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Abstract

Type 2 diabetes mellitus (T2DM) is an increasing global health concern, currently
affecting an estimated 382 million individuals. There is no cure for T2DM and the
search for new and improved treatments is ongoing. Presently, various
pharmacological regimens are available to treat T2DM, but with varied success.
Thousands of traditional herbs are also used to treat T2DM, but mainly without
scientific validation. The aim of this study was to assess the polyphenolic content,
antioxidant capacity, as well as in vitro toxicity and hypoglycaemic activity of a
commercial ‘antidiabetic’ tea mixture (Diabetea) and its individual constituents:
Achillea millefolium L. (Yarrow), Agathosma betulina Bartl. & Wendl. (Buchu), Salvia
officinalis L. (Sage), Taraxacum officinalis L. (Dandelion), Thymus vulgaris L.

(Thyme), Trigonella foenum-graecum L. (Fenugreek) and Urtica urens L. (Nettle).

All herbs were tested as crude extracts, prepared using hot water (HW) and
dichloromethane (DCM). The total polyphenolic content of each extract was
determined using the Folin-Ciocalteau and aluminium trichloride methods. The non-
cellular antioxidant activity was assessed using 2,2-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) methods. The cell-
based antioxidant activity was measured against p-chloranil-induced generation of
reactive oxygen species (ROS) in Ea.hy926 cells, using the fluorescent dye, 2',7'-
dichlorfluorescein-diacetate (DCFH-DA). The effect of each extract on the viability of
C2C12 myotubes, Ea.hy926 endothelial cells and human lymphocytes (HL) was
determined using sulforhodamine B (SRB). The in vitro hypoglycaemic activity was
assessed against a-amylase and a-glucosidase activity using 3,5-dinitrosalicylic acid
(DNSA) and p-nitrophenyl-a-D-glucopyranoside (p-NPG), respectively. The type of
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inhibition exerted on these enzymes was determined using the Michaelis-Menten
enzyme kinetics model, expressed as mixed, competitive, non-competitive and
uncompetitive. Glucose uptake activity was measured using the 2-[N-(7-nitrobenz-2-

oxa-1,3-diazol-4-yl) amino]-2-deoxy-D-glucose (2-NBDG) fluorescent analogue.

T. vulgaris and S. officinalis had the highest amount of polyphenols of all extracts
tested. The HW extracts of T. vulgaris and S. officinalis showed significant (p < 0.05)
cell-free antioxidant activity and cell-based radical scavenging activity. In addition, U.
urens (HW) also limited cell-based ROS generation (p < 0.05). The Diabetea
extracts presented with poor antioxidant activities, of which some had a pro-oxidant
effect on Ea.hy926 cells. The positive linear relationship between antioxidant activity
and polyphenolic content was shown to be dependent on the solvent type used. All

of the DCM extracts had low antioxidant activity and polyphenolic content.

None of the extracts produced < 50% cell density at the concentrations tested (1.3 -
20 pg/mi). In general, the DCM extracts showed a greater decrease in cell density
than the HW extracts. The Ea.hy926 cells were the least affected by the extracts in

terms of decreased cell density.

The DCM extract of U. urens inhibited a-amylase activity in a mixed manner, which
was comparable to the percentage inhibition exerted by the commercial drug,
acarbose. Both the HW and DCM extracts of U. urens caused a significant (p < 0.05)
increase in glucose uptake into C2C12 myotubes. The HW extract of T. vulgaris had
a significant (p < 0.05) inhibitory activity against a-glucosidase (mixed). It also

caused the uptake of glucose into C2C12 myotubes, which was significantly (p <

Vi
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0.05) more active than insulin. S. officinalis (DCM extract) also inhibited a-
glucosidase activity (p < 0.05) in a mixed manner. Its HW extract displayed potent
hypoglycaemic potential by causing glucose uptake into C2C12 myotubes, which
was more significant (p < 0.05) than the activity of the positive control, insulin. The
DCM extract of A. betulina was active against a-glucosidase (non-competitive),
which was comparable to the activity of acarbose. Its HW extract also showed a
significant (p < 0.05) glucose uptake activity. Furthermore, the DCM extracts of T.
officinalis, A. millefolium, Diabetea and HW extracts of T. foenum-graecum and T.
officinalis also caused a significant (p < 0.05) increase in glucose uptake into C2C12

myotubes.

This study provides evidence for the antidiabetic potential of T. vulgaris and S.
officianlis, in terms of antioxidant capacity and potential to prevent of post-prandial
hyperglycaemia and alleviate hyperglycaemia by mimicking the action of insulin. In
addition, the organic preparation of U. urens is also a potent a-amylase inhibitor. All
herbs tested in this study exerted some form of in vitro antidiabetic activity. The
Diabetea mixture, as a traditional preparation, did not have a significant antidiabetic
capacity. In vitro observations from this study do not support the use of Diabetea as
an antidiabetic preparation and reveal that some of the individual extracts prove

more efficacious than the herb mixture.

Key words: antioxidant activity, cytotoxicity, Diabetea, glucose uptake, herbs,
polyphenolic content, reactive oxygen species, type 2 diabetes mellitus, a-amylase,

a-glucosidase
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CHAPTER 1: LITERATURE REVIEW

1.1 Introduction

Diabetes mellitus (DM) is a chronic endocrine disorder associated with impaired
blood glucose control as a consequence of defective insulin production and/or
action!. The result is dysfunctional carbohydrate, fat and protein metabolism®2.
Currently, it is estimated that 382 million individuals suffer from DM, which may
escalate to 592 million by 20353, DM is associated with life threatening secondary
complications that, in 2013, claimed the lives of 5.1 million individuals worldwide3,
The exact aetology of DM remains elusive, but, its onset has been coupled to

obesity, gestation, sedentary lifestyle and/or a heriditary predisposition*.

The word ‘diabetes’ originated in the 16™ century®. It is originally a Greek word for
‘siphon’ from ‘diabetein’, which means to ‘go through’. Mellitus on the other hand is a
latin word for ‘sweet’®> and was first used in context of diabetes in the 18" centurysS.
Diabetes mellitus, therefore, literally means the ‘going through of something sweet’.
This describes the classical sign of DM namely, glucosuria. The very first record of
DM, dates back to 1550 B.C., written on papyrus by an Egyptian physisian named
Hesy-Ra, which noted the ‘passing of too much urine’®. Although DM has been
identified ages ago, there is still no cure for it or complete satisfactory conventional
treatment’. Therefore, there is a continual focus on improving and developing safer

and more effective treamtments/regimens’.
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DM has been treated with herbs for centuries and there are many herbs that have
been reported to exert antidiabetic activity®!. Historically, traditional herbal
treatments have been shown to possess successful pharmacological activity, such

as in the case with metformin, isolated from Galega officinalis!?.

Within the last decade the global prevalence of DM climbed from 5.1 to 8.3%,
indicating the unrestrained surge in DM cases®*3. At present, 80% of DM sufferers
live in low- to middle-income countries, and the greatest increase in DM diagnoses
is expected to occur in developing countries®. An ageing population groups,

urbanization, unhealthy diets and sedentary lifestyles all contribute to this increase4.

1.2 Prevalence of diabetes mellitus

In 1995, 135 million individuals, globally, were directly affected by DM, which were
estimated to double to 270 million by 20103. However, around 2010, 366 million
individuals were already living with DM3. In 2003, there were an estimated 197
million cases of DM and it was further projected to reach 333 million by 2025.
However, this estimate was surpassed only a decade later with up to ~382 million
DM sufferers in 20133. There has been an increase, globally, in the annual mortality
rate over the last six years from 4 to 5.1 million®. The global expenditure on diabetes
in 2013 was R5 500 billion3, which equates to a mean expenditure per person per

year of ~R13 0003.

The top 10 countries with regards to the highest number of DM cases from highest

to lowest are: China, India, USA, Brazil, Russian Federation, Mexico, Indonesia,

Germany, Egypt and Japan®. The top 10 countries with the greatest prevalence of
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DM, from highest to lowest, are: Tokelau Federated States of Micronesia, Marshall
Islands, Kiribati, Cook Islands, Vanuatu, Saudi Arabia, Kuwait, Qatar and Nauru, 3.
Taken together, this makes the Western Pacific, Middle East and North Africa the
regions with the greatest incidence of DM, hosting approximately 60% of all diabetes

sufferers worldwide3.

Currently, there are approximately 20 million people with DM on the African
continent®. This figure is estimated to double by 20353. South Africa has the second
highest number of DM affected individuals in Africa (2.6 million), second to Nigeria
(3.9 million)3. Within the last decade the prevalence of DM in South Africa has more
than doubled, from 3.4 to 8.3%, indicating a growing problem of epidemic
proportion®. DM is the seventh leading cause of death in South Africal®. In 2013,
there were approximately 83 000 diabetes-related deaths in South Africa, which is
four times higher than in 20076. Obesity-related DM was the second greatest cause
of an increase in the number of deaths between 2004 and 2005 in South Africa®. In

South Africa the cost per person per year is approximately R9 5005.

A global estimate of 175 million persons, affected by DM, remains undiagnosed?.
DM education and healthcare is not a priority in some developing countries and
therefore many diabetes sufferers remain undiagnosed3. Long-term undiagnosed
diabetes is associated with severe secondary complications such as heart failure,
retinopathy, neuropathy and kidney disease'#1’. Global healthcare costs related to
complications associated with undiagnosed diabetes, amounts to approximately

R180 billion per year®.
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On the African continent, 76.4% of diabetes-related deaths have been found to
occur in patients younger than 60 years of age®, disqualifying the notion that
diabetes is an elderly disease!®. The majority of diabetes patients in the world are
between the age of 40 and 59 years, a productive and adept time of life3. In South

Africa, one-fifth of DM patients are between the ages of 20 and 39 years?®.

1.3 Classification of diabetes mellitus

There are three main types of DM (1, 2 and gestational) and one ‘other’ type, which

are classified according to clinical representation or pathological aetiology*1°.

Type 1 DM (T1DM) is an insulin-dependent DM (IDDM), which is the result of a
destructive autoimmune response, instigating damage to pancreatic 3-cells, causing
an insulin deficiency?%-22. The exact trigger of this immune response is unknown and
can affect individuals at any age, however, it is predominantly present in children
and young adults®?2, The onset of TIDM is abrupt and associated with polydipsia,
polyuria, polyphagia, fatigue, weight loss, reoccurring infections, impeded wound
healing and blurred vision!. TIDM can be managed successfully by means of daily
insulin supplementation, a controlled diet and regular physical activity®22. Globally,
T1DM affects 7.9 million individuals below the age of 15 years and is growing by 3%

annually®. The prevalence of TIDM in South Africa is ~3%?2.

Type 2 DM (T2DM), is the consequence of insulin defect(s)?°?2. T2DM is the most

common type of DM affecting between 85 — 95% of all DM patients322. This type of

DM is the focus of this study and will be discussed at length in section 1.4.
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Gestational DM (GDM) is found in women who develop insulin resistance and
hyperglycemia around the 24™ week of gestation, which is said to be as a result of
an interaction between placental hormones and insulin®22, The likelihood of incipient
GDM occurring during successive pregnancies is high, as is the chance of
developing T2DM during later stages of life3. Unmanaged GDM can pose a risk to
both the mother and infant by increasing the risk of preeclampsia, fetal macrosomia
and infant hypoglycaemia®. An estimated 21 million women were affected by GDM in

20133

The ‘other’ type of DM is caused by genetic defects affecting -cell function, type A
insulin resistance, pancreatitis, acromegaly, abnormal drug interaction, infection-
induced or as a result of other genetic syndromes such as Down syndrome!1922,

This type of DM is rare®®.

1.4 Type 2 diabetes mellitus

1.4.1 Overview

T2DM is associated with insulin insufficiency, insulin resistance or both, resulting in
defective carbohydrate metabolism in adipocytes, myocytes and hepatocytes®. This
leads to chronic hyperglycaemia, which is the hallmark of T2DM3. Hyperglycaemia is
an abnormally high and persistent plasma glucose concentration characterised by a
chronic fasting plasma glucose (FPG) level = 7.0 mmol/f and a two hour (or at
random) plasma glucose (PG) level = 11.1 mmol/L. It is associated with symptoms

such as dizziness, confusion and seizures!9:23,
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Hyperglycaemia mainly affects the cardiovascular, optic, renal and neural systems,
producing severe secondary pathologies and comorbidities. These include, amongst
others, gastro-paresis, gangrene, amputations, myocardial infarction, nephropathy,
retinopathy, strokes, atherosclerosis and neuropathy®”24,  Cardiovascular
complications are the primary cause of T2DM-related debility and death® and
microvascular damage is the leading cause of blindness, end-stage renal failure and

nerve damage?%:2°,

T2DM is generally asymptomatic and is therefore diagnosed at later stages when
chronic symptoms such as polydipsia, polyuria, polyphagia, syncope, emesis and
insomnia are present!. Individuals that are asymptomatic are at risk of developing
T2DM if they have a body mass index (BMI) of > 25 kg/m? combined with one
persistent risk indicator such as; physical inactivity, hypertension, hereditary
diabetes, dyslipidaemia, polycystic ovarian syndrome, certain ethnicities,
cardiovascular disease, occurance of GDM, birth of infant over 4 kg, past impaired
fasting glucose (IFG) or impaired glucose tolerance (IGT) and other illnesses
resulting in insulin resistance®. The diagnosis of T2DM, in asymptomatic individuals,
is made in association with a fasting plasma glucose (FPG) of > 7.0 mmol/l, a
random plasma glucose (RPG) of > 11.1 mmol/l and HbA1c of 2 6.5%1%. HbA1c is a
form of glycated haemoglobin, that is representative of the mean plasma glucose

concentration over the 2-3 months period prior to testing?®.
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1.4.2 Pathophysiology of T2DM

1.4.2.1 Carbohydrate metabolism

Carbohydrate digestion starts in the mouth with salivary a-amylase (ptyalin)?. Ptyalin
hydrolyzes polysaccharides through dextrinization, whereby the a1-4 linkages in
carbohydrates are digested, resulting in smaller molecules known as dextrins?
(Figure 1). Dextrins are then further hydrolyzed into maltose (87%) and glucose
(13%)2. Due to the short duration of mastication, only 3-5% of polysaccharides are
converted to disaccharides in the mouth?. Ptyalin remains active until it reaches the

stomach, where it is inactivated by a low pH?Z.

The majority of carbohydrate digestion and absorption occurs within/in the small
intestine, mediated through digestive enzymes such maltase, sucrose, lactase, a-
glucosidase and pancreatic a-amylase?. a-Amylase and a-glucosidase have been
studied as potential drug targets to treat diabetes for half a century already?’1272,
Pancreatic a-amylase is produced by the [B-cells of the pancreas (Islets of
Langerhans) and released into the intestinal lumen in response to an increase in
carbohydrates?. It mediates the hydrolysis of the internal 1,4-a-glycosidic linkages of
saccharides containing three or more 1,4-a-D-glucose units into di- and tri-

saccharides, which is further digested by a-glucosidase? (Figure 1).
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Figure 1: Salivary and pancreatic a-amylase activity?’.

a-Glucosidase is one of the most important enzymes for the digestion of dietary
carbohydrates and is found in the brushborder of the enterocytes of the small
intestinal wall?> (Figure 2). This enzyme mediates the hydrolysis of external 1,4-a-D-
glucose linked residues from the non-reducing ends?. This releases B-glucose and
further hydrolyses 1,6-a-glucosidic bonds into monosaccharides such as glucose,
galactose and fructose?. Therefore, the inhibition of a-glucosidase, as by the drug
acarbose (competitive inhibitor), is clinically associated with a decrease in post-
prandial hyperglycaemia? (Figure 2), which is therapeutically important in the

treatment of T2DM.
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Figure 2: a-Glucosidase activity and the action of acarbose?®.

Following digestion, glucose and galactose are actively transported into the
interstitium, while fructose is absorbed via passive diffusion?. Glucose is transported
into the interstitium by means of glucose transporters (GLUT)? (Figure 3). Following
absorption into the systematic circulation, glucose is then transported into insulin-
dependent cells (myocytes and adipocytes) by means of GLUT-4 receptors that are
instigated by the binding of insulin to an insulin-receptor complex? (Figure 3). The
insulin receptor is a glycoprotein with two subunits; a and (3, which are linked by
disulphide bonds?2. Upon insulin binding, a units activate B units that, in turn, activate
tyrosine kinase, leading to a kinase cascade? This cascade causes the
phosphorylation of insulin, activating it, with serine and tyrosine residues functioning

as phosphorylation and dephosphorylation triggers?. The activation of insulin leads
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to an increase of GLUT and clatrin-covered complexes on the cell membrane,
mediating endocytosis of glucose?. This is followed by the activation of an enzymatic
cascade leading to the dislodgement of insulin from its receptor and cell membrane?.
The free insulin attaches to other cells or undergoes digestion after 7-10 hours?.

This makes insulin the primary glucoregulatory hormone in carbohydrate

metabolism?.
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Figure 3: Glucose uptake and metabolism mediated through insulin. (1) Insulin binds
to its receptor, (2) the activation of protein cascades, (3) which include: translocation
of GLUT-4 transporter to the plasma membrane and influx of glucose, (4) glycogen
synthesis, (5) glycolysis and (6) fatty acid synthesis. This image was obtained from
an open source public domain and information validated to be in accordance with

Meyer et al.?.

During carbohydrate metabolism, two important basal carbohydrate parthways;
glycogenolysis and gluconeogenesis, are also regulated by insulin?. Glycogenolysis

is a hydrolytic process initiated by adrenaline and glucagon, whereby glucogen is

10
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converted into glucose-1-phosphate. This process is inhibited by insulin®2°, resulting
in a decrease in basal glucose concentration. Gluconeogenesis is also inhibited by
insulin, whereby it decreases the synthesis of glucose in the liver and kidneys from
amino acids, glycerol and lactic acid>?°, preventing an increase in basal glucose

concentration.

1.4.2.2 Insulin defects

T2DM-induced hyperglycaemia is ultimately a consequence of insulin defects such
as with insulin insufficiency, insulin resistance or both3. Insulin resistance manifests
when peripheral tissues do not respond normally to secreted or administered
insulin®®, This leads to defective glucose transport into insulin-dependant cells and
ongoing liver gluconeogenesis, increasing basal glucose concentration®.. There are
three types of insulin resistance that have been described, type A, B and
‘postreceptor3l, Type A, also known as ‘receptor’ type, occurs when there is a
decreased amount of insulin receptors on insulin-dependant cells3. Type B, or ‘pre-
receptor’ type, is characterized in the presence of auto-antibodies inhibiting the
binding of insulin to cell membranes3!. The ‘postreceptor’ type is where intracellular
signalling defects occur after the binding of insulin to its receptor3'33, Therefore, the
search for compounds that may act as insulin mimetics in mediating glucose uptake

into insulin-dependent cells are important in the treatment of T2DM.

Obesity is closely related to insulin resistance34, whereby adipose tissue produce
and release pro-inflamatory and anti-inflammatory factors known as adipokines?.
Adipokines cause a decrease of the insulin receptor population, leading to type A

resistance?. This also initiates the over production of tumor necrosis factor alpha

11
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(TNF-a) and resistin, which alters the enzymatic cascade induced by the binding of

insulin, resuling in type B resistance®.

On the other hand, the overproduction of insulin occurs when B-cells are sensitized
to the presence of glucose3!. This possibly occurs, due to an increased B-cell mass,
a larger number of GLUT2 receptors and a greater expression of hexokinase than
glucokinase, which are seen in obese individuals3®. This partly explains the close

association between obesity and the onset of T2DM3.

1.4.2.3 Hyperglycaemia and oxidative stress

Reactive oxygen species (ROS) are unstable and highly reactive oxygen derivatives
with incomplete orbital electron pairs®®. These include: singlet oxygen (O2*),
superoxide anion (O27), hydrogen peroxide (H202), hydroxyl ion (OH”) and
hypochlorous acid (HCIO), amongst others3®. Naturally, ROS are essential
intermediates for immune reactions, detoxification, signaling cascades and the
production of energy®¢. However, excess ROS due to pathological conditions such
as hyperglycemia, can cause peroxidation of lipids, deoxyribonucleic acid bases
(purine and pyrimidine), structural proteins and enzymes and ultimately lead to

biofunctional impairment on a cellular level®’.

Hyperglycaemia-induced cellular damage, as mediated through ROS, has been
linked to the over-instigation of four major biochemical pathways (polyol,
hexosamine, protein kinase and glycation) that have been described in detail by
Brownlee?®> (Figure 4). The consequences of this is associated with an

overproduction of ROS, a heightened sensitivity of cells to ROS, defective response
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of the antioxidant defense system, biophysical modification of cells and
glucotoxicity?®. Collectively, these may lead to cellular hypertrophy, apoptosis,
necrosis, contractile dysfunction and fibrosis?®, all of which may contribute to the

secondary complications associated with T2DM (Figure 4).

The four pathways described by Brownlee are linked to the metabolism of glucose in
the mitochondria which, is the major source of ROS (Oz2’) production in the body?°2°,
ROS is generated by mitochondria when cellular glucose stimulates glycolysis?®, this
leads to an increase of cellular pyruvate concentration, which is carried into the
mitochondria, generating reducing agents?®. These agents are channeled through
the respiratory chain to produce water or ROS?. In the case of chronic
hyperglycaemia, this process takes place continuously resulting in an increased
ROS load. Furthermore, excess mitochondrial ROS reacts with nitric oxide,
producing more ROS, leading to nitrosative stress?®. This is associated with the
production of toxic substances like peroxynitrate and nitrotyrosine°, both of which

may cause micro- and macrovascular complications®°.

1.4.2.4 Antioxidants

Antioxidants are substances that significantly delay or prevent the reaction of an
oxidizable substrate®8. Several types of antioxidants have been identified according
to their function against ROS®. These antioxidants neutralize ROS by means of
inhibition, reduction, scavenging, forming complexes or quenching¢. There are two
classes of antioxidants, enzymatic and non-enzymatic. Enzymatic antioxidants such
as superoxide dismutase, glutathione peroxidase and catalase are endogenous

auto-regulatory antioxidant agents. Examples of non-enzymatic antioxidants include
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vitamins, flavonoids, a-lipoic acid, carotenoids, coenzyme Q10, copper, zinc,
manganese, selenium and folic acid, amongst others?®. Synthetic and natural
antioxidants are utilized daily, with synthetic antioxidant-concentrates reported to be
more active than natural sources due to the impurity of natural antioxidant sources®°.
However, natural antioxidants are recommended instead of synthetic concentrates
due to the toxicity associated with high quantities of antioxidants taken at one time=°,
In this project natural antioxidant sources are evaluated. Phenols and flavonoids are

plant-derived compounds that are known to have antioxidant properties#-4°.

Another innate protective mechanism against excess mitochondrial ROS is the
mitochondrial uncoupling protein system?. Uncoupling proteins (UCPs) are
mitochondrial proton carriers that are nuclear-encoded in the inner membrane?.
They are primarily responsible for the leakage of protons across the membrane and
modulates energy production and the respiratory electron chain. There are three

UCP subtypes?®, each with a specific function.

The over expression of UCPs has a protective effect in neurons whereby it blocks
the production of excess ROS and hyperglycemia-induced cell death*’. The
activation of UCP-2 prevents H202 damage of B-cells*®. UCP-3 has a protective
effect on myocytes by means of preventing the over-production of mitochondrial
ROS*. UCPs also exhibit a regulatory role in fatty acid and glucose oxidation,

further limiting ROS damage to the mitochondria“.
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1.5 Treatment of T2DM

The main target of all T2DM conventional treatement available is the alleviation of
chronic hyperglycaemia’. Current treatments do not cure T2DM but simply delay the
onset of the severe secondary complications associated with it to varying degrees?.
The majority of T2DM cases can be managed successfully by lifestyle modifications
such as regular physical activity and diet modifications?#. However, most patients do
not maintain such lifestyle modifications and therefore rely heavily on

pharmacological and/or traditional interventions.

1.5.1 Conventional treatment

There are 10 major non-insulin glucose-lowering classes available’. These classes
include biguanides, sulfonylureas, meglitinides, thiazoldinediones, a-glucosidase
inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, bile acid sequestrant,
dopamine-2 agonist, glucagon-like peptide-1 (GLP-1) receptor agonist and amylin
mimetics. All of these are associated with unwanted side-effects and/or regimen
requirements’ (Table 1). Each have a different mechanism by which it induces its

hypoglycaemic effect.

Biguanides (metformin), cause a decrease in hepatic glucose production by means
of activating adenosine monophosphate (AMP) kinase®. Sulfonylureas
(glyburide/glibenclamide, glipizide, gliclazide, glimepiride) and meglitinides
(repaglinide, nateglinide) increase insulin secretion by closing the adenosine
triphosphate-sensitive potassium channels (Kate) on B-cell plasma membranes®.

Thiazolidinediones (pioglitazone, rosiglitazone), increase insulin sensitivity by
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activating the nuclear transcription factor, peroxisome proliferator-activated receptor
— v (PPAR-y)*?. a-Glucosidase (Acarbose) inhibitors, slow down carbohydrate
digestion and absorption, curbing post-prandial hyperglycaemia®3, in the present
study, plant extracts will be evaluated for this activity. DPP-4 inhibitors (sitagliptin,
vildagliptin, saxagliptin, linagliptin, alogliptin), increase glucose dependent insulin
secretion and decrease glucose-dependent glucagon secretion by inhibiting DPP-4
activity and increase glucagon-like peptide-1 GLP-1 and glucose-dependent
insulinotropic peptide (GIP) concentrations®. Bile acid sequestrant (colesevelam),
decreases hepatic glucose production and increases incretin levels by means of
increasing bile production and activation of the hepatic farnasoid X factor (FXR)%®.
The exact mechanism of bile acid sequestrants are still under investigation’.
Dopamine-2 agonist (bromocriptine) regulates the metabolic action controlled by the
hypothalamus and increases insulin sensitivity by means of activating dopaminergic
receptors®®. GLP-1 receptor agonists (exenatide, liraglutide), increase insulin
secretion, decrease glucagon secretion and retard gastric emptying time by means
of activating GLP-1 receptors®’. Amylin mimetics (pramlintide), decrease glucagon
secretion and gastric emptying time and increase satiety by means of activating

amylin receptors®8.

Another class of conventional DM treatment is insulin-based, which include human
neutral protamine Hagedorn (NPH), human regular, lispro, aspart, glulisine, glargine,
detemir and premixed types®®. Insulin increases glucose uptake into insulin-
dependent cells and decreases basal glucose levels in the liver by means of
activating insulin receptors’. Each of these drug classes discussed above are

provided in Table 17 with their advantages and disadvantages.
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Table 1: Advantages and disadvantages of conventional hypoglycaemic drug

classes’.

Drug Class

Biguanides

Advantages

Decreases
cardiovascular events

No increase in weight

No hypoglycaemic events
Studied extensively

Disadvantages

Severe gastrointestinal side-
effects

Vitamin B12 deficiency

Contraindications with chronic
kidney disease, acidosis,
hypoxia, dehydration

Sulfonylureas

Studied extensively

Decreases microvascular
complications

Hypoglycaemic events
Increases body weight
Poorly tolerated

Meglitinides

Multiple dosing
concentrations

Frequent dosing
Increases body weight
Hypoglycaemic events

Thiazoldinediones

No hypoglycaemic events
Durable

Increases healthy
cholesterol

Decreases triglyceride
concentration

Increase in body weight
Myocardial infarction
Osteoporosis

Increases low density
lipoprotein

Increased incidence of cancer
of the bladder

a-Glucosidase
inhibitors

No hypoglycaemia

Decreases
cardiovascular events

Moderate decrease of HbA1c
GIT side effects
Frequent dosing

Dipeptidyl peptidase-

Tolerated well

Moderate decrease of HbA1c

4 inhibitors No hypoglycaemic events Angioedema

Pancreatitis
Bile acid Decreases unhealthy Moderate decrease of HbA1c
sequestrants cholesterol

No hypoglycaemic events

Constipation
Increases triglyceride load

Interacts with other
medications

© University of Pretoria
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Drug Class Advantages Disadvantages

Dopamine-2 agonists  No hypoglycaemic events Moderate decrease of HbA1c

Decreases incidence of Dizziness
cardiovascular disease

Nausea
Tiredness
Rhinitis
Glucagon-like No hypoglycaemic events Gastrointestinal side effects
pepth?-l TR No increase in body Injection and requires training
agonists weight
Amylin mimetics Decreases postprandial Moderate decrease of HbA1c
glucose fluctuations Gastrointestinal side effects
Decreases body weight Hypoglycaemic events
Injection
Regular dosing
Insulin Generally effective Hypoglycaemic events

Decreased microvascular Increase in body weight
risk Invasive

Training is required to self-
administer

1.5.2 Herbal treatment

The use of herbal medicine is as ancient as the existence of mankind. According to
the World Health Organization (WHO) about 80% of individuals in low to middle
income countries rely on herbal remedies daily®®. Traditional medicine is often the
only readily available and affordable source of treatment for the majority of people in
developing countries®'. The use of herbal remedies is also increasing steadily®?.

Diabetes has been treated with herbs long before the westernization of modern
medicine®. Many plant species have been reported to possess antidiabetic activity®?

such as Catha edulis Forrsk (Celastraceae; ‘khat’)®%3. Vernonia amygdalina Del.

19

© University of Pretoria



uuuuuuuuuuuuuuuuuuuu

(Asteracea; ‘bitter leaf’)®4, Sutherlandia frutescens Linn. (Fabaceae) 646> and
Leonotis leonurus L. (Lamiaceae, ‘lions tail’)1%83, Also, various conventional drugs
have been derived either directly or indirectly from herbs, an example of this is
metformin, which was isolated from a plant known as Galega officinalis in the

1920’s'2.

In recent years plants have been studied extensively for their antioxidant properties.
Herbally-derived antioxidants have been found to possess the ability to reduce the
risk of the onset of T2DM and improve glucose utilization®®. Polyphenols possess
the ability to act against lipid and glucose metabolism disorders associated with

T2DM?! and hypoglycaemic activity6”:68,

1.6 Diabetea

Diabetea is a polyherbal mixture, commercially used to treat diabetes®®-’!, The
mixture is prepared as a tea infusion, which is drunk twice daily (1 teaspoon to 1 cup
of boiling water left to steep for 10 min). Diabetea, is manufactured by Sing-Fefur
organic herbs in South Africa. Sing-fefur is a biodynamic organic farm, based in
Cape Town, which grows its herbs indigenously and makes use of wild crafting from
surrounding mountains™. This polyherbal mixture consists of Achillea millefolium,
Agathosma betulina, Salvia officinalis, Taraxarum officinalis, Thymus vwvulgaris,
Trigonella foenum-graecum and Urtica urens. Each of these plants were obtained in
its dried form from a phytomedicinal company called Natural Products in South

Africa.
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1.6.1 Achillea millefolium L.

