 1.3: Incidence of Cancer Cases in Kenya, 2020 (Globocan, 2020)

Cancer is a chronic condition that results when normal cells are transformed into
tumour cells in multiple stages, generally progressing from pre-cancerous lesions to
malignant tumours (WHO, 2022b). A wide range of environmental, behavioural, and
genetic factors cause and promote cancer (National Cancer Institute, 2023). For
example, tobacco use, air pollution, physical inactivity, unhealthy diet, and alcohol
consumption. The cancer care process from diagnosis to treatment is illustrated in
Figure 1.4. Current conventional cancer treatments include surgery, radiation, gene
therapy, chemotherapy, antibody-based immunotherapy, and combination therapy,
depending on the stage or type of the disease (Ong’udi et al., 2019). Chemotherapy is
the most widely used treatment modality for cancer because it is the most effective

one when used alone or together with radiotherapy (Debela et al., 2021).
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Figure 1.4: The Cancer Care Process

However, the cost of cancer therapies is high, causing people in developing countries
to depend on herbal medicines for their treatment because of their affordability
(Wambalaba et al., 2019; Ochwang’i et al., 2018). Additionally, increased cases of
failed chemotherapy due to the development of drug resistance and adverse side
effects have led researchers to look at herbal medicines as an alternative treatment
therapy for cancer (Omosa et al., 2016). Herbal medicines are perceived to be more
biologically friendly because they are less toxic to normal cells and have alternative
ways of promoting the apoptosis of cancerous cells (Seca & Pinto, 2018). Hence, a
huge increase in patients using herbal remedies to manage cancer is being
experienced worldwide. However, most of these commercially-available herbal
remedies have not been subjected to laboratory testing to determine their safety and

efficacy.

1.2 Problem Statement

The increased use of herbal medicines by diabetes and cancer patients poses several

quality control issues due to weak regulatory mechanisms for herbal medicines in
7



Kenya. Herbal medicines, unlike pharmaceuticals, are not subjected to routine
analytical analysis. The first issue is that herbal medicines sold in the country might
be adulterated with synthetic compounds, including pharmaceuticals, without the
knowledge of patients and regulatory bodies. Herbal medicines are sometimes
adulterated with pharmaceuticals to enhance their efficacy. However, this practice is
very dangerous due to the high likelihood of adverse herb-drug interactions.
Secondly, some herbal medicines may contain phytochemicals (secondary
metabolites) that are toxic to humans, leading to adverse patient events. Many
anticancer and antidiabetic herbal medicines are advertised as 100% safe despite not
being subjected to safety tests. Thus, some herbal medicines may contain
phytochemicals with reported toxicity to humans without the knowledge of the
herbalist or vendor. Third, some herbal medicines may lack bioactive
phytochemicals useful in diabetes and cancer treatment. Lastly, some herbal
medicines might be contaminated during the processing and packaging process.
Therefore, analysis of antidiabetic and anticancer herbal medicines sold in Kenya for
phytochemicals, contaminants and adulterants is necessary to ensure that they are

both safe and efficacious

1.3 Justification

The high prevalence of diabetes and cancer in Kenya and the increased use of herbal
remedies to treat them justify the analysis of antidiabetic and anticancer herbal
medicines sold in the country for phytochemicals to determine their efficacy ( IDF,
2021; Globocan, 2020; WHO, 2019). Additionally, several studies have established

that herbal remedies are adulterated with synthetic compounds, including



pharmaceuticals, leading to several adverse patient events (Guo et al., 2020; Al
Lawati et al., 2017; Chen et al., 2009). Moreover, various phytochemicals found in
medicinal plants have reported toxicity to humans when consumed. For example,
pyrrolizidine alkaloids, which occur in a variety of medicinal plants, cause
significant hepatoxicity when consumed by animals and humans. Therefore,
analysing anticancer and antidiabetic medicines sold in Kenya for phytochemicals
and synthetic compounds present as adulterants is justified to ensure these medicines

are safe and efficacious.

1.4 Null Hypothesis

There are no phytochemicals, contaminants, or adulterants present in selected herbal
remedies sold for diabetes and cancer treatment in Uasin Gishu and Nairobi

Counties, Kenya.

1.5 Objectives

1.5.1 General Objective

To determine the phytochemicals, contaminants, and adulterants present in selected
herbal remedies sold for diabetes and cancer treatment in Uasin Gishu and Nairobi

Counties, Kenya.

1.5.2 Specific Objectives

i.  To determine the phytochemical profiles of selected commercially-available
herbal remedies used for diabetes and cancer treatment in Uasin Gishu and

Nairobi Counties, Kenya using GC-MS.
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ii.  To determine the synthetic compounds present as adulterants or contaminants
in the sampled herbal remedies using GC-MS.

iii.  Tovalidate an LC-MS/MS method to be used to test for adulteration of herbal
medicines with selected locally-available antidiabetic pharmaceuticals.

iv.  To determine the antidiabetic pharmaceuticals present as adulterants in the

sampled herbal remedies using the validated LC-MS/MS method.

1.6 Study Limitations

The study faced several limitations that limited its scope. The first limitation
involved a low number of herbal medicines available in the Kenyan market being
specifically indicated for diabetes and cancer treatment, which limited the number of
herbal medicines sampled. The second limitation was the inaccessibility of analytical
and internal standards of many pharmaceuticals, including anticancer
pharmaceuticals, for researchers due to funding challenges. As a result, the study did
not evaluate the sampled herbal medicines for adulteration with anticancer
pharmaceuticals. The last limitation was software limitations. The LC-MS/MS
instrument used did not have a pre-installed spectral library, thus could not be used
for phytochemical screening. Consequently, the study was limited to the

identification of volatile phytochemicals in the herbal remedies sampled.
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CHAPTER TWO

LITERATURE REVIEW

An upsurge in patients using herbal medicines to treat their chronic illnesses is being
experienced globally. Approximately 80% of the global population uses herbal
products for their primary healthcare needs (WHO, 2022a). This upsurge is due to
herbal remedies being perceived as safe, efficacious, affordable, and accessible
(Kamau et al., 2016). Like other African countries, Kenya is composed of many
communities that utilize traditional herbal medicines to manage their health due to
the rich traditional ethnobotanical knowledge that these communities possess
(Wambalaba et al., 2019). However, the regulation of herbal medicines is less robust
than that of pharmaceuticals — which are regulated by the Pharmacy and Poisons
Board. As such, most of the herbal medicines sold in the country have not been
scientifically tested for their efficacy and safety, which poses a great risk to
consumers’ health (Okumu et al., 2017). Additionally, many herbalists practice
without being registered by the National Traditional Health Practitioners Association
(NATHEPA) and operate clinics not licensed by the Ministry of Sports, Culture, and
Arts (Kenya News Agency, 2019). As such, most of the herbal medicines sold in the
country have not been scientifically tested for their efficacy and safety, which poses

a great risk to consumers’ health (Okumu et al., 2017).

2.1 Known Plants Used for Diabetes Treatment

Numerous plants are used by different communities globally to treat diabetes, but
most have not been evaluated for their efficacy (Kumar et al., 2021; Tran et al.,

2020, Ngugi et al., 2015). These plants are classified into four primary types: those
11



that act like insulin, those that increase insulin production by preserving the
functioning of the B-cells, those that improve glucose utilization, and those that have
hypoglycaemic activity by miscellaneous mechanisms (Gupta et al., 2018). Some of
the reported biological activities of these plants include hypoglycaemic activity, o-
amylase inhibitory, antiglucosidase activity, hypolipidemic activity, lipid
peroxidation inhibition, anti-inflammatory activity, and antioxidant activity (Kamau
et al., 2016). Antidiabetic activities emanate from a wide variety of mechanisms, and

some common mechanisms responsible for these activities are shown in Figure 2.1.

Pancrease
Increase insulin
sensitivity
Decrease insulin
resistance
Saas?
s
\ Medicinal plants with %
Liver reported antidiabetic "
Decrease glucose activity
production Intestine
Decrease glucose
absorption

Adipocytes
Enhance glucose
absorption
Decrease insulin
resistance

Figure 2.1: Common Therapeutic Mechanisms of Herbal Plants with
Antidiabetic Activity (Tran et al., 2020)

In Kenya, a few ethnobotanical publications document traditional medicinal plants
used in diabetes management. A study by Keter and Mutiso (2012) on medicinal

plants used to manage diabetes in Lower Eastern Province reported that thirty-nine
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different species were used by traditional health practitioners (THPs) to manage

diabetes in the region. Another study by Kamau et al. (2016) on diabetes

management using medicinal plants in Nyeri County reported that thirty different

plant species were used in the region to manage diabetes. Table 2.1 lists some plants,

their families, and parts commonly used for diabetes treatment in Kenya and their

relevant pharmacological activity (Kamau et al., 2016; Keter & Mutiso, 2012).

Table 2.1: Plant Species Commonly Used by THPs to Treat Diabetes in Kenya

Scientific name Family Parts Reported biological activity
used

Zanthoxylum Rutaceae Stem None

chalybeum Engl. bark

Azadirachta indica Meliaceae Stem Antioxidant and

A. Juss. bark antihyperglycemic activities

Cassia abbreviata  Fabaceae Leaves  Antioxidant activity and o-

Oliv. and glucosidase inhibition of stem bark
pods extracts

Senna singueana Fabaceae Leaves  None

(Delile) Lock

Cactus spp. Cactaceae Leaves  Antidiabetic activity

Momordica foetida  Cucurbitaceae Leaves  Hypoglycaemic activity

Schumach

Lactuca inermis Asteraceae Leaves  Antibacterial activity

Mangifera indica Anacardiaceae Leaves  Antihyperglycemic, antibacterial,

and antidiabetic activities

Sonchus asper Asteraceae Leaves  Antioxidant, hepaprotective, and
and antibacterial activities. Enhances
roots cognitive performance

Sonchus oleraceus  Asteraceae Roots Antibacterial and antioxidant

activities

Launaea cornuta Asteraceae Whole  Antidiabetic and antimalarial
plant: activities
leaves,
stems
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2.2 Known Plants Used for Cancer Treatment

Similarly, numerous medicinal plants are used to treat cancer in Kenya. An
ethnopharmacological review of medicinal plants used for cancer treatment in Kenya
reported 63 species of trees, 40 species of herbs and shrubs, and 2 species of climbers
were used (Onyancha et al., 2019). Most of these plants were from the Lamiaceae,
Rubiaceae, Fabaceae, Euphorbiaceae, Asteraceae, Solanaceae, Rutaceae,
Apocynaceae, and Malvaceae families. The leaves, stem bark, and roots were the
most commonly used plant parts. Decoction, infusion, and poultices were the most
commonly used preparation methods. The proposed therapeutic mechanisms of these

plants used in cancer treatment is shown in Figure 2.2.
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Figure 2.2: Proposed Therapeutic Mechanisms of Herbal Plants Used in Cancer
Treatment (Huang et al., 2021)
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Few studies have investigated the in vitro anticancer activity of the medicinal plants
used to treat cancer in Kenya. Omosa et al. (2016) analysed 91 medicinal plants used
to treat cancer-related symptoms and cancer by indigenous communities in Kenya.
They reported that 12 extracts, which are listed in Table 2.2, showed over 50 percent
leukaemia cell inhibition. The highest cytotoxicity was exhibited by S. aculeastrum’s
berries and A. schimperiana’s stem bark. Another study by Onyancha et al. (2018)
analysed the in vitro cytotoxicity of 8 medicinal plants against the HCC 1395 breast
cancer cell line. The highest cytotoxicity was exhibited by methanol and water
extracts of Fagaropsis angolensis, Hydnora abyssinica, and Combretum tanaense.
However, 36% of the extracts were cytotoxic to normal cells. Moreover, Kimani et
al. (2018) reported that the extract of Dichrostachys cinereal had the highest in vitro

cytotoxicity against 22Rv1 prostate cancer cell lines.

Table 2.2: Some of the Plants Used to Treat Cancer in Kenya with Significant in

vitro Cytotoxicity

Scientific Name Family Part Used

Erythrina sacleuxii Fabaceae Root bark

Albizia gummifera Fabaceae Leaves

Zanthoxylum gilletii Rutaceae Stem bark

Croton sylvaticus Euphorbiaceae Stem bark

Albizia schimperiana Fabaceae Stem bark

Erythrina burttii Fabaceae Root bark

Microglossa pyrifolia Asteraceae Leaves, root bark, and stem bark
Bridelia micrantha Euphorbiaceae Leaves, roots, and stem bark
Prunus africana Rosaceae Roots and stem bark
Phyllanthus fischeri Euphorbiaceae Stem bark and leaves
Bridelia micrantha Euphorbiaceae Stem bark

Shirakiopsis elliptica Euphorbiaceae Leaves and bark
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2.3 Common Bioactive Phytochemicals in Herbal Products Used to Treat

Diabetes

Secondary metabolites of medicinal plants used to treat diabetes are usually
responsible for their antidiabetic activities. For plants that have been proven to have
antidiabetic activity, the common types of secondary metabolites found include
alkaloids, phenolic acids, terpenes, saponins, anthraquinones, and flavonoids
(Kamau, 2018). Some secondary metabolites that have been isolated and proven to
exert significant antidiabetic activities include curcumin (phenolic acid), genistein
(isoflavone), catechin (flavanol), acacetin (flavone), rutin (flavonol), mahanimbine
(alkaloid), limonene (terpene), gymnemic acid (saponin), emodin (anthraquinone)
(Madariaga-Mazén et al., 2021; Shanmugam et al., 2021; Tran et al., 2020;

Lankatillake et al., 2019). Their structures are provided in Figure 2.3.
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Figure 2.3: Chemical Structures of Selected Bioactive Phytochemicals with
Reported Antidiabetic Activities

Flavonoids’ antidiabetic activity stems from their ability to improve insulin secretion,
inhibit a-glucosidase and a-amylase activity, inhibit intestinal glucose uptake, inhibit
glucose-induced insulin secretion, prevent beta-cell apoptosis, and hypoglycaemic
effect (Ota & Ulrih, 2017; Mohan & Nandhakumar, 2014; Pinent et al., 2008).
Terpenes’ antidiabetic effect is associated with inhibited a-amylase activity and
amelioration of cardiomyopathy alterations (Kamau et al., 2016). The antidiabetic
effect of alkaloids is linked to their hypolipidemic and hypoglycaemic activity (Zhou
et al., 2012). The antidiabetic activity of saponins is associated with their anti-
obesity, hypoglycaemic, hypocholesterolaemic, antiglycation, and antioxidant effects

( Elekofehinti et al., 2014; Chen et al., 2011). However, no study was found that
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gave the phytochemical profile of commercially-available antidiabetic herbal
medicines in Kenya to determine if they contained bioactive compounds with

reported antidiabetic activity.