Achillea millefolium L. belongs to the Asteraceae family and is a natural exotic plant
of South Africa, commonly known as yarrow, milfol, yarrow, duisendblaar achillea’.
Yarrow has a coarse and angular stalk with feather-like leaves that can grow up to
8-10 cm long (Figure 5). Its flowers bloom from June to September and are white
and pale lilac in colour. There are fine hairs on the whole plant that gives it a slight
white appearance’s. Yarrow is widely distributed around the world, and can be found
everywhere, from mountain meadows to ordinary gardens’®. Yarrow is well known
and used as a vulnerary’®. Inhabitants in the highlands make use of a yarrow
ointment for treating wounds whereas, Orkadians treat melancholy with its tea
preparation’. It is also traditionally used for cardiovascular disorders’™. Yarrow is

sometimes refered to as ‘nosebleed’ since it is used to treat this condition’3.

In Brazil and Norway, a tea infusion of yarrow is used to treat joint pain caused by
rheumatism as well as fever and lung infections’®.The Norweageans use it to treat
toothache by chewing the leaves and stalk’3. It is expecially known for its use as an
antipyretic’®. Other traditional medicinal uses include antidiuretic, gastrointestinal
disturbances, inflammation, spasms, irregular menses, contraceptive, menopausal
complaints, measles, kidney diseases, blood detoxification, skin disorders,
hyperhidrosis, piles (ointment), lack of appetite, dyspepsia, prevention of baldness

(when used as a shampoo) and diabetes’376-85,

The principal pharmacologically active compounds in A. millefolium are flavonoids
and phenolcarbonic acids®, which have been shown to have anti-inflammatory®’

antimicrobial®, choleretic®® and cytotoxic®® activities. It has also been shown that A.
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millefolium exhibits cardio-regulatory activites, supporting its traditional use?®.
Antioxidant properties have been shown per the hydroalcoholic, methanolic, oil and
aqueous fractions’’:®, The methanolic extract have been found to possess DPPH"
scavenging activity, correlating with its polyphenolic and flavonoid content®®6%81,
Furthermore, it also has anti-inflammatory, spasmolytic, antitumour, antimicrobial,
liver protective, gastric anti-secretory and gastro-protective activity’”°. Its medicinal

activities are mainly attributed to its high flavonoid content’885

The major chemical constituents in yarrow have been identified as apigenin,
quercetin (flavonoids) and caffeoylquinic acid (phenolic acid)®? and other compounds
including carbohydrates, proteins, fructose, glucose, sucrose and tre-halose,
raffinose, oxalic, quinic, and citric; succinic acid, linoleic acid, palmitic acid, oleic

acid, a-tocopherol and ascorbate8!.93-%
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Figure 5: lllustration of Achillea millefolium?4.
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1.6.2 Agathosma betulina Bartl. & Wendl.

Agathosma betulina Bartl. & Weidl. (Buchu, Rutaceae) formerly known as Barosma
betulina, is one of a hundred and fifty indigenous Agathosma species and arguably
the most popular medicinal herb in South Africa, which is also marketed
internationally®”-%8, Buchu is mainly grown in the south-werstern area of the Cape®.
A. betulina, also known as ‘short buchu’ grows to a length of between 2.5 to 12 cm,
has pale green leaves with oil glands, white flowers and brown fruits (Figure 6).
Buchu has a distinct rue- and peppermint-like smell and aromatic taste®®. Because
of the economical importance of buchu in South Africa, the Cape government has
ruled that no individuals are allowed to purchase or sell buchu without a license®.
‘Buchu’ commercially refers to the collection of three species: A. betulina, A.

crenulata and A. serratifolia®. In this study, buchu, only refers to A. betulina.

Buchu is often taken in the form of a brandy preparation, commonly known as
‘buchu brandy’. This preparation was first introduced by the Hottentots in 1820 and
has been introduced as a medicinal preparation in Great Britain®. In Great Britain,
buchu brandy is mainly used to treat cystitis, urethritis, nephritis and catarrh of the
bladder®®. In the Cape, buchu brandy is used as a tonic and a remedy for
gastrointestinal ailments®. Other uses reported for Buchu include blood cleanser,
diuretic, promotion of sweating, urinary tract infections, diabetes, inflammation,
wounds (vinegar preparations), contusions, calculus, gout, rheumatism, prevention
of cancer, antispasmodic, antipyretic, haematuria, prostatitis, antibiotic protectant,

antifungal, cystitis and nausea®?77:78,97,99-103,
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The major constituents of buchu are mucalige, volatile oil and diosphenol®®, which
are known to be antiseptic. Buchu has been found to posess numerous
pharmacological activities; antimicrobial activity®7195-108  antioxidant activity'°>1% and
anti-inflammatory activity'°>199, The compounds that have been isolated from buchu
are: limolene, menthone, diosphenol, |-pulegone, (W)-diosphenil, monoterpine triols
(responsible for odour), 8-mercapto-p-menthan-3-one (flavour and aroma),
sulfurated terpanoid, ketones, p-menthan-3-one 3-oxo-p-menthane-8-thiol acetate,
pulegone, sulfur bearing compounds, dithio-p-menthane, isomenthone, 4-
hydroxydiosphenol, 1-hydroxydiosphenol, bi-, tri-functional monoterpenes and

flavonoids!10-118
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Figure 6: lllustration of Agathosma betulina®4.
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1.6.3 Salvia officinalis L.

J

The genus ‘Salvia’, of the Lamiaceae family, originates from the Latin word ‘salvere
which means ‘to be saved’ due to its healing properties''®. Sage, which grows to a
height of ~ 30 cm has a thin but firm stalk. The leaves grow in pairs on the stem to a
length of between 2.5 to 5 cm and are green-grey in colour (Figure 7). Sage blooms
in August, producing a purplish flowers that contain volatile oils responsible for

producing the strong scented odour and a bitter taste*°.

Salvia officinalis, or ‘common sage’, grows naturally in areas with an abundance of
limestone and very little soil, such as is found in the northern shores of the
Mediteranean. Common sage has also been cultivated in areas with extreme winters

such as Germany, France and England!?®,

The main constituent of sage, a green-yellow volatile oil, has a prominent odour and
taste and is mainly used as flavouring nowadays, but traditionally was used as an
additive to embrocations for rheumatism*'®. One of the most widely valued methods
of using sage (leaves) is in the form of a mouth wash prepared with water, to treat
tonsilitis, throat ulcers, sore throat, bleeding gums and to prevent excessive
salivation!?®, In the case of a persistent and very severe throat complaint, a hot
vinegar and cold water (1:1) solution has been recommended!!®. ‘Sage tea’, made
from 28 g of sage and 500 ml boiling water, is used to treat fever, delirium,
headache, as a stimulant tonic, to cure gastrointestinal weakness and for blood
purification!!®. The Chinese at times prefered sage tea to their own teas for the
treatment of nervous and gastric ailments!?®, In Sussex, dried leaves are smoked to

treat asthmal1®.
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The leaves of sage contain tannins and resint?®, S. officinalis contains a high phenol
and flavonoid content, which is associated with significant antioxidant activity®*21, It
has also been shown to activate the PPAR-y, which is the key regulator of
adipogenesis and glucose homeostasis. It is reported to possess the ability to cause
insulin-stimulated glucose uptake into insulin-dependent cells'??. The diterpenoids in

S. officinalis have been reported to be responsible for its antidiabetic effects!?3.

The volatile oil of sage contains salvene, a hydrocarbon, and trace compounds such
as pinene, cineol, borneol, esters and thujone (a ketone)!®. Carbohydrates,
proteins, fructose, glucose, sucrose, tre-halose, raffinose, a-tocopherol, ascorbate
flavonoids, apigenin, quercetin and many acids (oxalic, quinic, citric, succinic,

linoleic, palmitic, oleic phenolic, caffeoylquinic) have been isolated from

Sage81,89,93,95,96_

28

© University of Pretoria



Labiatae

o g
Oa

Wifiller 1.4 Xt
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1.6.4 Taraxacum officinalis L.

Taraxacum officinalis (Dandelion, Asteraceae) is colloquialy known as the ‘common
dandelion’. The genus Taraxacum is derived from taraxos, and akos, meaning
‘disorder’ and ‘cure’, resepectively'?*. Dandelion has a thick, dark brown stem that is
white on the inside. The long, shiny and jagged leaves mediate rain drops to flow to
the base of the shrub ensuring that it stays moistened'?4. The teeth-like shape of the
leaves is said to be the reason for the name ‘dandelion’, which comes from French
phrase dent de lion, meaning teeth of a lion'?4. The flower stems are purplish and
shiny with a milky fluid on the inside that causes a brown stain when it comes into
contact with skin'?4, Each stem only carries one bright yellow flower?4. When the
yellow flowers are mature they close up and the withered petals are pressed off and
replaced with white tuffs of hair, which are able to be blown off when fully matured*?*
(Figure 8). Dandelion is native to the northern hemisphere but is naturally grown in
the south as well. It is practically found everywhere and can be a great burden to

farmers124,

Dandelion roots are roasted and used to make coffee that is said to stimulate the
whole physiological system, aiding liver and kidney performance and keeping the
gastrointestinal tract healthy*?4125, In India, dandelion is used to treat liver
complaints'?*, The leaves are used as a ‘herb-beer and the whole plant as a
tincture. Dandelion is also used as a diuretic, blood cleanser, re-mineralizer, tonic,

mild laxative, liver tonic, choleretic, diuretic, antirheumatic, anti-inflammatory and
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The major constituents in the roots of dandelion are taraxacin and acrystalline!?*.
Inulin has been found in the root of both the fresh or dried shrub, making up to 24%
of the content depending on the season®?*. In vitro and in vivo research on
dandelion has shown activity such as anti-inflammatory, hypoglycaemic, prebiotic,
immunomodulator, angiolytic, analgesic and antineoplastic'?®>. The leaves of
dandelion have been found to contain alkaloids, flavonoids, steroids, saponins,

tannins and triterpenoids?®,

Bioactive compounds identified from dandelion include: luteolin-7-glucoside,
apigenin-7-glucoside, quercetin, luteolin, isorhamnetin-3-glucoside and 3,7-
diglucoside, caffeic, chlorogenic acids, p-hydroxyphenylacetic acid, p-hydroxy-
phenylacetic acid, sesquiterpene lactone glucoside, scopoletin, aesculetin, taraxinic

acid, 1-glucosyl ester and 11,13-dihydrotaraxinic acid*30-135,
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1.6.5 Thymus vugaris L.

T. vulgaris (Lamiaceae), ‘common thyme’ or ‘garden thyme’, was originally grown in
areas such as Europe, Asia minor, Algeria and Tunisia. Nowadays, it is grown
globally. The roots are woody and wiry. Its highly branched stem can grow up to 20
cm long, carrying very small and elliptical leaves (Figure 9), which are dark green
with a greyish tint. The flowers are of a lilac colour. The plant grows easily and is

especially fond of chalky and dry ground*36,

Thyme, in the form of a tea or fleshly mixed with honey or syrup is traditionally used
to treat a wet cough, sore throat, flu, fever and abdominal discomfort3¢, It is
reported to induce sweating and stop abdominal fermentation explaining its
application for treating flu and abdominal discomfort!3. The oil of thyme is used in
the treatment of rheumatism and to increase blood flow to the skin. When the smoke
of thyme is inhaled it is said to alleviate headaches?!3®. Other traditional uses include:
antibacterial, inflammation of liver, antiseptic, antibiotic, antidiabetic, antifungal,

andispasmodic and antiviral69136-140,

The most abundant compounds that have been identified in the oil fraction of thyme
are thymol and carvacrol**¢. Thymol is said to possess powerful antiseptic activity.
Compounds isolated from the oil fraction of thyme are cymene, pinene, menthone,
borneol and linalol'3%. A number of other bioactive flavonoids and phenols have
been isolated from thyme oil and other extracts; apigenin, naringenin, eriodictyol,
cirsilineol, salvigenin, cirsimaritin, thymoine, thymusine, ursolic and oleanolic acids,

geraniol, linalool, a-terpineol, transthujan-4-ol and terpinen-4-o|136.139-143,
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Figure 9: lllustration of Thymus vulgarisi4°.
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1.6.6 Trigonella foenum-graecum L.

Trigonella foenum-greacum (Fabaceae), also known as bird’s foot or greek hay-
seed, is most commonly called fenugreek. ‘Trigonella’ is a Greek word that means
‘three-angled’ because of the shape of its flower petals. ‘foenum-graecum’ means
Greek hay for it was used by the Greeks to overcome the odour of old hay. The
fenugreek plant reaches a height of up to 60 cm. It has long slender pods on its
stem that can host up to twenty yellow-brown seeds. Each seed has two lobes and

is said to have a bitter taste!** (Figure 10).

It has been reported that the Egyptians would take fenugreek in the form of a paste
by soaking crushed seeds in water and using it to treat fevers, stomach ailments and
diabetes. The antipyretic effect of fenugreek paste is reported to be comparable to
that of quinine!#4. Fenugreek is traditionally taken in the form of a water-based drink
to treat gastrointestinal inflammation and anaemia. Some other traditional uses of
fenugreek include: detoxification, wound healing, pancreas cleanser and to promote

spleen metabolism1121.146,

Fenugreek contains ~30% mucilage, 20% proteids (polypeptide containing
compounds) and 5% oil. Compounds such as trigonelline, choline, lectin,
nucleoalbumin, trimethylamine, neurin and betain have been isolated from
fenugreek. Neurin and betain are reported to have a stimulatory effect on the
nervous system, which causes an increase in appetite and acts as a diuretic44,
Other compounds that have been isolated from fenugreek are: alkaloids, flavonoids,
salicylate, nicotinic acid, phenols, apigenin, kaempferol, quercitin gylcosides, vitexin,

tricin, naringenin, quercetin, tricin 7-O-D-glucopyranoside4/-152,
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Pharmacological activities ascribed to fenugreek are hypoglycaemic activity
21,144,146,153-157 = cholesterol lowering properties'®®1%°® and antioxidant activity
(attributed to its flavonoid and phenol content)6%.161, Furthermore, it also has an anti-
glycosuric effect along with reduction in high plasma glucagon and somastatin and a

glucose-induced insulin releasing effect®’.

1.6.7 Uritca urens L.

Urtica urens (Nettle, Urticaceae) is commonly known as annual nettle, dwarf nettle,
small nettle, dog nettle or burning nettle. Its extensive use in South Africa is cited in
the material medical®?. Nettle is commonly found in Europe, Asia, Japan, South
Africa and Australia. Nettle is also used as a food plant in South Africa due to its
nutritious content'%3, The name nettle is derived from the Dutch word noedle
meaning needle, due to its sharp stinging characteristic. U. urens is an ingredient to
12 Herb teas available in the Western Cape namely: arthritea, asthmitea, detoxtea,
Diabetea, diatea, energetea, flootea, hangovertea, Hi.Lo.B.P.tea, slimtea, uleratea
and voomatea®®. Nettle can grow up to 90 cm high and has heart shaped, pointy
leaves with green flowers that grow in clusters. The stems are also covered in

stinging hairs, hence the origin of its name (Figure 11).
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Figure 10: lllustration of Trigonella foenum-graecum?64,
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Since the end of the 19th century U. urens and U. dioica have been used in the
treatment of burns, rashes, kidney stones, agalactia and hemorrhages, to mention a
few6>69.163 U, urens is acommonly used to treat diabetes in Brazil'®®>. Nettle is
traditionally used as a circulatory stimulant, tonic, diuretic, re-mineralizer, detoxifying
agent, hypoglycaemic agent, to treat burn wounds, coughs, arthritis, pain,

rheumatism and as an antidiabetic’6®.

U. urens has been tested and validated as a haemostatic, hypotensive, analgesic
and diuretic®’. It also has favourable bronchopulmonary, gynaecological and
neurological effects. It possesses antioxidant properties, and protects the liver from

the hepatotoxic action of toxic substances6’.

Studies have shown that nettle extracts possess antimicrobial activity'68,
chemoprotective effects in vivo169.170, Patuletin, a compound isolated from the plant,
has significant anti-inflammatory activity!’!. Bioactive compounds that have been
isolated from nettle include: acetylcholine, histamine, 5-hydroxytryptamine
(serotonin), small amounts of leukotrienes, shikimic acid derived phenylpropanes,
caffeic acid, chlorogenic acid, caffeoylmalic acid as well as the coumarin and
scopoletin. Other reports identified the presence of flavonoids, fatty acids, terpenes,
protein, vitamins, minerals, kaempferol, isorhamnetin, quercetin, 3-rutinosides and

3-glycosides?63.172-176,

All plants evaluated in the present study has been documented to be used
traditionally and have been evaluated for pharmacological activity. However, there is

no evidence of a combination of all of these tested for its antidiabetic activity.
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Figure 11: lllustration of Urtica urens’”.
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1.7 Aim

The aim of this study was to assess the in vitro antidiabetic efficacy of the ‘Diabetea’

mixture and its individual herbs.

1.8

Objectives

The objectives of this study were to:

Prepare crude dichloromethane and hot water extracts of the Diabetea
mixture and its individual constituents: A. millefolium L., A. betulina Bartl. &
Wendl., S. officinalis L., T. officinalis L., T. vulgaris L., T. foenum-graecum L.
and U. urens L.

Determine the total polyphenolic and flavonoid content of each extract, using
the Folin-Ciocalteu and aluminium trichloride methods, respectively.

Evaluate the non-cellular antioxidant activity of each extract, using the 2,2-
azinobis-3-ethylbenzothiazoline-6-sulfonic acid and 1,1-diphenyl-2-
picrylhydrazyl free radical assays.

Assess the cell-based antioxidant activity against p-chloranil induced ROS in
Ea.hy926 cells using the fluorescent dye, 2',7'-dichlorodihydrofluorescein
diacetate.

Evaluate the cytotoxic potential of each extract in differentiated C2C12
myocytes, Ea.hy926 human endothelial cells and human lymphocytes, using
the sulforhodamine B assay.

Determine the effects of the extracts (as substrates) on a-amylase and o-
glucosidase activity using 3,5-dinitrosalicylic acid and p-nitrophenyl-a-D-

glucopyranoside, respectively.
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e Determine the effects of the extracts (as insulin mimetics) on glucose uptake
in differentiated C2C12 myocytes using 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-

yl) amino]-2-deoxy-d-glucose.

1.9 Project overview

This is a multifaceted in vitro antidiabetic assessment, mainly focused on the
potential of plants to overcome three major physiological issues associated with
T2DM, namely: oxidative stress, post-prandial hyperglycaemia and insulin

deficiency. A schematic overview of this project is provided in Figure 12.
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Figure 12: Project overview of the therapeutic targets in the present study: antioxidant activity (blue), prevention of post-prandial

hyperglycaemia (green) and glucose uptake into cells (orange) and how it relates to type 2 diabetes mellitus.
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CHAPTER 2: EXTRACTION AND CHARACTERIZATION

2.1 Introduction

T2DM is directly associated with the overproduction of ROS which is implicit in the
onset and development of life-altering and —threatening secondary complications?2°,
The onset of T2DM has also been associated with the presence of chronic elevated
ROS levels, down regulation of innate ROS protective mechanisms and heightened
sensitivity to ROS?%, Therefore the alleviation of oxidative stress is implicit for
effective treatment of T2DM. Herbs have been shown to posess antioxidant

containing compounds such as phenols and flavonoids3?:178.179,

Ea.hy926 (CRL-2922) cells are human endothelial cells harvested from umbilical
vein. Hyperglycaemia, the hallmark of T2DM, causes the progression of endothelial
damage through the production of ROS?>242, This is the reason why endothelial cells

were used to evaluate the cell-based ROS attenuation exerted by each extract.

All of the Diabetea herb ingredients have previously been studied for their radical
scavenging activity and polyphenolic content (see section 2.5) and have been
reported to exhibit both. However, this is the first account of the antioxidant activity

and polyphenolic content of the Diabetea mixture.
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2.2 Materials and methods

2.2.1 Materials, chemicals and instrumentation

All reagents and instruments used in the present study are listed in Appendix | (page

157).

2.2.2 Plant ingredients

Individual herbs were obtained from South African Natural Products (Pty) Ltd. The
Diabetea mixture was purchased from Sing-Fefur organic herbs. All herbal material
was obtained in dried form. The seven ingredients constituting Diabetea are: A.
millefolium L. (Asteraceae, whole plant), A. betulina Bartl. & Wendl. (Rutaceae,
leaves), S. officinalis L. (Lamiaceae, leaves), T. officinalis L. (Asteraceae, aerial
plant mixture), T. vulgaris L. (Lamiaceae, leaves and stems), T. foenum-graecum L.
(Fabaceae, seeds) and U. urens L. (Urticaceae, whole plant mixture). Plant
materials were ground into a fine powder before extraction using a IKA-Werke

Yellowline A10 analytical grinder.

2.2.3 Extract preparation

Hot water (HW) and dichloromethane (DCM) were used for the crude herb
compound extractions. The HW extraction was done using a decoction method,
whereby 2 g homogenous plant powder was mixed with 20 m{ distilled water (dHz20).
The solution was left on an electronic shaker (Beckman Coulter, VRN-200) for 1 h
and placed in a sonicator (Bransonic 52 Cleaning Equipment Co.) for another hour,

after which the mixtures were macerated for 24 h at 4°C. The following day the
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mixtures were left on a shaker for 30 min to reach room temperature before being
boiled (Labotec, Biuchi Heating Bath, B-490) for 15 min. Mixtures were centrifuged
for 30 min at 1000 g (Allegra x-22, Beckman Coulter), filtered through a vacuum
filtration system (0.22 uym) and then kept at -4°C overnight. The following day the
mixtures were concentrated using lyophilization (Freezone 6, Labconco) and stored

at -70°C.

The DCM extraction was performed in a similar fashion to that of the HW extraction
process up to the centrifugation step, whereafter the supernatant was concentrated
by means of in vacuo rota-evaporation (Labotec, Biichi Rotavapor, R-200) at 60°C.
The concentrate was reconstituted into dimethyl sulfoxide (DMSO, Lab-Scan,
Analytical Sciences) and stored as aliquots at -70°C. The extracts were tested at
concentrations that are theoretically bioavailable, 1 to 20 yg/m{. The concentration
of DMSO, in reaction, was kept at less than 0.05% v/v. The percentage yield of DCM

extracts were calculated as follows:

¥V
0% Gravimetric Yield = W x —— % 100
DW

Where,
W:  weight of extract solutes in one m{ of extract solution (mg/m¢)
DW: starting dry weight (mg)
V: volume of solvent used for extraction (mf).

Equation 1: Percentage extraction yield.
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2.2.4 Total polyphenolic content

2.2.4.1 Total phenolic content

Total phenolic content (TPC) was determined following a spectrophotometric, 96-
well microplate method, using Folin-Ciocalteu’s reagent (FCR), as described by
Slinkard and Singleton'®%, with minor modifications. Gallic acid (GA) was used as the
phenol standard to construct a calibration curve at concentrations ranging from 0.1
to 0.8 mM using 20% v/v ethanol (EtOH) as solvent. Experimental wells contained
50 pt of extracts (100 pg/mt), 60 yf of FCR and 100 pf of a 3% w/v sodium
carbonate (Na2COs3) solution. The phytochemical interference was accounted for by
wells containing plant extract (50 uf) and distilled water (160 pf). FCR (60 pf) with
distilled water (150 uf) served as control while wells with distilled water (210 uf) only
served as blank. The plates were incubated in the dark for 1 h and absorbance was
measured at 630 nm using a Bio-tech Instruments ELx800uv plate reader. The TPC
was expressed in terms of gallic acid equivalence (GAE) (mg GA /g extract + SEM),

which was calculated as follows:

[GA] X £(y) X DF
g

GAE =

Where,
[GA]: concentration of gallic acid (mg/m{),
€(y): initial volume (mf) yield of extraction,
DF:  dilution factor, and
g: total weight (g) of extract.

Equation 2: Gallic acid (or rutin for flavonoid content) equivalents.
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2.2.4.2 Total flavonoid content

The total flavonoid content (TFC) was determined following a spectrophotometric,
96-well microplate method, of Quettier-Deleu®!, with minor modifications. Rutin was
used as the flavonoid standard to construct a calibration curve (20 - 200 pug/m{) with
methanol (MeOH) as solvent. The reaction mixture consisted of 40 W plant extract
(100 pg/t), 20 pf of a 3% w/v sodium nitrate (NaNOgs) solution at, 20 pf using
aluminium trichloride (AICI3) (1% w/v) and 100 pf of sodium hydroxide (NaOH) at 2
M. The plates were incubated in the dark for 10 min, after which absorbance was
measured at 450 nm (Bio-tech Instruments, ELx800uv). The wells containing 40 p{
sample and 140 pf distiled water served as background control to eliminate
phytochemical interference whereas wells with 180 uf distilled water served as
blank. The TFC was expressed in terms of rutin equivalence (RE mg/g extract +

SEM), which was calculated using Equation 2 (page 46).

2.2.5 Cell-free antioxidant activity

2.2.5.1 ABTS** principle

The 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid free radical (ABTS™) assay
was first introduced by Miller and Rice-Evans in 1993 and further modified by Re et
al.*®, The modification required elimination of the need for an intermediate free
radical and the formation of the final ABTS™ free radical without the influence of
antioxidants, thus improving accuracy and reproducibility. This improvement allowed

for the testing of hydro- and lipophilic antioxidant systems?*82,

47

© University of Pretoria



This assay tests for antioxidants with a hydrogen-donating ability, which makes the
reduction of the ABTS™ the foundation of this method!®?. ABTS™ is a synthetic
blue/green redox-active compound formed by a persulfate oxidation reaction of
ABTS. The antioxidant capacity of a compound or solution is determined by the
decolouration of the blue/green ABTS™ free radical solution. The extent of the
antioxidant capacity of a test compound against ABTS'™, relies on its concentration
and duration of the experimental process!®2183, The optimal absorption wavelengths
of ABTS is 415, 645, 734 and 815 nm'®2, Generally, the extent of antioxidant activity
is expressed in terms of trolox equivalents, which is why this method is often
referred to as the trolox equivalent antioxidant capacity (TEAC) assay'®. In the
present study, the attenuation of ABTS™ is reported in terms of percentage

scavenging activity instead.

2.2.5.2 ABTS™* assay

The ABTS™ neutralization was determined using a spectrophotometric, 96-well
microplate method described by Re et al.*®? with minor modifications. The ABTS free
radical solution was prepared by incubating a mixture of ABTS (7 mM) and 2.45 mM
potassium persulfate (K2S20s) in dH20, in the dark, for 12-16 h at 4°C. Prior to
experimentation the ABTS™ solution was diluted with EtOH to a standard
absorbance of 0.7 £ 0.02 at 734 nm. The reaction mixture consisted of 50 p{ of plant
extract (1 - 20 ug/mf) and 150 yf ABTS™. The plates were incubated at room
temperature, in the dark, for 15 min and the absorbance was read at 630 nm. The
control wells contained 50 pf of dH20 and 150 pf ABTS™. Phytochemical
interference was accounted for by wells containing extract (50 uf) with dH20 (150

p?) whereas dH20 alone (200 pf) served as blank. Trolox dissolved in pure MeOH
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was used as positive control. The antioxidant capacity of each extract was
expressed quantitatively in terms of percentage ABTS'™ scavenging activity which

was calculated as follows:

, . A(control) — A(extract)
% Scavenging activity = A(control) X 100

Where,
A(extract): absorbance of extract reaction, and
A(control): absorbance of control.

Equation 3: Percentage ABTS'* scavenging activity.

2.2.5.3 DPPH" principle

The 1,1-diphenyl-2-picryl-hydrazyl free radical (DPPH") assay is a quick, easy and
sensitive assay for screening for antioxidant activity in plants'®. DPPH" is a stable-
synthetic hydrogen/electron-accepting free radical that has an unpaired valence
electron on a nitrogen atom (Figure 13)'8518_ The reduction of DPPH" free radical
causes a decolouration from purple to yellow and therefore a decrease in absorption
at 515 nm. The extent of antioxidant activity is determined by the number of

electrons/hydrogens that are captured by DPPH".
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Figure 13: Attenuation of DPPH"* free radical. FIOH: reducing agent, FIO: oxidized

chemical.

2.2.5.4 DPPH" assay

The DPPH® scavenging activity was determined using a spectrophotometric, 96-well
microplate method as described by Gyamfi et al.'®” with minor modifications. The
DPPH" solution was prepared fresh for every experiment, using pure MeOH. Fifty
microliters of plant extract (1 - 20 ug/mf) was added to 150 uf of DPPH* (100 pM).
Each plate was incubated at room temperature, in the dark, for 15 min after which
absorbance was read at 570 nm and not at 515 nm due to instrument limitations.
Wells containing MeOH (50 ul) and DPPH* (150 ul) served as control and wells with
MeOH (200 pt) only served as blank. Phytochemical interference was accounted for
by wells containing extract (50 pf) and MeOH (150 pf). The antioxidant capacity of
each extract was expressed in terms of percentage DPPH' scavenging activity,

which was calculated using Equation 3 (page 49).
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2.2.6 Cell-based antioxidant activity

2.2.6.1 Cell culture propagation and maintenance

Cell-based antioxidant activity of each extract was determined in EA.hy926 cells,
which is a human endothelium cell line originating from umbilical vein tissue. This
cell line was obtained from Steve Oglesbee (representing Dr. Cora-Jean S. Edgell)
at the UNC Lineberger comprehensive cancer center, for the use in non-commercial
studies (Appendix I, page 162). All cell work was conducted under strict sterile
conditions and incubated in a 5% CO:2 incubator at 37°C in Dulbecco’s Modified
Eagle’s Medium (DMEM). Medium was  supplemented with 1%

penicillin/streptomycin and 10% foetal calf serum (FCS).

2.2.6.2 DCFH-DA principle

2',7'-Dichlorodihydrofluorescein  diacetate (DCFH-DA) is a cell-permeable
fluorogenic probe used to determine the relative amount of intracellular ROS
concentration?®18  Once DCFH-DA has been absorbed into a cell it is
deacetylated by cellular esterase into a non-fluorescent probe, 2',7'-
dichlorodihydrofluorescein (DCFH)8818° DCFH is rapidly oxidized by intracellular
ROS into 2',7'-dichlorodihydrofluorescein (DCF), which is highly fluorescent!189,
Therefore, the relatuve fluorescence intensity (RFI) of a sample represents the

extent of intracellular ROS.