2.4 Common Bioactive Phytochemicals in Herbal Products Used to Treat

Cancer

Over 3000 plants globally are claimed to have anticancer activity; however, only a
few have been scientifically proven to be effective in cancer treatment (Seca & Pinto,
2018). Therefore, some herbal medicines sold for cancer treatment may lack
anticancer activity as claimed since they have not undergone laboratory testing. For
Kenyan plants used to treat cancer, Ochwang’l et al. (2016) found several
phytochemicals with significant anticancer activity, including alkaloids,
anthraquinones, xanthines, valepotriates, cardioactive glycosides, flavonoids,
essential oils, coumarins, lignans, saponins, and arbutin compounds. The distribution
of these phytochemicals is shown in Figure 2.4. However, no study was found that
gave the phytochemical profile of commercially-available anticancer herbal
medicines in Kenya to confirm if they contained these important bioactive

phytochemicals.
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Figure 2.4: Distribution of Phytochemicals Present in Medicinal Plants Used to
Treat Cancer in Kakamega County (Ochwang’l et al., 2016)

Flavonoids have been proven to have antiproliferative and antioxidant effects against
breast cancer, antimutagenic activity, and strong anticancer activities (Salah et al.,
1995). Flavonoids also prevent the expression of proteins necessary for the survival,
angiogenesis, and proliferation of cancer cells (Greenwell & Rahman, 2015).
Coumarins have been proven to possess in vivo anticancer activity and inhibit cyclin
D1 release (Lacy & O’Kennedy, 2004). Lignans exhibit antimitotic, antiviral, and
antitumor activities, as well as specific enzyme inhibition (Ochwang’I et al., 2016).
Alkaloids are proven to possess antibacterial and cytotoxic activity (Omara et al.,
2022; Omosa et al., 2016). Anthraquinones have been shown to inhibit cell

proliferation, prevent metastasis, and induce apoptosis (Huang et al., 2007).
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Saponins have anti-inflammatory activity and antitumorigenic properties (Francis et
al., 2002). They can also selectively inhibit cancer cells’ growth in vitro by induction
of apoptosis and reduction of the multiplicity and incidence of tumours (Hanausek et
al., 2001). Cardioactive glycosides increase the immunogenicity of damaged cancer
cells by exerting antineoplastic effects (Menger et al., 2013). Valepotriates have been
proven to have moderate cytotoxicity toward prostate cancer cell lines (Xu et al.,
2007). Some essential oil components, such as o-humulene, a-Cadinol, and -
elemene, exhibit cytotoxic activity toward cancer lines (Sylvestre et al., 2006).
However, some of these phytochemicals are cytotoxic to normal cells, undermining
the safety of anticancer medicinal plants (Onyancha et al., 2019). The structures of
selected secondary metabolites of Kenyan medicinal plants with reported anticancer

activities are given in Figure 2.5 (Omara et al., 2022).
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2.5 Adulteration and Contamination of Herbal Products with Synthetic

2.5.1 Contamination of Herbal Products with Phthalates

Several studies have reported contamination of herbal products with phthalates
(Andjelkovi¢ et al., 2021; Russo et al., 2015). Phthalates are phthalic acid esters

extensively used as plasticizers in a wide variety of polymer materials to make them
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more soluble, adhesive, and flexible (Wang & Qian, 2021). Some materials that
incorporate phthalates include gels, hairsprays, plastic bottles, paper coatings, and
paints. Hence, phthalates are suspected to migrate from plastic herbal and food
packaging into the food or herbal formulation (Andjelkovi¢ et al., 2021; Russo et al.,

2015).

Additionally, phthalates have been detected in several species of medicinal plants,
including Calotropis gigantea, Pongamia pinnata, Brassica napus, Triticum
aestivum, Zea mays, and Raphanus salivas (Saeidnia & Abdollahi, 2013).
Interestingly, plants absorb phthalates from contaminated soils via their roots
(Kumari & Kaur, 2019). Tan et al. (2016) established that using wastewater to
irrigate soils contaminates agricultural soils with phthalates, which plants then
absorb. This determination of phthalates in food and herbal substances is a major
public health concern because of their high potential to disrupt the endocrine system

(Giuliani et al., 2020; Ma et al., 2018).

The chemical structures of commonly reported phthalates with endocrine-disrupting
potential in herbal matrices are shown in Figure 2.6. As a result of this potency, these
phthalates have been labelled as possible carcinogens by various international
government agencies, including the National Institute of Environmental Health
Sciences and the Food and Drug Administration (Dutta et al., 2020). Numerous
countries, including China, the European Union and the United States, have
implemented regulations to limit the use of phthalates in food packaging and

consumer products (Monti et al., 2022).
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Figure 2.6: Chemical Structures of Phthalates Commonly Reported in Herbal

Matrices

However, the determination of phthalates is highly controversial, even when using
their analytical standards, because substantial peaks can be obtained even when they
are not present in the sample due to the widespread use of these phthalates in the
laboratory environment (Russo et al., 2015). Phthalates are found in glassware,
reagents, and surfaces. As such, phthalates, particularly di-(2-ethyl-hexyl)phthalate
and di-butyl phthalate, are commonly reported as contaminants of food and herbal
samples (Andjelkovi¢ et al.,, 2021; Russo et al., 2015). Subsequently, it is

challenging to establish confidence that a determination of phthalates is accurate.

23



2.5.2 Adulteration of Herbal Products with Synthetic Cannabinoids

Several studies have reported the adulteration of herbal mixtures with synthetic
cannabinoids (Moosmann et al., 2012; Hudson & Ramsey, 2011; Penn et al., 2011,
Uchiyama et al., 2010). This adulteration is problematic due to scientific evidence
suggesting that synthetic cannabinoids are more potent compared to traditional
cannabis, leading to increased dependence. Additionally, synthetic cannabinoid use
has been associated with sudden cardiac death, myocardial infarction, psychosis,
seizures, arrhythmias, acute tubular necrosis, suicidal ideation, and intracranial
hemorrhage (Alipour et al., 2019). The structures of some of the commonly reported

synthetic cannabinoids in herbal products are provided in Figure 2.7.
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2.5.3 Adulteration of Herbal Products with Pharmaceuticals

Adulterating herbal medicines with pharmaceuticals has become a common practice
in recent years despite its potential to cause fatalities due to adverse drug-herb
interactions. Both unapproved and approved synthetic drugs have been used to
adulterate herbal medicines (Al Lawati et al., 2017). Several pharmaceuticals,
including antidepressants, anticoagulants, antidiabetic, antihypertensive, anticancer,
and cardiovascular drugs, have been proven to interact with herbal medicines (Zhang
et al., 2011). The proposed mechanisms of these interactions are shown in Figure
2.8. Some pharmacodynamic interactions led to adverse health effects, including
hypoglycaemia, massive gastrointestinal bleeding, lactic acidosis, hypertension,
Cusing’s syndrome, arrhythmia, somnolence, poisoning cases, and death in some
cases (Chen et al., 2011; Ernst, 2002). For example, the death of thirty individuals in
Cambodia due to the consumption of Artesunate, which was adulterated with

pyrimethamine and sulphadoxine (Chowdry, 2018).
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Figure 2.8: Proposed Mechanisms of Drug-Herb Interactions (Zhang et al.,
2011)

Various analytical techniques have been utilized to identify and quantify
pharmaceuticals used to adulterate herbal remedies, including capillary
electrophoresis, infrared spectroscopy, high performance liquid chromatography
(HPLC), GC, and TLC ( Minh et al., 2019; Fejos et al., 2014; Viana et al., 2013;
Cianchino et al., 2008; Verbitski et al., 2008; Ku et al.,, 2003). Hyphenated
techniques, particularly LC-MS/MS or LC-MS, are most commonly used to analyse
for adulteration of herbal products with pharmaceuticals because they meet the
majority of the essential requirements of analysis for food samples and herbal

products (Al Lawati et al., 2017).
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Several studies have reported adulteration of antidiabetic herbal medicines with oral
antidiabetic pharmaceuticals, including metformin, rosiglitazone, and glibenclamide.
Kumar et al. (2011) reported that antidiabetic herbal medicines sourced from a local
THP had 93.1 milligrams of metformin hydrochloride despite being labelled as
containing only herbal ingredients. Chowdhury (2018) analysed twenty-five herbal
medicines for adulteration in Bangladesh and found that 64% were adulterated with
both glimepiride and metformin. Steyn et al. (2018) also found glimepiride and
metformin in an antidiabetic herbal medicine prescribed to a woman in India who
had been experiencing hypoglycaemia. These studies show that adulteration of
antidiabetic herbal medicines is a common occurrence, necessitating their assessment

for pharmaceuticals present as adulterants.

In Kenya, gliclazide, metformin, glimepiride, glibenclamide, and insulin injections
are the most commonly used antidiabetic pharmaceuticals (Ministry of Health,
2019). Thus, herbal antidiabetic drugs sold in Kenya should be analysed for possible
adulteration using these pharmaceuticals and others reported in literature. The
chemical structures of metformin, glibenclamide, gliclazide, and glimepiride are

shown in Figure 2.9.
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Figure 2.9: Chemical Structures of the Most Commonly Used Antidiabetic

Pharmaceuticals in Kenya

For cancer treatment, the Kenya Essential Medicines List (KEML) includes
alendronic acid, allopurinol, asparaginase, bleomycin, calcium folinate, capecitabine,
carboplatin, chlorambucil, cisplatin, and cyclophosphamide (Ministry of Health,
2019). However, these drugs are not easily accessible over the counter as most are
administered in hospitals, limiting the likelihood of THPs adulterating their
anticancer herbal medicines using these pharmaceuticals. Additionally, the high cost
of these drugs limits their use as adulterants in herbal therapies used for cancer
treatment. Moreover, the formulation of these drugs is complex, limiting their use as

adulterants.
2.6 Analytical Techniques for Analysis of Herbal Products

2.6.1 Solid Phase Extraction (SPE)
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SPE is a separation technique used to extract analytes of interest from complex

matrices during sample preparation. The use of SPE in the clean-up and

preconcentration of herbal samples prior to GC-MS analysis has been increasing in

recent years ( Lim et al., 2020; Ji et al., 2019; Hu et al., 2016; Lehotay et al., 2016;

Cui et al., 2015; Wulandari et al., 2015). The unique advantages of this analytical

technique that have driven this use include:

Consumes low amounts of solvents and is easy to use (Cui et al., 2015)
Avoids solvent emulsification (Hu et al., 2021)

SPE cartridges, particularly Cig SPE cartridges, adsorb a wide variety of
organic compounds with different polarities from herbal and food samples
(Andrade-Eiroa et al., 2016b)

High sample throughput and high analyte-enrichment factors, enabling the

analysis of small volumes of sample solutions (Andrade-Eiroa et al., 2016a)

A typical SPE procedure involves four steps:

1. Conditioning the SPE adsorbent by passing an organic solvent, usually the

incoming sample matrix (Andrade-Eiroa et al., 2016a).

Loading the sample solution using an appropriate flow rate to obtain adequate
analyte adsorption (Cui et al., 2015). Andrade-Eiroa et al. (2016Db)
recommend loading the sample using gravity for optimal analyte adsorption.
Washing the cartridge by flushing a solvent that is weaker than the matrix of
the loaded sample to remove any adsorbed interferences, then drying the

cartridge using nitrogen or air (Hu et al., 2021).
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4. Elution of the retained analytes using a suitable solvent, evaporating the

solvent, and reconstituting the residue in a suitable solvent.

2.6.2 Gas Chromatography coupled with Mass Spectrometry (GC-MS)

GC-MS combines gas chromatography (GC) to separate compounds from a gaseous

mixture with mass spectrometry (MS) to identify the separated components.

2.6.2.1 Phytochemical Screening of Herbal Products Using GC-MS

GC-MS has widely been utilized for phytochemical analysis of medicinal plants,
herbs, and herbal drugs (Bhalla et al., 2021; Yang et al., 2021; Shaikh & Patil, 2020;
Shettar et al., 2017; Saraswati et al., 2016; Chandel & Kumar, 2015). Notably, a
review of phytochemical studies on herbal tea in China by Zhao et al. (2013)
reported that 90% of the studies used GC-MS. Some reasons for this wide use of GC-
MS in phytochemical studies include rapid analysis, high sensitivity, less solvent
consumption, and less analysis time (Yang et al., 2021). Additionally, GC-MS has
several MS libraries that can be installed to identify the volatile compounds in
different extracts through comparisons with reference mass spectra. As such, GC-MS
can be used for the phytochemical screening of herbal extracts to guide the isolation

of identified bioactive compounds.

In phytochemical screening, the cleaned-up herbal extract solution is injected into the
GC system via a heated injector, which vaporizes the sample components instantly

(Hiibschmann, 2015). The gaseous sample is transported into a heated column by the
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carrier gas (mobile phase). The temperature of the column is varied to separate the
sample components based on the strength of their interactions with the stationary
phase (column adsorbent). The separated components flow through a transfer line to

the MS.

Once the components are in the MS, they are bombarded by a stream of fast-moving
electrons from the ion source at 70 eV and become ionized. The resultant ions are
then accelerated to the mass analyser that separates them based on their mass-to-
charge ratio (m/z). The detector counts the ions and produces an electric signal which
is processed to provide a mass spectrum. The ion with the highest intensity is called
the base peak and is assigned 100% intensity, and the other ion peaks are expressed
relative to it (Olivia et al., 2021). The mass spectra of the unknown detected
components are then compared to reference mass spectra in the MS libraries, and the

most similar spectrum is used to identify each compound (Stein, 2012).

However, GC-MS phytochemical analysis is usually limited to identifying volatile
compounds because it is a gas-phase technique. While non-volatile compounds can
be derivatized to improve their volatility and make them amenable to this technique,
derivatization is complex and time-intensive (Yang et al., 2021). As such, using GC-
MS for phytochemical screening usually provides a profile of only volatile

phytochemicals present in herbal extracts if derivatization is not performed.

Nevertheless, a wide range of volatile phytochemicals have useful biological
activities; thus, GC-MS phytochemical screening still generates useful insights about
the potential treatment effectiveness of a given medicinal plant or herb. While thin

layer chromatography (TLC) can be used to separate and identify non-volatile
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phytochemicals in plant extracts, the TLC fingerprint can only be used to identify the
types of phytochemicals such as flavonoids, but not the actual compounds (Gad et
al., 2018; Qureshi et al., 2011). As such, it is usually combined with GC-MS to
enable the identification of the actual bioactive compounds.

Another limitation of GC-MS phytochemical analysis is the need to purchase
standards for qualitative and quantitative analysis of phytochemicals present in
herbal extracts. Although the GC-MS libraries can be used to identify unknown
compounds based on similarity scores, determining the confidence that a given
identification is accurate is difficult (Stein, 2012). The mass spectrum of a compound
can differ significantly from its library spectrum for several reasons, including
background noise, decomposition in the ionizer, low signal, and collision energy

variation (Valdez et al., 2018).

This variation in the mass spectrum reduces confidence in the identification in the
absence of standards. Additionally, it introduces a risk of false positive results. To
increase the probability that the compound identified using the library search is
present in the sample, Stein (2012) recommends looking for references to the
compound in relevant literature and citing these studies. Therefore, GC-MS is useful
for phytochemical screening to identify potential bioactive compounds in herbal
extracts. A GC-MS method for qualitative and quantitative analysis can then be

developed and validated using standards based on the results of the screening.
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2.6.2.2 Determination of Synthetic Compounds in Herbal Matrices Using GC-

MS

In addition to phytochemical screening, GC-MS has been applied to identify
synthetic compounds present in food and herbal matrices. One common application
of GC-MS s the identification of phthalates in food and herbal matrices (Russo et
al., 2015). Another application is the determination of pharmaceuticals, including
depressants, anxiolytics, diuretics, laxatives, and anorexics, in herbal samples
(Khazan et al., 2014). Lastly, GC-MS has been used to determine the adulteration of
herbal mixtures with synthetic cannabinoids (Alipour et al., 2019).

Although standards are required for qualitative analysis, the GC-MS analysis of
herbal samples can reveal the presence of miscellaneous synthetic compounds.
Khazan et al. (2014) used the GC-MS library to screen for miscellaneous synthetic
compounds present in herbal supplements for weight loss. They reported the
presence of theobromine, amfepramone, and pseudoephedrine. The presence of these
compounds was later confirmed using standards. The structures of these compounds
are provided in Figure 2.10. Therefore, GC-MS can be valuable in screening for
miscellaneous synthetic compounds in herbal samples. The screening results can then

guide the purchase of standards for qualitative and quantitative analysis.
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Figure 2.10: Chemical Structures of Some Synthetic Compounds Detected in

Herbal Supplements

2.6.3 Liquid Chromatography coupled with Tandem Mass Spectrometry (LC-

MS/MS)

LC-MS/MS allows for a wide range of potential adulterants to be analysed and
quantified simultaneously in one run using multiple reaction monitoring (MRM).
This technique has high selectivity and sensitivity for pharmaceuticals, which allows
for trace analysis (Bottoni & Caroli, 2019; Rocha et al., 2016). As such, LC-MS/MS
has extensively been used to determine herbal products adulterated with
pharmaceuticals (Jin et al., 2020; Liu et al., 2017; Zhong et al., 2017; Chen et al.,

2009; Liang et al., 2006).

A sample solution is injected into the LC system via the injector system maintained
at ambient temperature. The components in the solution are separated based on the
strength of their interactions with the stationary phase (column) (Corradini, 2010).
Components with a similar polarity to the stationary phase are retained longer in the
column, while those with a different polarity elute first from the column. As such, the
components are partitioned between the stationary and mobile phases, and the
difference in this partitioning facilitates their separation in the column.
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The column effluent with the separated components passes through the interface,
where they are vaporized, and the mobile phase is discarded. The ions enter the MS
system, where they are separated based on their m/z ratio in the mass analyser before
being counted by the detector. The detector gives a signal which is processed to give
a tandem mass spectrum, which can then be compared to standard tandem mass
spectra of known compounds in MS/MS libraries for the identification of unknown
compounds (Wohlfarth et al., 2013). MS/MS mass spectral libraries contain over
120,000 spectra for over 15,000 ions of over 7,000 compounds of environmental and

biological significance (Simén-Manso et al., 2013).

A key limitation of LC-MS/MS methods is the substantial variation of LC-MS/MS
results between laboratories due to varying method performance, necessitating
regular method validation (Vogeser & Stone, 2020). Jansen et al. (2005) compared
the mass spectra obtained from different tandem mass spectrometers after
standardizing them using a reference compound. They reported that tandem mass
spectra did not provide good inter-instrument reproducibility. Thus, there is a
significant risk for library searching algorithms misidentifying compounds. As such,
validation of developed LC-MS/MS methods, particularly guantitative methods, to
determine accuracy, reliability, matrix effects, recoveries, and precision using

standard reference materials is important (Simon-Manso et al., 2013).

However, the number of standard reference materials is limited due to the complexity
of the certification process, forcing analysts to use analytical standards of high purity
(>95%) and previously-determined blank samples to develop and validate LC-

MS/MS methods for determination of pharmaceutical adulterants in herbal samples
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(Jin et al., 2020; Liu et al., 2017; Zhong et al., 2017; Chen et al., 2009; Liang et al.,
2006). One of the most widely used protocols for validating analytical procedures for
pharmaceutical analysis is provided by the International Council for Harmonization
(ICH) (ICH, 2022). This protocol enables the development of valid and reliable LC-
MS/MS methods for determining pharmaceuticals in different matrices. Therefore,
this protocol can be used to develop and validate an LC-MS/MS method for the
simultaneous determination of selected antidiabetic pharmaceuticals in herbal

remedies sold in the country.

37



CHAPTER THREE

MATERIALS AND METHODS

3.1 Study Area

The study area was Nairobi and Uasin Gishu Counties, Kenya. Nairobi County was
chosen because it is a cosmopolitan area with various communities having diverse
cultures and customs (Kenya National Bureau of Statistics, 2020). Hence, a wide
range of herbal products ends up in this area. These herbal products are then
distributed to other parts of the country, making the results of this study
generalizable to the wider Kenyan market. Uasin Gishu County was chosen because
the region has a wealth of ethnobotanical knowledge, and many communities in this
region primarily rely on herbal medicines for treatment (Chebii et al., 2020).
Additionally, previous studies on herbal products in Nairobi and Uasin Gishu
Counties have reported contamination of herbal products (Hassan, 2019; Kariuki,
2012). The map of Kenya showing the geographical positions of Uasin Gishu and

Nairobi Counties is given in Figure 3.1.
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Study Area:
Uasin Gishu
County

Study Area:
Nairobi County

Figure 3.1: Map of Kenya Showing the Geographical Positions of Uasin Gishu
and Nairobi Counties (Kenya Magazine, 2023)

Nairobi County is the capital city of Kenya. It covers a total area of 696.1 km?. It
borders Kiambu County to the North, Machakos County to the East and Kajiado
County to the South and West. It has 17 sub-counties: Langata, Kibra, Roysambu,
Kasarani, Ruaraka, Embakasi South, Embakasi North, Embakasi Central, Embakasi
East, Embakasi West, Makadara, Kamkunji, Starehe, Mathare, Westlands, Dagoretti
North and Dagoretti South. The map of Nairobi showing its 17 sub-counties is given

in Figure 3.2.
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Kasarani

Dagoretti
South

Figure 3.2: Map of Nairobi County (Maphill, 2023)

Uasin Gishu County covers a total area of 2,955.3 km?. It borders Elgeyo Marakwet
County to the east, Trans Nzoia to the North, Kericho to the South, Baringo to the
South East, Nandi to the South West and Bungoma to the West. Administratively,
the county is divided into six sub-counties: Soy, Turbo, Moiben, Ainabkoi, Kapseret

and Kesses. The map of Uasin Gishu County is illustrated in Figure 3.3.
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Figure 3.3: Map of Uasin Gishu County (Maphill, 2023)

3.2 Research Design

An experimental research design was used for this study. Samples were randomly
collected from designated sampling sites in Nairobi and Uasin Gishu Counties,
Kenya. Questionnaires were administered to the vendors and THPs to determine
pertinent information about the constituents, preparation, storage, and consumption
of the purchased herbal medicines. They were then transported to the laboratory,
where they were coded and processed using standard laboratory protocols (Pang et
al., 2009). The samples were then extracted using organic solvents and the extract

solution subjected to GC-MS and LC-MS/MS analyses to determine their
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phytochemical profile and synthetic compounds present as contaminants and

adulterants.

3.3 Sampling Procedure

3.3.1 Determination of Appropriate Sample Size

The sample size was estimated such that the study had a 95% chance of detecting
anticancer activity in approximately 10% of the herbal remedies used to treat cancer.
It was determined that a minimum of 30 anticancer herbal remedies was required, as
shown in equation 1 (Gogtay, 2010):
n =logB/logp = log0.05/1og 0.9 = 28.4 rounded of f to 30 (1)
Where
1-B = Power of the test (0.95)
p = Proportion of anti-cancer herbal remedies with no anticancer activity (0.9
assumed)
The same sample size calculation was also applied to the antidiabetic herbal

remedies. Similarly, a minimum of 30 antidiabetic herbal remedies was required.

3.3.2 Sample Collection

Although the study was projected to use 60 samples (30 antidiabetic and 30
anticancer herbal medicines), only 24 samples were used due to the limited
availability of herbal products specifically indicated for cancer and diabetes
treatment. The herbal medicines were randomly purchased from herbal clinics,
herbal product manufacturers, herbalists, local retailers (supermarkets and nutrition

stores), and hawkers/ street vendors in Uasin Gishu and Nairobi Counties. A total of
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4 anticancer and 8 antidiabetic herbal medicines from Nairobi County and 5
anticancer and 7 antidiabetic herbal medicines from Uasin Gishu County were
sampled. The samples were coded using a combination of letters and numbers that

identified the treatment indication of the herbal medicine and sampling site.

The sample collector posed as a patient seeking treatment for either diabetes or
cancer and administered the questionnaire to the vendor or herbalist. A questionnaire
previously tested by the Kenya Institute of Medical Research (KEMRI) was used to
get pertinent details about the herbal medicines from the vendors and THPs. The
questionnaire assessed how the herbal medicines were prepared, the dosage
prescribed, recommended storage practices, and the medicinal plant(s) used to

prepare the remedies, as shown in Appendix I.

3.4 Equipment

Shimadzu GCMS-QP 2010 SE was used to screen for phytochemicals and synthetic
compounds present in each sample extract. A Waters Alliance 2975 LC system (LC,
Milford, MA, USA) coupled with a Waters Quattro Micro mass spectrometer
(Micromass, UK) was used to determine the adulteration of herbal samples using
selected antidiabetic pharmaceuticals. The system was operated using Masslynx 4.1
software. A rotary evaporator was used to concentrate the samples extracts. Mi-Vac
23050-A00 DNA pre-concentrator was used to evaporate the solvent from SPE
sample eluates. An SPE manifold with a vacuum pump was used to load sample
extracts onto SPE cartridges and elute the analyte of interests from the cartridge after

removal of interfering species.
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3.5 Chemicals and Reagents

HPLC-grade formic acid, acetonitrile, hexane, and methanol were purchased from
Merck (Germany). Ultrapure water was obtained from a Milli-Q water apparatus.
Analytical standards of metformin were donated by the Kenya National Quality
Control Laboratory, while those of gliclazide, glibenclamide, and glimepiride were

donated by Cosmos Limited, Kenya. All standards had >99% purity.

3.6 Ethical Considerations

Ethical clearance for collection of antidiabetic and anticancer herbal medicines was
granted by KEMRI Independent Scientific and Ethical Review Unit (SERU):

(KEMRI/SERU/CTMDR/CSC068/3566).

3.7 GC-MS Screening of Samples for Phytochemicals and Synthetic

Compounds

3.7.1 Organic Solvent Extraction of Samples

At least 10 g of the powdered herbal sample was mixed using a vortex mixer to gain
a uniform composition. The homogenised sample was extracted sequentially by cold
maceration using 300 mL of hexane, acetonitrile, and methanol, in the order of
increasing polarity for three days at room temperature. Cold maceration is widely
utilized to extract plant materials because it prevents the thermal decomposition of
thermolabile compounds (Abubakar & Haque, 2020). Additionally, it is simple to
use, although it takes a long time due to its low extraction efficiency (Zhang et al.,

2018). The extract solutions for each day were filtered using a Whatman No.1 filter
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paper, and the filtrate was stored in 500-mL glass flat-bottomed flasks. The filtrates
for the three days were combined and concentrated to about 10 mL using a rotatory
evaporator set at 40 °C to avoid the decomposition of thermolabile metabolites

(Mlozi et al., 2022).

3.7.2 Solid Phase Extraction

Silica-based Cig SPE cartridges (500 mg, 3 mL) and DSC-NH, SPE cartridges (500
mg, 3 mL) were used to clean up about 1 mL of the concentrated extracts from the
extraction step. DSC-NH, cartridges were used to clean up the hexane extracts while
the Cyg cartridges were used to clean up the methanol/ acetonitrile extracts. The

workflow diagram for the SPE process is shown in Figure 3.4.
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Figure 3.4: Workflow Diagram of the SPE Process Used

3.7.3 GC Operating Conditions

Helium was used as the carrier gas with a flow rate of 1 mL/min in the split mode

(10:1). Separation was performed on an Agilent DB-5MS (30 m x 0.25 mm x 0.25
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um). The oven temperature program, detector temperature, and injection temperature
were varied to optimize the separation conditions. The optimal interface and injector
temperatures were set to 250°C and 200°C, respectively. The optimal temperature
program was determined to be: 50°C held for 1 min before being ramped to 200°C at a
rate of 10°C/min, without holding, then raised to 280°C at a rate of 5°G/min and held

for 6 mins. The total analysis time was 38 mins.

3.7.4 MS Operating Conditions

The ion source was maintained at a temperature of 200°C. Electron ionization (EI) at
70 eV was used to ionize the volatile compounds in the gas flow from the GC and
obtain their mass spectra. The MS was operated in scan mode from 45 amu to 450

amu (atomic mass units).

3.7.5 Data Processing

The mass spectra obtained were compared with known spectra of various compounds
stored in the NIST database, which has over 62,000 reference spectra (Olivia et al.,
2021). The compounds were identified based on their molecular formula, retention
time, and probability of their mass spectrum being similar to those found on the
NIST database. The relative percentage content of each identified compound was
calculated by comparing the average peak area to the total area of all compounds

present (Mlozi et al., 2022).
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3.8 LC-MS/MS Method Development and Validation for Analysis of

Antidiabetic Pharmaceuticals present as Adulterants in Herbal Remedies

3.8.1 Preparation of Working Standards

The standard preparation technique employed by Pang et al. (2009) in the analysis of
antidiabetic herbal remedies for synthetic drugs was used to prepare the standards for
gliclazide, metformin, glimepiride, and glibenclamide. Individual stock solutions
were prepared by dissolving accurately weighed standards in methanol to make
1mg/mL concentrations. These stock solutions were refrigerated at -20°C, awaiting
further analysis. A mixed standard solution of 0.02 mg/mL concentration was
prepared in methanol and refrigerated at -20°C. Working standard solutions were
prepared by diluting the mixed standard solution with 5% acetonitrile in water (initial

mobile phase composition) to solutions in the concentration range 5-250 ng/mL.

3.8.2 Optimization of the LC-MS/MS Operating Conditions

MRM parameters were optimized using direct infusion, whereby a syringe pump was
used to directly inject 400 ng/mL standard solutions into the mass spectrometer. For
each standard, both the negative and positive electrospray ionization (ESI) modes
were tested. The most abundant m/z for each compound was chosen as the precursor
ion, and the intensity of the resultant signal was optimized by changing the cone
voltage. The cone voltage with the most intense signal was selected. The collision
energies were optimized for each transition, and the two most intense product ions

were chosen for qualification and quantification, respectively.
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For the organic mobile phase, acetonitrile and methanol acidified with 0.1% formic
acid were tested to determine which gave better chromatographic separation.
Different compositions of the mobile phase were evaluated to improve
chromatographic separation. Different separation temperatures (30°C to 40°C) and
flow rates (0.35 mL/min to 0.45 mL/min) were tested to optimize peak shapes,

chromatographic resolution, and analysis time.

3.8.3 Optimization of the Sample Preparation Process

The sample preparation process involved three key steps: extraction, evaporation,
and filtration. Optimization of the extraction step involved spiking the blank sample
to 50 ng/mL using the mixed standard solution, adding different concentrations of
methanol, then sonicating or shaking the mixture for 20 mins. Optimization of the
evaporation step involved spiking the extract of the blank sample to 50 ng/mL prior
to evaporation. Evaporation was carried out under a gentle stream of nitrogen.
Optimization of the filtration step involved spiking the extracted blank sample
extract to 50 ng/mL using the mixed standard solution after the evaporation step then
filtering the extract using a 0.22-micron cellulose and PTFE filter. The absolute
recoveries for each step and the entire process were evaluated to determine the
optimal conditions. The absolute recoveries were determined by comparing the mean
peak area of the spiked blanks (50 ng/mL) with that of the neat standards of similar
concentration, as shown in equation 2 (Ngumba et al., 2016). A previously-analysed
herbal product with no detectable levels of the targeted pharmaceuticals was used as

the blank sample.

mean peak aredspiked blank

Absolute recovery (%) = * 100 (2)

mean peak area neqt standard
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3.8.4 Validation of the Developed LC-MS/MS Method

The performance of the developed method was validated with reference to the ICH
guidelines for analytical techniques (ICH, 2022). Parameters evaluated during

method validation were tested as explained below.

3.8.4.1 Linearity

Linearity was determined by constructing calibration curves and determining the
coefficient of correlation (Kairigo et al., 2020). Calibration curves were developed

by injecting a set of standard solution of different concentrations (5-250 pg/L).

3.8.4.2 Accuracy

Accuracy was calculated by comparing the peak area of the blank spiked to 50
ng/mL prior to extraction using the mixed standard solution to that of the blank
spiked to 50 ng/mL using the mixed standard solution prior to injection into the LC-

MS/MS for analysis.

3.8.4.3 Precision

Precision was determined by making three consecutive injections of the mixed
standard solution at 10 ng/mL, 100 ng/mL, and 200 ng/mL and calculating the

relative standard deviation (RSD) of the mean peak areas obtained.

3.8.4.4 Detection Limits

The limit of detection (LOD) was calculated as three times the ratio of the unspiked

blank’s standard deviation, approximated using the y-intercept’s standard deviation,
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to the slope of the calibration curve (Ouma et al., 2021). The limit of quantification
(LOQ) was calculated as ten times the ratio of the unspiked blank’s standard

deviation to the slope of the calibration curve.

3.8.4.5 Matrix Effect

The matrix effect was measured by comparing the mean peak area of the blank
extract spiked using the mixed standard solution to a concentration of 50 ng/mL after

filtration to that of the neat standard of similar concentration (Ngumba et al., 2016).