2.2.6.3 DCFH-DA assay

The ability of crude plant extracts to attenuate p-chloranil-induced ROS was

determined using a 96-well microplate method with DCFH-DA as described by
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Boissy et al.l®, with minor modifications. White plates were pre-seeded with
Ea.hy926 human umbilical vein cells at 1.5 x 10* cells/well. Eighty microliters of
DMEM-, containing 5 yM DCFH-DA was added to wells and incubated for 1 h at
37°C in 5% CO2. The wells were carefully aspirated and 80 pf of p-chloranil (40 uM)
added, which was dissolved in Hank’s buffered salt solution (HBSS). Eighty
microliters of plant extract (1 - 20 ug/mf) was added to the experimental wells and
the plates were incubated for 2.5 h at 37°C in a 5% CO2 atmosphere. Trolox was
used as positive control at a final concentration of 20 ug/m{. Wells containing 80 pf
of p-chloranil and 80 pf DMEM- served as control wells. Fluorescence was
measured at Aex = 485 nm and Aem = 540 nm, with a gain setting of 750 (FLUOstar

Optima, BMG Labotech). The results are expressed in terms of RFI.

2.3 Statistical analysis and data representation

All experiments were executed in triplicate (technical and biological, n = 9) and the
data is presented in the form of bar graphs with each bar representing the mean +
standard error of the mean (SEM). Statistical analysis between extracts was
performed using Tukey’s multiple comparisons one-way ANOVA test. Student’s t-
tests were used to compare extracts to the negative and positive controls. The
antioxidant activity was further classified as weak (<50%), moderate (>50%, <75%)
or strong (>75%). Correlation tests were determined using the Pearson test. The
statistical packages used included GraphPad Prism 6.0, STATA 12 and Microsoft

Excel 2010. Statistical significance was regarded as p < 0.05.
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2.4 Results

2.4.1 Extract yields

The extract yields using pure DCM as solvent are represented in

Table 2. A. millefolium and T. vulgaris had the highest yields of all herbs, followed by
Diabetea and U. urens. The extracts of T. officinalis and T. foenum-graecum had the
lowest percentage yields. From observation it was evident that the physical
properties of the HW and DCM extracts were notably different. The HW extracts
were generally pale, brown and viscous, whereas the DCM extracts were bright in
colour and volatile. Filtration of the DCM extracts was performed quickly and with
great ease, whereas the HW extracts were filtered with greater difficulty due to the

viscocity.

Table 2: Mean percentage yields (determined gravimtrically) of DCM herb extracts.

Extract yields

Herb "% Yield + SEM
A. millefolium 26.7+0.1

A. betulina 11.7 £0.3

S. officinalis 16.7 £0.1

T. officinalis 5.0+0.1

T. vulgaris 26.7 £0.2

T. foenum-graecum 10.0 £0.2

U. urens 18.3+0.0
Diabetea 21.7 £0.0
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2.4.2 Polyphenolic content

The total phenolic and flavonoid content of each herb extract is represented in
Figure 14 and Figure 15, respectively. The HW extracts were rich in both phenols
and flavonoids, whereas the DCM extracts hardly contained any phenolics (< 1%) or
flavonoids (< 1%). Futhermore, the HW extracts contained more flavonoids than

phenolics (Figure 14A and Figure 15A).

The HW extract of T. vulgaris contained significantly (p < 0.05) more phenolic
content (101.3 + 1.7 mg GAE/ g extract) compared to all the other plant extracts
(Figure 14A), with S. officinalis possessing the second highest amount of phenolic
content (58.3 = 1.6 mg GAE/ g extract, Figure 14A). The HW extract of the Diabetea
contained a noteworthy phenolic content of ~44.4 + 1.0 mg GAE/ g extract (Figure
14A). T. officinalis had the lowest phenolic content (22.3 £ 0.8 mg GAE/ g extract,

Figure 14A).

The HW extract of T. vulgaris also contained significantly (p < 0.05) more flavonoids
compared to the rest of the extracts (Figure 15A), with S. officianlis once again
containing the second highest amount of flavonoids (491.7 + 12.5 RE, Figure 15A).
The HW extract of the Diabetea also contained a notable amount of flavonoids
(256.6 £ 3.1 RE, Figure 15A). The lowest flavonoid content was observed for the

HW extract of T. foenum-graecum (147.9 + 2.6 RE, Figure 15A).
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Figure 14: Total phenolic content of (A) hot water and (B) dichloromethane plant extracts. Each extract was tested in triplicate (n =

9) and expressed as mean gallic acid equivalents (GAE) £ SEM. Note that the scales of the y-axes of graphs A and B are not

equal.
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Figure 15: Total flavonoid content of the (A) hot water and (B) dichloromethane plant extracts. Each bar represents the mean rutin

equivalents (RE) + SEM of triplicate measurements (n = 9). Note that the scales of the y-axes of graphs A and B are not equal.
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2.4.3 Cell-free antioxidant activity

All herbs exhibited an antioxidant potential against either ABTS™ or DPPH" or both.
Both HW and DCM extracts were more active against ABTS™* than DPPH" (Figure
16 - Figure 19). In general, the HW extracts displayed a greater antioxidant potential
than the DCM extracts. Most of the HW and DCM extracts attenuated ABTS™ and

DPPH" in a concentration-dependent manner.

2.4.3.1 ABTS** scavenging activity

T. vulgaris had the most significant (p < 0.05) activity against ABTS", with a strong
(> 75%) and moderate (> 50%, < 75%) scavenging activity exerted by its HW and
DCM fractions, respectively (Figure 16 and Figure 17). The antioxidant activity of the
HW extract of T. vulgaris was comparable to that of trolox at concentrations of 1.25,
2.5 and 5 pg/mt (Figure 16) and its DCM fraction was comparable to trolox at 2.5
pug/mi (Figure 17). The HW extract of S. officinalis exhibited a moderate antioxidant
activity, which was the second highest (p < 0.05) at 10 and 20 pg/m£ compared to all
other herbs in this study. The only other extract that showed a moderate antioxidant
activity was the HW extract of A. millefolium, whereas all other extracts displayed

low (< 50%) antioxidant activity (Figure 16).

Both the HW and DCM extracts of the Diabetea were active against ABTS™ but
showed a low (< 50%) antioxidant activity exerted by both fractions (Figure 16 and
Figure 17). The Diabetea displayed the second highest (p < 0.05) antioxidant
potential of all DCM extracts tested (Figure 17). However, the antioxidant activity of

Diabetea was less significantly when compared to the individual herb extracts.
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The order of ABTS™ scavenging activity exerted by the HW plant extracts from
highest to lowest were: T. vulgaris, S. officinalis, A. millefolium, U. urens, Diabetea,
T. officinalis, A. betulina and T. foenum-graecum. For the DCM extracts, T. vulgaris
displayed the highest antioxidant activity followed by Diabetea, U. urens, A.
millefolium, A. betulina, S. officinalis, T. officinalis and T. foenum-graecum. The

extracts of T. foenum-graecum had the poorest antioxidant activity for both extracts.

2.4.3.2 DPPH" scavenging activity

The radical scavenging activity of T. vulgaris was the most significant (p < 0.05) of
all plant extracts tested. Despite this being a significant result, it was not comparable
to the activity of trolox. HW extract of S. officinalis was again the second most potent
antioxidant fraction that exerted a moderate antioxidant activity, at the highest
concentration tested (20 pg/mf). The HW and DCM extracts of T. foenum-graecum
displayed the weakest antioxidant activity. The Diabetea also scavenged DPPH-,
although this was low it was significantly (p < 0.05) higher than A. betulina, T.

officinalis and T. foenum-graecum.

The order of antioxidant activity from highest to lowest of the HW extracts were as
follows: T. vulgaris, S. officinalis, A. millefolium, U. urens, Diabetea, A. betulina, T.
officinalis and T. foenum-graecum. None of the DCM extracts attenuated more than

20% of DPPH' and are therefore considered to be poor in antioxidant activity.
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Figure 16: The percentage ABTS™ scavenging activity of the hot water plant extracts tested at 1 to 20 pg/m{. Each bar represents
the mean percentage ABTS'™* scavenging activity £ SEM of triplicate experiments (n = 9). Significant (p < 0.05) antioxidant activity
between extracts (*), and the second most significant ($) antioxidant activity was determined using Tukey’s multiple comparisons

two-way ANOVA test. The dotted lines represent the activity of trolox at 20 pg/m{ and 50% ABTS™ scavenging activity.
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Figure 17: The percentage ABTS®* scavenging activity of the dichloromethane plant extracts tested at 1 to 20 pyg/m{. Each bar
represents the mean percentage ABTS™ scavenging activity £ SEM of triplicate experiments (n = 9). Significant (p < 0.05)
antioxidant activity between extracts (*), and the second most significant antioxidant activity ($) was determined using Tukey’s
multiple comparisons two-way ANOVA test. The dotted lines represent the activity of trolox at 20 uyg/m{ and 50% ABTS™

scavenging activity.
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Figure 18: The percentage DPPH* scavenging activity of the hot water plant extracts tested at 1 to 20 ug/m{. Each bar represents
the mean percentage DPPH' scavenging activity + SEM of triplicate experiments (n = 9). Significant (p < 0.05) antioxidant activity

between extracts (*), and the second most significant antioxidant activity ($) was determined using Tukey’s multiple comparisons

two-way ANOVA test. The dotted lines represent the activity of trolox at 20 ug/mf and 50% DPPH" scavenging activity.
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Figure 19: The percentage DPPH* scavenging activity of the dichloromethane plant extracts tested at 1 to 20 ug/m{. Each bar
represents the mean percentage DPPH' scavenging activity + SEM of triplicate experiments (n = 9). Significant (p < 0.05)
antioxidant activity between extracts (*), and the second most significant antioxidant activity ($) was determined using Tukey’s
multiple comparisons two-way ANOVA test. The dotted lines represent the activity of trolox at 20 ug/mf and 50% DPPH*

scavenging activity.
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2.4.4 Cell-based antioxidant activity

The HW extracts of T. vulgaris, S. officinalis and U. urens significantly (p < 0.05)
inhibited the production of cellular ROS, whereas none of the DCM extracts
displayed intracellular antioxidant activity (Figure 20 and Figure 21). The HW
extracts of the Diabetea, A. betulina, T. officinalis and T. foenum-graecum
significantly (p < 0.05) aggravated the overproduction of ROS (Figure 20) and all the
DCM extracts, except for A. betulina, caused a significant (p < 0.05) increase in
cellular ROS (Figure 21). This showed that neither the HW or DCM extracts of the
Diabetea displayed any antioxidant activity. The order of antioxidant activity exhibited
by the HW extracts was as follows from highest to lowest: S. officinalis, U. urens, T.

vulgaris and A. millefolium.

2.4.5 Relationship between antioxidant activity and polypenolic content

There was a significant (p < 0.05) correlation between the ABTS™ radical scavenging
activity and polyphenolic content observed for the HW fraction (Figure 22). With a
greater correlation (r = 0.93) between the TFC and ABTS™ scavenging activity
(Figure 22B), compared to the relationship between ABTS™ scavenging activity and
TPC (r = 0.79, Figure 22A). There was no significant correlation between the
polyphenolic content and antioxidant activity, with regards to the DCM extracts

(Figure 23A-B).

A significant (p < 0.05) correlation existed between the polyphenolic content of the
HW extracts and their ability to attenuate DPPH". An increase in the TFC of the HW

extracts was associated (r = 0.99. p < 0.05) with a significant increase in the
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neutralization of DPPH" (Figure 22D), this was strongest correlation found in the
present study. Once again, there was a stronger relationship between the TFC of the
HW extracts and DPPH" scavenging activity (r = 0.98, Figure 22D), than observed

with the TPC of these extracts (r = 0.89, Figure 22C).

There was a significant (p < 0.05) correlation between the ABTS™ and DPPH*
scavenging activities with both HW (r = 0.94) and DCM (r = 0.87) extracts.
Furthermore, a relationship between the cell-free and cell-based antioxidant activities
exerted by the HW extracts was also observed (Figure 22E-F), however, this
correlation was not present with the DCM extracts (Figure 23E-F). A relationship also
existed between the polyphenolic content and cell-based antioxidant activity of the
HW extracts (Figure 24A-B), but once more this was not observed with the DCM

extracts (Figure 24C-D).
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Figure 20: The cell-based antioxidant activity of hot water extracts tested at 1 to 20 pg/mi. Reactive oxygen species (ROS) were

generated from Ea.hy926 endothelium cells using p-chloranil (20 pM in reaction). Each bar represents the mean fluorescence
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Figure 21: The cell-based antioxidant activity of dichloromethane extracts tested at 1 to 20 ug/m{. Reactive oxygen species (ROS)
were generated from Ea.hy926 endothelium cells using p-chloranil (20 uM in reaction). Each bar represents the mean fluorescence
intensity £ SEM of triplicate (n = 9) tests. The significant (p < 0.05) antioxidant activity of plant extract tested against p-chloranil (*),
and overproduction of ROS compared to the p-chloranil (#) was determined using student’s t-tests. p-Chloranil, negative control
and trolox are represented by dotted lines.
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Figure 22: Relationships between (A) ABTS™ scavenging activity and total phenolic content, (B) ABTS™ scavenging activity and
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Figure 23:

total flavonoid content, (C) DPPHe scavenging activity and total phenolic content, (D) DPPHe+ scavenging activity and total flavonoid
content, (E) cellular reactive oxygen species (ROS) attenuation and ABTS++ scavenging activity and (F) cellular ROS production

and DPPHe+ scavenging activity of the dichloromethane (DCM) extracts. The data points represent each of the different extracts
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Figure 24: Relationships between (A) cellular ROS production and total phenolic content of the hot water (HW) extracts, (B) cellular
ROS production and total flavonoid content of the HW extracts, (C) cellular ROS production and total phenolic content of the
dichloromethane (DCM) extracts, (D) cellular ROS production and total flavonoid content of the DCM extracts, (E) ABTS™ and
DPPH® scavenging activity of the HW extracts and (F) DCM extracts. The data points represent each of the different extracts tested



2.5 Discussion

2.5.1 Extract yields

There are many factors that influence the percentage yield and type of bioactive
compounds extracted from a plant sample, such as the drying method, storing
temperature, solvent type, extraction temperature, extraction method, duration of
extraction, solvent pH, plant part used, harvest time, environmental climate etc.1%,
Therefore, extraction yields of plants using the same solvent can differ between
different laboratories due to these factors that influence the extraction yield/process.
Furthermore, the differences in percentage yields between different plants are
depend on the structural properties of compounds found within the plants, and their
affinity and interaction with a specific solvent'®%193, This is the reason for the
different extract yields, observed between the plants tested in the present study,
indicating that some plants such as T. vulgaris and A. millefolium had more

hydrophobic phytochemicals than T. officinalis and T. foenum-graecum.

The difference in the extract colour between herbs is also important to note, since it
has been shown previously that a relationship between the antioxidant activity
(against DPPH"and ABTS'*) and colour value of extracts exists'®4. It has also been
reported that black extracts contain more polyphenolic compounds than pink and
yellow extracts, with an increased antioxidant activity associated with the darker
coloured extracts!®. This relationship was evident in the present study, where the
HW extracts of T. vulgaris and S. officinalis were dark (green/brown in colour) and

exerted a high antioxidant activity, whereas the extracts of T. foenum-graecum and
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A. betulina, were light (yellow-green in colour), and exerted a low antioxidant activity

(Figure 16, Figure 18 and Figure 20).

2.5.2 Polyphenolic content and antioxidant activity

Phenols and flavonoids differ substantially in terms of their chemical structures
(Figure 25), causing them to interact differently with HW and DCM. Water has a
polarity index (PI) of 9.0, having a strong interaction with electronegative compounds
such as flavonoids and phenolics'®3. DCM is less polar (Pl = 3.1) forming weak
bonds with polyphenolics!®. This is likely to be the reason for the large amount of
polyphenolics extracted using HW, compared to using DCM. Furthermore,
flavonoids are more electronegative (containing more oxygen and carbon atoms)!93
(Figure 25A), compared to phenolics (Figure 25B), which means flavonoids are
more hydrophilic, resulting in a stronger dipole-dipole interactions with watert®3.1%,

This explains why the HW extracts contained more flavonoids than phenolics.

A B

OH

Figure 25: The basic chemical backbone of a (A) flavonoid and a (B) phenol%6:197,
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ROS are highly reactive molecules derived from metabolized oxygen3®®. In the case
of T2DM, an overproduction of ROS is caused by chronic hyperglycaemia®®. The
overproduction of ROS is associated with the onset and progression of T2DM and
its secondary complications, such as artherosclerosis, which can lead to heart
failure®®. This makes the attenuation of excess ROS may prove valuable in the
treatment of T2DM. Various flavonoids and phenolics have the ability to attenuate
ROS*44 and are therefore important components in determining the antidiabetic
profile of a herb extract. In the present study it was found that the antiradical activity
of herbs is closely linked to their polyphenolic nature. Flavonoids are a class of
polyphenolics that are naturally grouped according to the extent of the oxidation on
their C-rings#*. They are known for their potent antioxidant activity, which have also
been shown, in some cases, to be even more effective than that of vitamins C and
E'70. The antioxidant activity of flavonoids are attributed to their polyhydroxylated
structure and the specific hydroxyl positions on the flavonoid backbone!’8(Figure
25A and Figure 26). This is the reason why flavonoids are more active against free
radicals than phenolics (which only has one C-ring) and therefore explains why the
HW extracts were more active against ABTS™ and DPPH"* than the DCM extracts.
The catechol flavonoid structure (Figure 26) has been identified as the required
structure for the presence of antioxidant activity of any flavonoid, containing two
phenyl rings and one pyrene ring*+178. Another reason why the HW extracts were
more active against ABTS than the DCM extracts is because the ABTS assay is

aqueous based making it more hydrophilic whereas3%4.
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Figure 26: The catechol structure of a flavonoid. Phynyl-rings (A and C) and pyrene
C-ring (B). OH — hydroxyl group?4178.198,

It was apparent that all extracts were more active against ABTS™ than DPPH". This
could possibly be attributed to the fact that the reaction between ABTS™ and
antioxidants occur faster than with DPPH™6L, It is also apparent that the ABTS™
scavenging assay is more sensitive, compared to the DPPH" assay'82183, which was
measured at a non-optimum wavelength of 570 nm instead of 515 nm, due to
instrument limitations®2183, A similar finding was reported by Kaviarasan et al.'6!

and Moolla et al.®’

The HW extracts of A. betulina, T. foenum-graecum, T. officinalis and Diabetea had
a significant (p < 0.05) pro-oxidant activity on Ea.hy926 cells (Figure 20). The
overproduction of cellular-ROS is observed when cells are placed under certain
biochemical or mechanical stress(es), either caused by unwanted environmental,
chemical or pathological conditions!®®. The pro-oxidant activity of herb extracts have
been linked to large doses/concentrations of antioxidant-type flavonoids and/or the
presence of flavoniods containing specific structural modifications on its B-ring?°°,

This could explain the pro-oxidant activity of A. betulina, T. foenum-graecum, T.
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officinalis and Diabetea, which are flavonoid-containing (Figure 15A) HW extracts.
However, the flavonoid-rich HW extracts of T. vulgaris and S. officinalis had no pro-
oxidant effect on Ea.hy926 cells, which may indicate that the pro-oxidant activity
observed with A. betulina, T. foenum-graecum, T. officinalis and Diabetea may not
be due to a high concentration of flavonoids but rather due to flavonoids with specific
structural modifications exerting pro-oxidant activity. Futhermore, all DCM extracts
also had a significant (p < 0.05) pro-oxidant activity on Ea.hy926 cells, which could
not be attributed to their flavonoid content since they were poor pholyphenolic
containing extracts (Figure 14 and Figure 15). These findings suggest that further
investigation is required to elucidate the exact reason for the pro-oxidant activity
observed. Futhermore, this not only shows that these herbs are poor antioxidant
containing extracts, but that they could also potentiate hyperglycaemic

complications, specifically those with oxidative stress.

The phenolic content of T. vulgaris was observed to be the highest of all extracts in
the present study (101.3 + 1.7 mg GAE/ g extract). This result is supported by the
findings of Dorman et al.?%%. The authors prepared a HW decoction of T. vulgaris for
1 h instead of 15 min, which yielded 95.6 mg GAE/ g extract?°%. The slight difference
in phenolic content observed between the present study and that of Dorman et al.?%!
could have been caused by the difference in the duration of extraction, which could
have been associated with the breakdown of the structural integrity of extracted
phenolics. A study carried out by Rababah et al.?%?, using water at 60°C for 1 h,
extracted only 11.02 £ 49.8 mg GAE / g extract from T. vulgaris, which is
approximately a tenth of what was obtained by Dorman et al., when also extracted

for 1 h. Rababah et al.?%? reported that more polyphenolics were extracted at higher
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temperatures, which could explain this discrepancy. From these two reports it can
be inferred that extraction temperature has a much greater influence on extraction

yield than the duration of the extraction process.

The most significant (p < 0.05) antioxidant potential was observed with T. vulgaris.
Carvacrol and thymol are two phenolic compounds that have been isolated from T.
vulgaris141.142.203 (Figure 27), with thymol being a more potent antioxidant?94.205,
Rababah et al.?°? found that cravacrol and thyomol are active against DPPH",
however with 1Cso values above 100 pg/méf, which is considered to be of a low
antioxidant activity. Since the TPC extracted from T. vulgaris was low and the
antiradical activity of the main phenolic compounds present in T. vulgaris are not
potent, it is likely that the antiradical activity observed in the present study was

mainly attributed to the flavonoid content of T. vulgaris.

CH;
OH
OH
HyC” “CHs

Carvacrol Thymol

Figure 27: Phenolics previously isolated from Thymus vulgaris2®.
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The HW extract of T. vulgaris was the highest in flavonoid content compared to
other extracts (Figure 15). A number of flavonoids have been isolated from T.
vulgaris, which have been shown to be naturally occurring antioxidant compounds
(Figure 28). Some of these include Iluteolin?®’, apigenin®®, naringenin?®,
eriodictyol?!© cirsilineol?!!, salvigenin?'? and cirsimaritin4%213 (Figure 28). Luteolin
has been shown to exert an antioxidant activity??’, equivalent to that of quercetin
(the most widely studied flavonoid and a potent natural antioxidant)?*4. Therefore,
the TFC of T. vulgaris, extracted in the present study, may be the cause for its

significant (p < 0.05) cell-free and cell-based antioxidant activities.

Another group of naturally occurring antioxidants found in T. vulgaris are called
phenylpropenes (such as eugenol and 4-allylphenol), which possess significant
antioxidant capacities comparable to known antioxidants such as a-tocopherol and
butylated hydroxy toluene?'®. This could further explain the potent antioxidant activity

exerted by T. vulgaris.

The HW extract of S. officinalis was found to contain large amounts of flavonoids but
was not rich in phenolics, which is supported by the findings of Cazzola et al.?%6. S.
officinalis is known to contain bioactive antioxidant flavonoids that are also found in
T. vulgaris, such as: salvigenin, nevadensin, apigenin, cirsileol and cirsimaritin?16
(Figure 28). Previously, S. officinalis was reported to inhibit DPPH" by 76%?26, this
finding compared to the observation in the present study (~60%). The reason why
Cazzola et al.?'® observed a slightly higher antioxidant activity is possibly because
these authors used a maximum concentration of 1 mg/m# versus 20 ug/m{ used in

the present study. The antioxidant activity of S. officinalis has been attributed to
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flavonoid compounds such as carnosic acid and carnosol, as well as rosmarinic
acid?”218 (Figure 29). Although the HW extracts of S. officinalis was not as active
against cell-free radicals as T. vulgaris, it significantly (p < 0.05) attenuated cell-
based ROS at all concentrations tested (Figure 20), which could be attributed to its

TFC.

The phenolic content A. millefolium (HW extract) in the present study is similar to the
findings of Eghdami et al.?'°. With regards to the flavonoid content, no study could
be found that reported the TFC of A. millefolium in terms of RE. However, a study
carried out by Eghdami et al.?°, showed that an aqueous extract of A. millefolium
contained approximately 13.2 + 1.8 mg quercetin equivalents (QE)/ g extract?'®. The
HW extract of A. millefolium was only moderately active against both ABTS** and

cell-based ROS (Figure 16 and Figure 20) having no other favourable activity.

The low antioxidant activity of A. millefolium against ABTS™* and DPPH* observed in
the present study is supported by previous studies??%22, |rrespective of the present
observations, it has been shown that a hydro-alcoholic fraction of A. millefolium was
active against superoxide and hydroxyl radicals with ICso values of 0.82 and 0.26
ug/mi, respectively???. It has also been shown that A. millefolium contained potent
antioxidant compounds such as caffeic and p-coumaric acid (Figure 30)%23. The
reason for the discrepencies found between the present study and those carried out
previously could be attributed to the different assays used as well as the type of

extract.
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Figure 28: Flavones isolated from Thymus vulgaris that possesses antioxidant activity198:224-227,
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Figure 29: Antioxidants in Salvia officinalis?27:227.228,
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HO HO
Caffeic acid p-coumaric acid

Figure 30: Hydroxycinnamic acids, antioxidant compounds of Achillea millefolium?23.

The extracts of U. urens were not rich in polyphenolics compared to other extracts,

which are similar to the findings of Manu Kumar et al.??°. This may be the reason for
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its low cell-free antioxidant capacity. However, U. urens displayed a significant cell-
based ROS attenuating activity at all concentrations tested. This may be due to
potent antioxidant polyphenolics (active at low concentrations) found in U. urens
such as patuletin (Figure 31). Patuletin is a flavonoid, which has been isolated from
U. urens, with potent antioxidant activity in vivo?3°. The antioxidant activity of U.
urens has been suggested to be responsible for its hepatoprotective effects6%170,
Manu Kumar et al.?2® found an aqueous extract of U. urens to have approximately
40% scavenging activity against DPPH" and 60% scavenging activity against
ABTS™. The reason these authors observed a higher antioxidant activity, compared
to the present study, may be attributed to the fact they tested the extract at more

than double the concentration (50 pug/m{ versus 20 ug/mf).

OH
HO @)
OH
~o OH
OH O
Patuletin

Figure 31: O-methylated flavonol in Urtica urens?3?,

Hu et al.*¥" found that a 70% ethanol extract of T. officinalis contained approximately
195 mg/g GAE®’, which was comparable to the findings of the present study (188
mg/g GAE). Furthermore, it has been shown that T. officinalis contains several

flavonoids including caffeic acid, chlorogenic acid, luteolin, and luteolin 7-
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glucoside®®®, which are all known for their antioxidant activity. Water and ethyl
acetate extracts of T. officinalis flowers have been shown to inhibit DPPH" activity in
a concentration-dependant manner, and their antioxidant activites were comparable
to that observed in the present study?3?. In the present study it was apparent that T.
officinalis had a low antioxidant activity and polyphenolic content, which is supported

by previous studies!3":223.232,

The extracts of T. foenum-graecum had a low polyphenolic content and antioxidant
activity, which is supported by Kaviarasan et al.161, However, in an in vivo study, T.
foenum-graecum seeds fed (5% w/w) to diabetic mice were shown to cause a
normalization of antioxidant defense response and a decrease in peroxidative
damage?®. This indicates that even though the present study observed a low
antioxidant activity in vitro, in vivo antioxidant activity may still be possible. However,
these authors?®® used seed powder, instead of seed extract, which makes a true

comparison difficult.

The extracts of A. betulina contained a low polyphenolic content, with more
flavonoids than phenolics, and a low antioxidant activity. Diosmin and hesperidin are
two main flavonoid compounds that have been isolated from the essential oil of A.
betulina (Figure 32), which have been proven to act as diuretic, antihypertensive,
hypolipidaemic, anticancer, antioxidant, and anti-inflammatory agents''8. These
flavonoids have been tested in the form of a micronised purified flavonoid fraction
called Daflon 500 (90% diosmin and 10% hesperidin), and were found to have a
long term hypoglycaemic, antiglycating and antioxidant action on type 1 diabetic

patients?34-236_ Furthermore, a study done on streptozotocinnicotinamide-induced
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diabetic rats using diosmin showed an increase in insulin secretion from pancreatic
B-cells?34, Although the present study does not report a noteworthy antioxidant
activity exerted by A. betulina in vitro, it may not be indicative of its in vivo and

clinical activity.

Diabetea also had a low antioxidant activity against ABTS** and DPPH" for both
DCM and HW extracts. It also caused a significant overproduction of ROS,
indicating that it could be more harmful when taken in the form of its traditional
preparation. However, this may give no indication of its in vivo activity, which needs

to be investigated further.

e
O
OH
“OH
OH OH O
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HO
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Figure 32: Main flavones isolated from Agathosma betulina?37-238,
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2.5.3 Relationships between antioxidant activity and polyphenolic content

A significant (p < 0.05) relationship between antioxidant activity and polyphenolic
content was observed with the HW extracts, but this was not observed with the DCM
extracts, which indicates that this association may be dependent on the type of
solvent used for extraction. However, the DCM extract of T. vulgaris had a moderate
cell-free antioxidant activity but low polyphenolic content. This shows that the
antioxidant activity exerted by plant extracts may not exclusively be attributed to
phenolics or flavonoids. Furthermore, there was a significant (p < 0.05) correlation
between ABTS™ and DPPH" scavenging activity per both DCM and HW extracts,
showing that the ABTS™ scavenging activity of an extract may be indicative of

DPPH® scavenging activity.

The TFC significantly (p < 0.05) correlated with the activity of ABTS™* and DPPH*
(HW extracts), which was stronger than the relationship between the TPC and cell-

free antioxidant activity.

A correlation was observed between the cell-free and cell-based antioxidant activity
with regards to the HW extracts, however, this was not the case with the DCM
extracts. There was also a positive correlation between the cell-based antioxidant
activity and polyphenolic content with HW extracts. This may be due to the activity of
unmetabolized free-floating polyphenolics compared to intracellular modifications
that take place with absorbed phenolics and flavonoids?®. In addition, the cell-based
antioxidant activity of polyphenolics depend on their ability to move across the cell

membrane, the action of which is selective?3°,
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2.6 Chapter summary

There are various factors that influence the extraction yield of a plant. The extract
colour is important to note since it has previously been linked to the amount of
polyphenolics and antioxidant activity of an extract, which was also the case in the

present study.