3.8.5 Data Analysis

Microsoft Windows Excel 2019 was used in data entry and analysis. An independent
two-tailed t-test was performed to compare the experimental values for the different
extraction and filtration conditions tested during the sample optimization process. A
confidence interval of 95% (p= 0.05) was used. A p-value of less than 0.05 was

considered to be significant.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Details of the Herbal Medicines Sampled

The distribution of the collected samples is given in Table 4.1. A summary of the
sample information captured by questionnaire responses is given in Appendix II.
Nine (38%) of the 24 herbal medicines sampled were indicated for cancer treatment,
while the other 15 (62%) were indicated for diabetes treatment. The country of origin
of 15 (63%) of the sampled herbal medicines was indicated as Kenya, while 5 (21%)
were imported from China. The country of origin of the other 4 sampled products
was not indicated.

Table 4.1: Distribution of the Herbal Samples

Location Type Herbalist Hawker Herbal Local Total

Clinic Retailers

Nairobi Anticancer 1 1 1 1 4

Antidiabetic 1 2 2 3 8
Uasin Anticancer 2 1 2 0 5
Gishu Antidiabetic 2 2 3 0 7

Only 4 (17%) of the sampled herbal products had a brand name, indicated conditions,
and a list of ingredients on the product label. The other 20 sampled medicines (73%)
did not have a list of ingredients, indicated conditions, or a brand name indicated on
the product label. These products were mainly purchased from herbalists and herbal

clinics. The high proportion of samples without a list of ingredients, indicated
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conditions, or brand name underscores the secrecy surrounding the herbal medicine
practice in the country (Chebii et al., 2020; Kigen et al., 2019). Mislabelling or
inadequate labelling of herbal medicines is common due to weak regulation and poor
monitoring of these products in most countries (Kaggwa et al., 2022; Chebii et al.,

2020; Ekor, 2014).

Jordan et al. (2023) reported that 60% of the Ayurvedic herbal medicines sold in the
U.S. did not comply with the established labelling requirements. This high level of
noncompliant labelling has been associated with various adverse patient events
(Ekor, 2014). For example, an Australian man died from kidney failure after
consuming a toxic preparation that contained Aristolochia fangchi, which was not
declared on the label (Chau et al., 2011). Many countries, including Australia, have
banned importation of herbal medicines containing plants of the Aristolochia genus
because they contain aristolochic acids, which can cause liver failure (Han et al.,
2019). However, herbal medicines containing these toxic plants are mislabeled and

imported into many countries.

Most of the sampled herbal medicines were made from multiple medicinal plants
based on the information obtained from the product labels and questionnaire
responses, as highlighted in Figure 4.1. However, no information on the names of the
plants used was provided, consistent with the secretive practices of herbalists and
herbal clinics in Kenya. The reluctance of traditional health practitioners (THPs) to
identify the ingredients of their herbal medicines is due to fear that someone will
copy their formulations and undermine their practice (Thipanyane et al., 2022;

Chebii et al., 2020). However, this secrecy undermines patient safety and health
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because one cannot determine the potential of adverse reactions without knowing the
medicinal plants used to prepare the herbal formulation (Ekor, 2014). Additionally, it
provides a loophole for quack THPs to infiltrate the herbal medicine market (Chebii

et al., 2020; Kigen et al., 2019).

No
information Multiple
provided plants
38% [PERCENTAGE]
Single plants |

12%

Figure 4.1: Composition of the Herbal Medicines Sampled

The most common method of administration was ingestion (23 of the 24 sampled
herbal medicines). Only 1 sampled product was meant to be inhaled. Eleven of the
sampled products were to be prepared by hot infusion, 6 by decoction, and 1 by cold
infusion, as shown in Figure 4.2. Similar studies in other parts of the country have
reported hot infusion and decoction as the primary method of preparation for herbal
medicines and plants (Omara et al., 2022; Chebii et al., 2020; Onyancha et al., 2019;
Keter & Mutiso, 2012). Decoction involves boiling the herbal formulation in water
for about 20 minutes and drinking the mixture after it cools while hot infusion

involves pouring warm or hot water on the herbal material then letting the mixture
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cool (Tugume & Nyakoojo, 2019). The method of preparation of the other sampled

medicines was not provided.

Regarding contraindications, only 4 (17%) of the 24 sampled herbal medicines
required the patient to stop taking pharmaceutical drugs. 10 (42%) of the sampled
products could be taken with pharmaceutical drugs while no instructions were
provided on possible contradictions for the remaining 10 (42%). It was surprising
that although the ingredients of most of the sampled medicines were not identified,
many of them did not require the patient to stop conventional treatment despite the

high probability of adverse herb-drug interactions (Okaiyeto & Oguntibeju, 2021).

= Hot

infusion
= Decoction

= Cold
infusion
= Not

provided

Figure 4.2: Indicated Method of Preparation for the Herbal Medicines Sampled
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4.2 Phytochemical Profiles of the Herbal Medicines Sampled

A wide range of phytochemicals with different biological activities were determined
from the GC-MS results of the sampled herbal medicines. Over 30 different

phytochemicals were identified in each of the sampled herbal medicine.

4.2.1 Bioactive Phytochemicals Identified in the Herbal Medicines Sampled

The GC-MS results of the hexane, acetonitrile, and methanol crude extracts of the 8
antidiabetic herbal medicines sampled from Nairobi County revealed various volatile
bioactive compounds with reported antidiabetic and other useful activities. Table 4.2
lists some of the compounds in each sampled herbal medicine with reported
biological activities useful to diabetes treatment identified. The total ion
chromatograms (TICs) for selected extracts of the sampled herbal medicines that

were determined to have these compounds are provided in Appendix IlI.
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Table 4.2: Selected Bioactive Phytochemicals Identified in Antidiabetic Herbal

Samples from Nairobi County

Sample Classification

Code

Compound Name

Reported Biological
Activities

D12 Phytol
HOW

Terpene

Caffeine Xanthine

(@]
\)ig
/
o)\rr N

Cinnamaldehyde Flavonoid

o

@A\)H

D14 Caryophyllene Sesquiterpene

Apoptotic and cytotoxic
activity (Thakor et al.,
2016)

Antimicrobial and
antiradical activities (Pejin
etal., 2014)

Antioxidant, antidiabetic,
immunomodulatory,
immunoadjuvant, anti-
teratogenic, anticancer,
anticonvulsant, and
antitumor activities (Islam
etal., 2016, 2018)
Antidiabetic activity(Fu et
al., 2017)

Antioxidant activity (Vieira
et al., 2020)

Antimicrobial activity
(Nonthakaew et al., 2015)
Antitumor activity (Allen et
al., 1985)

Antibacterial activity
(Yossaet al., 2014)
Antifungal activity (Cheng
et al., 2008)
Anti-inflammatory activity
(Gunawardena et al., 2015)
Antimicrobial activity (He
etal., 2019)

Antidiabetic effect (Guo et
al., 2017)

Antioxidant activity
(Subash-Babu et al., 2014)

Antihyperglycemic activity
(Basha &
Sankaranarayanan, 2014)
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Sample Compound Name Classification
Code

Reported Biological
Activities

Palmitic acid Fatty acid
HO.
Y\/\/\/\/\/\/\/

[¢]

Andrographolide Terpene

o)
Ho™" %O

D18 Olean-12-en-3.beta.-ol, Terpene
acetate

Anticancer and antioxidant
activities

(Legault & Pichette, 2007)
Anti-inflammatory and
analgesic

activities (Chavan et al.,
2010)

Antibacterial activity (Moo
et al., 2020)
Immunomodulatory and
anticancer

activities (Boubaker et al.,
2018)

Antimicrobial and
antifungal activities

(Liu et al., 2008)
Antidiabetic activity
(Kadan et al., 2016)
Immunomodulatory and
anticancer

activities (Wanandi et al.,
2020)

Anti-inflammatory activity
(Jayakumar et al., 2013)
Antidiabetic activity
(Subramanian et al., 2008)
Antiviral activity (Panraksa
etal., 2017)
Hepatoprotective activity
(Maiti et al., 2010)
Antihyperlipidemic and
hypoglycaemic activities
(Nugroho et al., 2012)

Antibacterial activity
(Lazreg-Aref et al., 2011)
Antimalarial activity (Nafiu
etal., 2021)

Antioxidant and cytotoxic
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Sample Compound Name Classification Reported Biological

Code Activities
activities
(Fabiyi et al., 2012)
o Antidiabetic activity (Nair
Mo etal., 2014)

Anticholinesterase activity
(Alves & Cruz, 2011)
Anticancer activity on
cervical, ovarian, and breast
cancer (Afshar et al., 2021)
9-Octadecenamide, Fatty amide Anti-inflammatory activity
(2)- and prevents against
Alzheimer’s (Ano et al.,

0 2015)
szj\/m Hypogenic activity
(Huitrén-Reséndiz et al.,

2001)

Anti-allergic activity (Yang
et al., 2016)

Anticancer and antioxidant
activities (Wisitpongpun et

al., 2020)
6-Hydroxy-4,4,7a- Sesquiterpene Anti-inflammatory activity
trimethyl-5,6,7,7a- against LPS induced

tetrahydrobenzofuran- inflammation (Jayawardena
2(4H)-one etal., 2019)
Antiplasmodial activity
= (Gustav, 2016)
5 ° Antidiabetic activity
Ho (Tatipamula et al., 2021)
D17 Palmitic acid, methyl  Fatty acid methyl  Anti-angiogenic activity
ester ester (Seow et al., 2011)
Antibacterial activity
PSSP (Shaaban et al., 2021)

Anticancer and antioxidant

activity

(Wei et al., 2011)
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Sample Compound Name Classification
Code

Reported Biological
Activities

Squalene Terpene

Niacin Pyridinecarboxylic
o) OH acids
\
N

XD72P Eudesm-4(14)-en-11-ol Sesquiterpene

WOH

Phytol, acetate Fatty acid

Antifungal activity
(Abubacker &
Deepalakshmi, 2013)
Antimicrobial and
antioxidant activity
(Davoodbasha et al., 2018)
Anti-inflammatory activity
(Wu et al., 2021)
Antileishmanial activity
(Delgado-Altamirano et al.,
2019)

Antigastric carcinogenic
activity

(Palaniyandi et al., 2018)
Antioxidant activity
(Kraujalis & Venskutonis,
2013)

Anti-tumour, chemo-
preventative, anti-cancer,
and antimicrobial activities
(Ezhilan & Neelamegam,
2012)

Antidiabetic activity
(Nachar et al., 2015)
Anti-inflammatory,
antidyslipidemic,
antihyperlipidemic, anti-
apoptotic,

antioxidant, and
antidiabetic activities
(Gasperi et al., 2019)

Anti-angiogenic activity
(Tshering et al., 2021)
Antibacterial activity
(Ahmed et al., 2017)

Apoptotic and cytotoxic
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Sample Classification

Code

Compound Name

Reported Biological
Activities

W/J\Ao
o~

Palmitic acid Fatty acid

o

NVV\MO/

MD43P Humulene Sesquiterpene

Squalene

Terpene

activity (Thakor et al.,
2016)

Antimycobacterial activity
(Rajab et al., 2007)
Antimicrobial and
antiradical activities (Pejin
etal., 2014)

Antioxidant, antidiabetic,
immunomodulatory,
immunoadjuvant, anti-
teratogenic, anticancer,
anticonvulsant, and
antitumor activities (Islam
etal., 2016, 2018)

Antibacterial activity
(Barbara et al., 2002)
Immunomodulatory  and
anticancer activity
(Boubaker et al., 2018)
Antimicrobial and
antifungal activity (Liu et
al., 2008)

Antidiabetic activity

(Kadan et al., 2016)

Anti-inflammatory activity
(Ajiboye et al., 2016)
Antibacterial activity (Jang
et al., 2020)

Anti-tumor activity (El

Hadri et al., 2010)
Antidiabetic activity
(Zaccai et al., 2020)
Antigastric carcinogenic
activity

(Palaniyandi et al., 2018)
Antioxidant activity
(Kraujalis & Venskutonis,
2013)

Anti-tumor, chemo-
preventative, anti-cancer,
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Sample
Code

Compound Name

Classification

Reported Biological
Activities

9-Octadecenamide,

(2)-

HzNJI\m

MD53P Methyl stearate

/OY\/W\/\/\/\/\/

o}

Phytol, acetate

WWVO
oA~

Palmitic acid

Fatty amide

Fatty acid methyl
ester

Fatty acid

Fatty acid

and antimicrobial activities
(Ezhilan & Neelamegam,
2012)

Antidiabetic activity
(Nachar et al., 2015)
Anti-inflammatory activity
and prevents against
Alzheimer’s (Ano et al.,
2015)

Hypogenic activity
(Huitron-Reséndiz et al.,
2001)

Anti-allergic activity (Yang
etal., 2016)

Anticancer and antioxidant
activities (Wisitpongpun et
al., 2020)

Anti-inflammatory activity
(Razi et al., 2015)
Anti-bacterial and anti-
oxidant activity (Sudharsan
etal., 2011)

Apoptotic and cytotoxic
activity (Thakor et al.,
2016)

Antimycobacterial activity
(Rajab et al., 2007)

Antimicrobial and
antiradical activities (Pejin
etal., 2014)

Antioxidant, antidiabetic,
immunomodulatory,
immunoadjuvant, anti-
teratogenic, anticancer,
anticonvulsant, and
antitumor activities (Islam
etal., 2016, 2018)

Antibacterial activity
(Barbara et al., 2002)
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Sample Classification

Code

Compound Name

Reported Biological
Activities

HOYWWW\/

o

RD32P  Palmitic acid, methyl

ester

Fatty acid methyl
ester

o

/M\WO/

Cryptomeridiol Sesquiterpene

HO

2-Pentadecanone,
6,10,14-trimethyl-

Sesquiterpene

YT

Immunomodulatory and
anticancer activities
(Boubaker et al., 2018)
Antimicrobial and
antifungal activities (Liu et
al., 2008)

Antidiabetic activity
(Kadan et al., 2016)

Anti-angiogenic
(Seow et al., 2011)
Antibacterial activity
(Shaaban et al., 2021)
Anticancer and antioxidant
activity (Wei et al., 2011)

activity

Antifungal activity
(Abubacker &
Deepalakshmi, 2013)

Antimicrobial and
antioxidant activity

(Davoodbasha et al., 2018)
Anti-inflammatory activity
(Wu et al., 2021)

Antioxidant, anti-microbial,
antispasmodic, and anti-
inflammatory

activities (Tong et al.,
2018)

Antimicrobial and anti-
inflammatory activities
(Adeosun et al., 2017)
Antidiabetic activity
(Bahadori et al., 2017)

Similarly, the GC-MS results of the hexane, acetonitrile, and methanol crude extracts

of the 7 antidiabetic herbal medicines sampled from Uasin County revealed
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numerous volatile bioactive phytochemicals with reported antidiabetic and other
useful biological activities. Some of the compounds identified in each sample herbal
medicines with reported antidiabetic activities are summarized in Table 4.3. The
TICs of some of the extracts of the sampled herbal medicines that were determined

to have these compounds are provided in Appendix IlI.
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Table 4.3: Selected Phytochemicals Identified in Antidiabetic Herbal Samples

from Uasin Gishu County

Sample Compound Name Classification  Reported Biological
Code Activities
ELD20P Xanthen-9-one, Xanthone Antimalaria,
1-hydroxy-3,5,8- hepatoprotective,
trimethoxy- and blood sugar lowering
oH o o activities (Kshirsagar et al.,
O O 2019)
\O O
<
1,8-Dihydroxy-3- Anthraquinone  Anticancer, antibacterial,
methyl-anthraquinone antiviral, anti-proliferative,
OH o OH and
antioxidant activities
(Abdelfattah, 2009; Shafiq
© et al., 2020)
cis-Methyl isoeugenol  Terpene Antidepressant and
o anxiolytic
o activities (Fajemiroye et
al.,
2014)
Antimicrobial and
antifungal
activity (Liu et al., 2008)
Antidiabetic activity
(Kadan et
al., 2016)
ELD28P Erythritol Sugar alcohol  Antioxidant, antibacterial,
oH and

OH

Butanedioic acid,
monomethyl ester

/O

OH

O

Skimmianine

Dicarboxylic
acid ester

Alkaloid

antidiabetic activities
(Rzechonek et al., 2017)
Antidiabetic activity
(Eizirik et al., 1994; Vicent
etal., 1994)

Antibacterial, antiviral,
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o~ antiplasmodia activities

(Guetchueng et al., 2022)

Anticancer and

0 anticholinesterase activities
(Koziot et al., 2019)

ELDA47P Vanillin Phenol Antinociceptive, anti-

2 acetylcholinesterase,
anticancer,
HO anti-hyperlipidaemic, anti-

o hyperglycaemic, anti-
inflammatory,
antimicrobial,
antioxidant, and cardio-
protective,
activities
(Olatunde et al., 2022)

Ascabin Benzoic acid Acaricidal activity (Ohno

o ester et al., 2008)
@AI\O/O Antihypertensive and
Immunobiological
activities
(Sang et al., 2005)
(E,E)-N-Isobutyl-2,4-  Fatty amide Antidiabetic, analgesic,
decadienamide immunomodulatory,

antimugenic, and anti-
inflammatory activities

0 (Elufioye et al., 2020)
YN NS
H
ELD/D/77P Erythritol Sugar alcohol  Antioxidant and
o antibacterial activities; low
Ho " om insulin index
on (Rzechonek et al., 2017)
5-
Hydroxymethylfurfural Phenol Antioxidant and
. P antiproliferative activities
A G A (Manganyi et al., 2019)

Antimicrobial activities (L.
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Caryophyllene oxide

ELD/D/75P 9-Octadecenamide,

(2)-

Phytol

HO\/\(\/\IMI/\A(

Palmitic acid, methyl

ester

WO/

Sesquiterpene

Fatty amide

methyl ester

Zhao et al., 2013)

Anticancer and analgesic
activity (Fidyt et al., 2016)
Anti-inflammatory activity
(Chavan et al., 2010)
Antioxidant and
antidiabetic activities
(Gyrdymova & Rubtsova,
2021)

Anti-inflammatory activity
and prevents against
Alzheimer’s (Ano et al.,
2015)

Hypogenic activity
(Huitron-Reséndiz et al.,
2001)

Anti-allergic activity (Yang
etal., 2016)

Anticancer and anticancer
activities (Wisitpongpun et
al., 2020)

Apoptotic and cytotoxic
activities (Thakor et al.,
2016)

Antimycobacterial activity
(Rajab et al., 2007)
Antimicrobial and
antiradical

activities (Pejin et al.,
2014)

Antioxidant, antidiabetic,
immunomodulatory,
immunoadjuvant, anti-
teratogenic, anticancer,
anticonvulsant, and
antitumor

activities (Islam et al.,
2016, 2018)
Anti-angiogenic activity
(Seow et al., 2011)
Antibacterial activity




ELD/D/76P  Phenol, 3-pentadecyl-

JD15P

oA

Lup-20(29)-en-3.beta.-
ol

9-Octadecenamide,

(2)-

HzN)‘\/m

Skimmianine

Phenol

Terpene

Fatty amide

Alkaloid

(Shaaban et al., 2021)
Anticancer and antioxidant
activities (Wei et al., 2011)
Antifungal activity
(Abubacker &
Deepalakshmi, 2013)
Antimicrobial and
antioxidant activities
(Davoodbasha et al., 2018)
Anti-inflammatory activity
(Wu et al., 2021)

Anti-obesity, cytotoxic,
antibacterial, and
antioxidant properties
(Cieslik-Boczula et al.,
2009)

Antidiabetic activity (Na et
al.,

2009)

Antimicrobial activity
(Andrade et al., 2020)
Anti-inflammatory and
antioxidant properties (Jin
etal., 2012)
Anti-inflammatory activity
and prevents against
Alzheimer’s (Ano et al.,
2015)

Hypogenic activity
(Huitron-

Reséndiz et al., 2001)
Anti-allergic activity (Yang
et al., 2016)

Anticancer and antioxidant
activities

(Wisitpongpun et al., 2020)

Anti-inflammatory activity
(Ratheesh et al., 2013)
Antileishmanial, anti-
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beta.-Amyrone Terpene

cis-Methyl isoeugenol  Terpene

acetyl-

cholinesterase, and
antimicrobial
activities (Shang et al.,
2018)

Anti- acetyl-
cholinesterase

activity (Olasehinde et al.,
2019)

Anti-fungal activity
(Elfadil et al., 2015)

Antidepressant and
anxiolytic

activities (Fajemiroye et
al.,

2014)

Antimicrobial and
antifungal

activity (Liu et al., 2008)
Antidiabetic activity
(Kadan et

al., 2016)

The GC-MS results of the hexane, acetonitrile, and methanol crude extracts of the 4

anticancer herbal medicines sampled from Nairobi County revealed numerous

bioactive compounds with anticancer and other useful biological activities. Some of

the volatile compounds identified in each sampled herbal medicine with reported

anticancer activities are summarized in Table 4.4. The TICs of some of the extracts

of the sampled herbal medicines that were determined to have these compounds are

provided in Appendix I1I.
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Table 4.4: Selected Bioactive Phytochemicals Identified in Anticancer Herbal

Samples from Nairobi County

Sample Compound Name
Code

Classification

Reported Biological
Activities

C09 Trans-o-coumaric acid  Phenolic acid

o
AN

OH

OH

Caffeine Xanthine

(2)-2- Flavonoid
methoxycinnamaldehyde
AN

GC82pP Squalene Terpene

Antimicrobial and anti-
inflammatory activities
(Pham et al., 2021)
Anticancer and antioxidant
activities (Kianmehr et al.,
2020)

Antidiabetic activity (Fu et
al., 2017)

Antioxidant activity (Vieira
et al., 2020)

Antimicrobial activity
(Nonthakaew et al., 2015)
Antitumor activity (Allen et
al.,

1985)

Anti-inflammatory and
antioxidant activities (Hwa
etal., 2012)

Anticancer activity (Perng
et al., 2016)

Antitumor activity (Jin &
Kim, 2017)
Antileishmanial activity
(Delgado-Altamirano et al.,
2019)

Antigastric and
carcinogenic

activities (Palaniyandi et
al.,

2018)

Antioxidant activity
(Kraujalis & Venskutonis,
2013)

Anti-tumor, chemo-
preventative,

anti-cancer, antimicrobial,
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GC81P

alpha.-Amyrin

Copaene

/E\

beta.-Amyrin

Terpene

Aliphatic
hydrocarbon

Terpene

and

sun-screen activities
(Ezhilan & Neelamegam,
2012)

Antidiabetic effect (Nachar
etal., 2015)
Anti-inflammatory activity
(Junior et al., 2019)
Antidepressant and
anxiolytic activities
(Aragdo et al., 2006)
Anticonvulsant
activity(Aragdo et al.,
2015)

Gastoprotective (Oliveira et
al., 2004) and
hepatoprotective

activity (Oliveira et al.,
2005)

Anticancer activity (Abu-
Lafi et

al., 2019)

Antioxidant and nticancer
activities, not genotoxic
(Turkez et al., 2014)
Antibacterial activity
(Landoulsi et al., 2020)

Anti-inflammatory activity
(Janior et al., 2019)
Antidepressant and
anxiolytic

activity (Aragdo et al.,
2006)

Anticonvulsant activity
(Aragao et al., 2015)
Gastoprotective and
hepatoprotective activities
(Oliveira et al., 2005)
Anticancer activity (Wen et
al., 2018)
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C13

3-O-Methyl-d-glucose

oH oH

fo) R :
\/\E/\A/\OH
o

- OH

Squalene

Palmitic acid, methyl
ester

[e]

WO/

Monosaccharide

Terpene

Fatty acid
methyl ester

Reduces toxicity of
streptozotocin and enhances
antitumor activity of
streptozotocin (Anandan et
al., 2011)

Antileishmanial activity
(Delgado-Altamirano et al.,
2019)

Antigastric and
carcinogenic

activities (Palaniyandi et
al.,

2018)

Antioxidant activity
(Kraujalis & Venskutonis,
2013)

Anti-tumor, chemo-
preventative,

anti-cancer, antimicrobial,
and

sun-screen activities
(Ezhilan & Neelamegam,
2012)

Antidiabetic effect (Nachar
etal., 2015)

Anti-angiogenic activity
(Seow et al., 2011)
Antibacterial activity
(Shaaban et al., 2021)
Anticancer and antioxidant
activities (Wei et al., 2011)
Antifungal activity
(Abubacker &
Deepalakshmi, 2013)
Antimicrobial and
antioxidant activities
(Davoodbasha et al.,

2018)

Anti-inflammatory activity
(Wu
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3-O-Methyl-d-glucose

OH  OH

o : g
\/\E/Y\OH
5

- OH

Monosaccharide

6-Hydroxy-4,4,7a-
trimethyl-5,6,7,7a-

Sesquiterpene

etal., 2021)

Reduces toxicity of
streptozotocin and enhances
antitumor activity of
streptozotocin (Anandan et
al., 2011)
Anti-inflammatory activity
against LPS induced

tetrahydrobenzofuran- inflammation (Jayawardena
2(4H)-one etal., 2019)
Antidiabetic and
= antioxidant
© activities (Tatipamula et al.,
HO ° 2021)

The GC-MS results of the hexane, acetonitrile, and methanol crude extracts of the 5
anticancer herbal medicines sampled from Uasin Gishu County revealed numerous
volatile bioactive compounds with anticancer and other useful activities. Some of the
compounds identified in each sampled herbal medicine with reported anticancer
activities are summarized in Table 4.5. The TICs of some of the extracts of the
sampled herbal medicines that were determined to have these compounds are

provided in Appendix I11.
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Table 4.5: Selected Bioactive Phytochemicals Identified in Anticancer Herbal
Samples from Uasin Gishu County

Sample
Code

Compound Name

Classification

Reported Biological
Activities

EIC21P

EIC26P

Anthraquinone, 1,8-
dihydroxy-3-methyl-

OH OH

Genkwanin

9-Octadecenamide, (2)-

Columbin

Anthraquinone

Flavonoid

Fatty amide

Terpene

Antioxidant,
antimicrobial, and
tumor promoting
activities (Shafiq et al.,
2020; Zeid et al.,
2000; Digiovanni &
Boutwell, 1983)
Anti-inflammatory
activity

(Gao et al., 2014)
Immunomodulatory
and

antitumor activities
(Wang et al., 2015)
Anti-neurotoxicity (Li
et al.,

2021)
Anti-proliferative
activity

(Nasr et al., 2016)
Anti-inflammatory
activity and prevents
against Alzheimer’s
(Ano et al., 2015)
Hypogenic activity
(Huitron-Reséndiz et
al., 2001)
Anti-allergic activity
(Yang et al., 2016)
Anticancer activity
(Wisitpongpun et al.,
2020)

Anti-inflammatory and
chemopreventative
activities (Ibrahim et
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EIC27P

9-Octadecenamide, (2)-

o

HQNJI\/ZX?

Ibogamine

9-Octadecenamide, (2)-

Columbin

Fatty amide

Alkaloid

Fatty amide

Terpene

al., 2012;

Kohno et al., 2002;
Majhi,

2020)

Anti-inflammatory
activity and prevents
against Alzheimer’s
(Ano et al., 2015)
Hypogenic activity
(Huitrén-Reséndiz et
al., 2001)
Anti-allergic activity
(Yangetal., 2016)
Anticancer activity
(Wisitpongpun et al.,
2020)

Anticancer and
antioxidant activities
(Zhang et al., 2016)

Anti-inflammatory
activity and prevents
against Alzheimer’s
(Ano et al., 2015)
Hypogenic activity
(Huitron-Reséndiz et
al., 2001)
Anti-allergic activity
(Yang et al., 2016)
Anticancer activity
(Wisitpongpun et al.,
2020)
Anti-inflammatory and
chemopreventative
activities ( Majhi,
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EIC35P

ELD/C/64P

Ascabin

SRa s

Anthraquinone, 1,8-

dihydroxy-3-methoxy-6-

methyl-

OH o© OH
- i i i o
o

Anthraquinone, 1,8-
dihydroxy-3-methyl-

OH OH
o

1-(6-Hydroxy-2-

isopropenyl-1-benzofuran-

7-yl)ethenone

E\

Benzoic acid
ester

Anthraquinone

Anthraquinone

Benzofuran

Terpene

2020; Ibrahim et al.,
2012; Kohno et al.,
2002)

Acaricidal activity
(Ohno et al., 2008)
Antihypertensive and
immunobiological
activities

(Sang et al., 2005)

Antitumor and anti-
leishmanial activities
(Alasmary et al., 2018;
Awaad et al., 2013)

Antioxidant,
antimicrobial, and
tumour promoting
activities

(Shafiq et al., 2020;
Zeid et al., 2000;
Digiovanni &
Boutwell, 1983;)
Immunomodulatory
and

antioxidant activities
(Sajjadi-Ghotbabadi et
al., 2017; Khaleghi et
al., 2014)

Apoptotic and
cytotoxic activity
(Thakor et al., 2016)
Antimycobacterial
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(+)-.gamma.-Tocopherol,  Phenol
O-methyl-

9-Octadecenamide, (Z)-  Fatty amide

activity

(Rajab et al., 2007)
Antimicrobial and
antiradical activities
(Pejin et al., 2014)
Antioxidant,
antidiabetic,
immunomodulatory,
immunoadjuvant, anti-
teratogenic, anticancer,
anticonvulsant, and
antitumor activities
(Islam et al., 20186,
2018)

Antioxidant and anti-
inflammatory activities
(Birringer &
Lorkowski, 2019)
Anti-inflammatory
activity and prevents
against Alzheimer’s
(Ano et al., 2015)
Hypogenic activity
(Huitrén-Reséndiz et
al., 2001)
Anti-allergic activity
(Yang et al., 2016)
Anticancer activity
(Wisitpongpun et al.,
2020)

4.2.2 Potentially toxic phytochemicals identified in the herbal medicines

sampled
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The GC-MS analysis revealed the presence of several phytochemicals with reported
toxicity, including prunasin-d (1), 5-keto-d-fructose (2), and ketone, 7-methoxy-2-

benzofuranyl methyl (3). Their chemical structures are given in Figure 4.3.
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Figure 4.3: Chemical Structures of Potentially Toxic Phytochemicals Identified
in Some of the Herbal Medicines Sampled

4.2.2.1 Prunasin-D

Prunasin is a natural cyanogenic glycoside found in the seeds of various edible
plants, including peaches, almonds, apricot, and other Rosacease family members
(Madrera & Valles, 2021). It was detected in one of the antidiabetic samples from
Uasin Gishu County (ELD/D/75P), and its TIC is shown in Figure 4.4. When
ingested, prunasin releases hydrogen cyanide, which is poisonous to humans at high
concentrations (Deng et al., 2021). Clinical manifestations of acute cyanide
poisoning include mental confusion, diarrhoea, vomiting, dizziness, headache, low
blood pressure, rapid pulse, and rapid respiration (Cressey & Reeve, 2019).
Additionally, several neurological disorders have been linked to chronic cyanide
exposures due to cyanide inhibiting oxidative phosphorylation, which impairs vital

functions, metabolic acidosis, and hypoxia (Schrenk et al., 2019).
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Figure 4.4: TIC of the ELD/D/75P Extract Containing Prunasin-D

Several plants containing 1-2.5% of prunasin and other cyanogenic glycosides are
considered toxic, including Prunus laurocerasus (Malaspina et al., 2022). Notably,
The European Food Safety Authority Panel on Contaminants in the Food Chain set
the limit of dietary exposure to cyanides at 20 pg/kg body weight (Schrenk et al.,
2019). However, this study could not determine the amount of dietary exposure to
prunasin in the prescribed dosage, which prevented risk assessment. Malaspina et al.
(2022) assert that prunasin and other cyanogenic glycosides rarely result in serious
illnesses when ingested at low concentrations because the human body does not
activate cyanogenic glycosides at these low concentration levels. Nevertheless, the
presence of prunasin, whose relative peak area was 25%, might point to the herbal

medicine being unfit for human consumption.