Flavonoids are more electronegative than phenolics and are therefore more readily
misciple into polar solvents such as water. Flavonoids are more active against cell-
free radicals than phenolics because of the greater amount of reducing molecules.
DCM extracts were associated with an overproduction of ROS, for reasons that
could not be deduced in this study. The extracts were more active against ABTS™*
than DPPH’, possibly due to discrepancies regarding the reaction rate, antiradical

specificity and assay sensitivity.

The traditional use of T. vulgaris, S. officinalis, U. urens as antidiabetic herbs is
supported in the present study in terms of their significant (p < 0.05) antioxidant
capacity in vitro. The most significant (p < 0.05) of these was the HW extract of T.
vulgaris. The HW extract of A. millefolium was also active against cell-free radicals
and cell-based radicals but this result was not significant or showed >50%
attenuating activity. The extracts of T. foenum-graecum, T. officinalis and A. betulina
as well as Diabetea were found to be weak in vitro radical scavenging extracts and
were associated with the overproduction of cellular ROS. This shows that the in vitro
application of Diabetea, in its traditional form, may be unsuitable as an antidiabetic

preparation. Some of the single-herb extracts outperformed the activity of Diabetea
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and this indicates that the polyherb mixture is not more active than compared to its

individual constituents.

The relationship between polyphenolic content and antioxidant activity was shown to
be dependent on the solvent type used. The cell-free antioxidant activity could not
be exclusively attributed to the polyphenolic content of an extract and therefore,

other types of compounds may be involved in this activity.

From the correlation data between ABTS™ and DPPH" assays it was evident that if
an extract has activity against ABTS™, it is likely to attenuate DPPH" as well, and
vice versa. There was also a relationship between cell-based and cell-free
antioxidant activity with the HW extracts but not with the DCM extracts, which was
expected since the HW extracts were more active against ABTS™ and DPPH' than

the DCM extracts.
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CHAPTER 3: TOXOLOGICAL PROFILING OF EXTRACTS

3.1 Introduction

According to the WHO, about 80% of individuals in low- to middle-income countries
rely on herbal remedies for primary healthcare® 6!, The ‘all natural’ approach is a
growing body within the westernized world and is often associated with being
‘naturally’ safe. Based on the wide usage and general misunderstanding
surrounding the safety of plant-based treatments, the need for toxological profiling of
traditional herbs is essential. Cells are intrinsically sensitive to compounds and
therefore it is necessary to make use of a variety of cell types, both primary and
perpetual cell lines, when testing the toxicity of an extract. In the present study the
cytotoxicity of extracts were tested against mouse myotubes, human lymphocytes

and human endothelial cells.

The C2C12 cell line is a subclone of mouse myoblast cells?*°, which readily
differentiates into myotubes under the correct conditions. Myotubes were selected
for the glucose uptake assay in the present study, as muscle tissue relies heavily on
glucose as a source of energy and requires insulin to absorb glucose!2. Human
lymphocytes (HL) or peripheral blood mononuclear (PBMNC) cells, were selected as
primary cells to provide pre-clinical data on the safety of each extract. PCMNC cells
are also readily isolated from blood drawn from healthy volunteers. Resting human
lymphocytes are small lymphocytes in the Go stage of the cell cycle and stimulated
or activated lymphocytes are lymphocytes that have undergone blastogenesis

forming lymphoblasts?41.
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Hyperglycaemia, the hallmark of T2DM, causes the progression of endothelial
damage through the production of ROS?5242 which is the reason why endothelial

cells was evaluated in the present study.

Sulforhodamine B (SRB) is an aminoxanthene dye that stains cellular proteins in
fixed cells?®, It is used in various cell numeration assays due to this property and is
especially employed in cytotoxicity tests in vitro?43, The SRB assay is easy, practical,
sensitive and does not require cellular metabolism to work, as is the case with
tetrazolium dye  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT)?43244 MTT can only stain viable cells whereas SRB stains both viable and
dead cells, making no distinction?*3. However, previous SRB results have been
shown to compare well with that obtained from using MTT?4%24¢, Furthermore, SRB
has been used extensively in previous cytotoxicity studies involving the use of

natural compounds and/or herb extracts?47-249,

3.2 Materials and methods

3.2.1 Propagation of cells

Ethical approval for the use of C2C12 (ATCC CRL-1772) myocytes and Ea.hy926
cells were obtained from the Univeristy of Pretoria (Appendix Ill, page 162). The
endothelial cell line, Ea.hy926, procured from umbilical vein cells, was obtained from
Steve Oglesbee (representing Dr. Cora-jean S. Edgell) at the UNC Lineberger
comprehensive cancer center (Appendix Il, page 163). Human lymphocytes were
procured by means of blood collection from volunteers using the blanket ethics

approval obtained from the University of Pretoria, ethics committee (Appendix IV,
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page 163). All cell work was conducted under strict sterile conditions and incubated
in a 5% CO2 incubator at 37°C in DMEM. Medium was supplemented with 1%

penicillin/streptomycin and 10% FCS.

3.2.2 C2C12 differentiation

C2C12 myoblasts were differentiated into myotubes according to the method
described by Burattini et al.?>°. The myocytes were cultured in flasks until they were
50% confluent. The flasks were rinsed with 1 m{ sterile phosphate buffered saline
(PBS) and spent medium replaced with 4 mf of DMEM+ containing 1% FCS and
incubated at 37°C and 5% CO:2 for 7 days. The medium was changed daily until the
cellular morphology resembled that of myotubes when observed under a microscope

(Olympus Optical Microscope 1X70, A.R. Instruments).

3.2.3 Cell harvesting and seeding

Prior to performing cytotoxicity evaluations, the medium was removed and cells
were washed with DMEM- (for C2C12 and Ea.hy926) or RPMI-1640 (for
lymphocytes). The differentiated C2C12 myotubes were harvested with 1 m{ TrypLE
Express in EDTA for 3 min at 37°C, 5% CO:2. Ea.hy926 cells were harvested using 1
m{ trypsin (The Scientific Group, Gauteng, South Africa) for 1 min at 37°C, 5% CO:..
Ten millilitres of DMEM+ with 2% FCS was added to the dissociated cells and the
suspension decanted into a 15 m{ polypropylene (PP) tube. The homogenous cell
suspension was centrifuged for 5 min at 200 g (Allegra X-22, Beckman Coulter
centrifuge). Thereafter, the medium was decanted and replaced with 1 m{ of

DMEM+ and the cell pellet was carefully suspended into the medium. Twenty
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microliters of the cell solution was be added to 180 pf of filtered (0.22 um) trypan
blue which was prepared in PBS (0.4% w/v). The cell density was determined by
making use of a haemocytometer. The cells were seeded (80 pf) at densities of 1.2

x 10% cells/well (C2C12), 1.5 x 10*cells/well (Ea.hy926) and 2.6 x 10°cells/well (HL).

Human lymphocytes were isolated following the method described by Boyum et
al.?®1 with minor modifications. Thirty millilitres of heparinized blood (1 m{ of
refrigerated heparin for every 10 m{ of blood) was carefully loaded onto 15 m{ of
Histopaque 1077 and spun down for 25 min at 650 g at 4°C. The top plasma layer
was removed and the PBMNC layer was transferred to sterile 50 m{ tubes. The
tubes were filled with RPMI-1640 and spun down for 15 min at 200 g in order to
eliminate coagulated platelets. The supernatant was discarded and the tubes filled
with RPMI-1640 and spun down for 10 min at 200 g, after which the supernatant
was discarded and tubes filled with cold sterile ammonium chloride (NH4Cl) solution,
which was kept on ice for 10 min in order to lyse contaminating red blood cells. The
NH4Cl solution contained 8.3 g chloramine (NH2Cl), 1 g sodium bicarbonate
(NaHCOs3) and 74 mg ethylenediaminetetra-acetic acid (EDTA) in 1 £ dH20. The
tubes were centrifuged for 10 min at 200 g and the discarded supernatant replaced
with RPMI-1640. The tubes were centrifuged for 10 min at 200 g, thereafter the
medium was decanted and replaced with 1 mf of RPMI+1640 and the cell pellet was

carefully suspended into the medium supplemented with 2% v/v FCS.

3.2.4 Cytotoxicity

The cytotoxicity analysis was done following a colorimetric, 96-well, microplate

method, using SRB, as described by Vichai and Kirtikara?*3. Pre-seeded plates were
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incubated (1 h for HL and 24 h for C2C12 and Ea.hy926) before exposure to
extracts to allow cells to acclimatise. Eighty microliters of extracts were added to
respective experimental wells (final concentrations of 0.02 - 100 npg/mé).
Phytohaemagglutinin (PHA) was used to obtain stimulated HL cells. Eighty
microliters of DMEM+ was added to negative control wells and 160 yf of DMEM+ to
medium control wells. The wells with 80 uf extract and 80 yf DMEM+ was used to
control for phytochemical interference from the plant extracts. The plates were
incubated (72 h for HL and only 24 h for C2C12 and Ea.hy926, due to the fast
proliferation rate of these cells) at 37°C in a 5% COz2ambiance. Following exposure,
80 ! of trichloroacetic acid (TCA) (30% wi/v) was added and the plates incubated for
72 h at 4°C to fix cells. Plates were then washed three times using tap water and left
to dry. One hundred microliters of SRB (0.057% w/v) dissolved in 1% v/v acetic acid
(AcOH) solution was added to each well and left for 30 min at room temperature.
The plates were rinsed three times with 1% acetic acid to remove excess dye.
Bound dye was dissociated with 100 ut of a 10 mM trisaminomethane (TRIS)
solution at pH 10.5 and the absorbance read using a spectrophotometer at 540 nm
with a reference wavelength (Are) 630 nm. Saponin, at 100 ug/m? final concentration,

was used as positive control.

3.3 Statistical analysis and data representation

All experiments were executed in triplicate (technical and biological, n = 9) and the
percentage cell density presented in the form of bar graphs, as grouped by
concentration. The extent of toxicity was considered as: toxic (<50% cell density),

moderate toxicity (>50% but <75% cell density), growth inhibition/possible low
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toxicity (>75% cell density) and, in the case of a commercial cell line, possible
stimulation of cell growth (>100% cell density). In the case with human lymphocytes,
>100% cell density, may indicate an increase in protein content but not cell

prolifereation.

3.4 Results

3.4.1 C2C12 differentiation

The myocyte differentiation into myotubes took 7 days. On day 0, the flasks were
harvested and added to cell culture flasks and differentiation started by adding
medium that contained 1%, instead of 10%, FCS. Undifferentiated cells were round,
small, either isolated or found in colonies (Figure 33A). On the 5" day the cells were
bigger, stellar shaped, inter-connected and the monolayer covered more of the flask
surface area (Figure 33B). On the final day of differentiation (day 7) the cells were
longer and more tube-like. By this time flasks had usually reached almost 100%

confluency (Figure 33C).
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Figure 33: C2C12 myocyte to myotube differentiation process (10x magnification), using 1% FCS. (A) Day 0 of differentiation,

where medium containing 10% FCS was replaced with 1% FCS to initiate the differentiation process, (B) day 5 of differentiation and

(C) day 7, the final day of differentiation and on which cells were harvested for experimental use.
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3.4.2 Cytotoxicity

In general the DCM extracts were more toxic than the HW extracts (Figure 34—
Figure 41). None of the HW extracts were toxic except for T. foenum-graecum at
100 ug/m? tested against stimulated HL cells (Figure 37). The stimulated HL cells
were generally more sensitive than resting HL cells (Figure 36 - Figure 39). The
C2C12 myotubes were most sensitive to the DCM extracts (Figure 35). None of the
extracts were toxic against any of the cell lines tested at 25 pg/mé{, which is relevant
to the highest concentration used for antidiabetic tests in the present study (of 20
pMg/méf). HL cells do not proliferate after isolation and seeding, therefore a perceived
increased cell density (>100% cell density) in the present study is not due to cellular

proliferation but a possible stimulation of cellular protein synthesis, stained by SRB.

The DCM extract of A. betulina was toxic against stimulated HL cells (Figure 39),
and possibly caused proliferation of C2C12 cells and stimulated protein proliferation
in resting HL cells at all concentrations (Figure 35 and Figure 38), except for 100
pMg/mé, where it showed a low toxicity. The HW extracts of A. betulina was not toxic
against any cell line tested, however, it did show low toxicity against C2C12 (Figure
34), and stimulated HL cells (Figure 37) as well as Ea.hy926 cells (Figure 40). This
extract also may have stimulated cellular protein synthesis in the resting HL cells in

a concentration-dependent manner (Figure 36), associated with a greater cell mass.

The DCM extract of T. officinalis was not higly toxic to any of the cell types tested,;
however it did have a mild and low toxic effect on stimulated HL (Figure 39) and
Ea.hy926 cells (Figure 41), respectively. Furthermore, it stimulated the growth

C2C12 (Figure 35) cells and the proliferation of protein content in resting HL cells
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(Figure 38) at all concentrations tested. The HW extract of T. officinalis did not have
a toxic effect on any of the cells tested. However it did have a low toxic effect on
C2C12 (Figure 34) and Ea.hy926 cells (Figure 40), and was mildly toxic against
stimulated HL (Figure 37). The HW extracts showed a possible stimulation of protein

synthesis in resting HL (Figure 36) and proliferation of Ea.hy926 cells (Figure 40).

The DCM extract of T. foenum-graecum appears to have stimulated the growth of
C2C12 cells (Figure 35) and caused a stimulation of protein synthesis in resting HL

cells (

Figure 38) at all concentrations. It also had a mild and low toxic effect on stimulated
HL (Figure 39) and Ea.hy926 cells (Figure 41), respectively. The HW extract of T.
foenum-graecum had an increasing effect on the protein cell mass of resting HL
cells (Figure 36) at all concentrations. It also had a low toxicity against C2C12

(Figure 34), stimulated HL (Figure 37) and Ea.hy926 cells (Figure 40).

The DCM extract of S. officinalis was toxic against C2C12 cells at 100 ug/m?{ (Figure
35) and a growth stimulatory effect at all other concentrations (Figure 35). This
extract was non-toxic (~100%) against Ea.hy926 cells (Figure 41). It also had a
slight growth/protein producing stimulatory effect at 25 ug/m{ against Ea.hy926 cells
(Figure 41). The DCM extract of S. officinalis had a mildly toxic effect on stimulated
HLs (Figure 39) and an increase in cellular protein on resting HL, except at 25 pg/mf{
where it was shown to be mildly toxic (Figure 38). The HW extracts of S. officinalis
also had an increasing effect on the protein mass in resting HL at all concentrations

(Figure 36). This extract had a low toxicity against C2C12, which was concentration
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dependent (Figure 34). Furthermore, it had a non-toxic (~100) effect on Ea.hy926
(Figure 40) and stimulated HL cells (with an increase in cell protein HL cells 0.4-6.3

and 100 pg/m¢) (Figure 37).

U. urens, as a DCM extract preparation, was non-toxic against resting HL cells and

caused an increase in cell protein content at lower concentrations (0.1 — 25 ug/mf) (

Figure 38). The latter was also observed in stimulated HL cells at 0.4 to 25 pg/m{,
and was non-toxic (~100% cell density) at 0.1 and 100 ug/m?{ (Figure 39). A similar
finding was observed in the Ea.hy926 cells at 0.1 to 25 ug/mf (Figure 41). However,
U. urens was toxic against Ea.hy926 cells at 100 ug/m{ (Figure 41). It also had a
stimulatory effect on the growth/protein content of C2C12 cells at all concentrations
except for 100 ug/m{ where it was mildly toxic (Figure 35). The HW extract of U.
urens had a concentration dependent cytotoxic (low to mild) effect on HL from 0.1 to
25 yg/mi, yet showed a decrease in toxicity at 100 pg/m{ (Figure 37). It was also
non-toxic to Ea.hy926 and C2C12 cells, with some growth/protein density
stimulation of Ea.hy926 cells at 25 pg/m{ and resting HL cells at all concentrations
except for 25 yg/mt, where it showed low toxicity (Figure 34, Figure 36 and Figure

40).

The DCM extract of T. vulgaris was toxic to C2C12 at 100 ug/mf and was non-toxic
at all other concentrations except for 25 pg/mt where low toxicity was found (Figure
35). This extract had a mixed (increase in protein content, low and mild toxic) effect
at various concentrations on resting HL cells. This trend was also observed for the

DCM of A. millefolium, Diabetea and S. officinalis (Figure 38). The exact reason for
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this ‘pattern’ is not known, however, it may be due to experimental error or an
unexplained interaction between the extracts and HL cells. Furthermore, the DCM
extract of T. vulgaris had a low toxicity against stimulated HL and Ea.hy926 (at 100
pMg/me with no toxic effect at all other concentrations), it also caused a possible
increase in cellular protein in stimulated HL cells at 100 pg/m¢f (Figure 39 and Figure
41). On the other hand, the HW extracts of T. vulgaris had a dose-dependent low- to
mild cytotoxic effect on C2C12s (Figure 34). It also caused a possible increase in
protein structures in resting HL cells and had a low toxicity to stimulated HL at all
concentrations (Figure 36 and Figure 37). Furthermore, this extract had no toxic

effect on Ea.hy926 cells (Figure 40).

A. millefolium, as a DCM preparation, was found to be toxic to C2C12 and Eahy.926
cells at 100 ug/mt, but had a non-toxic and growth/increase in protein content at all
other concentrations (Figure 35 and Figure 41). This extract was low- to non-toxic
against stimulated HL (Figure 39) and non-toxic to Ea.hy926 at all concentrations
tested except for 100 ug/mt (Figure 41). The HW extract of A. millefolium was low to
non-toxic against C2C12 and Ea.hy926 (Figure 34 and Figure 40). This caused a
possible increase in cell protein content in resting HL cells except at 0.4 pg/mi
(Figure 36). It also had a concentration-dependent mildly toxic effect on stimulated

HL, which decreased at 100 ug/m? (Figure 37).

The DCM extract of Diabetea was the most toxic of all extacts at 100 ug/m{ against
C2C12 (Figure 35). However, it caused an increase in cell/protein growth/increase at
all other concentrations tested (Figure 35); this was also observed against

stimulated HL (Figure 39). This extract displayed a low to no toxicity against
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Ea.hy926 cells at all concentrations except for 100 pg/mf where it was mildly toxic
(Figure 41). The HW extract of Diabetea had a low to non toxic effect on C2C12
(Figure 34) and stimulated HL (Figure 37). It also caused a possible increase in
cellular protein content in resting HL at all concentrations (Figure 36). Futhermore,

this extract was non-toxic to Ea.hy926 (Figure 40).
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sulforhodamine B uptake assay after 24 h incubation.

104

© University of Pretoria



+89)

[—1>100

[ >75; <100

S
=}
3
g £
a.sﬂ.s =1
= T o =
10 EEEE o5 8y
~ o 2 occo ol
vie SE£8eg2F8
s v S5 L0655 E G
LR <KEFFE®WDE LA
[w N P
J\E
U0 BBEBENENY

W77 ¥ 0
W77777772777777277777277277777272% * O

_.____ ____________________________________________

- 00T

HITE T T A T T T

- G¢

I

-€9

F9'T

-0
rT0

125

75

o
Te]

(Jonuoa o1 anneal)
Aisuad 119D %

25 +
0

Extract concentration

(ug/ml)

after 24 h incubation,

= 9),

Figure 41: The effect of dichloromethane extracts on Ea.hy926 cells, tested at 0.1 to 100 pug/mf (n

measured using the sulforhodamine B uptake assay after 24 h incubation.
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3.5 Discussion

All herbs tested in the present study have previously been screened for toxicity.
However, the exact cell type and extract solvent used in the present study could not
be found in previous literature for each plant. Furthermore, as this is the first study to
test the toxicity of the commercial Diabetea mixture, no literature was found for

comparison of data.

The different cell types used in the present study were found to have varying results
with the extracts tested, which supports the importance of using a variety of cell
types for toxocological profiling. There are various factors that influence the cytotoxic
potency of extracts such as the solvent used for extraction, the mechanism of
extraction, temperature and duration the extracts were prepared for as well as the

plant part used92252,

In this study it was evident that the results of the cytotoxic activity for DCM and HW
extracts were notably different. It was evident that the DCM extracts had more toxic
profiles than the HW extracts. It has also been proven previously that heated plant
constituents decrease in toxicity?53254, this could explain why the HW extracts were
less toxic. It was also evident that most of the extracts had a concentration-
depended cytotoxic effect. However, it is necessary to perform compound isolation
and characterization in order to ascertain the compounds that are specifically
responsible for the toxic effects. None of the extracts were toxic to the myocytes, HL
and Ea.hy926 cells at a concentration range between 1 to 25 pug/m¢{, indicating that
all the plants tested in the present study were not toxic at concentrations tested for

antidiabetic activity. Toxic activities were only observed at concentrations >100
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ug/mé. This provides evidence of the preclinical safety of these plant extracts and

Diabetea at theoretically viable concentrations.

The most toxic plant extracts were that of A. betulina (stimulated HL), T. foenum-
graecum (stimulated HL), U. urens (C2C12), T. vulgaris (C2C12), A. millefolium
(C2C12 and Ea.hy926) and Diabetea (C2C12). All these plants were toxic only at
100 pg/mf and most of them were of the DCM fraction except for T. foenum-

graecum.

The toxicity at 100 ug/m{, observed from the DCM extract of A. betulina, was not
surprising since toxic compounds such as quinine and cis-isopulegone®’1%° have
been isolated from its essential oil fraction. The non-toxic activity of the HW extract
of A. betulina is supported by the study of Steenkamp et al. *** where a 10 mg/m{
aqueous extract of A. betulina was found to be non-toxic to resting HL cells.
Furthermore, a methanol:dichloromethane extract of A. betulina has been reported

to be non-toxic against kidney epithelial cells up to 100 ug/m{ 97109,

The toxicity of T. foenum-graecum has previously been studied and it was found that
an interperineal administration of T. foenum-graecum was not highly toxic to mice
liver with a LDso of 1.9 g/kg?®®. Abdel-Barry et al.?®®> reported that an oral
administration of T. foenum-graecum was non-toxic to all mice organs with a LDso of
10 g/kg?®>. No reports on the effect of the HW extract of T. foenum-graecum against

HL cells could be found.
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Previously U. urens has been shown to be non-toxic to brine shrimp with ICso
>10,000 ug/mt (water extract) and >200 pg/mf (EtOH extract)?®6. In a study by Abu-
Dahab it was shown that U. urens was non-toxic to MCF-7 cells?’. These findings
contradict the observations of the present study, where U. urens was found to be
toxic at 100 ug/mf in C2C12 cells. This discrepancy may be caused by the different

cell lines, model and extract solvents used.

The essential oil of T. vulgaris has been reported to be non-toxic in Vero cells?°8,
Also, agueous extract of T. vulgaris has been shown to have an ICso value of 407
pg/me in MCF-7 cells which is considerably higher than the concentration tested in
the present study?®®. These findings do not support the toxic effect of T. vulgaris
against C2C12 cells reported in the present study, which suggests that T. vulgaris

shows different effects on cell density depending on the cell type used.

The non-toxic effect of the HW extract of A. millefolium in the present study is
supported by findings of studies done using different cell lines and in rats8%269, The
aqueous extract of A. millefolium has been shown to be non-toxic to the hepatic,
nephrotic and haematological systems when administerd chronically for 90 days’®,
supporting the non-toxic effect of the HW extract on Ea.hy926 and C2C12 cells.
However, the ethanolic extract of A. millefolium has been reported to be toxic to
tumour cells lines due to sesquiterpene lactones and flavonols8:. The DCM extract
has previously been tested on brine shrimp and reported to have a LCso of 144
ug/me?81 which may support the toxicity noted for the DCM extract of A. millefolium

observed in the present study. The DCM extract of this plant was found to be much
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more potent to C2C12 and Ea.hy926 cells than what was observed in brine shrimp,

possibly due to the natural protective mechanisms of brine shrimp against toxins26?,

T. officinalis is reported to be non-toxic?62263, and said to be safe even when taken in
large quantities and used in patent medicines??4. In the present study, T. officinalis
was mostly non-toxic. This finding is supported by studies carried out previously
where the water extract were found to be non-toxic to RAW 264.7 murine
macrophage cells?®4, MV-4-11 cells?®®, murine peritoneal macrophages?® and

HepG2 cells?®”.

The non-toxic profile of S. officinalis observed in the present study has also been
reported by previous studies. Kozics et al.»% showed a 40% hexane extract of S.
officinalis to be non-toxic below 1 mg/m{ with an ICso of 5.7 mg/m{ in HepG2 (in
human hepato-cellular carcinoma) cells. The ICso value of S. officinalis was reported

to be even higher than that by Aherne et al.268 in caco-2 cells.

The DCM and HW extracts of the Diabetea mixture was not toxic to C2C12,
Ea.hy926 and HL cells at concentrations below 100 pg/mi. It was evident that the
effect of Diabetea on cell density was concentration-dependent. The DCM extract of
Diabetea had a greater effect on cell density than the HW extract. The present study
provides initial evidence for the possible safety of Diabetea at concentrations below
100 pg/mi, which may support its traditional use. However, further investigation is

necessary to validate this finding.
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3.6 Chapter summary

The cytotoxic potential of both the HW and DCM extracts of A.millefolium, A.
betulina, S. officinalis, T. officinalis, T. vulgaris, T. foenum-graecum, U. urens and
Diabetea was determined using the SRB assay. A greater decrease in cell density
was observed with the DCM (non-polar) extracts, compared to the HW (polar)
extracts. For concentrations at which each extract was tested for its antidiabetic
potential in the present study, no toxic effect was observed. Toxic effects were only
observed at a concentration as high as 100 pg/mf, which was exerted by the
extracts of A. betulina, T. foenum-graecum, U. urens, T. vulgaris, A. millefolium and
Diabetea in specified cells. It was evident that the toxicity of each extract was
concentration-dependent. Furthermore, all the HW extracts were non-toxic to

Ea.hy926 cells.

Each herb tested in the present study is traditionally used (Section 1.6, Chapter 1,
page 20), which assumes its apparent ‘safety’. The present study provides in vitro
evidence of the safety of each herb tested at concentrations below 100 ug/mf in
C2C12 myotubes, Ea.hy926 umbilical vein endothelial cells and human lymphocytes

(resting and stimulated).
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CHAPTER 4: IN VITRO ANTIDIABETIC EFFICACY

4.1 Introduction

The prevention and/or alleviation of chronic hyperglycaemia is the key therapeutic
approach to T2DM because of its direct association with co-morbidities and
pathologies (see sections 1.4, Chapter 1, page 5). All available/current conventional
treatments target the alleviation of hyperglycaemia (see section 1.5, Chapter 1, page
15). When hyperglycaemia is managed well, it is associated with a decreased

progression of diabetes, hypertension and myocardial infarction?6%.279,

Two main enzymes, a-amylase and a-glucosidase, are responsible for carbohydrate
metabolism, the action of which, is associated with postprandial hyperglycaemia in
T2DM individuals (see section 1.4.1.1, Chapter 1, page 7). The inhibition of a-
amylase and a-glucosidase is associated with decreased postprandial plasma
glucose levels and therefore postprandial hyperglycaemia in T2DM patients, as is
seen with the action of acarbose®2. a-Amylase and a-glucosidase have been studied
as potential drug targets to control diabetes since the 1960s271272, a-Amylase is
responsible for the hydrolysis of polysaccharides into di- and tri-saccharides,
whereas a-glucosidase breaks these down into monosaccharides, which are
eventually absorbed into the circulatory system through the enteric wall by glucose

transporters or passive diffusion?.

Enzyme catalysed reactions are described using a lock-and-key model*®3. Whereby,

an enzyme possesses an active site (lock) which interacts with a specific
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substrate/ligand (key), forming an enzyme-substrate (lock-and-key) complex, which
is dissociated into products!®3. The active site of an enzyme is highly selective to its
substrate!®®. The inhibition of the action of an enzyme occurs when a compound,
other than the substrate, interacts with the enzyme. This interaction can include the
binding of a compound to the active site (competitive inhibitor), a site other than the
active site (noncompetitive or mixed inhibitor) or to the already formed enzyme-

substrate complex (uncompetitive inhibitor)193.273,

The types of inhibition exerted on enzymes are important to note, since inhibitors
interact differently with enzymes. Knowing the type of inhibition exerted by an
inhibitor gives insight into the physiological conditions that are either condusive to its
action or not'®3, For instance, the action of a competitive inhibitor can be overcome
with an increase in substrate concentration, which is not so with a non-
competive/mixed inhibitor'®3. Also, some inhibitors such as the uncompetitive
inhibitors only act once the enzyme-substrate complex has formed, implying that it
does not matter when this type of inhibitor is added to the system, as long as the
substrate is present. In the present study, the type of inhibition was determined

using the Michaelis-Menten kinetics model described below.

Furthermore, the alleviation of hyperglycaemia by means of absorption of circulatory
glucose into muscle and adipose tissue, as mediated by the action of insulin, is the
main mechanism of action of various conventional treatments such as
glibenclamide, rosiglitazone, vildagliptin, liraglutide, lispro etc.51525457.59  This is
achieved by means of either stimulating insulin secretion, increasing insulin

sensitivity of cells or acting as insulin mimetics’.
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Two of the three key antidiabetic aspects evaluated in the present study, on
Diabetea and its constituents, are disclosed in this chapter namely: prevention of
postprandial hyperglycaemia by means of inhibition of carbohydrases (a-amylase
and a-glucosidase) and hypoglycaemic activity by means of acting as insulin

mimetics.

4.1.1 Michaelis-Menten enzyme kinetics model

The Michaelis-Menten model is described below as layed out by Campbell et al. and
White et al.'®3273, This model describes enzyme-catalyzed reactions or behaviours

based on the following reaction equationt®3;

E+S—ES—>E+P

E, S, ES and P represent the enzyme, substrate, enzyme-substrate complex and
product, respectively. The kinetics of this reaction involves three important rate
constants: ki formation of ES complex, k2 dissociation of ES into E + P and k-1 the
dissociation of ES complex into E + S. This model assumes that P is never
converted back to S and therefore only the initial velocity (Vo or Vini)) of the reaction
is measured to avoid the reaction reaching steady-state. Steady-state is when the
reaction rate/velocity (V) by which ES is formed and broken down are equal, i.e. k1 =
k-1, thus resulting in the reconversion of P back to S. Since the V depends on the
substrate concentration ([S]), the rate of the reaction is measured after a short

period of time (t, min) such as 5 min, to ensure that Vo is observed. At low [S], V is
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dependent on the [S], following first order kinetics. However, at higher [S], V is

independent of the [S] and the reaction follows zero-order kinetics.