4.2.2.2 5-Keto-D-Fructose

5-keto-d-fructose is a natural diketone found in several Gluconobacter strains

(Siemen et al., 2018). Gluconobacter strains include acetic acid bacteria that use
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membrane-associated dehydrogenases to oxidize a wide range of alcohols and
carbohydrates to ketones, aldehydes, and organic acids (Battling et al., 2020). 5-keto-
d-fructose is formed when the fructose dehydrogenase complex bound to the
membrane of some Gluconobacter strains catalyses the oxidation of D-fructose to 5-
keto-D-fructose (Hovels et al., 2022). As such, it is a unique compound produced
from fructose or mannitol by Gluconobacter strains (Nguyen et al., 2021). Therefore,
the presence of 5-keto-d-fructose in one of the anticancer herbal samples from
Nairobi County (C13) indicates the presence of Gluconobacter strains in the sample.

The TIC of the C13 extract containing 5-keto-d-fructose is shown in Figure 4.5.
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Figure 4.5: TIC of the C13 Extract Containing 5-Keto-D-Fructose

Although 5-keto-D-fructose is not toxic, studies have established that Gluconobacter
spp. can cause colonization of other acetic acid bacteria and infections in patients
with indwelling devices or chronic diseases (Alauzet et al., 2010). For example,
Bassetti et al. (2013) reported a case of a female patient diagnosed with endocarditis

caused by Gluconobacter spp. Therefore, the consumption of this anticancer sample
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might undermine the patient’s health due to the presence of Gluconobacter spp - an

opportunistic human pathogen.

4.2.2.3 Ketone, 7-Methoxy-2-Benzofuranyl Methyl

Ketone, 7-methoxy-2-benzofuranyl methyl is a secondary metabolite derived from
fungi that grows on mangrove plants — Sprothix spp. (Liao et al., 2019; Xu, 2014,
Wen et al., 2010). It was detected in one of the antidiabetic herbal samples from
Uasin Gishu County (ELD47P), which points to the presence of Sprothix spp. in the
sample. The TIC of the ELD47P extract with ketone, 7-methoxy-2-benzofuranyl

methyl is shown in Figure 4.6.
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Figure 4.6: TIC of the ELD47P Extract Containing Ketone, 7-Methoxy-2-
Benzofuranyl Methyl

Sprothix spp. is common in subtropical and tropical regions and is associated with
sporotrichosis outbreaks in these regions (de Lima-Barros et al., 2011). Most cases of
sporotrichosis have been reported in South Africa, Asia, and South America
(Fernandes et al., 2018). Humans get infected when Sprothix spp. from contaminated
surfaces inoculates itself on the human skin, causing lesions (Barros et al., 2011).

81



Once infected, one can spread the disease to other people through contact with the
wounds or herbal/indegenous topical medication (Mahajan, 2014). Therefore,
although ketone, 7-methoxy-2-benzofuranyl methyl has no reported toxicity, its
presence points to possible microbial contamination of the sample — posing a safety

risk.

4.3 Synthetic Compounds Identified in the Herbal Medicines Sampled

4.3.1 Phthalates

The GC-MS analysis of the acetonitrile and methanol extracts revealed the presence
of several phthalates in most of the herbal samples. Notably, 13 (54%) of the 24
sampled herbal medicines contained at least one phthalate. The phthalates
determined in the sampled herbal medicines included diisobutyl phthalate, diisooctyl
phthalate, diethyl phthalate, and dibutyl phthalate, whose chemical structures are
provided in Figure 4.7. The distribution of these phthalates in the 13 herbal samples
is highlighted in Figure 4.8, and their proposed fragmentation patterns that confirmed
their presence are provided in Figures 4.9-4.11. Notably, most of the samples

contained more than one phthalate.
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Figure 4.7: Chemical Structures of Phthalates Identified in the Sampled Herbal
Medicines

Di-n-butyl phthalate, diisooctyl phthalate, and diethyl phthalate are widely used to
make plastics, pesticides, coatings, and personal care products (Baranenko et al.,
2022; Giuliani et al., 2020). These phthalates have been detected in a wide range of
food products, and it is suspected that they easily leach from plastic packaging into
food products (Giuliani et al., 2020). As such, the phthalates detected in this study
could have come from the plastics used to package the herbal formulation or the
medicinal plants used to make the formulations. However, the confidence of the
phthalate determination is low due to the high likelihood of false positive results
(Andjelkovi¢ et al., 2021; Russo et al., 2015). Efforts were taken to reduce the
phthalate contamination of the samples, like using only glassware throughout the
process, but even laboratories that are phthalate free still record false positives (Fan

etal., 2019; He et al., 2015).
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Figure 4.11: Proposed Fragmentation Pattern of Diethyl Phthalate (Russo et al.,
2015)

Food intake is the primary route of phthalate exposure in humans. Once ingested,
diester phthalates are quickly metabolized by hydrolysis and then conjugated
(Baranenko et al., 2022). This hydrolysis of diester phthalates into monoester
phthalates occurs in the parenchyma and the intestines and is catalysed by lipases and
esterase. These monoester phthalates are highly bioactive and are associated with a
wide range of illnesses. Studies have established that phthalates might disrupt the
endocrine system when ingested, adversely impact the male reproductive system, and

act as carcinogens — causing ovarian, cervix, skin, and breast cancer (Giuliani et al.,
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2020; Ma et al., 2018). This exposure has also been correlated with nephrotoxicity,
hepatoxicity, cardiotoxicity, autism spectrum disorders, type Il diabetes, altered
foetal development, sex anomalies, early puberty, and endometriosis ( Wang & Qian,
2021; Saeidnia & Abdollahi, 2013; Saillenfait et al., 2013). Therefore, the
determination of phthalates in 54% of the sampled herbal medicines in this study

could point to potential safety issues with herbal medicines sold in Kenya.

4.3.2 Pharmaceutical and Pesticide Salts and Adjuncts in the Herbal

Medicines Sampled

Several synthetic pharmaceutical and pesticide salts and adjuncts were detected in
the GC-MS results of some samples. Adulterating herbal medicines with
pharmaceuticals poses various health risks, especially to people with chronic
illnesses because they use these medicines for a long time (Wang et al., 2020). The

distribution of the detected pharmaceuticals can be found in Table 4.6.
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Table 4.6: The Distribution of the Pharmaceutical Salts and Adjuncts Detected

Compound Name Uses Sample Herbal
Code Medicine
Indication
2-nitroisobutyl-glycerol Vasodilator ELD/D/76P  Diabetes
OH D14 Diabetes
° @WOH MD43P Diabetes
~N
'|“| On EIC27P
Isopropyl 2,3-dideoxyhex-2-  Antitubercular ELD/D/76P  Diabetes
enopyranoside
OH
O
A
Boldenone Anabolic steroid D14 Diabetes
O
3,4-methylenedioxybenzylidene  Pesticides ELD47P Diabetes
acetone
(0]
o AN
§
ethyl 2-cyano-3-[4- Synthesis of EIC21P Cancer
(dimethylamino)phenyl]acrylate antibiotic ELD20P Diabetes

pharmaceuticals
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4.3.2.1 2-Nitroisobutyl-Glycerol

2-nitroisobutyl-glycerol, a prodrug, was among the compounds detected in the
methanol extracts of 3 herbal medicines, 2 from Uasin Gishu County (ELD/D/76P
and EIC27P) and 2 from Nairobi County (D14 and MD43P). The TICs of the
extracts of ELD/D/76 and D14 containing 2-nitroisobutyl-glycerol are provided in

Figure 4.12 and 4.13, respectively.
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Figure 4.12: TIC of the ELD/D/76P Extract Containing 2-Nitroisobutyl-
Glycerol
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Figure 4.13: TIC of the D14 Extract Containing 2-Nitroisobutyl-Glycerol

2-nitroisobutyl-glycerol is used as a vasodilating hypotensive agent to improve
cardiac function in patients with cardiovascular conditions (Bibli et al., 2019; Huh et
al., 2019). It activates guanylyl cyclase and inhibits calcium uptake by myocytes,
which relaxes the filaments and causes dilation of arterioles, arteries, and veins (Li et
al., 2020). Synthetic antihypertensive drugs are among the synthetic drugs most
commonly used to adulterate herbal medicines (Wang et al., 2020). For instance,
Guo et al. (2020) reported that nine batches of herbal medicines labelled as “all
natural” products were adulterated with antihypertensive pharmaceuticals, with

amounts ranging from 2.8 mg/g to 27.9 mg/g.

4.3.2.2 Isopropyl 2,3-Dideoxyhex-2-Enopyranoside

Another pharmaceutical identified was isopropyl 2,3-dideoxyhex-2-enopyranoside.
Isopropyl 2,3-dideoxyhex-2-enopyranoside was detected in 1 of the 4 herbal
medicines from Uasin Gishu County (ELD/D/76P), and its TIC is shown in Figure

4.14.
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Figure 4.14: TIC of the ELD/D/76P Extract Containing Isopropyl 2,3-
Dideoxyhex-2-Enopyranoside

Isopropyl 2,3-dideoxyhex-2-enopyranoside compound is among the group of hex-2-
enopyranosides that are synthesized using the Ferrier reaction (Gomez et al., 2015).
Hex-2-enopyranosides are commonly used as intermediates in the synthesis of
pharmaceuticals because they have an unsaturated site and are small in size (Saquib
et al., 2011). They have also been used as antitubercular agents (Gupta, 2010).
Therefore, the presence of this compound in ELD/D/76P, which also contained 2-
nitroisobutyl-glycerol, indicates the adulteration of this sample with multiple

pharmaceuticals.

4.3.2.3 Boldenone

Boldenone, an anabolic steroid, was detected in one antidiabetic herbal medicine
from Nairobi County (D14). The TIC of the D14 extract containing boldenone is

shown in Figure 4.15.
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Figure 4.15: TIC of the D14 Extract Containing Boldenone

Boldenone is a synthetic derivative of testosterone that has been altered to improve
its anabolic activity instead of its androgenic activity (Oda & EI-Ashmawy, 2012).
Hence, it is used to enhance the durability and strength of human, canine, and equine
athletes and promote the growth of animals. Several studies have reported the
adulteration of herbal supplements with boldenone and other anabolic steroids
(Deconinck et al., 2021; Micalizzi et al., 2021; Rocha et al., 2016). This adulteration
is dangerous because anabolic steroid use is associated with irreversible organ
damage, blood clotting, hypertension, reduced fertility, and atherosclerosis (Behairy

et al., 2021; Gagliano-Juca & Basaria, 2019; Oda & EI-Ashmawy, 2012).

4.3.2.4 3,4-Methylenedioxybenzylidene Acetone

3,4-methylenedioxybenzylidene acetone, a modified form of the natural compound
piperonyl acetone, was detected in one herbal sample — the antidiabetic medicine

from Uasin Gishu County (ELD47P) that contained ketone, 7-methoxy-2-
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benzofuranyl methyl, a fungi secondary metabolite. The TIC of the ELD47P extract

containing 3,4-methylenedioxybenzylidene acetone is shown in Figure 4.16.
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Figure 4.16: TIC of the ELD47P Extract Containing 3,4-
Methylenedioxybenzylidene Acetone

3,4-methylenedioxybenzylidene acetone is used in pesticide formulations. Thus, its
presence indicates possible contamination of the sample with pesticides. Various
studies have reported contamination of herbal samples with pesticide residue above
the recommended limits, which poses significant health risks when consumed
(Shaban et al., 2016; Harris et al., 2011; Zhang et al., 2012). Some adverse health
effects associated with consumption of pesticide-contaminated foods include tremor,
convulsions, discoordination, dizziness, headache, and paraesthesia (Thompson &
Darwish, 2019; Shaban et al., 2016). As a result, the WHO has set limits and
recommends screening medicinal plant materials for pesticide residue to ensure they
are safe for human consumption (WHO, 2007). However, determining the amount of

pesticide residue present was beyond the scope of this study.
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4.3.2.5 Ethyl 2-Cyano-3-[4-(Dimethylamino)Phenyl]Acrylate

Lastly, ethyl 2-cyano-3-[4-(dimethylamino)phenyl]acrylate was detected in 2
antidiabetic herbal medicines from Uasin Gishu County (EIC21P and ELD20P ). The
TICs of ELD20P and EIC21P extracts containing ethyl 2-cyano-3-[4-

(dimethylamino)phenyl]acrylate are shown in Figures 4.17 and 4.18, respectively.
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Figure 4.17: TIC of the ELD20P Extract Containing Ethyl 2-Cyano-3-[4-
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Figure 4.18: TIC of the EIC21P Extract Containing Ethyl 2-Cyano-3-[4-
(Dimethylamino)Phenyl]Acrylate

Ethyl 2-cyano-3-[4-(dimethylamino)phenyl]acrylate is a compound used in the
synthesis of a wide range of products (Bekhit et al., 2012; Medyouni et al., 2013). It
is commonly used to synthesize quinolone drugs, which are used to treat a wide
range of bacterial infections (Al-Hazmi, 2022). As such, the presence of ethyl 2-

cyano-3-[4-(dimethylamino)phenyl]acrylate in these herbal samples points to
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possible adulteration with antibiotic pharmaceuticals. Mwankuna et al. (2023)
reported that 20% of herbal product samples from Tanzania in their study were

adulterated using conventional antibiotics.

4.4 Development and Validation of LC-MS/MS Method

4.4.1 Optimized Operating Conditions

Separation was conducted on an XbridgeTM C18 column (100 mm * 2.5 mm, 5 um
particle size) fitted with a Vanguard ® pre-column (2.1 mm x 5 mm). The collision
and desolvation gases were argon and nitrogen, respectively. The source temperature
was set at 120°C while the desolvation temperature was set at 350°C. The cone and
desolvation gas flow rates were 50 and 700 L/min, respectively. The mass

spectrometer was operated in the MRM mode.

The optimal mobile phase included 0.1% formic acid in ultrapure water as solvent A,
and 0.1% formic acid in acetonitrile as solvent B. 0.1% formic acid in acetonitrile
gave sufficient analyte retention, adequate response, and ideal peak shapes for all the
antidiabetics, except metformin that had a slightly broad peak as illustrated in Figure
4.19. Conversely, methanol as the organic mobile phase resulted in a broader peak
for metformin and insufficient response for the other analytes, consistent with the
findings of similar studies (Shah & Shrivastav, 2018; Shah et al., 2017; Heinig &

Bucheli, 2004).

The separation was conducted at a flow rate of 0.40 mL/min and temperature of 40°C,
as the peaks were better resolved for all the analytes at these conditions. The

following gradient program was used: 0-0.5 min (5% B); 0.5-1.5 min (increase to

97



30% B); 1.5-2.0 min (increase to 40% B); 2.0-6.0 min (increase to 60% B); 6.0-7.0
min (60% B); 7.0-8.0 min (decrease to 40% B); 8.0-9.0 min (40% B); 9.0-9.5 min
(5% B); 9.5-10.0 min (5% B). The positive ESI mode was used because it gave
optimal results for all the analytes. The MRM transitions for each analyte were

optimized, as shown in Table 4.7.