The moment E is saturated with S, V reaches its maximum (Vmax). The [S] at which
Vmax IS halved represents enzyme-to-substrate affinity (Kum, Michaelis-Menten
constant). A low Km value indicates a high E-to-S affinity and vice versa. These
reaction descriptives (Vmax and Ku) are determined by plotting [S] against V (Figure

42).

[S]

Figure 42: Michaelis-Menten graph representing substrate concentration [S] and
reaction velocity (V); A: first order kinetics, B: Ku at half of Vmax and C: zero order

kinetics.

The Michaelis-Menten parameters are normally used to describe the kinetics of an
enzyme reaction, but it can also be employed to describe the mode of inhibition in
the presence of a reversible inhibitor'®3, These are competitive, non-competitive,
uncompetitive and mixed inhibitors and are determined by the relationship between
Vmax and Kwm, using a Linewaver-Burk (LW-B) plot (Figure 43). A LW-B plot is a

double reciprocal plot of the reaction graph.
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v

1/[s]

Figure 43: Lineweaver-Burk plot. Vi: initial velocity, Km: Michaelis-Menten constant,

Vmax: maximum reaction velocity.

A competitive inhibitor competes with the substrate for the active site of the enzyme.
When a competitive inhibitor is present, the slope and x-intercept of the LW-B plot
changes but the y-intercept stays the same when compared to the uninhibited
reaction (Figure 44). The change in slope determines the extent of inhibition (which
correlates with the % inhibition), whereas the x- and y-intercepts represent the
inverse effect that the inhibitor has on the [S] and V. In the presence of a competitive
inhibitor Vmax stays the same but Ky increases, indicating a decrease in substrate-to-
enzyme affinity. This indicates that an increased [S] is heeded to obtain the same V
than in an uninhibited reaction. The action of a competitive inhibitor can be detered

by increasing [S] significantly.
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Competitive
/v inhibitor

,-~ No inhibitor

1/s]

Figure 44: Lineweaver-Burk plot of an enzyme reaction in the presence of a

competitive inhibitor.

A non-competitive inhibitor binds to a site other than the active site on an enzyme
and its effect cannot be eliminated by simply increasing the [S]. On a LW-B plot the
y-intercept and slope changes but the x-intercept stays the same, where Vmax
decreases and Ku remains constant (Figure 45), indicating that the enzyme does not
affect the binding site and therefore has no effect on the enzyme-to-substrate

binding affinity but decreases the maximal reaction velocity.

Noncompetitive
1/v inhibitor

At No inhibitor

1/[s]

Figure 45: A Lineweaver-Burk plot of an enzyme reaction on the presence of a non-
competitive inhibitor.
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Uncompetitive inhibition occurs in extreme cases when the inhibitor binds to the ES
complex but has no effect on unbound E. This inhibitor decreases both Vmax and Kw,
resulting in parallelle lines seen on a LW-B plot (Figure 46, left), increasing E-to-S
affinity and decreasing reaction velocity. Mixed inhibition occurs when an inhibitor
binds to a site other than the active site with an effect on the active binding site
decreasing the E-to-S binding affinity and reaction rate. Mixed inhibition is a type of
non-competitive inhibition, where Ky does not remain constant. On a LW-B plot, the
lines representing the normal reaction and inhibitory reaction intersect in the upper

left quadrant (Figure 46).

Uncompetitive

o 1/v Mixed inhibitor
/v inhibitor
No inhibit .~ Noinhibitor
.~ Noinhibitor L’

1/[s] 1/1s]

Figure 46: Lineweaver-Burk plots of enzyme reactions in the presence of an
uncompetitive inhibitor (left) and a mixed inhibitor (right).

There is no inhibitor that causes an increase in reaction rate, but inhibitors always
cause a decrease in maximal reaction velocity, however, they do have varing
(increasing or decreasing) effects on the E-to-S affinity. If a substance has an
increasing effect on reaction velocity, it does not have any inhibitory but a

stimulatoty effect, which the Michaelis-Menten model does not describe in detail and
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needs to be understood by different reaction models, which will not be discussed in

the present study.

4.2 Materials and methods

4.2.1 Enzyme activity

4.2.1.1 a-Amylase assay principle

The a-amylase activity was determined in this study following the chromogenic
method, using 3,5-dinitrosalicylic acid (DNSA), as described by Bernfeld et al.?’*,
Pancreatic a-amylase mediates the hydrolysis of the internal 1,4-a-glycosidic
linkages on a long chain carbohydrate, yielding reducing sugars such as maltose.
This assay tests the presence of such reducing sugars whereby DNSA (yellow) is
reduced to 3-amino-5-nitrosalicyclic acid (ANSA) (orange - red). The darker the
solution over time, the greater the amount of reducing sugar released from the
substrate in the reaction. Below is a diagram representing the principle of this assay
(Figure 47). a-Amylase has its activity by means of acid catalytic hydrolysis via

donating H* ions to the carbon-chain®:.

OH OH
HOOC NO HOOC NH
+ reducing sugar ——

Figure 47: The reduction of DNSA yellow (left) to ANSA orange-red (right)?’>.
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4.2.1.2 a-Amylase assay

This method is normally performed using tubes. In the present study it was adapted
to a two-step 96-well plate method which involved decreasing the amount of
reagents used, making use of PP 96-well plates (which can withstand a temperature
of 90°C), omitting the DNSA dilution steps and decreasing the time it takes to
transfer reagents. This method is especially useful for testing a large quantity of

samples concurrently.

A stock solution of porcine pancreatic a-amylase was prepared at 0.2 U/mf using a
sodium phosphate buffer (9.66 mM sodium chloride (NaCl), pH 6.9) and kept on ice
for the duration of the experiment. Potato starch was used as the substrate (0.5
%wl/v) and was prepared in dH20 using a glass beaker covered with perforated

parafilm and left on a magnetic stirrer for 15 min at 60°C.

The substrate was tested at eight different concentrations (0.1 - 5 mg/m{) to ensure
that saturation of a-amylase occurred. The DNSA colour reagent was prepared at
80°C by mixing 5 M potassium tartrate (K2C4H4Os, dissolved in 2 M NaOH) and 96
mM DNSA (dissolved in DI H20) at a ratio of 2:5. The colour reagent was diluted

further with DI H20 at a ratio of 1:0.7 and stored in a dark amber container.

Thirty microliters of extract (20 ug/m¢{, final concentration) and 60 uf of potato starch
were added to a PP 96-well plate and the reaction was initiated by the addition of 30
pt of a-amylase, which was incubated for 5 min at 25°C. The reaction was
terminated by incubating the plates on a waterbath at 90°C for 15 min (Figure 48),

beforewhich 60 uf of DNSA colour reagent was added to each well. The plates were
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left to cool down and contents were transferred to a polystyrene (which cannot

withstand temperatures above 85°C) 96-well plate using a multichannel pipette.

> 96-well Plate

—> Water bath (90°C)

Figure 48: a-Amylase plate method by submerging plate into water bath. A to H:

wells, mm: millimeter.

Acarbose (20 ug/mf) was used as positive control and the wells containing 120 u{ of
buffer with 60 pf of colour reagent served as blank. Phytochemical interference was
accounted for by the wells containing 90 uf buffer, 30 pf extract and 60 u{ DNSA
colour reagent. Wells containing 30 uf{ buffer, 30 yf a-amylase, 60 u{ substrate and
60 pl colour reagent served as control. The plates were read at 540 nm (Bio-tech
Instruments, ELx800uv). The results were expressed in terms of the mode of
inhibition (making use of Lineweaver-Burk plots) and the percentage inhibition of

enzyme activity, which was calculated as follows:

A(control) — A(extract)

x 100
A(control)

% Enzyme inhibition =

Where,
A(extract): absorbance of extract reaction and
A(control): absorbance of control.

Equation 4: Percentage enzyme inhibition.
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4.2.1.3 a-Glucosidase assay principle

The a-glucosidase, sourced from Bacillus stearothermophilus (Sigma Aldrich, St.
Louis, USA), activity was determined using the spectrophotometric, 96-well
microplate method described by Collins et al.?’¢ with modifications. a-Glucosidase
catalyses the hydrolysis of external 1,4-a-D-glucose linked residues of
oligosaccharides from non-reducing ends in the microvilli of the enterocytes,
resulting in the release of p-glucose?. In this assay p-nitrophenyl-a-D-
glucopyranoside (p-NPG) was used as the substrate, instead of maltose (Equation 5
Equation 5A). The digestion of p-NPG yields a yellow metabolite upon reacting with
its solvent, sodium phosphate buffer (0.01 M, pH 6.9). The hydrolysis of p-NPG to p-
nitrophenyl and a-D-glucopyranoside (Equation 5B) represents the normal
hydrolysis mediated by a-glucosidase activity (Equation 5A). Therefore, the enzyme
activity is determined by the colour of the solution, the more yellow the solution the

greater the activity of the enzyme.

AG
A) Maltose + H,O « 2 D-glucose

AG
B) p-Nitrophenyl-a-D-glucopyranoside < p-Nitrophenyl + a-D-glucopyranoside (yellow)

Equation 5: (A) Normal biological a-glucosidase (AG) activity and (B) p-NPG assay

reaction.

4.2.1.4 a-Glucosidase assay

A stock solution of a-glucosidase at 0.1 U/m! (tested as the optimal concentration
that saturated the enzyme) was prepared using a 0.01 M sodium phosphate buffer

(pH 6.9) and kept on ice for the duration of experiment. The substrate, p-NPG, was
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prepared in sodium phosphate buffer (0.01 M, pH 6.9) and glycine (pH 10) was used

to terminate the reaction.

Thirty microliters of plant extract (20 pg/mé, final concentration) and 60 pf of p-NPG
was pipetted into the 96-well plate. The reaction was initiated by adding 30 pf of a-
glucosidase and incubated for 5 min at 25°C. Acarbose was used as positive control
at 20 pg/mé. Glycine (60 pf) was added and the plates were read at 405 nm (Bio-
tech Instruments, ELx800uv). Reactions containing 30 pf buffer, 30 yf a-glucosidase
solution, 60 pf substrate and 60 pt glycine served as negative control. The reactions
containing 30 u# plant extract, 90 uf buffer and glycine served as background control
in order to eliminate phytochemical interference. The mode of inhibition was
determined using Lineweaver-Burk plots and the percentage inhibition against a-

glucosidase activity was determined using Equation 4, page 120.

4.2.2 Glucose uptake activity

4.2.2.1 2-NBDG principle

Insulin-mediated glucose uptake into myotubes was determined using a fluorescent
D-glucose analogue, 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl) amino]-2-deoxy-d-
glucose (2-NBDG). 2-NBDG is actively transported across the cell membrane via
GLUT transporters?’’. The uptake of 2-NBDG is very sensitive and inhibited
especially by D-glucose as well as other glucose molecules?’”278, Once inside the
cell, the 2-NBDG analogue gets trapped within the cell and can be detected
fluorometrically at Aex = 460 nm and Aem = 544 nm. The greater the fluorescent signal

is, the higher the relative rate of glucose uptake.
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4.2.2.2 2-NBDG assay

The hypoglycaemic activity of plant extracts was determined using a fluorescence,
96-well microplate, method described by Zou et al.?’®. The C2C12 myotubes were
prepared and counted as described in Section 3.2.3 (page 88). C2C12 myotubes
(80 uf) were seeded into white plates at a density of 1.5 x 10* cells/well and
incubated for 48 h at 37°C with 5% CO2. The medium was changed after 24 h. Fifty
microliters of glucose free DMEM+, containing 400 uM of 2-NBDG and 80 pt of plant
extracts (1 - 20 ug/mf) was added and incubated at 37°C in 5% CO2 for 1 h. The
medium was then removed using a multichannel pipette and 50 uf HBSS was added
to each well. Metformin and insulin were used separately as positive controls (20
pMg/mf in reaction). Wells containing 50 yf HBSS and no cells served as blank and
pre-seeded wells treated with 2-NBDG and glucose free DMEM served as control.
The plates were read fluorometrically at Aex = 460 nm and Aem = 544 nm. The results

were expressed in terms of RFI.

4.3 Statistical analysis and data representation

All experiments were executed in triplicate (technical and biological, n = 9) and the
data is presented in the form of bar graphs with each bar representing the mean +
SEM. Statistical analysis between extracts was performed using a one-way ANOVA
test with Dunnet’s multiple comparison. Student’s t-tests were used to determine the
significance of extracts compared to the negative and positive controls. Vmax and Ku

were determined using Michaelis-Menten non-linear regression analysis. The

123

© University of Pretoria



statistical packages that were used included GraphPad Prism 6.0, STATA 12 and

Microsoft Excel 2010. Statistical significance is regarded at p <0.05.

4.4 Results

4.4.1 Enzyme activity

The results are presented in four ways, with each indicating essential information
about the enzyme activity. These are: Vmax bar graphs, percentage inhibition,
Michaelis-Menten line-graphs and Lineweaver-Burk plots. The Vmax bar graphs
indicate the presence of inhibition or no-inhibition, the percentages inhibition shows
the extent of the inhibition/stimulation observed. The Michaelis-Menten graphs show
the significance of the enzyme reaction at different substrate concentrations
compared to the negative control and the LW-B plots represent the type of inhibition.
Only significant results are presented (% inhibition, Vmax bar graphs and LW-B plots)
in this chapter and all other results, including Michaelis-Menten reaction graphs, can

be found in Appendix V (page 161).

4.4.1.1 a-Amylase

None of the HW extracts inhibited the activity of a-amylase (Table 3), instead all of
them except for T. foenum-graecum caused a significant (p < 0.05) increase in the
amount of product formed over time (Table 3) by increasing reaction velocity (Figure

49A).

The DCM extract of U. urens inhibited the activity of a-amylase (Figure 49B), and
significantly (p < 0.05) decreased the amount of product formed (Table 3). The DCM

extract of U. urens displayed inhibitory activity similar to that of acarbose (Table 3).
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U. urens inhibited a-amylase uncompetitively (Figure 50) whereas acarbose is a
known competitive inhibitor2.

Table 3: The effect of hot water (HW) and dichloromethane (DCM) extracts (n = 9)
on a-amylase activity, in relation to the control. Significance was determined using
Student’s t-test, with p < 0.05.

Percentage a-amylase activity

Herb HW DCM

A. betulina -50.7 + 9.4% -1.1+£10.3
T. officinalis -29.7 + 10.7# 10.6 +5.8
T. foenum-graecum -11.1+11.7 -5.2+7.9

S. officinalis -27.6 + 8.07 10.3+7.3
U. urens -31.9 + 7.07 52.8+12.1*
T. vulgaris -53.1 + 10.67 10.6 + 4.8
A. millefolium -51.5 + 8.5% 125+ 7.6
Diabetea -31.8 + 9.5% 0.8+10.7
Acarbose 57.0+7.4* 57.0+7.4*%

* Significant inhibition
# Significant stimulation

4.4.1.2 a-Glucosidase

A. betulina and T. vulgaris were the only HW extracts that significantly (p < 0.05)
inhibited a-glucosidase activity (Table 4). Both A. betulina and T. vulgaris inhibited

glucosidase in a mixed manner (Figure 52).

The DCM herb extracts exhibited a greater inhibitory activity against a-glucosidase
than the HW extracts (Table 4). All DCM extracts were active against the activity of
a-glucosidase except for A. millefolium. The DCM extracts of A. betulina, S.
officinalis and T. vulgaris significantly (p < 0.05) inhibited a-glucosidase activity in a

non-competitive, mixed and uncompetitive manner, respectively (Figure 53).
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Figure 50: Lineweaver-Burk plot of the reaction of the dichloromethane extract of U.

urens against a-amylase activity.

Table 4: The effect of HW and DCM extracts (n = 9) on a-glucosidase activity, in

relation to the control. Significance was determined using Student’s t-test, with p <

0.05.

~ Percentage a-glucosidase activity

Herb HW DCM

A. betulina 42.6 £5.5* 93.8+0.8*
T. officinalis -11.9+6.6 10.9£2.3
T. foenum-graecum 27149 3.9+4.8
S. officinalis 0.3+6.2 52.7+4.7*
U. urens -12.5+6.0 10.4+3.5
T. vulgaris 245+ 4.1* 46.1+5.1*
A. millefolium -20+6.1 -3.3+x1.7
Diabetea 2.02+59 8.2+7.6
Acarbose 100.0 + 0.6* 100.0+0.6*
* significant inhibition
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4.4.2 Glucose uptake activity

The HW extracts of A. betulina, T. officinalis, T. foenum-graecum, S. officinalis and
U. urens significantly (p < 0.05) increased the amount of glucose absorbed into the
myotubes compared to the control (Figure 54). The activity of the HW extract of S.
officinalis was more significant (p < 0.05) to the activity of insulin (Figure 54) at 3
ug/mé. Furthermore, the HW extract of A. millefolium (Figure 54) significantly (p <

0.05) inhibited normal glucose uptake.

All DCM extracts caused an increase in glucose uptake except for A. betulina at 20
ug/mé (Figure 55). The DCM extracts of T. officinalis, U. urens, T. vulgaris, A.
millefolium and Diabetea also significantly (p < 0.05) increased the amount of
glucose uptake (Figure 55). The glucose uptake induced by the DCM extract of T.
vulgaris was significantly (p < 0.05) higher than that of insulin at 20 ug/m?{ (Figure

55).
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4.5 Discussion

45.1 a-Amylase and a-glucosidase activity

There was no inhibitory activity exhibited by any of the HW extracts against a-
amylase. However, there was an interaction between the extracts and this enzyme
since all of the herbs except for T. foenum-graecum caused a significant (p < 0.05)
increase in the reaction velocity, indicating a stimulatory effect on a-amylase activity
(Table 3). Porcine a-amylase has one active site with five subunits for the binding of
ligands. The efficacy of a-amylase is enhanced with an increase in chain length of a
ligand?®!, The active site of a-amylase contains Asp197, 300 and Glu233 in close
proximity with a network of H20 molecules within the cleft?!, The amino acid
residues in the active site have polar side chains and interact via hydrogen-bonding.
The inhibition of a-amylase increases with increasing molecular weight of the
inhibitor?8!, The interaction at the active site has been described using general acid-
base mechanism with the general acid hydrolyzing/nucleophilic substitution
activity?®1. This indicates that the catalytic reaction mediated by a-amylase occurs
with the addition of water molecules to the substrate, which could be more
favourable to hydrophilic substrates. This may be the reason why the HW extracts
(being more hydrophilic) caused a significant increase in the rate of substrate
hydrolysis. Furthermore, it has been shown that lignin also activates the activity of a-
amylase, and has an even greater activating activity on amylase than chlorides3%.
Lignin is a type of dietary fibre abundant in plant material that is immune to enzyme
digestion3°2, This could also be the reason for the stimulatory effect observed in the

present study.
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Furthermore, the HW extracts tested did not contain any excess starch, as verified
with phytochemical background controls indicating that the activation was not
brought about by the presence of excess substrate as in the case of a first order
kinetics reaction (see section 4.1.1., page 113). However, this result is not
necessarily undesired, since the inhibition of a-amylase has been associated with
abdominal discomfort due to polysaccharide fermentation?82283, This implies that a
weak a-amylase inhibitor in the presence of a potent a-glucosidase inhibitor may be
preferred. In the present study the stimulated hydrolysis of polysaccharides may be
favourable in preventing the fermentation of higher sugars, with the inhibition of the
absorption of monosaccharides, decreasing postprandial hyperglycaemia. The
preferred inhibition of a-glucosidase is that of mediated by a non-competitive, mixed
or uncompetitive inhibitor, due to the first order kinetic nature of a competitive

inhibitor.

The DCM herb extracts exerted a greater inhibitory activity against a-glucosidase
than that of the HW extracts. A study done by Yan Qin Li et al.284, suggested that the
interaction between the active site on a-glucosidase and inhibitors are mainly
hydrophobic. This could be the reason why DCM extracts (which are more
hydrophobic than HW extracts) were more active against a-glucosidase activity in

the present study.

Of all extracts tested, the DCM extract of U. urens had the strongest inhibitory
activity against a-amylase, which was comparable to the activity of acarbose (Table
3). Jianbo Xiao et al.3%1 has shown that hydroxylated flavonoids are associated with

a stronger a-amylase inhibition activity. The presence patuletin, which is a
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hydrolxylated flavonoid, in U. urens is possibly the reason for the potent inhibition
observed with U. urens. U. urens inhibited a-amylase uncompetitively (Figure 50),
whereas acarbose is a competitive inhibitor. This means that U. urens inhibits the
activity of a-amylase when the enzyme-substrate complex has formed, decreasing
maximal reaction velocity and increasing E-to-S affinity. No supporting data could be
found for the present activity observed with the DCM extract of U. urens. A study
done on a 50% methanol-water extract of U. urens showed no inhibitory potential
against a-amylase activity with a percentage inhibition of -7.1%2’1, indicating a
stimulatory effect supporting the result with the HW extract of U. urens in the present
study. In the present study U. urens stimulated the activity of a-amylase by -31.9%,
which is almost four times higher than observed by Hamdan et al.?’t. This
discrepancy may be due to the difference in extract solvent used, in the present
study the extract was theoretically more polar than that used by Hamdan et al.?’%,
this may further support the notion that more polar/hydrophilic

substrates/compounds have a greater stimulatory effect on a-amylase activity.

The extracts of A. millefolium were not active against the a-amylase or a-
glucosidase activity in the present study. Previously, a 60% ethanol extract of A.
millefolium was shown to inhibit the activity of a-glucosidase by ~52.3%%2%%. This
contradiction to the present results is most probably due to the high concentration (1
mg/mf) of A. millefolium tested, which is five times higher than the highest
concentration tested in the present study. Another probable reason for this

incongruity is the difference in extract solvent used.
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The HW and DCM extracts of A. betulina were the most potent against a-
glucosidase activity of all extracts tested (Table 3 and Table 4). The HW extract of
A. betulina inhibited a-glucosidase in an uncompetitive manner, whereas the DCM
extract showed a mixed inhibition, indicating that the active compound(s) inhibited a-
glucosidase activity by binding to the enzyme at a site other than the active site,
causing a decrease in its reaction rate in both cases and an increase
(uncompetitive) and decrease (mixed) in E-to-S affinity. This resulted in a decreased
product formation over time. This type of inhibition described by a linear reaction
model such as Michaelis-Menten is stable and not influenced by the amount of
substrate added. The inhibition exerted by the DCM extract was comparable the
activity of acarbose. No supporting literature regarding the activity of A. betulina

against a-glucosidase could be found.

The HW extract of T. foenum-graecum did not have any favourable antidiabetic
effect against a-glucosidase and a-amylase and no supporting data of this particular

result could be found.

The HW and DCM extracts of T. vulgaris significantly (p < 0.05) inhibited a-
glucosidase activity. The mode of inhibition exerted by both extracts were mixed,
resulting in a decrease in reaction rate and E-to-S affinity. Another study done on
the essential oil of T. vulgaris also showed an inhibitory activity against both a-
amylase and a-glucosidase®®. Furthermore, the inhibitory activity of T. vulgaris is
subject to the source of enzyme tested?®. A flavonoid isolated from T. vulgaris

known as luteolin has been found to inhibit a-glucosidase by 36% at 0.5 mg/m#2°2,
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which is within the range of the inhibitory activity of T. vulgaris (HW and DCM)

observed in the present study (between 24 — 47% inhibition).

The DCM extract of S. officinalis significantly (p < 0.05) inhibited a-glucosidase in a
mixed manner (Figure 53). No literature could be found that tested the effect of a
DCM extract of S. officinalis on a-glucosidase activity. However, other extracts, such
as HW and methanol, have been shown to inhibit rat intestinal a-glucosidase activity
by approximately 30 and 18%, respectively?'6. This supports the inhibitory activity
observed in the present study (HW ~53%). The different degrees by which a-
glycosidase was inhibited could be accounted for by the different sources of a-

glucosidase used.

Cazzola et al.?16 reported that a HW and methanol extract of S. officinalis inhibited
25 and 15% of the activity of porcine a-amylase activity, respectively?*6. This result
by Cazzola et al. using the HW extract was contrary to that reported in the present
study (HW -27%), where it caused a significant stimulatory activity of a-amylase
(Table 3). The reason for the discrepancy could be due to the difference in duration
of extraction time, whereby Cazzola et al. boiled the extracts until 100 m{ of water

evaporated instead of for 15 min, and they stirred the extract for 24 h instead of 1 h.

The extracts of T. officinalis were not active against a-amylase or a-glucosidase.
Previously, Onal et al.?®® reported that a HW extract of T. officinalis inhibited 50 —
80% of a-glucosidase activity, depending on the source of a-glucosidase used?®®.
However, these authors did not investigate a-glucosidase from Bacillus

stearothermophilus, which could be the reason for the discrepancy between the

138

© University of Pretoria



report of Onal et al. 2°> and the present study. The aqueous extract of T. officinalis at
1, 3, and 5 mg/m{ has been found to inhibit a-amylase activity by 25, 43, 72%
respectively, in vitro?8. Although these authors observed an inhibitory activity with
this extract, their extracts were tested at five to twenty-five times the concentration

used in the present study.

4.5.2 Glucose uptake mediated by insulin mimetic action

All HW extracts were rich in polyphenolic compounds. It has been shown previously
that polyphenols, especially flavonoids, are active in carbohydrate homeostasis in
various ways. One of which is the increase in glucose uptake into insulin-dependent
cells3%3, Since each of the HW extracts were rich in polyphenols, this may have been

instrumental in the significant glucose uptake activity.

Both the HW and DCM extracts of U. urens significantly (p < 0.05) increased the
amount of glucose absorbed into the myotubes (Figure 54 and Figure 55). However,
this was not at all concentrations tested and there was a concentration-dependent
decrease in its glucose uptake activity, which may indicate an inhibitory effect on
absorption of 2-NBDG. The mechanism of this phenomenon is unclear, and could
possibly be because U. urens contained compounds that either interact with 2-
NBDG, interfere with glucose receptors or it may have caused an increase in the
metabolic activity of the cells thereby causing faster degradation of 2-NBDG. No

other literature could be found for the glucose uptake activity mediated by U urens.

The HW extract of A. millefolium was the only herb to significantly (p < 0.05) inhibit

normal cellular glucose uptake (Figure 54). The possible reason for the significant (p
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< 0.05) inhibition of glucose uptake is unclear. These results suggest that the HW
extract of A. millefolium may be ineffective as a hypoglycaemic preparation.
Irrespective of this result, the DCM extract of A. millefolium significantly (p < 0.05)
increased glucose uptake into myotubes (Figure 55). A. millefolium has been studied
extensively and is known to exert a hypoglycaemic effect, both in vitro and in
vivo?88:287 A commercial drug combination known as Liv.52, includes A. millefolium
as one of its main ingredients, which act as an insulin mimetic for glucose uptake
into steatotic HepG2 cells?®®. Another study showed that both aqueous and
methanolic extracts of A. millefolium have hypoglycaemic activity in rats, due to
possible insulin secretary effects or direct insulin mimetic action?®’. These results do
not support the findings of the present study; however, there are fundamental
discrepancies with regards to the type of assays, extraction methods, and

concentrations used.

The HW extract of A. betulina significantly increased the amount of glucose
absorbed into the myotubes at 20 pg/m{ (Figure 54). However, there was no
concentration-dependent relationship or stimulation observed at the other
concentrations tested. There is no supporting literature regarding the glucose uptake
activity of HW or DCM extracts of A. betulina. However, important biological
flavonoids, such as diosmin and hesperidin, have been isolated from its essential oil.
These have been shown to function as diuretics, antihypertensives, hypolipidaemics,
anticancer agents, antioxidants and inflammatory mediators!'8, Furthermore, a
micronised purified flavonoid fraction called Daflon 500 (90% diosmin and 10%
hesperidin), has been tested in a long term study for its antidiabetic activities and

was found to be hypoglycaemic, antiglycating and possess antioxidant action in type
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1 diabetic patients?3423%, A study done on streptozotocinnicotinamide-induced
diabetic rats using diosmin showed that it caused an increase in insulin secretion
from pancreatic B-cells®®4. The findings in the present study rather support insulin
mimetic function exerted by the extract, rather than insulin secretary activities. The
present findings suggest that the HW extract of A. betulina contains active
compounds that may act as insulin mimetics, which may be due to active

compounds previously isolated, tested and described in literature?34288,

The HW extract of T. foenum-graecum caused a significant (p < 0.05) glucose
uptake at 10 and 20 ug/m{ (Figure 54). Major compounds such as nicotinic acid,
nicotinamide and coumarin have been isolated from T. foenum-graecum seeds and
have been shown to be hypoglycaemic agents in alloxan-diabetic rats?®°. The
aqueous extract of T. foenum-graecum leaves has also been shown to significantly
decrease blood glucose in alloxan-diabetic rats at a minimum of 0.2 g/kg after 1 h255,
The exact mechanism of action has not been established in these studies but could
be supported by the in vitro hypoglycaemic activity of T. foenum-graecum observed

in the present study.

The glucose uptake activity induced by the DCM and HW extracts of T. vulgaris was
significant (p < 0.05) (Figure 54 and Figure 55). This result is supported by a study
carried previously on a DCM extract of aerial parts of T. vulgaris, that significantly (p
< 0.05) stimulated glucose uptake into 3T3-L1 adipocytes!?. In addition, the DCM
extract of T. vulgaris was significantly (p < 0.05) more active than insulin at 20 pg/méf

(Figure 55) in the present study.
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The HW extract of S. officinalis significantly (p < 0.05) increased glucose uptake at
all concentrations tested and was significantly (p < 0.05) higher than the activity of
insulin at 2.5 pyg/m¢ (Figure 54). Previously, a 15% ethanol-water extract was shown
to have hypoglycaemic activity in normal and mild aloxan-diabetic mice in the
presence of insulin?®3, This is contrary to results from the present study, since the
HW extract of S. officinalis did not need the presence of insulin to function. However,
Cristovao et al.?®* found no hypoglycaemic activity in diabetic rats with the
administration of a HW extract, ad libitum for 14 days. This variation could be due to

the difference in administration and extract preparation used.

The HW and DCM extracts T. officinalis, significantly (p < 0.05) increased the
amount of glucose absorbed into the myotubes (Figure 54 and Figure 55). However,
this in vitro result is not supported by previous in vivo studies, where the HW and
alcoholic extract of T. officinalis showed no hypoglycaemic activity in male Swiss
mice?®’. This was also observed by Swanston-Flatt et al.2%,

Although Diabetea did not show any significant antidiabetic activity with regards to
the enzyme activity, its DCM extract significantly (p < 0.05) mediated the absorption
of 2-NBDG into C2C12 myotubes (Figure 55). This is the first time this tea has been
investigated for its hypoglycaemic activity. The Diabetea as a HW extract had no
direct in vitro antidiabetic activity as tested in the present study, which may not

support its traditional use.

4.6 Chapter summary

The DCM extract of U. urens significantly (p < 0.05) inhibited a-amylase activity in

an uncompetitive manner, which was comparable to the percentage inhibition
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exerted by the commercial drug, acarbose. Both the HW and DCM extracts of U.
urens caused a significant (p < 0.05) increase in glucose uptake into C2C12
myotubes. The HW extract of T. vulgaris had a significant (p < 0.05) inhibitory
activity against a-glucosidase (mixed). It also caused the uptake of glucose into
C2C12 myotubes, which was significantly (p < 0.05) more active than insulin. S.
officinalis (DCM extract) also inhibited a-glucosidase activity (p < 0.05) in a mixed
manner. Its HW extract displayed potent hypoglycaemic potential by causing
glucose uptake into C2C12 myotubes, which was more significant (p < 0.05) than
the activity of the positive control, insulin. The DCM extract of A. betulina was active
against a-glucosidase (non-competitive), which was comparable to the activity of
acarbose. Its HW extract also showed a significant (p < 0.05) glucose uptake
activity. Furthermore, the DCM extracts of T. officinalis, A. millefolium, Diabetea and
HW extracts of T. foenum-graecum and T. officinalis also caused a significant (p <

0.05) increase in glucose uptake into C2C12 myotubes.
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CHAPTER 5: CONCLUSION

The aim of this study was to assess the in vitro antidiabetic efficacy of the crude
DCM and HW extracts of Diabetea and its individual constituents, in terms of
alleviating oxidative stress, preventing post-prandial hyperglycaemia and acting as

insulin mimetics.

None of the DCM extracts were active antioxidant preparations, whereas the HW
extracts exerted antioxidant activity, which correlated with its polyphenolic content.
The most potent antioxidant activities were observed with T. vulgaris, S. officinalis
and U. urens, which have previously been attributed to bioactive polyphenolics such
as thymol?%!, salvigenin?'® and patuletin?®® (amongst others), respectively. The
antioxidant activity exerted by these plants may have been by means of either
inhibiting the action of p-chloranil (in the cell-based system) or by attenuating ROS
by means of reducing, scavenging, complexing or a quenching activity. All DCM
extracts caused an increase in intracellular ROS levels. The reason for this could not
be ascertained in the present study. Furthermore, this was also observed with most
of the HW extracts, which may be linked to flavonoids with specific structural

modifications on its B-ring.

None of the extracts tested in the present study were toxic to muscle cells,
endothelial cells and human lymphocytes at the concentrations evaluated for its
antidiabetic efficacy (1 — 20 ug/mf), suggesting that these extracts may present with

favourable safety profiles. However, all DCM extracts caused a significant
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overproduction of cellular ROS, as did the HW extracts of A. betulina, T. officinalis,

T. foenum-graecum and Diabetea, which may produce adverse effects in vivo.

U. urens (DCM) was the only potent inhibitor of a-amylase activity. This plant
exerted an activity that was comparable with acarbose and showed an
uncompetitive inhibitory activity. This implies that the best time to consume this type
of inhibitor is shortly after a meal to prevent hyperglycaemia. This type of inhibition
was also observed with the DCM extract of T. vulgaris against a-glucosidase activity.
All HW plant extracts, except for T. foenum-graecum, caused a prominent activation
of a-amylase activity, which could be attributed to the hydrophilic catalytic nature of

a-amylase as it interacted with the HW extracts.

The extracts of T. vulgaris (HW), S. officinalis (DCM) and A. betulina (HW) were
potent inhibitors of a-glucosidase activity. This activity of T. vulgaris is supported in
literature?°%2°2 and shown to be mediated by luteolin?®2. All three of these extracts
showed a mixed inhibition of a-glucosidase. This implies that the inhibitor bound to
an allosteric site (other than its active cleft), causing a decrease in the enzyme’s
affinity for the substrate, indicating that this type of inhibitor could be taken before or
after a meal. Furthermore, the DCM extract of A. betulina inhibited a-glucosidase in
a non-competitive manner. The extent of this activity was comparable to that of
acarbose. Since the action of non-competitive and mixed inhibitors cannot be
overcome with an increase in substrate concentration, it can be administered either

before or after a meal to be effective in preventing hyperglycaemia.
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All plants as well as Diabetea caused an increase in glucose uptake into muscle
cells. The mechanism of this activity is hypothesized to be an insulin mimetic action,
which instigates the translocation glucose transporters to the cell membrane,
causing a glucose influx. This activity by T. vulgaris (DCM) and S. officinalis (HW)
was similar to that observed with commercial insulin. The hypoglycaemic activity of
T. vulgaris, A. betulina (HW) and A. millefolium (DCM) is supported by previous
studies?86:288.300 However, no literature could be found for the activity of T. officinalis
(DCM), U. urens (HW and DCM) and S. officinalis (HW), making this the first study

to assess this specific hypoglycaemic activity of these extracts.

In conclusion, the present in vitro study does not support the traditional preparation
of Diabetea as an antidiabetic mixture. The most potent in vitro antidiabetic
preparations were that of T. vulgaris, S. officinalis, and U. urens due to their
multifaceted activity, whereby they were active in all three antidiabetic categories

assessed. These plants warrant further investigation into their antidiabetic activity.
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CHAPTER 6: SUMMARY

DM is an ever-increasing global health threat, estimated to affect 382 million
individuals. The most common type of DM is T2DM, affecting 85-95% of DM
patients. T2DM is a non-insulin dependent DM that generally affects adults. Its onset
has been associated with obesity, a sedentary life style and a poor diet. There is no
cure for T2DM, although there are a wide variety of conventional treatments
currently available, which are associated with side effects and unwanted regimen
requirements. The hallmark of T2DM is chronic hyperglycaemia, which is directly
associated secondary pathologies. The onset and progression of T2DM has been
linked to chronic hyperglycaemia-induced oxidative stress. Therefore, the main
approach in the treatment of T2DM is alleviation of chronic post-prandial
hyperglycaemia. The inhibition of enzymes, involved in carbohydrate digestion and
absorption, such as a-amylase and a-glucosidase, have been shown to mediate a
hypoglycaemic effect. Herbal remedies have been documented and proven to
possess this activity as well as antioxidant capacity exerted by their polyphenolic
compounds. Herbal remedies are widely used without scientific validation of its

efficacy or safety.

A traditional tea mixture, Diabetea, is commercially available in South Africa for the
treatment of diabetes without pharmacological validation of its efficacy or safety. It is
a polyherbal mixture containing seven plants namely: Achillea millefolium L.
(Yarrow), Agathosma betulina Bartl. & Wendl. (Buchu), Salvia officinalis L. (Sage),

Taraxacum officinalis L. (Dandelion), Thymus vwvulgaris L. (Thyme), Trigonella
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foenum-graecum L. (Fenugreek) and Urtica urens L. (Nettle), all of which have been
documented to possess traditional medicinal value. The aim of this study was to
assess the in vitro antidiabetic efficacy of the crude dichloromethane (DCM) and hot
water (HW) extracts of Diabetea and its individual herbs. This study was designed to
assess three major antidiabetic targets namely, alleviating oxidative stress,
preventing post-prandial hyperglycaemia and hypoglycaemic activity by insulin

mimetic activity.

The polyphenolic content of each extract was determined by means of Folin-
Ciocalteau and aluminium trichloride methods. The antioxidant activity was
assessed by means of cell-free methods using 2,2-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals. The
cell-based antioxidant activity of each extract was determined against p-chloranil-
induced reactive oxygen species (ROS) in Ea.hy926 cells, using the fluorescent dye,
2',7'-dichlorfluorescein-diacetate (DCFH-DA). The toxicity of each extract was
determined in C2C12 myotubes, Ea.hy926 umbilical vein endothelial cells and
peripheral blood mononuclear cells (PMNC) / human lymphocytes (HL) using the
sulforhodamine B (SRB) assay. The prevention of post-prandial hyperglycaemia was
evaluated against a-amylase and a-glucosidase activities using 3,5-dinitrosalicylic
acid (DNSA) and p-nitrophenyl-a-D-glucopyranoside (p-NPG), respectively. The type
of inhibition exerted on these enzymes was determined using the Michaelis-Menten
enzyme kinetics model and was expressed in terms of mixed, competitive, non-
competitive or uncompetitive. The hypoglycaemic activity of each extract and

Diabetea was determined by means of their glucose uptake activity into C2C12
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myotubes using the 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl) amino]-2-deoxy-D-

glucose (2-NBDG) fluorescent glucose analogue.

The HW extracts were rich in polyphenolic content, whereas the DCM extracts were
poor polyphenolic containing preparations. The HW extract of T. vulgaris had the
highest quantity of polyphenolics and most significant (p < 0.05) cell-free antioxidant
activity. Flavonoids were more active against cell-free radicals than phenolics.
Extracts were more active against ABTS™* than DPPH'. The most potent (>50%
scavenging activity) cell-free antioxidant activity was observed with the HW extracts
of T. vulgaris and S. officinalis. It was found that the HW extracts of T. vulgaris, S.
officinalis and U. urens possessed significant cell-based (p < 0.05) antioxidant
activity. All DCM extracts were associated with an overproduction of ROS. This was
also seen with the HW extracts of T. foenum-graecum, T. officinalis, A. betulina and
Diabetea. A significant (p < 0.05) correlation was found to exist between the
antioxidant activity of the HW extracts and their polyphenolic content. The ABTS™
and DPPH* assays yielded similar results. There was also a relationship between

cell-based and cell-free antioxidant activity with the HW extracts.

No toxic effect was exerted by the extracts on myotubes, endothelial cells or human
lymphocytes at concentrations of 1 to 20 ug/m{. Toxic effects were only observed at
a concentration as high as 100 pg/m{ for the extracts of A. betulina, T. foenum-
graecum, U. urens, T. vulgaris, A. millefolium and Diabetea. Furthermore, the
toxicity of each extract was concentration-dependent. There was also a prominent
cell growth observed in C2C12 cells as well as protein stimulation in human

lymphocytes.
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The DCM extract of U. urens was the only preparation to significantly (p < 0.05)
inhibit the activity of a-amylase, resembling the activity of an uncompetitive inhibitor.
All HW extracts, except for T. foenum-graecum caused a significant stimulation of a-
amylase activity. The HW extract of T. vulgaris had a significant (p < 0.05) inhibitory
activity against a-glucosidase (mixed). S. officinalis (DCM) also inhibited a-
glucosidase activity (p < 0.05). The DCM extract of A. betulina was active as an
inhibitor of a-glucosidase (non-competitive), which was comparable to the activity of

acarbose.

Both the HW and DCM extracts of U. urens caused a significant (p < 0.05) increase
in glucose uptake into C2C12 myotubes. The HW extract of T. vulgaris caused the
uptake of glucose into C2C12 myotubes, which was significantly (p < 0.05) more
active than insulin. The HW extract of S. officinalis displayed potent hypoglycaemic
potential by causing glucose uptake into C2C12 myotubes, which was more
significant (p < 0.05) than the activity of the positive control, insulin. The HW extract
of A. betulina also showed a significant (p < 0.05) glucose uptake activity.
Furthermore, the DCM extracts of T. officinalis, A. millefolium, Diabetea and HW
extracts of T. foenum-graecum and T. officinalis also caused a significant (p < 0.05)
increase in glucose uptake into C2C12 myotubes. The antidiabetic results are

summarized in Figure 56.

HW extracts have a more polar and electronegative makeup than DCM extracts,
therefore more polyphenolics (polar compounds) were extracted with HW than with
DCM. Various flavonoids and phenolics have been isolated from T. vulgaris and

have been proven to possess potent antioxidant activity, which is the most probable
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reason for its observed antioxidant activity. The polyhydroxylated structure of
flavonoids exert a higher reducing potential than phenolics, making them more
active against free radicals. The extracts were more active against ABTS™ than
DPPH*, which is ascribed to differences in reaction rate, assay sensitivity and
antioxidant selectivity. The antioxidant activity of T. vulgaris, S. officinalis and U.
urens has been linked to the bioactivity of thymol, salvigenin and patuletin, amongst
others. The antioxidant activity of the HW extracts was attributed to their high
polyphenolic content. If an extract exerted activity against ABTS™ is was likely to
also have activity against DPPH" due to a significant correlation found between these
assays. The antioxidant activity exerted by these plants may have been by means of
either inhibiting the action of p-chloranil (in the cell-based system) or by attenuating
ROS through reducing, scavenging, complexing or quenching its activity. The exact
reason for the overproduction of ROS exhibited by the DCM extracts could not be
ascertained in the present study. However the overproduction of ROS mediated by
the HW extracts could be attributed to the presence of flavonoids with specific

modifications to their B-ring.

No toxic effect was observed with all extracts between 1 to 20 pg/ml (in reaction) for
C2CC12 myotubes, Ea.hy926 umbilical vein endothelial cells and human
lymphocytes (resting and stimulated). This is a physiologically viable concentration
range and therefore shows the possible safety of these extracts. The exact cause of
growth stimulation of myotubes and protein synthesis in human lymphocytes

observed in the present study was not assessed.
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U. urens was the only plant to significantly (p < 0.05) inhibit the activity of a-amylase.
This was mediated by uncompetitive inhibition, which is only active in the presence
of an enzyme-substrate complex, implying that this inhibitor is best active taken
shortly after a meal. The significant (p < 0.05) stimulation of a-amylase activity
mediated through the HW extracts could be explained by the nucleophilic
substitution activity and hydrophilicity of a-amylase, which could have a stronger
interaction with the HW extracts, stimulating its activity by perceived increase in
substrate concentration. The inhibitory (mixed) activity of T. vulgaris against a-
glucosidase has been shown to be mediated by the flavonoid luteolin. A mixed
inhibitor binds to an allosteric site of the enzyme, causing a decrease in substrate-
to-enzyme affinity, which was also observed with S. officinalis. The activity of A.
betulina against a-glucosidase was non-competitive, and, since the action of non-
competitive and mixed inhibitors cannot be overcome with an increase in substrate
concentration, it can be administered either before or shortly after a meal to be

effective in preventing hyperglycaemia.

The mechanism of glucose uptake activity of all plants is hypothesized to be an
insulin mimetic action, leading to the translocation of glucose transporters to the cell
membrane, causing a glucose influx. The hypoglycaemic activity of T. vulgaris, A.
betulina (HW) and A. millefolium (DCM) is reported previously, however, no
literature could be found for the activity of T. officinalis (DCM), U. urens (HW and
DCM) and S. officinalis (HW), making this the first study to assess this specific

hypoglycaemic activity of these extracts.
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In conclusion, the HW extract of Diabetea showed insignificant antioxidant activity,
prevention of post-prandial hyperglycaemia and hypoglycaemic activity. It also
caused an overproduction of ROS in Ea.hy926 cells, raising concerns about its
safety. Therefore, the findings of the present study do not support Diabetea for use
as an antidiabetic preparation, pending in vivo safety studies. T. vulgaris, S.
officinalis and U. urens, were the only plants that had significant activity in all three
antidiabetic targets indicating that they possess multi-faceted antidiabetic activities

in vitro. The significance of these findings warrants further investigation.
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Figure 56: Graphic summary of the significant (p < 0.05) results observed of all hot water (HW) and dichloromethane (DCM) plant
extracts tested. The three major antidiabetic in vitro targets evaluated in the study are indicated by the blue, orange and green
boxes. Results, which are comparable to the positive controls are indicated by *. The red blocks indicate plants that have activity in
all three antidiabetic categories evaluated.
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LIMITATIONS OF THIS STUDY

Claims of the antidiabetic efficacy in the present study are only pertaining to in
vitro systems, which does not take into account in vivo absorption, distribution,
metabolism and excretion of extracts.

The quantity of each extract comprising the Diabetea mixture is unknown and
highly subjective; after a telephonic conversation with the supplier of this tea it
was evident that the herbs were added together as led by “the spirits of the
plants” and therefore no comment on possible synergistic activity could be made.
The South African Natural Products (Pty) Ltd obtain their herbs from other
countries (such as Germany) and is not grown indigenously as with the
ingredients that are used for the tea mixture; this may have an effect on the
degree of activity exerted by each plant.

Batch differences, quality control and storage effects.
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FUTURE WORK

Test combinations of extracts for synergistic activity and to target multifaceted
antidiabetic activity in combination preparation.

Compound isolation to elucidate bioactive compounds as well as test
previously known isolated compounds of plants.

Antiglycation assay to assess the potential of preventing further T2DM
complications.

Additional antidiabetic in vitro tests to gain more information on the
antidiabetic profile of a plant.

In vivo antidiabetic analysis on diabetic mice/rats.

Toxicity on hepatocytes due to the integral function of hepatocytes in the
detoxification process.

Hypoglycaemic activity on adipocytes, which are also insulin-dependent for

GLUT-4 transport of glucose.
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APPENDIX I: REAGENTS AND INSTRUMENTATION

List of reagents

Reagent

2-NBDG

ABTS

Acarbose

AcOH

a-Glucosidase from Bacillus
stearothermophilus

AICl3

C2Ci12 myocytes (CRL-1772)
DCM

DCFH-DA

dH20

DI H20

Diabetea

DMEM

DMSO

DNSA

DPPH

Ea.hy926

EDTA

Supplier

Invitrogen molecular probes, USA
Sigma-Aldrich, St. Louis, USA
Sigma-Aldrich, St. Louis, USA

Merck Chemicals (Darmstadt, Germany)

Sigma-Aldrich, St. Louis, USA

Sigma-Aldrich, St. Louis, USA

American tissue culture collection (ATCC)
Merck Chemicals, Darmstadt, Germany
Sigma-Aldrich, St. Louis, USA

ELGA, pure lab ultra, LABOTEC, RSA
ELGA, pure lab ultra, LABOTEC, RSA
Sing-fefur organic herbs, RSA
Sigma-Aldrich, St. Louis, USA

Lab-Scan, Analytical Sciences, Poland
FLUKA, India

Sigma-Aldrich, St. Louis, USA

Obtained from Dr CJ Edgell, the originator of
the cell line, University of North Carolina, USA

Sigma-Aldrich, St. Louis, USA
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EtOH

FCr

FCS
Gallic acid
Glycine
HBSS
Heparin
Histopaque 1077
Insulin
K2C4H40s
K2S20s
MeOH
Metformin
Na2COs
NaCl
NaHCOs
NaNOs
NaOH
NH2Cl
NH4Cl
p-Chloranil
Penicillin
PHA
p-NPG

Potato starch

Merck Chemicals, Darmstadt, Germany
Sigma-Aldrich, St.
The Scientific Group, Gauteng, RSA
Sigma-Aldrich, St.

Sigma-Aldrich, St.

Biochrom, Berlin

Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.
Sigma-Aldrich, St.

Merck Chemicals, Darmstadt, Germany

Louis, USA

Louis, USA

Louis, USA

Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA
Louis, USA

Louis, USA

Lonza, Basel, Switzerland

Thermo Fischer Scientific, RSA
Sigma-Aldrich, St.

Sigma-Aldrich, St.

© University of Pretoria

Louis, USA
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PPA

RPMI 1640
Rutin

SRB

TCA

TRIS
Trolox
Trypan blue
Trypsin

TrypLEexpress

List of instruments

Instrument

Centrifuge (Allegra x-22)
Electronic shaker (VRN-200)
Fluorometer (FLUOstar Optima)
Haemocytometer

Heating bath (Btichi, B-490)
Homogenizer (Yellowline A10)
Incubator

Lyophilizer (Freezone 6)
Magnetic stirrer

Microscope (Olympus 1X70)

Sigma-Aldrich, St. Louis, USA

Adcock Ingram Scientific, RSA
Sigma-Aldrich, St. Louis, USA
Sigma-Aldrich, St. Louis, USA

Merck Chemicals, Darmstadt, Germany
Sigma-Aldrich, St. Louis, USA
Sigma-Aldrich, St. Louis, USA
Sigma-Aldrich, St. Louis, USA

Highveld biological, RSA

Gibco, RSA

Manufacturer
Beckman Coulter, RSA
Beckman Coulter, RSA
BMG Labtech, Germany
Marienfeld, Germany
BMG Labtech, Germany
IKA-Werke, Germany
Binder, USA
Labconco, Kansas
Thermo Fischer Scientific, Denmark

A.R. Instruments, India
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Multichannel pipette (Finnpipette) Thermo Fischer Scientific, Denmark

pH meter
Plate reader (ELX800UV)

Rotavaporator (Bichi, R-200)

List of materials

Material

96-well clear plates

96-well polypropylene plates
96-well polystyrene plates
96-well white plates
Parafilm

Syringe filters
Polypropylene tubes (5ml)
Culture flasks

Sterile 96-well plates

Syringe filters (non-sterile)

Crison, Spain
BioTek Instruments, Germany

BMG Labtech, Germany

Supplier

NUNC, Thermo Fischer Scientific, Denmark
NUNC, Thermo Fischer Scientific, Denmark
Costar, 3789, USA

NUNC, Thermo Fischer Scientific, Denmark
Lasec, RSA

Lasec, RSA

J-plast, RSA

Cellstar, Greiner bio-one, USA

Cellstar, Greiner bio-one, USA

Lasec, RSA
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APPENDIX Il: PERMISSION FOR USAGE OF EA.HY926

CELLS
muUNe

AGREEMENT For Single User Distribution of EA.hy326 CELLS

FROM: Steve Oglesbee representing Dr. Cora-Jean S. Edgell

TO: Dr AD Cromarty of the Pharmacology Department of the University of
Pretoria, Pretoria, South Africa.

DATE: 30 January 2013

RE: General Terms for the Transfer of the EA hy926 Cell Line

In order to avoid conflicts of interest, and because of potential commercial applications
for this cell line, each investigator who requests EA hy926 cells must agree to the
conditions as specified below.

Please sign, make a copy for your own records, and return the original to the Tissue
Culture Facility, attention Steve Oglesbee.

The EA.hwS26 cells will be used in this lab for studies regarding:

cytotoxicity and angiogenesis studies.

The University of Morth Carolina at Chapel Hill and the Tissue Culture Facility are not-
for-profit, and the use of this cell line or its derivatives are not allowed to be used for
commercial purposes without prior successful negotiation and a signed licensing
agreement between the appropriate party(s) and UNC. Any such agreement will be
negotiated with the UNC Office of Technology Development (OTD). Use of this cell line
by for-profit institutions for basic research and NOT FOR USE IN COMMERCIAL
APPLICATIONS can also be accommodated but an additional fee will be imposed.
(Please inguire about this specific situation).

I, Dr AD Cromarty, understand and agree with the above restrictions for use and

subsequent distribution and | will be responsible for preventing this cell line from being
passed on to other investigators cutside my authority.

oD

Signature:
Research Coordinator: Phamacology Department University of Pretoria

Date: 30 January 2013
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IIl: PERMISSION FOR USAGE OF

COMMERCIAL CELL LINES

The Research  Ethics
Faculty Health Sciences, University of

Comumittee,

&

s | Universiteit van Pretoria
University of Pretoria

Pretoria complies with ICH-GCP
guidelines and has US Federal wide %
Assurance. N %

* FWA 00002567, Approved dd 22 May 2002 and

Expires 20 Oct 2016.

Faculty of Health Sciences Research Ethics Committee
Fakulteit Gesondheidswetenskappe Navorsingsetiekkomitee

# IRB 0000 2235 IORG0001762 approved dd DATE: 1/10/2012
13/0422011 and Expires 13/04/2014.

NUMBER

176/2012 - Cell Line

TITLE OF THE PROTOCOL

Determination of the in vitro anti-diabetic potential of a commercial
tea

PRINCIPAL INVESTIGATOR

Mrs V Paddy Dept: Pharmacology: University of Pretoria.
Cell: 0733080396  E-Mail:veronica.paddy(@gmail.com

SUB INVESTIGATOR

Not applicable

STUDY COORDINATOR

Not applicable

SUPERVISOR

Prof V Steenkamp E-Mail: vanessa.steenkamp(@up.ac.za

STUDY DEGREE

MSc

SPONSOR COMPANY

Not applicable

CONTACT DEATAILS OF SPONSOR

Not applicable

SPONSORS POSTAL ADDRESS

Not applicable

MEETING DATE

26/09/2012

The Commercially purchased cell lines was approved on

constituted meeting of the Ethics Committee subject to the following conditions:

1. The approval is valid for 5 years period [till the end of December 20 17], and

2. The approval is conditional on the receipt of 6 monthly written Progress Reports, and

3. The approval is conditional on the research being conducted as stipulated by the details
of the documents submitted to and approved by the Committee. In the event that a need
arises to change who the investigators are, the methods or any other aspect, such
changes must be submitted as an Amendment for approval by the Committee.

26/09/2012 by a properly

Members of the Research Ethics Committee:

Prof M J Bester
Prot R Delport

Dr NK Likibi

Dr MP Mathebula
Prof A Nienaber
Mrs MC Nzeku
Prof L M Ntlhe
Snr St J Phatoli
Dr R Reynders
Dr T Rossouw

Dr L Schoeman
Mr Y Sikweyiya

Dr R Sommers
Prof TJP Swart
Prof C W van Staden
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(female)BSc (Chemistry and Biochemistry): BSc (Hons)(Biochemistry): MSe(Biochemistry): PhD (Medical Biochemistry)
(female)BA et Scien. B Curationis (Hons) (Intensive care Nursing). M Sc (Physiology). PhD (Medicine). M Ed Computer
Assisted Education
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(female) BSc(NUL); MSe (Biochem)(UCL, UK) — Community representative

MbChB (Natal) FCS (SA)
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MBChB (Prét). FCPaed (CMSA) MRCPCH (Lon) Cert Med. One (CMSA)
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MPH; SARETI Fellowship in Research Ethics; SARETI ERCTP;

BSc(Health Promotion)Postgraduate Dip (Health Promotion) — Community representative
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BChD, MSc (Odont), MChD (Oral Path), PGCHE — School of Dentistry representative
MBChB; MMed (Psych); MD; FCPsych; FTCL; UPLM - Chairperson

DR R SOMMERS; MBChB: MMed(Int): MPharmMed.

Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretoria

* Tel:012-3541330

+Web: //www.healthethics-up.co.za #H W Snyman Bld (South) Level 2-34
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Faculty of Health Sciences Research Fthics Committee
Fakulteit Gesondheidswetenskappe Navorsingsetiekkonutee

DATE: 27/08/2009

Prof V Steenkamp
Department of Pharmacology

University of Pretoria
Best Prof Vanessa Steenkamp

RE.: Application for Blood Collection utilizing Ivmphocytes, macrophage, neutrophils and
plasma.

Herewith acknowledgement that the above Application for blood collection has been received and
tabled on 26/08/2009, and found to be acceptable by the Faculty of Health Sciences Research Fthics
Commitiee.

With regards

m’“"_ﬂg

DR R SOMMERS; MBCHE; MMed (Tnf); MPharMad.
Depufy Chairperson of the Faculty of Health Sciences Fesearch Ethics Committes, University of Pretoria

31 Bophelo Road « H W Snyman Building (South) Level 2-34 « P.O.BOX 867, Pretoria, South Africa, 0001 « Tel{012)3541330 +
o Fax: ((MN2)35341367 [ 0866515924 « E-Mail: manda@med.up.ac.za « Web: /iwww healthethics-up.coza«
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APPENDIX V: ENZYME KINETICS RESULTS
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Figure 57: Michaelis-Menten graphs indicating the effect of each hot water extract
on the activity of a-amylase at different substrate (starch) concentrations (mM).
Significance (*) was considered at p < 0.05. The solid line represents the control and

dashed line that of the respective extract.
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Figure 58: Michaelis-Menten graphs indicating the effect of each dichloromethane

extract on the activity of a-amylase at different substrate (starch) concentrations

(mM). Significance (*) was considered at p < 0.05. The solid line represents the

control and dashed line that of the extract.
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Figure 59: Lineweaver-Burk plots indicating the modes of inhibition exerted by the
hot water extracts against a-amylase. The green box indicates significant (p < 0.05)
stimulation at any one substrate concentration. V — reaction velocity, S — substrate
concentration. The solid line represents the control and dashed line that of the

extract.
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Figure 60: Lineweaver-Burk plots representing the modes of inhibition exerted by the
dichloromethane extracts against a-amylase. The green and blue boxes indicate
significant (p < 0.05) stimulation or inhibition of a-amylase activity respectively. V —
reaction velocity, S — substrate concentration. The solid line represents the control

and dashed line that of the extract.
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Figure 61: Michaelis-Menten graphs indicating the effect of each hot water (HW)
extract on the activity of a-glucosidase at different substrate concentrations (mM).
Significance (*) was considered at p < 0.05. The solid line represents the control and

dashed line that of the extract.
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Figure 62: Michaelis-Menten graphs indicating the effect of each dichloromethane
herb extract on the activity of a-glucosidase at different substrate concentrations

(mM). Significance (*) is considered as p < 0.05. The solid line represents the control

and dashed line that of the extract.
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Figure 63: Lineweaver-Burk plots indicating the modes of inhibition exerted by the

hot water herb extracts against glucosidase. The blue boxes indicate significant

inhibition of a-glucosidase activity. V — reaction velocity, S — substrate concentration.

The solid line represents the control and dashed line that of the extract.

© University of Pretoria

170



6.0x10%

v

4.0x10%4
2.0x105%+

-2.0x108-
1s]
C
6.0x105-
4.0x10°+
= 2.0x1054

-2.0x105-

18]

1.5x10°%

1.0x10%

5.0x10%

N

7" Mixed inhibition

-5.0x10%

-1.0x106
18]

8.0x10%

6.0x10%

4.0x10°

N

2.0x105 g

& <+

Uncompetitive inhibition

-2.0x10°

1[s]

Figure 64. Lineweaver-Burk plots indicating the modes of inhibition exerted by the
dichloromethane herb extracts against a-glucosidase. The blue boxes indicate
significant inhibition of a-glucosidase activity. V — reaction velocity, S — substrate

concentration. The solid line represents the control and dashed line that of the

extract.