Table 4.7: Optimized MRM Parameters for the 4 Antidiabetic Pharmaceuticals

Compound Structure Precursor  Product Cone Collision
Name ion ion voltage energy
(V) (eV)

Metformin T 130 714 23 22
NP . 60 2
Gliclazide %P § 324 1274 30 28
Sy D 110 28
Glibenclamide 0 0.0 9 494 369¢ 22 20
Ay Sl 169 38
Glimepiride o o 20§ (Y 491 3521 22 17
/\ﬁNAN/\/@/ NN 126 39

9 Indicates the product ion used for quantification

The TIC of the four antidiabetic pharmaceuticals obtained under these MRM

conditions for the analytes at 50 ng/mL concentration is shown in Figure 4.19.
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Figure 4.19: TIC of the Chosen Antidiabetic Pharmaceuticals (1 — Metformin, 2
- Gliclazide, 3 - Glibenclamide, And 4 - Glimepiride)

4.4.2 Optimization of Sample Preparation Steps

4.4.2.1 Optimized Extraction Step

Methanol (20 mL) at different concentrations (30%, 60%, 90%) in ultrapure water
was used to extract 2 g of the blank sample spiked using the mixed standard solution
to a final analyte concentration of 50 ng/mL. The extraction was conducted using a
shaker at 200 rpm and a sonicator at 40°C for 20 minutes each, and the absolute
recoveries compared, as shown in Figure 4.20. 90% methanol in water as the
extraction solvent using a sonicator had significantly higher absolute recoveries for
glibenclamide (73.4% vs 47.5%, p=0.03) and glimepiride (78.1% vs 27.9%,
p=0.002) compared to when a shaker was used. It also had higher absolute recoveries
of metformin (52.0% vs 42.4%, p=0.11) and gliclazide (129.7% vs 125.2%, p=0.72),
but the differences were not statistically significant as only p-values of less than 0.05

were considered to be significant.
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Recoveries of the Selected Analytes Using Different

Although the absolute recoveries of gliclazide were the highest, they were within the
acceptable range of 70% to 130% for routine analysis of products with complex
matrices, such as herbal products (Steiner et al., 2020). One possible explanation of
the absolute recoveries of gliclazide being so high is the presence of matrix
influences, particularly ion enhancement, as gliclazide is the only analyte in the study
whose matrix effect was above 100%. Similar studies on gliclazide have reported
high recoveries (Pamidimarri et al., 2019; Pang et al., 2009; Bogusz et al., 2006).
Hence, it is recommended that the pre-and post-spiking approach is used when

optimizing the sample preparation process to ensure that the method accounts for



matrix influences. As for metformin, several studies have reported low recoveries

due to its high polarity (van de Ven et al., 2016; Heinig & Bucheli, 2004).

Varying concentrations of formic acid (0.05% and 0.02% formic acid) were added to
lower the pH of the extracting solvent and improve the absolute recoveries of
metformin since metformin is a strong base. However, the addition of formic acid to
the extraction solvent resulted in lower extraction efficiencies for all the analytes, as
shown in Figure 4.21. Sonicating using 90% methanol in water with 0.05% formic
acid as the extracting solvent compared to using 90% methanol in water significantly
reduced the absolute recoveries of metformin (42.7% vs 52.0%, p=0.03), gliclazide
(104.4% vs 129.7%, p=0.04), glibenclamide (40.9% vs 73.4%, p=0.01), and
glimepiride (26.9% vs 78.1%, p=0.001). Similarly, but to a greater extent, using 90%
methanol in water with 0.02% formic acid as the extracting solvent compared to
using 90% methanol in water significantly reduced the absolute recoveries of
metformin (42.0% vs 52.0%, p=0.03), gliclazide (97.4% vs 129.7%, p=0.02),

glibenclamide (11.3% vs 73.4%, p<0.001).
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Figure 4.21: Effect of Adding Formic Acid to the Extraction Solvent on the
Absolute Recoveries of the Selected Antidiabetic Pharmaceuticals (A - 0.05%;
B - 0.02%; And C - No Formic Acid)

This decreased extraction efficiency can be attributed to formic acid lowering the pH
of the extraction solvent, which subsequently reduced the solubility of the analytes.
Gliclazide, glibenclamide, and glimepiride are sulfonylurea drugs; thus, their
solubility is poor in weakly acidic media because they are weakly acidic (Steiner et
al., 2020; Shah et al., 2017). As such, sonicating the samples with 90% methanol in
water for 20 mins was determined to be the optimal conditions for extracting the

selected analytes.
4.4.2.2 Optimized Evaporation Step

The use of 90% methanol in water to extract the blank herbal sample necessitated the
switching of the extraction solvent with water to optimize chromatographic
separation (van de Ven et al.,, 2016). Consequently, the extraction solvent was
evaporated to near dryness under a gentle nitrogen stream at 40°C in a nitrogen
evaporator (N-EVAP™111, model 5085, USA), and the residue was reconstituted in
water. The absolute recoveries for the analytes were calculated in this step to

determine the effectiveness of this solvent-switching process. The blank sample was
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spiked with the mixed standard solution to a final analyte concentration of 50 ng/mL
after extraction prior to evaporation. The absolute recoveries were determined to be
68% for metformin, 107% for gliclazide, 96% for glibenclamide, and 85% for

glimepiride.

4.4.2.3 Optimized Filtration Step

Samples need to be filtered using a 0.22-micron filter before they are injected into
the LC for analysis to protect the column from damage, prolonging its lifetime (Li et
al., 2020). However, some studies have reported the adsorption of pharmaceutical
compounds on the filter (Chen et al., 2019; Mompelat et al., 2013; Buchberger,
2011). Hence, the absolute recoveries for the 0.22-micron cellulose and PTFE filters
were calculated to determine their potential to adsorb the four antidiabetics, as
illustrated in Figure 4.22. Using a 0.22-micron PTFE filter compared to a 0.22-
micron cellulose filter had significantly better recoveries for gliclazide (108% vs
58%, p<0.001), glibenclamide (88% vs 4%, p<0.001), and glimepiride (74% vs 7%,
p<0.001), as p-values of less than 0.05 were considered to be significant. Several
studies have established cellulose materials have a high adsorption capacity for
sulfonylurea drugs and herbicides (Zhang et al., 2021; Cara et al., 2017). Hence, the

0.22-micron PTFE filter was used.
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Figure 4.22: Absolute Recoveries of the Selected Antidiabetic Pharmaceuticals
for the Filtration Step (A = 0.22-Micron Cellulose Filter and B = 0.22-Micron
PTFE Filter)

4.4.3 Optimized Sample Preparation Process

The optimized sample preparation process was as follows. About 1 gram of the
powdered sample were accurately weighed into a 50-mL centrifuge tube and
vortexed for 2 mins for a uniform composition. The homogenous sample was then
dissolved in 90% methanol in water (10 mL) in a ratio of 1:10 and vortex-mixed for
1 min, followed by sonication at 40 °C for 20 minutes before centrifuging at 4500
rpm for 5 mins. The extraction was done in duplicate and the supernatants combined.
One millilitre of the combined supernatant was transferred into a 10 mL vial, and the
extraction solvent evaporated to almost dryness under a gentle stream of nitrogen gas
at room temperature. It was then reconstituted in 1 mL of Milli-Q water, transferred
into a 1.5 mL Eppendorf tube and centrifuged at 15000 rpm for 5 mins. One millilitre

of the supernatant was filtered using a 0.22-micron PTFE syringe filter and diluted
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ten times using Milli-Q water. One millilitre of the filtrate was then placed in an

HPLC vial, and 10 pL injected in triplicate into the LC system for analysis.

4.4.4 Validation of Method Performance

Linearity calibration curves in 5-200 ng/mL range were determined for glimepiride
and glibenclamide and 5-250 ng/mL for metformin and gliclazide, as shown in
Appendix 1V. The coefficients of correlation (r) were 0.9981, 0.9997, 0.9978, and
0.9985 for metformin, gliclazide, glibenclamide, and glimepiride, respectively. The r
values of all the standards indicated good linearity as they were within the acceptable
limits of > 0.990 (Ouma et al., 2021). The LOQs and LODs for all the compounds
are indicated in Table 4.8. The precision ranged between 8.5% and 16.1%, with the
lowest variability at the highest concentration level and vice versa. The deviations for
precision were within the acceptable level of variation recommended by most

guidelines (Sveshnikova et al., 2019).

The accuracy for the analytes, expressed as mean relative recovery, was at least 80%
for all the analytes, except for metformin (52%). The acceptable level of variation for
accuracy recommended by most of the guidelines is = 20% (Sveshnikova et al.,
2019). However, several studies have also reported low accuracies for metformin due
to its high polarity (Shah & Shrivastav, 2018; Shah et al., 2017; van de Ven et al.,
2016; Heinig & Bucheli, 2004). The matrix effect for each analyte can be found in
Table 4.8. Only gliclazide had a matrix effect of over 100%, indicating ion
enhancement. The other analytes — metformin, glibenclamide, and glimepiride — had

a matrix effect of less than 100%, indicating ion suppression.
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Table 4.8: Method Validation Parameters Determined for the Selected
Antidiabetic Pharmaceuticals

Compound Linear r Accuracy LOD LOQ Matrix
Range (%) (ng/mL) (ng/mL) Effect
(ng/mL) (%)
Metformin 5-250 0.9981 76.42 7.67 23.24 68.41
Gliclazide 5-250 0.9997 120.22 2.84 8.62 106.96
Glibenclamide  5-200 0.9978 92.52 7.11 21.63 96.08
Glimepiride 5-200 0.9985 102.24 5.96 18.07 79.97

4.5 Application of Validated LC-MS/MS Method to Herbal Medicine Sampled

After the method was validated, it was used to analyse 24 herbal medicines
purchased from Nairobi and Uasin Gishu Counties for possible adulteration.
Gliclazide, glibenclamide, and glimepiride were not detected in any of the analysed
samples. Metformin was detected in 17 % of the samples (n = 4) at concentrations
shown in Table 4.9. Three of the adulterated medicines were from Nairobi County

(D14, JD15P and D17) while the other one was from Uasin Gishu County (EIC35P).
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Table 4.9: Concentrations (mean +SD) of Metformin in Sampled Herbal
Products Adulterated with Metformin (n = 4)

Sample No. Sample Code Concentration (ng/g)
Sample 5 D14 1781 + 116

Sample 10 EIC21P 1969 + 86

Sample 18 JD15P 1385+ 174

Sample 22 D17 903 + 265

The TICs of all the adulterated samples are provided in Figure 4.23. Notably,
EIC35P was indicated for cancer treatment, but had been adulterate with metformin.
Although metformin is typically an antidiabetic drug, clinical data shows that it has
significant anticancer effect in various patient populations (Wu et al., 2022;
Kasznicki et al., 2014). Several studies have reported adulteration of herbal drugs
with metformin (Chowdry, 2018; Steyn et al., 2018; Ching et al., 2012; Kumar et al.,
2011). Metformin is readily available nationwide because it is the least costly
antidiabetic pharmaceutical (Ongarora et al., 2019; Rockers et al., 2019; Hailu et al.,

2018), which could explain why it was the only antidiabetic detected in the samples.
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Figure 4.23: The TICs of the Samples Adulterated with Metformin

Adulterating herbal products with metformin is dangerous because of its high
potential for adverse drug-herb interactions. Several studies have reported mild
hypoglycaemia in diabetic patients taking metformin with various herbal plants such
as melatonin, ginseng, salvia, gobo, and nopal (Carella, 2017; Holloway et al., 2007).
Additionally, some herbs, including Gymnema sylvestre, reduce metformin’s
bioavailability when taken together, leading to increased blood glucose levels (Gupta
et al., 2017). Moreover, the dosage that the patient would take based on the
quantification results would be way below the recommended initial dose of 500 mg
once daily. Taking suboptimal dose of metformin is associated with development of

comorbidities, increased complication rates, poor glucose control, and early
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progression of diabetes (Al-Waeli et al., 2022; Christofides, 2019). Therefore, this

adulteration poses a significant risk to consumers’ health.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

5.1.1 Phytochemical Profiles of Herbal Medicines Sampled

The GC-MS screening of the sampled antidiabetic and anticancer herbal medicines
revealed a wide variety of phytochemicals with reported antidiabetic and anticancer
activities, respectively. The presence of these phytochemicals highlights that the
antidiabetic and anticancer herbal medicines sold in the country might be effective in
treating their indicated diseases. However, the presence of these phytochemicals does
not guarantee that the herbal medicines have in vivo or in vitro activity against
diabetes or cancer. This screening also revealed the presence of three potentially
toxic phytochemicals — prunasin-d, 5-keto-d-fructose, and ketone, 7-methoxy-2-
benzofuranyl methyl, in 12.5% of the samples indicates that some of the

commercially-available herbal medicines are unsafe for human consumption.

5.1.2 Profiles of Synthetic Compounds Identified in Herbal Medicines

Sampled

The GC-MS screening of the sampled antidiabetic and anticancer herbal medicines
revealed the presence of several synthetic compounds, including phthalates, pesticide
residue, and pharmaceutical adjuncts and salts. The presence these synthetic

compounds in 29% of the samples highlights that some of the herbal medicines sold
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in Kenya for cancer and diabetes treatment are not 100% natural, as advertised.

Consequently, they pose a risk to consumers’ health.
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5.1.3 Validated LC-MS/MS Method

The developed LC-MS/MS method showed high precision, accuracy, linearity, and
sensitivity. Therefore, this method can be used to monitor antidiabetic herbal
medicines sold in the country for adulteration using the four antidiabetic

pharmaceuticals.

5.1.4 Adulteration of Herbal Medicines with Antidiabetic Pharmaceuticals

The presence of metformin in 17% of the samples shows that herbal medicines sold
in the country are being adulterated without the knowledge of the public and
regulatory bodies. Consumption of these adulterated herbal samples would
undermine consumer health as taking suboptimal dosages of metformin and taking
metformin with some herbal plants are associated with development of
hypoglycaemia in diabetic patients. Thus, consumption of these adulterated herbal

samples undermines consumer health.

5.2 Recommendations

1. Close monitoring of herbal medicines sold in the country for toxicity is
recommended.

2. A GC-MS method for phthalate and pesticide residue determination in herbal
products needs to be developed and validated. This method should then be used
to routinely monitor herbal medicines for phthalate and pesticide residue
contamination to guide the development of related regulations to promote

consumer safety.
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The developed LC-MS/MS method should be expanded to include other classes
of pharmaceuticals. This method should be used for routine monitoring of herbal
medicines sold in the country for adulteration with pharmaceuticals.

Legislation that outlaws adulteration of herbal medicines, mandates the
declaration of the constituents of herbal medicines on their labels, and imposes
heavy fines on those found guilty is needed to discourage the practice.

Public awareness efforts on the potential safety risks of consuming herbal
medicines in the country is recommended to ensure that consumers and vendors
of these medicines understand the risks involved.

More studies on adulteration of herbal medicines should be conducted in other
parts of the country to obtain a more comprehensive overview of the subject to

inform the development of policies and regulatory framework in the future.
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APPENDICES
Appendix I: Questionnaire

Sample collector

Name of the herbal medicine: ......................... Sample  code:

Part B

How many medicinal plants have been used to make the herbal medicine?

Is the herbal medicine local? If not, which country is it from?

How should I prepare the drug?

How should I take the drug?

How much should | take and how often?

Is the medicine 100% natural?

Can | use the herbal medicine with convectional drugs or do | need to stop taking my
current antidiabetic or anticancer medications?