~ <

==+ Control

— Diabetea

== T.officinalis

— Control

-- Control
— S. officinalis

--+ T.wulgaris

— Control

uuuuuuuuuuuuuuuuuuuuuuu

B
1.0x107
5.0x106:
2
S
Non-competitive inhibition
TR 3 et
-5.0x10°6;
1/[8)
D
6.0x10%
4.0x10°5-
3 2.0x105
by / ] ey
-2.0x10%
18]
=
6.0x10 5
4.0x10 54
3 20x105{ 7
< /;‘y/ & <
-2.0x1057
8]
H
6.0x10°%-
4.0x10°%:
3 2.0x105 g

-2.0x105

18]

© University of Pretoria

--+ A. betulina

— Control

- T.foenum-graecum

— Control

== U.urens

— Control

==+ A. millefolium

— Control



(o2}

8

REFERENCES

. Silverthorn DU, Ober WC, Garrison CW, Silverthorn AC. Human physiology: an
integrated approach. 4th ed. San Francisco, Calif.. Pearson/Benjamin

Cummings; 20009.

. Meyer BJ, van Papendorp DH, Meij HS, Viljoen M. Human physiology. 3rd ed.

Lansdowne, South Africa: JUTA; 2008.

Aguiree F, Brown A, Cho NH, Dahlquist G, Dodd S, Dunning T, et al. IDF

Diabetes Atlas. 6th ed. 2013.

. Marieb EN, Hoehn K. The endocrine system: 8th ed. United States of America:

Benjamin Cummings; 2010. p. 626-627.

Oxford University Press. [Internet]. Oxford English Dictionary. [updated 2014;

cited 2014 May]. Available from: http://www.oed.com.

. Ahmed AM. History of diabetes mellitus. Saudi Med J. 2002 Apr;23(4):373-378.

. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al.
Management of hyperglycemia in type 2 diabetes: a patient-centered approach:
position statement of the American Diabetes Association (ADA) and the
European Association for the Study of Diabetes (EASD). Diabetes Care. 2012

Jun;35(6):1364-1379.

. Wang E, Wylie-Rosett J. Review of selected Chinese herbal medicines in the

treatment of type 2 diabetes. Diabetes educator. 2008;34.645-654.

172

© University of Pretoria



9. van de Venter M, Roux S, Bungu LC, Louw J, Crouch NR, Grace OM, et al.

10.

11.

12.

13.

14.

15.

16.

17.

Antidiabetic screening and scoring of 11 plants traditionally used in South Africa.

J Ethnopharmacol. 2008;119(1):81-86.

Thring T, Weitz F. Medicinal plant use in the Bredasdorp/Elim region of the
Southern Overberg in the Western Cape province of South Africa. J

Ethnopharmacol. 2006;103(2):261-275.

Afolayan AJ, Sunmonu TO. In vivo studies on antidiabetic plants used in South

African herbal medicine. J Clin Biochem Nutr. 2010;47(2):98-106.

Bailey C. Metformin revisited: its actions and indications for use. Diabetic Med.

1988;5(4):315-320.

Gan D. IDF Diabetes Atlas. 2nd ed.; 2003.

Sue Kirkman M, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB, et al.
Diabetes in older adults: a consensus report. J Am Geriatr Soc.

2012;60(12):2342-2356.

Butler N. National guidelines at a glance: type 2 diabetes mellitus. Prof nurs

today. 2011;15(6):41-45.

South African Medical Research Council (MRC). Annual report. 2013:1-116.

Menz HB, Lord SR, St George R, Fitzpatrick RC. Walking stability and
sensorimotor function in older people with diabetic peripheral neuropathy. Arch

Phys Med Rehabil. 2004;85(2):245-252.

173

© University of Pretoria



18.

19.

20.

21.

22.

23.

24.

25.

Guariguata L. By the numbers: new estimates from the IDF Diabetes Atlas

update for 2012. Diabetes Res Clin Pract. 2012;98(3):524-525.

Amod A, Motala A, Levitt N, Berg J, Young M, Grobler N, et al. The 2012
SEMDSA guideline for the management of type 2 diabetes. J Endocrin, Metab

and Diabetes South Africa. 2012;17(1).

Rolo AP, Palmeira CM. Diabetes and mitochondrial function: role of
hyperglycemia and oxidative stress. Toxicol Appl Pharmacol. 2006;212(2):167-

178.

Samad A, Shams MS, Ullah Z, Wais M, Nazish I, Sultana Y, et al. Status of
herbal medicines in the treatment of diabetes: a review. Curr Diabetes Rev.

2009:5(2):102-111.

American Diabetes Association. Diagnosis and classification of diabetes

mellitus. Diabetes Care. 2008 Jan;31 Suppl 1:S55-60.

Merriam Webster Incorporated. [Internet]. Merriam Webster Online Medical
Dictionary. [updated 2014].  Available  from: http://www.merriam-

webster.com/topics/Medical.htm.

Fazeli Farsani S, Van Der Aa MP, Van Der Vorst MMJ, Knibbe CAJ, De Boer A.
Global trends in the incidence and prevalence of type 2 diabetes in children and
adolescents: a systematic review and evaluation of methodological approaches.

Diabetologia. 2013;56(7):1471-1488.

Brownlee M. Biochemistry and molecular cell biology of diabetic complications.

Nature. 2001;414(6865):813-820.

174

© University of Pretoria



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bennett C, Guo M, Dharmage S. HbA1c as a screening tool for detection of type

2 diabetes: a systematic review. Diabetic Med. 2007;24(4):333-343.

Germann WJ, Stanfield CL. Principles of human physiology. San Francisco CA:

Benjamin Cummings; 2002.

Bischoff H. Pharmacology of a-glucosidase inhibition. Eur J Clin Invest.

1994:24(S3):3-10.

Lawrence E. Henderson's dictionary of biology. 13th ed. London: Pearson

Prentice Hall; 2004.

Giugliano D, Ceriello A, Esposito K. Glucose metabolism and hyperglycemia.

Am J Clin Nutr. 2008(87):217S-222S.

Meerza D, Naseem I, Ahmed J. Pharmacology of signaling pathways: In type 2

diabetes. Diabetes & Metabolic Syndrome: Clin Res Rev. 2013;7(3):180-185.

Cernea S, Dobreanu M. Diabetes and beta cell function: from mechanisms to

evaluation and clinical implications. Biochem Med. 2013;23(3):266-280.

Saini V. Molecular mechanisms of insulin resistance in type 2

diabetes mellitus. World J Diabetes. 2010;1(3):68-75.

Goldstein BJ. Insulin resistance as the core defect in type 2 diabetes mellitus.

Am J Cardiol. 2002;90(5):3-10.

Aruoma OI. Free radicals, oxidative stress, and antioxidants in human health

and disease. J Am Oil Chem Soc. 1998;75(2):199-212.

175

© University of Pretoria



36.

37.

38.

39.

40.

41.

42.

43.

44.

Ali SS, Kasoju N, Luthra A, Singh A, Sharanabasava H, Sahu A, et al. Indian

medicinal herbs as sources of antioxidants. Food Res Int. 2008;41(1):1-15.

Valko M, Rhodes CJ, Moncol J, I1zakovic M, Mazur M. Free radical metals and
antioxidants in oxidative stress-induced cancer. Chemico Biologica Inter.

2006;160(1):1-40.

Benzie IF, Strain J. The ferric reducing ability of plasma (FRAP) as a measure of

“antioxidant power”: the FRAP assay. Anal Biochem. 1996;239(1):70-76.

Pokorny J. Are natural antioxidants better—and safer—than synthetic

antioxidants? Eu J Lipid Sci Tech. 2007;109(6):629-642.

McCune LM, Johns T. Antioxidant activity in medicinal plants associated with the
symptoms of diabetes mellitus used by the indigenous peoples of the North

American boreal forest. J Ethnopharmacol. 2002;82(2):197-205.

Gryglewski RJ, Korbut R, Robak J, Swies J. On the mechanism of antithrombotic

action of flavonoids. Biochem Pharmacol. 1987;36(3):317-322.

Frankel E. Nutritional benefits of flavonoids. Int Conf Food Factor Chem Cancer

Prev. 1995.

Cook NC, Samman S. Flavonoids - chemistry, metabolism, cardioprotective

effects, and dietary sources. J Nutr Biochem. 1996;7(2):66-76.

Amic D, Davidovic-Amic D, BeSlo D, Trinajstic N. Structure-radical scavenging

activity relationships of flavonoids. Croat Chem Acta. 2003;76(1):55-61.

176

© University of Pretoria



45.

46.

47.

48.

49.

50.

51.

52

Rosalind TH, Dutta BK, Paul SB. Evaluation of in vitro antioxidant activity,
estimation of total phenolic and flavonoid content of leaf extract of Eurya

Japonica Thunb Asian J Pharm Clin Res. 2013;6(1):152-155.

Boss O, Hagen T, Lowell BB. Uncoupling proteins 2 and 3: potential regulators

of mitochondrial energy metabolism. Diabetes. 2000;49(2):143-156.

Vincent AM, Olzmann JA, Brownlee M, Sivitz WI, Russell JW. Uncoupling
proteins prevent glucose-induced neuronal oxidative stress and programmed

cell death. Diabetes. 2004;53(3):726-734.

Li L, Skorpen F, Egeberg K, Jgrgensen IH, Grill V. Uncoupling protein-2
participates in cellular defense against oxidative stress in clonal B-cells.

Biochem Biophys Res Commun. 2001;282(1):273-277.

MacLellan JD, Gerrits MF, Gowing A, Smith PJ, Wheeler MB, Harper ME.
Physiological increases in uncoupling protein 3 augment fatty acid oxidation and
decrease reactive oxygen species production without uncoupling respiration in

muscle cells. Diabetes. 2005;54(8):2343-2350.

Bailey CJ, Turner RC. Metformin. N Engl J Med. 1996;334(9):574-579.

Bryan J, Crane A, Vila-Carriles W, Babenko A, Aguilar-Bryan L. Insulin
secretagogues, sulfonylurea receptors and KATP channels. Curr Pharm Des.

2005;11(21):2699-2716.

. Yki-Jarvinen H. Thiazolidinediones. N Engl J Med. 2004;351(11):1106-1118.

177

© University of Pretoria



53.

54.

55.

56.

57.

58.

59.

60.

Van de Laar F, Lucassen P, Akkermans R, Van de Lisdonk E, De Grauw W.
Alpha-glucosidase inhibitors for people with impaired glucose tolerance or

impaired fasting blood glucose. Cochrane Database Syst Rev. 2006;4.

Deacon C. Dipeptidyl peptidase-4 inhibitors in the treatment of type 2 diabetes: a

comparative review. Diabetes, Obes Metab. 2011;13(1):7-18.

Fonseca VA, Handelsman Y, Staels B. Colesevelam lowers glucose and lipid
levels in type 2 diabetes: the clinical evidence. Diabetes, Obes Metab.

2010;12(5):384-392.

Defronzo RA. Bromocriptine: a sympatholytic, d2-dopamine agonist for the

treatment of type 2 diabetes. Diabetes Care. 2011;34(4):789-794.

Drucker DJ, Nauck MA. The incretin system: glucagon-like peptide-1 receptor
agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes. The Lancet.

2006;368(9548):1696-1705.

Singh-Franco D, Robles G, Gazze D. Pramlintide acetate injection for the

treatment of type 1 and type 2 diabetes mellitus. Clin Ther. 2007;29(4):535-562.

Jabbour M. Primary care physicians and insulin initiation: multiple barriers, lack

of knowledge or both? In J Clin Pract. 2008;62(6):845-7.

World Health Organization (WHO). [Internet]. Diabetes. [updated 2012; cited
2012 Jul 5]. Available from:

http://www.who.int/mediacentre/factsheets/fs312/en/.

178

© University of Pretoria



61.

62.

63.

64.

65.

66.

67.

68.

World Health Organization. [Internet]. Traditional medicine. [updated 2012 May;
cited 2014 Apr 10]. Available from: http://www.who.int/mediacentre/factsheets

/2003/fs134/en.

Robinson M, Zhang X. The world medicines situation 2011, traditional

medicines: global situation, issues and challenges. WHO. 2011.

Afolayan AJ, Sunmonu TO. In vivo studies on antidiabetic plants used in South

African herbal medicine. J Clin Biochem Nutr. 2010;47(2):98-106.

Erasto P, Grierson D, Afolayan A. Bioactive sesquiterpene lactones from the

leaves of Vernonia amygdalina. J Ethnopharmacol. 2006;106(1):117-120.

Van Wyk B. A broad review of commercially important southern African

medicinal plants. J Ethnopharmacol. 2008;119(3):342-355.

Hossain SJ, El-Sayed MA, Mohamed AH, Sheded MG, Aoshima H. Phenolic
content, anti-oxidative, anti-a-amylase and anti-a-glucosidase activities of

Solanum diphyllum L. Bangladesh J Bot. 2009;38(2):139-143.

Kumar A, Lakshman K, Jayaveera KN, Sheshadri Shekar D, Narayan Swamy
VB, Khan S, et al. In vitro alpha-amylase inhibition and antioxidant activities of
methanolic extract of Amaranthus Caudatus Linn. Oman Med J.

2011;26(3):166-170.

Khan N, Mukhtar H. Tea polyphenols for health promotion. Life Sci.

2007;81(7):519-533.

179

© University of Pretoria



69.

70.

71.

72.

73.

74.

75.

76.

Bhat RB, Moskovitz G. Herbal medicinal teas from South Africa. Phyton.

2009;78:67-73.

Sing-fefur. [Internet]. Our herbal farming and practices. [updated 2013; cited

2013 Sep 4]. Available from: http://www.herbsorganic.co.za/pages/about

us.htm.

Sing-fefur. [Internet]. Herbal formula D to F. [updated 2013; cited 2014 Apr 10].

Available from:

http://www.herbsorganic.co.za/pages/Herbal%20Formula%20D%20t0%20F.htm

SANBI. [Internet]. Achillea millefolium L. national assessment: red list of South
African plants version 2013. [updated 2013; cited 2014 Apr 14]. Available from:

http://redlist.sanbi.org/species.php?species=3172-1.

Grieve M. [Internet]. Yarrow. [updated 2014; cited 2014 Apr 14]. Available from:

http://www.botanical.com/botanical/mgmh/y/yarrow02.html.

Kohler FE. Achillea millefolium L. Medizinal Pflanzen. 1887;1:70.

Khan A, Gilani AH. Blood pressure lowering, cardiovascular inhibitory and
bronchodilatory actions of Achillea millefolium. Phytother Res. 2011;25(4):577-

83.

Konyalioglu S, Karamenderes C. The protective effects of Achillea L. species
native in Turkey against H202-induced oxidative damage in human erythrocytes

and leucocytes. J Ethnopharmacol. 2005;102(2):221-227.

180

© University of Pretoria



77.

78.

79.

80.

81.

82.

Candan F, Unlu M, Tepe B, Daferera D, Polissiou M, Sokmen A, et al.
Antioxidant and antimicrobial activity of the essential oil and methanol extracts
of Achillea millefolium subsp. millefolium Afan. (Asteraceae). J Ethnopharmacol.

2003:87(2-3):215-220.

Giorgi A, Mingozzi M, Madeo M, Speranza G, Cocucci M. Effect of nitrogen
starvation on the phenolic metabolism and antioxidant properties of yarrow

(Achillea collina Becker ex Rchb.). Food Chem. 2009;114(1):204-211.

Cavalcanti AM, Baggio CH, Freitas CS, Rieck L, de Sousa RS, Da Silva-Santos
JE, et al. Safety and antiulcer efficacy studies of Achillea millefolium L. after

chronic treatment in Wistar rats. J Ethnopharmacol. 2006;107(2):277-284.

Yazdanparast R, Ardestani A, Jamshidi S. Experimental diabetes treated with
Achillea santolina: effect on pancreatic oxidative parameters. J

Ethnopharmacol. 2007;112(1):13-18.

Dias MI, Barros L, Duefias M, Pereira E, Carvalho AM, Alves RC, et al.
Chemical composition of wild and commercial Achillea millefolium L. and
bioactivity of the methanolic extract, infusion and decoction. Food Chem. 2013

1141(4):4152-4160.

Jari¢ S, Popovi¢ Z, MaCukanovi¢-Joci¢ M, Djurdjevi¢ L, Mijatovi¢ M, Karadzi¢ B,
et al. An ethnobotanical study on the usage of wild medicinal herbs from

Kopaonik Mountain (Central Serbia). J Ethnopharmacol. 2007;111(1):160-175.

181

© University of Pretoria



83.

84.

85.

86.

87.

88.

89.

90.

Dall’Acqua S, Bolego C, Cignarella A, Gaion RM, Innocenti G. Vasoprotective
activity of standardized Achillea millefolium extract. Phytomedicine.

2011;18(12):1031-1036.

Guédon D, Abbe P, Lamaison JL. Leaf and flower head flavonoids of Achillea

millefolium L. subspecies. Biochem Syst Ecol. 1993;21(5):607-611.

KoCevar N, Glavac |, Injac R, Kreft S. Comparison of capillary electrophoresis
and high performance liquid chromatography for determination of flavonoids in

Achillea millefolium. J Pharm Biomed Anal. 2008;46(3):609-614.

Trumbeckaite S, Benetis R, Bumblauskiene L, Burdulis D, Janulis V, Toleikis A,
et al. Achillea millefolium L. s.l. herb extract: antioxidant activity and effect on

the rat heart mitochondrial functions. Food Chem. 2011;127(4):1540-1548.

Blumenthal M, Goldberg A, Brinckmann J. Herbal medicine. expanded

commission E monographs. Newton, MA: Integr Med Com. 2000.

Aljancic I, Vajs V, Menkovic N, Karadzic I, Juranic N, Milosavljevic S, et al.
Flavones and Sesquiterpene Lactones from Achillea a trata subsp. m ultifida:

antimicrobial activity. J Nat Prod. 1999;62(6):909-911.

Benedek B, Kopp B. Achillea millefolium L. revisited: recent findings confirm the

traditional use. Wiener Medizinische Wochenschrift. 2007;157(13-14):312-314.

Trifunovic S, Vajs V, Juranic Z, Zizak Z, Te$evic V, Macura S, et al. Cytotoxic
constituents of Achillea clavennae from Montenegro. Phytochemistry.

2006:67(9):887-893.

182

© University of Pretoria



91.

92.

93.

94.

95.

96.

97.

98.

Cavalcanti AM, Baggio CH, Freitas CS, Rieck L, de Sousa RS, Da Silva-Santos
JE, et al. Safety and antiulcer efficacy studies of Achillea millefolium L. after

chronic treatment in Wistar rats. J Ethnopharmacol. 2006;107(2):277-284.

Carocho M, Ferreira IC. A review on antioxidants, prooxidants and related
controversy: natural and synthetic compounds, screening and analysis

methodologies and future perspectives. Food Chem Tox. 2013;51:15-25.

Chanishvili S, Badridze G, Rapava L, Janukashvili N. Effect of altitude on the
contents of antioxidants in leaves of some herbaceous plants. Russian J Ecol.

2007;38(5):367-373.

Benedek B, Kopp B, Melzig MF. Achillea millefolium L. - is the anti-inflammatory
activity mediated by protease inhibition? J Ethnopharmacol. 2007;113(2):312-

317.

Benetis R, Radusiene J, Jakstas V, Janulis V, Malinauskas F. Development of
an RP-HPLC method for the analysis of phenolic compounds in Achillea

millefolium L. J Liquid Chromatography Rel Tech. 2008;31(4):596-610.

Vitalini S, Beretta G, Iriti M, Orsenigo S, Basilico N, Dall’Acqua S, et al. Phenolic
compounds from Achillea millefolium L. and their bioactivity. Acta Biochim Pol.

2011;58:203-2089.

Moolla A, Viljoen AM. 'Buchu' - Agathosma betulina and Agathosma crenulata

(Rutaceae): A review. J Ethnopharmacol. 2008;119(3):413-419.

Grieve M. [Internet]. Buchu. [updated 2014; cited 2014 Apr 14]. Available from:

https://www.botanical.com/botanical/mgmh/b/buchu-78.html.

183

© University of Pretoria



99. Van Wyk B. The potential of South African plants in the development of new

medicinal products. S Afr J Bot. 2011;77(4):812-829.

100. Watt JM, Breyer-Brandwijk MG. The medicinal and poisonous plants of

Southern and Eastern Africa. Edinburgh: E. & S. Livingstone Ltd; 1962.

101. Simpson D. Buchu - South Africa's amazing herbal remedy. Scott Med J.

1998;43(6):189-191.

102. Van Wyk B, Van Oudtshoorn B, Gericke N. Medicinal plants of South Africa.

Pretoria: Briza Publications; 1997.

103. Schwegler M. Medicinal and other uses of Southern Overberg Fynbos plants.

Gansbaai, South Africa: M. Schwegler; 2003.

104. Kohler FE. Agathosma betulina (P. Bergius) Pillans. Medizinal Pflanzen.

1890;3:63.

105. Viljoen AM, Moolla A, Van Vuuren SF, Van Zyl RL, Hiusnu K, Baser C, et al.
The biological activity and essential oil composition of 17 Agathosma

(Rutaceae) species. J Essent Oil Res. 2006;18:2-16.

106. Viljoen A, Moolla A. Indigenous South African medicinal plants: Part 5:

Agathosma betulina (‘buchu’): medicinal plants. SA Pharma J. 2007;74(9):39-39.

107. Sandasi M, Leonard C, Viljoen A. The effect of five common essential oll
components on Listeria monocytogenes biofilms. Food contr. 2008;19(11):1070-

1075.

184

© University of Pretoria



108. Aneesa Moolla. A phytochemical and pharmacological investigation of selected
indigenous Agathosma species [dissertation]. University of the Witwatersrand;

2006.

109. Moolla A, Van Vuuren SF, Van Zyl RL, Viljoen AM. Biological activity and
toxicity profile of 17 Agathosma (Rutaceae) species. S Afr J Bot.

2007,73(4):588-592.

110. Fluck AAJ, Mitchell WM, Perry HM. Composition of buchu leaf oil. J Sci Food

Agric. 1961;12:290-292.

111. Blommaert KLJ, Bartel E. Chemotaxonomic aspects of the buchu species
Agathosma betulina (Pillans) and Agathosma crenulata (Pillans) from local

plantings. J South African Bot. 1976;42(2):121-126.

112. Lamparsky D, Schudel P. P-menthane-8-thiol-3-one, a new component of

buchu leaf oil. Tetrahedron Lett. 1971;12(36):3323-3326.

113. Kaiser R, Lamparsky D, Schudel P. Analysis of buchu leaf oil. J Agric Food

Chem. 1975;23(5):943-950.

114. Kopke T, Dietrich A, Mosandl A. Chiral compounds of essential oils XIV:
simultaneous stereoanalysis of buchu leaf oil compounds. Phytochem Anal.

1994;5(2):61-67.

115. Krammer GE, Bertram HJ, Bruining J, Guntert M, Lambrecht S, Sommer H, et
al. New sulphur-bearing compounds in buchu leaf oil. Royal Soc Chem.

1996;197:38-45.

185

© University of Pretoria



116. Collins NF, Graven EH, Van Beek TA, Lelyveld GP. Chemotaxonomy of
commercial buchu species (Agathosma betulina and Agathosma crenulata). J

Essent Oil Res. 1996;8(3):229-235.

117. Posthumus MA, Van Beek TA, Collins NF, Graven EH. Chemical composition
of the essential oils of Agathosma betulina, A. crenulata and an A. betulina

crenulata hybrid (buchu). J Essent Oil Res. 1996;8(3):223-228.

118. Cornara L, La Rocca A, Marsili S, Mariotti MG. Traditional uses of plants in the

Eastern Riviera (Liguria, Italy). J Ethnopharmacol. 2009;125(1):16-30.

119. Grieve M. [Internet]. Sage. [updated 2014; cited 2014 Apr 15]. Available from:

https://www.botanical.com/botanical/mgmbh/s/sages-05.html.

120. Kohler FE. Salvia officinalis. Medizinal Pflanzen. 1887;1:38.

121. Steenkamp V, Grimmer H, Semano M, Gulumian M. Antioxidant and genotoxic

properties of South African herbal extracts. Mutat Res. 2005;581(1-2):35-42.

122. Broadhurst CL, Polansky MM, Anderson RA. Insulin-like biological activity of
culinary and medicinal plant aqueous extracts in vitro. J Agric Food Chem.

2000:48(3):849-852.

123. Christensen KB, Jgrgensen M, Kotowska D, Petersen RK, Kristiansen K,
Christensen LP. Activation of the nuclear receptor PPARy by metabolites
isolated from sage (Salvia officinalis L.). J Ethnopharmacol. 2010;132(1):127-

133.

186

© University of Pretoria



124. Grieve M. [Internet]. Dandelion. [updated 2014; cited 2014 Apr 16]. Available

from: http://www.botanical.com/botanical/mgmh/d/dandel08.html.

125. Mir A, Sawhney S, Jassal M. Qualitative and quantitative analysis of
phytochemicals of Taraxacum officinale. Wudpecker J Phar Pharmacol.

2013;2(1):01-05.

126. Bradley PR. British Herbal Compendium. Bournemouth: British Herbal Med

Ass. 1992;1:73-75.

127. Bisset NG, Phillipson JD, Czygan FC, Frohne D, Holtzel D, Nagell A, et al.

Taraxaci radix cum herba. Herbal Drugs Phytopharm. 1994:486-489.

128. Racz Kaotilla E, Racz G, Solomon A. The action of Taraxacum officinale extracts
on the body weight and diuresis of laboratory animals. Planta Med.

1974:26(3):212-217.

129. Kbhler FE. Taraxacum officinale. Medizinal Pflanzen 1887;1(5).

130. Horhammer L, Wagner H. Chem of Nat Syn Col Matters. 1962:315-330.

131. Wolbis M, Krélikowska M, Bednarek P. Polyphenolic compounds in Taraxacum

officinale. Acta Poloniae Pharma-Drug Res. 1993;50:153-158.

132. Power FB, Browning H. CCLII. - The constituents of Taraxacum root. J Chem

Soc, Trans. 1912;101:2411-2429.

133. Rauwald H, Huang J. Taraxacoside, a type of acylated y-butyrolactone

glycoside from taraxacum officinale. Phytochemistry. 1985;24(7):1557-1559.

187

© University of Pretoria



134. Komissarenco NF, Derkach Al. Taraxacum officinale coumarins. Khim Prir

Soedin. 1982:;4:519.

135. Williams CA, Goldstone F, Greenham J. Flavonoids, cinnamic acids and
coumarins from the different tissues and medicinal preparations of Taraxacum

officinale. Phytochemistry. 1996;42(1):121-127.

136. Grieve M. [Internet]. Garden thyme. [updated 1995; cited 2014 Apr 21].

Available from: http://www.botanical.com/botanical/mgmh/t/thygar16.html.

137. Hu C, Kitts D. Dandelion (Taraxacum officinale) flower extract suppresses both
reactive oxygen species and nitric oxide and prevents lipid oxidation in vitro.

Phytomedicine. 2005;12(8):588-597.

138. Adam K, Sivropoulou A, Kokkini S, Lanaras T, Arsenakis M. Antifungal
activities of Origanum vulgare subsp. hirtum, Mentha spicata, Lavandula
angustifolia, and Salvia fruticosa essential oils against human pathogenic fungi.

J Agric Food Chem. 1998;46(5):1739-1745.

139. Gruenwald J, Brendler T, Jaenicker C. PDR for Herbal Medicines. 3rd ed.

Montvale, New Jersey: Thomson PDR; 2004.

140. Murillo-Amador B, Nieto-Garibay A, Lépez-Aguilar R, Troyo-Diéguez E, Rueda-
Puente EO, Flores-Hernandez A, et al. Physiological, morphometric
characteristics and vyield of Origanum vulgare L. and Thymus vulgaris L.

exposed to open-field and shade-enclosure. Ind Crop Prod. 2013;49:659-667.

188

© University of Pretoria



141. Blum C, Kubeczka K-, Becker K. Supercritical fluid chromatography-mass
spectrometry of thyme extracts (Thymus vulgaris L.). J Chromatography.

1997;773(1-2):377-380.

142. Guillén MD, Manzanos MJ. Study of the composition of the different parts of a

Spanish Thymus vulgaris L. plant. Food Chem. 1998;63(3):373-383.

143. Fecka I, Turek S. Determination of polyphenolic compounds in commercial
herbal drugs and spices from Lamiaceae: thyme, wild thyme and sweet

marjoram by chromatographic techniques. Food Chem. 2008;108(3):1039-1053.

144. Grieve M. [Internet]. Fenugreek. [Updated 2014, Cited 2014 Apr 21]. Available

from: https://www.botanical.com/botanical/mgmh/f/fenugr07.html.

145. Kéhler FE. Thymus vulgaris L. Medizinal Pflanzen. 1887;1(58).

146. Bedekar A, Shah K, Koffas M. Natural products for type Il diabetes treatment.

Adv Appl Microbiol. 2010;71:21-73.

147. Jain D, Pathak N, Khan S, Raghuram GV, Bhargava A, Samarth R, et al.
Evaluation of cytotoxicity and anticarcinogenic potential of Mentha leaf extracts.

Int J Toxicol. 2011;30(2):225-236.

148. Jain S, Madhu A. Regulation of trigonellin in Trigonella species by chemical

mutagenic treatments. Indian Drugs. 1988;26(1):14-16.

149. Swain AR, Dutton SP, Truswell AS. Salicylates in foods. J Am Diet Assoc.

1985;85(8):950-960.

189

© University of Pretoria



150. Rajalakshmi R, Nanavaty K, Gumashta A. Effect of cooking procedures on the

free and total niacin content of certain foodstuffs. J Nutr Diet. 1964;1:276-280.

151. Chatterjee S, Variyar PS, Sharma A. Stability of lipid constituents in radiation
processed fenugreek seeds and turmeric: role of phenolic antioxidants. J Agric

Food Chem. 2009;57(19):9226-9233.

152. Shang M, Cai S, Han J, Li J, Zhao Y, Zheng J, et al. Studies on flavonoids from
Fenugreek (Trigonella foenumgraecum L.). Zhongguo Zhong Yao Za Zhi.

1998;23(10):614-6, 639.

153. Sharma R, Raghuram T, Rao NS. Effect of fenugreek seeds on blood glucose

and serum lipids in type | diabetes. Eur J Clin Nutr. 1990;44(4):301-306.

154. Zia T, Hasnain SN, Hasan S. Evaluation of the oral hypoglycaemic effect of
Trigonella foenum-graecum L.(methi) in normal mice. J Ethnopharmacol.

2001;75(2):191-195.

155. Xue W, Lei J, Li X, Zhang R. Trigonella foenum graecum seed extract protects
kidney function and morphology in diabetic rats via its antioxidant activity. Nutr

Res. 2011;31(7):555-562.