Anything else I need to know?
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Appendix I1: Detailed Sample Information

COUNTY ‘ ‘ ‘ ‘ ‘ COUNTRY | METHOD OF | MODE OF ‘ ‘ INGREDIENTS ‘

COLLECTED | SAMPLE CODE [FORMULATION OUTLET DISEASE | OF ORIGIN | PREPARATION | ADMINISTRATION |CONTRAINDICATIONS USED
Taken together with

Uasin Gishu EIC21P Powder Hawker Cancer Local Hot infusion Ingestion conventional drugs Mixed plant
Taken together with

Uasin Gishu EID20P Powder Hawker Diabetes Local Decoction Ingestion conventional drugs Single plant
Taken together with

Uasin Gishu EIC26P Powder Herbalist Cancer Local Decoction Ingestion conventional drugs Mixed plant
Taken together with

Uasin Gishu EID28P Powder Herbal clinic Diabetes Local Hot infusion Ingestion conventional drugs Mixed plant
Taken together with

Uasin Gishu EIC27P Powder Herbal clinic Cancer Local Hot infusion Ingestion conventional drugs Mixed plant

Nairobi MD43P Powder Hawker Diabetes Local Hot infusion Ingestion Stop convectional drugs Mixed plant
Taken together with

Nairobi RD32P Powder Chandarana Diabetes Local Hot infusion Ingestion conventional drugs Single plant
Taken together with

Nairobi GC82P Powder Herbal clinic Cancer Local Hot infusion Ingestion conventional drugs Single plant
Taken together with

Nairobi GC81P Powder Hawker Cancer Local Hot infusion Ingestion conventional drugs Mixed plant

Nairobi XD72P Powder Herbalist Diabetes Local Decoction Ingestion Stop convectional drugs Mixed plant

Nairobi C13 Powder Vendors Cancer Local Cold infusion Ingestion Stop convectional drugs Mixed plant
Taken together with

Nairobi D17 Capsules Nutritional store  Diabetes Imported Decoction Ingestion conventional drugs Mixed plant
Taken together with

Nairobi D18 Capsules Nutritional store  Diabetes Imported Decoction Ingestion conventional drugs Mixed plant

Nairobi D14 Powder Hawker Diabetes Imported Decoction Ingestion Stop convectional drugs Mixed plant

Nairobi Cco9 Powder Herbal clinic Cancer Local - Ingestion - -

Nairobi D12 Powder Herbal clinic Diabetes Imported Hot infusion ingestion - Mixed plant

Uasin Gishu EIC35P powder Herbalist Cancer - Hot infusion ingestion - -

Uasin Gishu ELD/D/77P powder Herbalist Diabetes - Hot infusion ingestion - -

Uasin Gishu ELD/C/64P powder herbal clinic Cancer Local hot infusion ingestion - -

Uasin Gishu ELD/D/75P powder Herbalist Diabetes - hot infusion ingestion - -

Uasin Gishu ELD/D/76P powder Herbal clinic Diabetes - - ingestion - -

Uasin Gishu JD15P powder Hawker Diabetes Imported - ingestion - -

Nairobi MD53P powder herbal clinic Diabetes Local - ingestion - -
Taken together with

Uasin Gishu ELD47P Powder Herbalist Diabetes Local Concusion Inhalation conventional drugs Mixed plant
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Appendix I11: TICs of Selected Extracts of Sampled Herbal Medicines Using

GC-MS
MD53P (acetonitrile extract)
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1 — Palmitic acid, methyl ester; 2 - Methyl 10-trans,12-cis-octadecadienoate; 3 - 9-

Octadecenoic acid (Z)-, methyl ester; 4 — Phytol; 5 - Methyl 12-hydroxy-9-

octadecenoate; 6 - 13-Docosenamide, (2)-.

D12 (acetonitrile extract)
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1 — Cinnamaldehyde, (E)-; 2 — Coumarin; 3 - 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-

tetrahydrobenzofuran-2(4H)-one; 4 — Phytol; 5 - Caffeine; 6 - Octadecanoic acid, 3-

0Xxo-, ethyl ester; 7 - Olean-12-en-28-al; 8 - Diisooctyl phthalate.
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MD43P (hexane extract)
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1 — Tridecanoic acid, 3-methyl-, methyl ester; 2 — Pentadecane; 3 - Isopropyl
myristate; 4 — 2-Pentadecanone, 6,10,14-trimethyl-; 5 - 1-Naphthalenepropanol,
.alpha.-ethenyldecahydro-.alpha.,5,5,8a-tetramethyl-2-methylene-, [1S-
[1.alpha.(R*),4a.beta.,8a.alpha.]]-; 6 - Hexadecanoic acid, methyl ester; 7 - m-
Camphorene; 8 - Methyl stearate; 9 - Eicosane, 10-methyl-; 10 - 2-methyloctacosane;
11 — Tetratriacontane; 12 - 2-methyloctacosane; 13 — Pentatriacontane; 14 —
Hexatriacontane; 15 - 13-Docosenamide, (Z)-; 16 — Tritetracontane; 17 — Squalene;

18 — Hentriacontane; 19 — Tetratetracontane.
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GCB8L1P (acetonitrile extract)
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1 — 2,4-Di-tert-butylphenol; 2 — 3-O-Methyl-d-glucose; 3 - Eudesm-4(14)-en-11-ol; 4
— 3-Methylmannoside; 5 - Methyl 3,4-ethylidene-.alpha.-D-galactopyranoside; 6 -
Lanceol, cis; 7 - (1R,4aR,7R,8aR)-7-(2-Hydroxypropan-2-yl)-1,4a-
dimethyldecahydronaphthalen-1-ol; 8 - Hexadecanoic acid, methyl ester; 9 - E-15-
Heptadecenal; 10 - 9,12-Octadecadienoic acid, methyl ester; 11 — 11-Octadecenoic
acid, methyl ester, (Z)-; 12 - Heptadecanoic acid, 9-methyl-, methyl ester; 13 -
Methyl ricinoleate; 14 — Triethylene glycol di(2-ethylhexoate); 15 - Z-(13,14-
Epoxy)tetradec-11-en-1-ol acetate; 16 — 13-Docosenamide, (Z)-; 17 — beta.-Amyrin.

C09 (acetonitrile extract)
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1 — 3-Phenylpropanol; 2 — Cinnamaldehyde, (E)-; 3 - Cinnamic alcohol; 4 — Trans-o-
Coumaric acid; 5 - (Z)-2-methoxycinnamaldehyde; 6 - 2(4H)-Benzofuranone,
5,6,7,7a-tetrahydro-4,4,7a-trimethyl; 7 -  6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-
tetrahydrobenzofuran-2(4H)-one; 8 - Caffeine; 9 - Dibutyl phthalate; 10 - 4,4'-((p-
Phenylene)diisopropylidene)diphenol.

D17 (acetonitrile extract)
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1 — 3-Phenylpropanol; 2 - Nicofuranose; 3 - 2-(4a,8-Dimethyl-2,3,4,5,6,8a-
hexahydro-1H-naphthalen-2-yl)propan-2-ol; 4 — Hexadecanoic acid, methyl ester; 5 -
3,7-Cyclodecadiene-1-methanol, .alpha.,.alpha.,4,8-tetramethyl-, [s-(Z,2)]; 6 -
Hexadecanoic acid; 7 - 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-
2(4H)-one; 8 - 9-Octadecenoic acid, methyl ester, (E)-; 9 - Methyl stearate; 10 -
Octadecenoic acid, 12-hydroxy-, methyl ester, [R-(Z)]-; 11 - 9-octadecanamide, (2)-;

12 - Diisooctyl phthalate; 13 - N-(p-Methoxybenzylidene)-p-nitroaniline.
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JD15P (acetonitrile extract)
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1 — Terpineol; 2 — (R)-(+)-.beta.-Citronellol; 3 - Geraniol; 4 — Citral; 5 - cis-Methyl
isoeugenol; 6 - Anthranilic acid, N-methyl-, methyl ester; 7 - 4-Methoxy-6-
methylcoumarin; 8 - 9-Hexadecenoic acid, (Z2)-; 9 - Methyl stearate; 10 - 6,9-
Dimethoxy-4-methyl-2,3-dihydrofuro(3,2-c)quinoline; 11 - 9-octadecanamide, (Z)-;
12 - 13-Docosenamide, (Z)-; 13 — Skimmianine; 14 - beta.-Amyrone; 15 - Phenol, 3-
pentadecyl-; 16 - Olean-12-en-3-one.

XD72P (hexane extract)

(300,000

a3

1 — Eicosane; 2 — alpha.-Curcumene; 3 - 7-epi-Sesquithujene; 4 — beta.-Bisabolene; 5
- beta.-copaene; 6 - Sesquisabinene isomer; 7 - Hexadecane; 8 - n-Eicosane; 9 -

Octadecane; 10 - 2,6,10-Trimethyltridecane; 11 - Hexadecanoic acid, methyl ester;
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12 - Dibutyl phthalate; 13 — Heptadecane, 2,6,10,15-tetramethyl-; 14 - Methyl 10-
trans,12-cis-octadecadienoate; 15 - 9,12-Octadecadienoic acid, ethyl ester -; 16 -
Undec-10-ynoic acid, tridec-2-yn-1-yl ester; 17 - Hexadecanamide; 18 -
Hexadecanoic acid, methyl ester; 19 - 9-Octadecenamide, (Z); 20 — Phytol; 21 -
Heneicosane; 22 - 9,12-Octadecadienoic acid, ethyl ester -; 23 — Hexacosane; 24 -
Undec-10-ynoic acid, tridec-2-yn-1-yl ester; 25 — Tetracosane; 26 - 3-
Methylheptacosane; 27 - Heneicosane; 28 - Squalene; 29 — 2-methyloctacosane; 30 -

Hentriacontane; 31 — Tetracosane; 32 - Dotriacontane; 33 - Tritetracontane.

RD32P (hexane extract)
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1 — Tridecanoic acid, 3-methyl-, methyl ester; 2 — Tetradecane; 3 - Hexadecane; 4 —
Octadecane; 5 - i-Propyl 12-methyl-tridecanoate; 6 - 2-Pentadecanone, 6,10,14-
trimethyl-; 7 - Trans-Geranylgeraniol; 8 - Hexadecanoic acid, methyl ester; 9 -
Heptadecane, 2,6,10,15-tetramethyl-; 10 - Linolenic acid, methyl ester; 11 -

Heneicosane; 12 — Tetracosane; 13 — 2-methyloctacosane; 14 - Diisooctyl phthalate;

171



15 - Hentriacontane; 16 - Hexatriacontane; 17 - Dotriacontane; 18 - 13-
Docosenamide, (Z)-; 19 - Tritetracontane; 20 - Oxirane, 2,2-dimethyl-3-
(3,7,12,16,20-pentamethyl-3,7,11,15,19-heneicosapentaenyl)-,  (all-E)-; 21 -
Tetratetracontane.

GCB82P (hexane extract)
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1 — Copaene; 2 — Tetradecane; 3 - 2,6,10-Trimethyltridecane; 4 — beta.-Bisabolene; 5
- Pentadecane; 6 - Hexadecane; 7 - Methyl tetradecanoate; 8 - Heptadecane; 9 - i-
Propyl 12-methyl-tridecanoate; 10 - Eicosane; 11 - Hexadecanoic acid, methyl ester;
12 - Oxacycloheptadecan-2-one; 13 — Heneicosane; 14 - Linolenic acid, methyl ester;
15 - Methyl isostearate; 16 - (Z)-18-Octadec-9-enolide; 17 - Ricinoleic acid; 18 -
Tetracosane; 20 — cis-10-Nonadecenoic acid; 21 - 2-methyloctacosane; 22 -
Tetratriacontane; 23 — Hexatriacoctane; 24 - Tritetracoctane; 25 — Squalene; 26 —

Pentatricontane; 27 - Heneicosane; 28 — Tetratetracontane.
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EIC26P (acetonitrile extract)
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1 —alpha.-Toluenol; 2 — Pantoyl lactone; 3 - 2-acetoxyacetophenone; 4 — Menthol; 5
- cis-Methyl isoeugenol; 6 - Vanillin; 7 - 2-Tridecanone; 8 - gamma.-Eudesmol; 9 -
4-O-Methylmannose; 10 - 14,17-Octadecadienoic acid, methyl ester; 11 - Eudesm-
4(14)-en-11-ol; 12 - (4aS,7R)-7-(2-Hydroxypropan-2-yl)-1,4a-dimethyl-4,4a,5,6,7,8-
hexahydronaphthalen-2(3H)-one; 13 — Tributyl acetylcitrate; 14 - Columbin; 15
Matairesinol; 16 — Pinoresinol.

ELD/D/77P (acetonitrile extract)
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1 — cis-Methyl isoeugenol; 2 — Caryophyllene oxide; 3 - Cinnamaldehyde, 3,4-

dimethoxy-; 4 — Phytol; 5 - Hexadecanamide; 6 - 9-Octadecenamide, (2)-.
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ELD/C/64P (hexane extract)
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1 — 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-; 2 — 6-Hydroxy-
4.4, 7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one; 3 - Neophytadiene; 4 —
Palmitic acid, methyl ester; 5 - Linolenic acid, methyl ester; 6 - Phytol; 7 - 2-
Tridecanone; 8 - 3-Docosenamide, (Z)-; 9 - (+)-.gamma.-Tocopherol, O-methyl-.

ELDA47P (acetonitrile extract)
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1 — 4,4-Dimethyl-1,3-oxazolidin-2-one; 2 — Vanillin; 3 - 2-Tridecanone; 4 — Diethyl
Phthalate; 5 - (2E,4E)-N-Isobutylocta-2,4-dienamide; 6 - Ascabin; 7 - Isopropyl
myristate; 8 - 6,10,14-Trimethyl-2-pentadecanone; 9 - Diisobutyl phthalate; 10 -

(E,E)-N-Isobutyl-2,4-decadienamide; 11 - Dibutyl phthalate; 12 - Isopropyl
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palmitate; 13 — Phytol; 14 - Ketone, 7-methoxy-2-benzofuranyl methyl; 15 -
4,8,12,16-Tetramethylheptadecan-4-olide; 16 - 3,4-Methylenedioxybenzylidene
acetone; 17 - Diisooctyl phthalate; 18 - 13-Docosenamide, (Z)-.

EIC27P (methanol extract)
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1 - 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one; 2 — 3-Acetoxy-3-
hydroxypropionic acid, methyl ester; 3 - Isobutylglycerol, nitro-; 4 — 2H-Pyran-2-
methanol, 3,6-dihydro-3-hydroxy-6-(1-methylethoxy)-; 5 - 3-Deoxy-d-mannonic
acid; 6 - 3-O-Methyl-d-glucose; 7 - Palmitic acid; 8 - (4aS,7R)-7-(2-Hydroxypropan-
2-yl)-1,4a-dimethyl-4,4a,5,6,7,8-hexahydronaphthalen-2(3H)-one; 9 -
Hexadecanamide; 10 - 9-Octadecenamide, (Z)-; 11 - Octadecanamide; 12 -
Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester; 13 — Columbin.

EIC21P (methanol extract)
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1 — n-Propyl heptyl ether; 2 — D-Allose, methyl ester; 3 - 2-propenoic acid, 2-cyano-

3-[4-(diethylamino)phenyl]-, ethyl ester; 4

benzofuran-7-yl)ethanone; 5 - Octadecanamide;

9,10-Anthracenedione, 1,8-dihydroxy-3-methyl-;

Anthraquinone, 1,8-dihydroxy-3-methyl-.

ELD20P (methanol extract)
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1 — 2-propenoic acid, 2-cyano-3-[4-(diethylamino)phenyl]-, ethyl ester; 2 — Xanthen-

9-one, 1-hydroxy-3,5,8-trimethoxy-; 3 - 9-Octadecenoic acid, 12-hydroxy-, methyl

ester, (2)-; 4 — 1,8-Dihydroxy-3-methyl-anthraquinone; 5 - Diisooctyl phthalate; 6 -

13-Docosenamide, (Z)-.

ELD/D/76P (methanol extract)
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1 — 3-Acetoxy-3-hydroxypropionic acid, methyl ester; 2 — Isobutylglycerol, nitro-; 3
- Isopropyl 2,3-dideoxyhex-2-enopyranoside; 4 — Inositol, 1-deoxy- (1,2,3,4,5-
Cyclohexanepentol); 5 - 1,2,3,5-Cyclohexanetetrol; 6 - 3-O-Methyl-d-glucose; 7 - 2-
Butenoic acid, 4-hydroxy-, methyl ester; 8 - Phenol, 3-pentadecyl-; 9 - Diisooctyl
phthalate; 10 - Columbin, (Z)-; 11 - Ibogamine; 12 - 13-Docosenamide, (Z)-.

ELD/D/75P (methanol extract)
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1 - 3-O-Methyl-d-glucose; 2 - (2)-3-(pentadec-8-en-1-yl)phenol; 3 -

Pseudokopsinine; 4 — 13-Docosenamide, (Z)-; 5 - Lanosterol.
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Appendix 1V: Calibration Curves of Selected Antidiabetic Pharmaceuticals

Using LC-MS/MS

Calibration Curve for Metformin
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Peak Area

Peak Area

30000

25000

20000

15000

10000

5000

30000

25000

20000

15000

10000

5000

Calibration Curve for Glibenclamide

o
ot
o

50

o
o’
O
o

y.=122.48x - 285.81
R2=0.9978 .- i

o
ot
o
o

100 150

Concentration in ppb

e
o

200
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