156. Kaur L, Han K, Bains K, Singh H. Indian culinary plants enhance glucose-
induced insulin secretion and glucose consumption in INS-1 B-cells and 3T3-L1

adipocytes. Food Chem. 2011;129(3):1120-1125.

157. Gurib-Fakim A. Medicinal plants: traditions of yesterday and drugs of tomorrow.

Mol Aspects Med. 2006;27(1):1-93.

190

© University of Pretoria



158. Stark A, Madar Z. The effect of an ethanol extract derived from fenugreek
(Trigonella foenum-graecum) on bile acid absorption and cholesterol levels in

rats. Br J Nutr. 1993;69(01):277-287.

159. Srinivasan K. Fenugreek (Trigonella foenum-graecum): a review of health

beneficial physiological effects. Food Rev Int. 2006;22(2):203-224.

160. Hettiarachchy N, Glenn K, Gnanasambandam R, Johnson M. Natural
antioxidant extract from fenugreek (Trigonella foenumgraecum) for ground beef

patties. J Food Sci. 1996;61(3):516-519.

161. Kaviarasan S, Naik G, Gangabhagirathi R, Anuradha C, Priyadarsini K. In vitro
studies on antiradical and antioxidant activities of fenugreek (Trigonella foenum

graecum) seeds. Food Chem. 2007;103(1):31-37.

162. Van Wyk B, Gericke N. People's plants: a guide to useful plants of Southern

Africa. Pretoria: Briza Publications; 2000.

163. Kopyt'Ko YF, Lapinskaya ES, Sokol'Skaya TA. Application, chemical
composition, and standardization of nettle raw material and related drugs

(Review). Pharm Chem J. 2012;45(10):622-631.

164. Kohler FE. Trigonella foenum-graecum L. Medizinal Pflanzen. 1890;2:155.

165. Trojan-Rodrigues M, Alves TLS, Soares GLG, Ritter MR. Plants used as
antidiabetics in popular medicine in Rio Grande do Sul, southern Brazil. J

Ethnopharmacol. 2012;139(1):155-163.

191

© University of Pretoria



166. Grieve M. [Internet]. Nettles. [updated 2014, cited 2014]. Available from:

http://www.botanical.com/botanical/mgmh/n/nettle03.html.

167. Kopyt'’ko YF, Lapinskaya E, Sokol'skaya T. Application, chemical composition,
and standardization of nettle raw material and related drugs (Review). Pharm

Chem J. 2012:45(10):622-631.

168. Steenkamp V, Mathivha E, Gouws MC, Van Rensburg CEJ. Studies on
antibacterial, antioxidant and fibroblast growth stimulation of wound healing

remedies from South Africa. J Ethnopharmacol. 2004;95(2-3):353-357.

169. Sen A, Sahin B, Agus HH, Bayav M, Sevim H, Semiz A. Prevention of carbon
tetrachloride-induced hepatotoxicity by Urtica urens in rats. J Appl Biol Sci.

2007;1:29-32.

170. Ozkarsli M, Sevim H, Sen A. In vivo effects of Urtica urens (dwarf nettle) on the
expression of CYP1A in control and 3-methylcholanthrene-exposed rats.

Xenobiotica. 2008;38(1):48-61.

171. Chrubasik JE, Roufogalis BD, Wagner H, Chrubasik SA. A comprehensive
review on nettle effect and efficacy profiles, Part I Herba urticae.

Phytomedicine. 2007;14(6):423-435.

172. Czarnetzki B, Thiele T, Rosenbach T. Immunoreactive leukotrienes in nettle

plants (Urtica urens). Int Arch Allergy Immunol. 1990;91(1):43-46.

173. Schomakers J, Bollbach FD, Hagels H. Brennesselkraut-phytochemische und
anatomische unterscheidung der Herba-Drogen von Urtica dioica und U. urens.

Deutsche Apotheker Zeitung. 1995;135(7):40-47.

192

© University of Pretoria



174. Kudritsata S, Filman G, Zagorodskaya L, Chikovanii D. Carotenoids of Urtica

dioica. Chem Nat Comp.1986;22(5):604-605.

175. Rafajlovska V, Rizova V, Djarmati Z, Tesevic V, Cvetkov L. Contents of fatty
acids in stinging nettle extracts (Urtica dioica L.) obtained with supercritical

carbon dioxide. Acta pharmaceutica. 2001;51(1):45-51.

176. Wetherilt H. Evaluation of Urtica species as potential sources of important

nutrients. Develop food sci. 1992.

177. Millspaugh CF. Urtica Urens. Am med plants. 1892;2:153.

178. Das NP, Pereira TA. Effects of flavonoids on thermal autoxidation of palm oil:

Structure-activity relationships. J Am Oil Chem Soc. 1990;67(4):255-258.

179. Prior RL, Cao G. Analysis of botanicals and dietary supplements for antioxidant

capacity: A review. J AOAC Int. 2000;83(4):950-956.

180. Slinkard KS, V.L. Total phenol analysis: automation and comparison with

manual methods. Am J Enol Viticul. 1977;28:49-55.

181. Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, Luyckx M, et al.
Phenolic compounds and antioxidant activities of buckwheat (Fagopyrum

esculentum Moench) hulls and flour. J Ethnopharmacol. 2000;72(1-2):35-42.

182. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C.
Antioxidant activity applying an improved ABTS radical cation decolorization

assay. Free Radic Biol Med. 1999;26(9-10):1231-1237.

193

© University of Pretoria



183. Huang D, Ou B, Prior RL. The chemistry behind antioxidant capacity assays. J

Agric Food Chem. 2005;53(6):1841-1856.

184. Koleva Il, Van Beek TA, Linssen JPH, De Groot A, Evstatieva LN. Screening of
plant extracts for antioxidant activity: A comparative study on three testing

methods. Phytochem Anal. 2002;13(1):8-17.

185. Eklund PC, Langvik OK, Warna JP, Salmi TO, Willfér SM, Sjoholm RE.
Chemical studies on antioxidant mechanisms and free radical scavenging
properties of lignans. Organic and Biomolecular Chemistry. 2005;3(18):3336-

3347.

186. Sharma OP, Bhat TK. DPPH antioxidant assay revisited. Food Chem.

2009;113(4):1202-1205.

187. Gyamfi MA, Yonamine M, Aniya Y. Free-radical scavenging action of medicinal
herbs from Ghana: Thonningia sanguinea on experimentally-induced liver

injuries. Gen Pharmacol. 1999;32(6):661-667.

188. Keston AS, Brandt R. The fluorometric analysis of ultramicro quantities of

hydrogen peroxide. Anal Biochem. 1965;11(1):1-5.

189. Bass DA, Parce JW, Dechatelet LR, Szejda P, Seeds MC, Thomas M. Flow
cytometric studies of oxidative product formation by neutrophils: a graded

response to membrane stimulation. J mmunol. 1983 ;130(4):1910-1917.

190. Boissy RE, Trinkle LS, Nordlund JJ. Separation of pigmented and albino
melanocytes and the concomitant evaluation of endogenous peroxide content

using flow cytometry. Cytometry. 1989;10(6):779-787.

194

© University of Pretoria



191. Xu B, Chang S. A comparative study on phenolic profiles and antioxidant
activities of legumes as affected by extraction solvents. J Food Sci.

2007;72(2):S159-S166.

192. Kozics K, Klusova V, Srancikova A, Mucaji P, Slamenova D, Hunédkova L, et al.
Effects of Salvia officinalis and Thymus vulgaris on oxidant-induced DNA
damage and antioxidant status in HepG2 cells. Food Chem. 2013;141(3):2198-

2206.

193. Campbell MK, Farrell SO. Biochemistry. 6th ed. Canada: Brooks/Cole,

Cengage Learning; 2008.

194. Woffenden HM, Ames JM, Chandra S. Relationships between antioxidant
activity, color, and flavor compounds of crystal malt extracts. J Agric Food

Chem. 2001;49(11):5524-5530.

195. Bao J, Cai Y, Sun M, Wang G, Corke H. Anthocyanins, flavonols, and free
radical scavenging activity of Chinese bayberry (Myrica rubra) extracts and their

color properties and stability. J Agric Food Chem. 2005;53(6):2327-2332.

196. McMurry J, Simanek E. Fundamentals of organic chemistry. 6th ed. USA:

Thomson; 2007.

197. Van Acker SABE, Van Den Berg D, Tromp MNJL, Griffioen DH, Van Bennekom
WP, Van Der Vijgh WJF, et al. Structural aspects of antioxidant activity of

flavonoids. Free Rad Biol and Med. 1996;20(3):331-342.

195

© University of Pretoria



198. Leopoldini M, Pitarch IP, Russo N, Toscano M. Structure, conformation, and
electronic properties of apigenin, luteolin, and taxifolin antioxidants. A first

principle theoretical study. J Phys Chem. 2004;108(1):92-96.

199. Devasagayam T, Tilak J, Boloor K, Sane K, Ghaskadbi S, Lele R. Free radicals
and antioxidants in human health: current status and future prospects. Japi.

2004;52:794-804.

200. Rietjens IM, Boersma MG, Haan Ld, Spenkelink B, Awad HM, Cnubben NH, et
al. The pro-oxidant chemistry of the natural antioxidants vitamin C, vitamin E,

carotenoids and flavonoids. Environ Toxicol Pharmacol. 2002;11(3):321-333.

201. Dorman H, Peltoketo A, Hiltunen R, Tikkanen M. Characterisation of the
antioxidant properties of de-odourised aqueous extracts from selected

Lamiaceae herbs. Food Chem. 2003;83(2):255-262.

202. Rababah TM, Banat F, Rababah A, Ereifej K, Yang W. Optimization of
extraction conditions of total phenolics, antioxidant activities, and anthocyanin of
oregano, thyme, terebinth, and pomegranate. J Food Sci. 2010;75(7):C626-

C632.

203. Fecka I, Turek S. Determination of polyphenolic compounds in commercial
herbal drugs and spices from Lamiaceae: thyme, wild thyme and sweet

marjoram by chromatographic techniques. Food Chem. 2008;108(3):1039-1053.

204. Yanishlieva NV, Marinova EM, Gordon MH, Raneva VG. Antioxidant activity
and mechanism of action of thymol and carvacrol in two lipid systems. Food

Chem. 1999:64(1):59-66.

196

© University of Pretoria



205. Lopez-Mata MA, Ruiz-Cruz S, Silva-Beltran NP, Ornelas-Paz JDJ, Zamudio-
Flores PB, Burruel-lbarra SE. Physicochemical, antimicrobial and antioxidant
properties of chitosan films incorporated with carvacrol. Molecules.

2013;18(11):13735-13753.

206. Yanishlieva NV, Marinova EM, Gordon MH, Raneva VG. Antioxidant activity
and mechanism of action of thymol and carvacrol in two lipid systems. Food

Chem. 1999 1/1;64(1):59-66.

207. Cai Q, Rahn RO, Zhang R. Dietary flavonoids, quercetin, luteolin and genistein,
reduce oxidative DNA damage and lipid peroxidation and quench free radicals.

Cancer Lett. 1997;119(1):99-107.

208. Romanova D, Vachalkova A, Cipak L, Ovesna Z, Rauko P. Study of antioxidant
effect of apigenin, luteolin and quercetin by DNA protective method. Neoplasma.

2001;48(2):104-107.

209. Cavia-Saiz M, Busto MD, Pilar-lzquierdo MC, Ortega N, Perez-Mateos M,
Mufiz P. Antioxidant properties, radical scavenging activity and biomolecule
protection capacity of flavonoid naringenin and its glycoside naringin: a

comparative study. J Sci Food Agric. 2010;90(7):1238-1244.

210. Koleckar V, Opletal L, Brojerova E, Rehakova Z, Cervenka F, Kubikova K, et al.
Evaluation of natural antioxidants of Leuzea carthamoides as a result of a
screening study of 88 plant extracts from the European Asteraceae and

Cichoriaceae. J enz inhib med chem. 2008;23(2):218-224.

197

© University of Pretoria



211. Kelm M, Nair M, Strasburg G, DeWitt D. Antioxidant and cyclooxygenase
inhibitory phenolic compounds from Ocimum sanctum Linn. Phytomedicine.

2000;7(1):7-13.

212. Rafatian G, Khodagholi F, Farimani MM, Abraki SB, Gardaneh M. Increase of
autophagy and attenuation of apoptosis by Salvigenin promote survival of SH-
SY5Y cells following treatment with H202. Mol Cell Biochem. 2012;371(1-2):9-

22.

213. Zheng W, Wang SY. Antioxidant activity and phenolic compounds in selected

herbs. J Agric Food Chem. 2001;49(11):5165-5170.

214. Seelinger G, Merfort I, Schempp CM. Anti-oxidant, anti-inflammatory and anti-

allergic activities of luteolin. Planta Med. 2008;74(14):1667-1677.

215. Lee S, Umano K, Shibamoto T, Lee K. Identification of volatile components in
basil (Ocimum basilicum L.) and thyme leaves (Thymus vulgaris L.) and their

antioxidant properties. Food Chem. 2005 6;91(1):131-137.

216. Cazzola R, Camerotto C, Cestaro B. Anti-oxidant, anti-glycant, and inhibitory
activity against a-amylase and a-glucosidase of selected spices and culinary

herbs. Int J Food Sci Nutr. 2011;62(02):175-184.

217. Chang SS, ostric-matijasevic B, Hsieh OA, Huang C. Natural antioxidants from

rosemary and sage. J Food Sci. 1977;42(4):1102-1106.

218. Cuvelier ME, Berset C, Richard H. Antioxidant constituents in sage (Salvia

officinalis). J Agric Food Chem. 1994;42(3):665-669.

198

© University of Pretoria



219. Eghdami A, Sadeghi F. Determination of total phenolic and flavonoids contents
in methanolic and aqueous extract of Achillea millefolium. Org Chem J.

2010;2:81-84.

220. Kiselova Y, Ivanova D, Chervenkov T, Gerova D, Galunska B, Yankova T.
Correlation between the in vitro antioxidant activity and polyphenol content of

aqueous extracts from Bulgarian herbs. Phytotherapy res. 2006;20(11):961-965.

221. Kumarasamy Y, Byres M, Cox PJ, Jaspars M, Nahar L, Sarker SD. Screening
seeds of some Scottish plants for free radical scavenging activity. Phytotherapy

res. 2007;21(7):615-621.

222. Trouillas P, Calliste C, Allais D, Simon A, Marfak A, Delage C, et al.
Antioxidant, anti-inflammatory and antiproliferative properties of sixteen water
plant extracts used in the Limousin countryside as herbal teas. Food Chem.

2003:80(3):399-407.

223. Wojdyto A, Oszmianski J, Czemerys R. Antioxidant activity and phenolic

compounds in 32 selected herbs. Food Chem. 2007;105(3):940-949.

224. Maliar T, Jedinak A, Kadrabova J, Sturdik E. Structural aspects of flavonoids as

trypsin inhibitors. Eur J Med Chem. 2004;39(3):241-248.

225. Krause M, Galensa R. Analysis of enantiomeric flavanones in plant extracts by
high-performance liquid chromatography on a cellulose triacetate based chiral

stationary phase. Chromatographia. 1991;32(1-2):69-72.

226. Sun Y, Wu X, Yin Y, Gong F, Shen Y, Cai T, et al. Novel immunomodulatory

properties of cirsilineol through selective inhibition of IFN-y signaling in a murine

199

© University of Pretoria



vvvvvvvvvvvvvvvvvvvvv
uuuuuuuuuuuuuuuuuuuu

model of inflammatory bowel disease. Biochem Pharmacol. 2010;79(2):229-

238.

227. Miura K, Kikuzaki H, Nakatani N. Antioxidant activity of chemical components
from sage (Salvia officinalis L.) and thyme (Thymus vulgaris L.) measured by

the oil stability index method. J Agric Food Chem. 2002;50(7):1845-1851.

228. Petersen M, Simmonds MSJ. Rosmarinic acid. Phytochemistry. 2003

1;62(2):121-125.
229. Manu Kumar HM, Prathima VR, Sowmya, Siddagangaiah, Thribhuvan K.R.
Study of nutritional qualiry, phytochemical constituents and antioxidant activities

by different solvents of nettle (Urtica urens) from Madikeri karnataka state. Int

Res J Pharm App Sci. 2013;3(5):112-119.
230. Abdel-Wahhab MA, Said A, Huefner A. NMR and radical scavenging activities
of patuletin from Urtica urens against aflatoxin B1. Pharm Biol. 2005;43(6):515-

525.
231. Guinot P, Gargadennec A, Valette G, Fruchier A, Andary C. Primary flavonoids
in marigold dye: extraction, structure and involvement in the dyeing process.

Phytochem Anal. 2008;19(1):46-51.
232. Hu C, Kitts DD. Antioxidant, prooxidant, and cytotoxic activities of solvent-

fractionated dandelion (Taraxacum officinale) flower extracts in vitro. J Agric

Food Chem. 2003;51(1):301-310.
200

© University of Pretoria



233. Genet S, Kale RK, Baquer NZ. Alterations in antioxidant enzymes and oxidative
damage in experimental diabetic rat tissues: effect of vanadate and fenugreek

(Trigonella foenum-graecum). Mol Cell Biochem. 2002;236(1-2):7-12.

234. Pari L, Srinivasan S. Antihyperglycemic effect of diosmin on hepatic key
enzymes of carbohydrate metabolism in streptozotocin-nicotinamide-induced

diabetic rats. Biomed Pharmacotherapy. 2010 9;64(7):477-481.

235. Campanero MA, Escolar M, Perez G, Garcia-Quetglas E, Sadaba B, Azanza
JR. Simultaneous determination of diosmin and diosmetin in human plasma by
ion trap liquid chromatography—atmospheric pressure chemical ionization
tandem mass spectrometry: Application to a clinical pharmacokinetic study. J

Pharm Biomed Anal. 2010;51(4):875-881.

236. Manuel y Keenoy B, Vertommen J, De Leeuw |. The effect of flavonoid
treatment on the glycation and antioxidant status in Type 1 diabetic patients.

Diabetes Nutr Metab. 1999;12(4):256-263.

237. Wilmsen PK, Spada DS, Salvador M. Antioxidant activity of the flavonoid
hesperidin in chemical and biological systems. J Agric Food Chem.

2005;53(12):4757-4761.

238. Srinivasan S, Pari L. Ameliorative effect of diosmin, a citrus flavonoid against
streptozotocin-nicotinamide generated oxidative stress induced diabetic rats.

Chem Biol Interact. 2012;195(1):43-51.

201

© University of Pretoria



239. Spencer JP, Abd El Mohsen, Manal M, Rice-Evans C. Cellular uptake and
metabolism of flavonoids and their metabolites: implications for their bioactivity.

Arch Biochem Biophys. 2004;423(1):148-161.

240. Yaffe D, Saxel O. Serial passaging and differentiation of myogenic cells

isolated from dystrophic mouse muscle. Nature. 1977;270(5639):725-727.

241. Miller-Keane. Encyclopedia and Dictionary of Medicine, Nursing, and Allied

Health. 7th ed. Elsevier; 2003.

242. Sena CM, Pereira AM, Seica R. Endothelial dysfunction - a major mediator of
diabetic vascular disease. Biochim Biophys Acta Mol Basis Dis.

2013;1832(12):2216-2231.

243. Vichai V, Kirtikara K. Sulforhodamine B colorimetric assay for cytotoxicity

screening. Nat Protoc. 2006;1(3):1112-1116.

244. Plumb JA, Milroy R, Kaye SB. Effects of the pH dependence of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide-formazan absorption on
chemosensitivity determined by a novel tetrazolium-based assay. Cancer Res.

1989;49(16):4435-4440.

245. Rubinstein LV, Shoemaker RH, Paull KD, Simon RM, Tosini S, Skehan P, et al.
Comparison of in vitro anticancer-drug-screening data generated with a
tetrazolium assay versus a protein assay against a diverse panel of human

tumor cell lines. J Natl Cancer Inst. 1990;82(13):1113-1118.

246. Perez RP, Godwin AK, Handel LM, Hamilton TC. A comparison of clonogenic,

microtetrazolium and sulforhodamine B assays for determination of cisplatin

202

© University of Pretoria



cytotoxicity in human ovarian carcinoma cell lines. Eur J Cancer.

1993:29(3):395-399.

247. Kang SC, Lee CM, Choi H, Lee JH, Oh JS, Kwak JH, et al. Evaluation of
oriental medicinal herbs for estrogenic and antiproliferative activities.

Phytotherapy Res. 2006;20(11):1017-1019.

248. Park KJ, Yang S, Eun YA, Kim SY, Lee HH, Kang H. Cytotoxic effects of
Korean medicinal herbs determined with hepatocellular carcinoma cell lines.

Pharm Biol. 2002;40(3):189-195.

249. Ruangnoo S, Itharat A, Sakpakdeejaroen I, Rattarom R, Tappayutpijam P,
Pawa KK. In vitro cytotoxic activity of Benjakul herbal preparation and its active
compounds against human lung, cervical and liver cancer cells. J Med Assoc

Thai. 2012;95:127-34.

250. Burattini S, Ferri R, Battistelli M, Curci R, Luchetti F, Falcieri E. C2C12 murine
myoblasts as a model of skeletal muscle development: Morpho-functional

characterization. Eur J Histochem. 2004;48(3):223-233.

251. Béyum A. A one-stage procedure for isolation of granulocytes and lymphocytes
from human blood. General sedimentation properties of white blood cells in a 1g

gravity field. Scand J Clin Lab Invest Suppl. 1968;97:51-76.

252. Hamrouni-Sellami I, Rahali FZ, Rebey IB, Bourgou S, Limam F, Marzouk B.
Total phenolics,flavonoids, and antioxidant activity of sage (Salvia officinalis L.)
plants as affected by different drying methods. Food and Bioprocess Tech.

2013:6(3):806-817.

203

© University of Pretoria



253. Guarrera PM, Savo V. Perceived health properties of wild and cultivated food
plants in local and popular traditions of Italy: A review. J Ethnopharmacol.

2013:146(3):659-680.

254. Baraibar P, Broncano F, Lazaro-Carrasco M, Villania M. Estudio de la
toxicidad aguda y cronica de la ortiga (Urtica dioica L.). Anal Bromatol.

1983;35:99-103.

255. Abdel-Barry JA, Abdel-Hassan IA, Al-Hakiem MHH. Hypoglycaemic and
antihyperglycaemic effects of Trigonella foenum-graecum leaf in normal and

alloxan induced diabetic rats. J Ethnopharmacol. 1997 11;58(3):149-155.

256. Bussmann RW, Malca G, Glenn A, Sharon D, Nilsen B, Parris B, et al. Toxicity
of medicinal plants used in traditional medicine in Northern Peru. J

Ethnopharmacol. 2011;137(1):121-140.

257. Abu-Dahab R, Afifi F. Antiproliferative activity of selected medicinal plants of
Jordan against a breast adenocarcinoma cell line (MCF7). Scientia

Pharmaceutica. 2007;75(3):121-136.

258. Fabio A, Cermelli C, Fabio G, Nicoletti P, Quaglio P. Screening of the
antibacterial effects of a variety of essential oils on microorganisms responsible

for respiratory infections. Phytotherapy Res. 2007;21(4):374-377.

259. Berdowska |, Zielinski B, Fecka I, Kulbacka J, Saczko J, Gamian A. Cytotoxic
impact of phenolics from Lamiaceae species on human breast cancer cells.

Food Chem. 2013;141(2):1313-1321.

204

© University of Pretoria



260. Cavalcanti AM, Baggio CH, Freitas CS, Rieck L, de Sousa RS, Da Silva-Santos
JE, et al. Safety and antiulcer efficacy studies of Achillea millefolium L. after

chronic treatment in Wistar rats. J Ethnopharmacol. 2006;107(2):277-284.

261. Sarker SD, Eynon E, Fok K, Kumarasamy Y, Marie E, Murphy LN, et al.
Screening the extracts of the seeds of Achillea millefolium, Angelica sylvestris
and Phleum pratense for antibacterial, antioxidant activities and general toxicity.

Orient Pharm Exp Med. 2003;3:157.

262. Domitrovié R, Jakovac H, Romié¢ Z, Raheli¢ D, Tadi¢ Z. Antifibrotic activity of
Taraxacum officinale root in carbon tetrachloride-induced liver damage in mice.

J Ethnopharmacol. 2010;130(3):569-577.

263. Escudero N, De Arellano M, Ferndndez S, Albarracin G, Mucciarelli S.
Taraxacum officinale as a food source. Plant Foods Human Nutr. 2003;58(3):1-

10.

264. Park CM, Park JY, Noh KH, Shin JH, Song YS. Taraxacum officinale Weber
extracts inhibit LPS-induced oxidative stress and nitric oxide production via the

NF-kB modulation in RAW 264.7 cells. J Ethnopharmacol. 2011;133(2):834-842.

265. Ovadje P, Hamm C, Pandey S. Efficient induction of extrinsic cell death by
dandelion root extract in human chronic Myelomonocytic Leukemia (CMML)

cells. PloS one. 2012;7(2):e30604.

266. Lee B, Lee J, An H. Effects of Taraxacum officinale on fatigue and

immunological parameters in mice. Molecules. 2012;17(11):13253-13265.

205

© University of Pretoria



267. You Y, Yoo S, Yoon H, Park J, Lee Y, Kim S, et al. In vitro and in vivo
hepatoprotective effects of the aqueous extract from Taraxacum officinale
(dandelion) root against alcohol-induced oxidative stress. Food and chem

toxicol. 2010;48(6):1632-1637.

268. Aherne SA, Kerry JP, O'Brien NM. Effects of plant extracts on antioxidant
status and oxidant-induced stress in Caco-2 cells. Br J Nutr. 2007;97(2):321-

328.

269. Chiasson J, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. Acarbose
for prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial.

The Lancet. 2002;359(9323):2072-2077.

270. Ceriello A, Davidson J, Hanefeld M, Leiter L, Monnier L, Owens D, et al.
Postprandial hyperglycaemia and cardiovascular complications of diabetes: an

update. Nutr Metab Cardiovasc Dis. 2006;16(7):453-456.

271. Hamdan II, Afifi FU. Capillary electrophoresis as a screening tool for alpha

amylase inhibitors in plant extracts. Saudi Pharma J. 2010;18(2):91-95.

272. Junge B, Matzke M, Stoltefuss J. Chemistry and structure-activity relationships

of glucosidase inhibitors. Oral Antidiabetics: Springer; 1996. p. 411-482.

273. White A, Handler P, Smith E, Stetten Jr D. Principles of biochemistry. 2nd ed.

Principles Biochem. 1959.

274. Bernfeld P. Amylases, a and 3. Methods Enzymol. 1955;1(C):149-158.

206

© University of Pretoria



275. iGem K. [Internet]. Project Digestion. [updated 2011; cited 2014 March 22].

Available from: http://2011.igem.org/Team:Kyoto/Digestion.

276. Collins RA, Ng TB, Fong WP, Wan CC, Yeung HW. Inhibition of glycohydrolase
enzymes by aqueous extracts of chinese medicinal herbs in a microplate format.

Biochem Mol Biol Int. 1997;42(6):1163-1169.

277. Natarajan A, Srienc F. Dynamics of Glucose Uptake by Single Escherichia coli

Cells Metab Eng. 1999;1(4):320-333.

278. Lloyd P, Hardin C, Sturek M. Examining glucose transport in single vascular
smooth muscle cells with a fluorescent glucose analog. Physiological Res.

1999;48(6):401-410.

279. Zou C, Wang Y, Shen Z. 2-NBDG as a fluorescent indicator for direct glucose

uptake measurement. J Biochem Biophys Methods. 2005;64(3):207-215.

280. Kim M, Lee S, Lee H, Lee S, Baek J, Kim D, et al. Comparative Study of the
Inhibition of a-glucosidase, a-amylase, and cyclomaltodextrin
glucanosyltransferase by acarbose, isoacarbose, and acarviosine—glucose.

Arch Biochem Biophys. 1999;371(2):277-283.

281. Qian M, Haser R, Buisson G, Duee E, Payan F. The active center of a
mammalian alpha-amylase. Structure of the complex of a pancreatic alpha-
amylase with a carbohydrate inhibitor refined to 2.2. ANG resolution.

Biochemistry. 1994;33(20):6284-6294.

207

© University of Pretoria



282. Bischoff H, Puls W, Krause H, Schutt H, Thomas G. Pharmacological
properties of the novel glucosidase inhibitors BAY m 1099 (miglitol) and BAY o

1248. Diabetes Res Clin Pract. 1985;1(1):53.

283. Apostolidis E, Lee C. In Vitro potential of ascophyllum nodosum phenolic
antioxidant-mediated a-glucosidase and a-amylase inhibition. J Food Sci.

2010;75(3):H97-H102.

284. Li YQ, Zhou FC, Gao F, Bian JS, Shan F. Comparative evaluation of quercetin,
isoquercetin and rutin as inhibitors of a-glucosidase. J Agric Food Chem.

2009;57(24):11463-11468.

285. Ramirez G, Zavala M, Pérez J, Zamilpa A. In vitro screening of medicinal
plants used in Mexico as antidiabetics with glucosidase and lipase inhibitory

activities. eCAM. 2012.

286. Vidyashankar S, Sharath Kumar L, Barooah V, Sandeep Varma R,
Nandakumar KS, Patki PS. Liv. 52 up-regulates cellular antioxidants and
increase glucose uptake to circumvent oleic acid induced hepatic steatosis in

HepG2 cells. Phytomedicine. 2012;19(13):1156-1165.

287. Mustafa KG, Ganai BA, Akbar S, Dar MY, Masood A. 3-Cell protective efficacy,
hypoglycemic and hypolipidemic effects of extracts of Achillea millifolium in

diabetic rats. Chinese J Nat Med. 2012;10(3):185-189.

288. Cornara L, D'Arrigo C, Pioli F, Borghesi B, Bottino C, Patrone E, et al.

Micromorphological investigation on the leaves of the rock samphire (Crithmum

208

© University of Pretoria



maritimum L.): Occurrence of hesperidin and diosmin crystals. Plant

Biosystems. 2009;143(2):283-292.

289. Shani J, Goldschmied A, Joseph B. Hypoglycaemic effect of Trigonella foenum
graecum and Lupinus termis (Leguminosae) seeds and their major alkaloids in
alloxan diabetic and normal rats. Arch Int Pharmacodyn Ther. 1974;210(1):27-

37.

290. Khosravi R, Sendi JJ. Toxicity, development and physiological effect of Thymus
vulgaris and Lavandula angustifolia essential oils on Xanthogaleruca luteola

Coleoptera: Chrysomelidae). J King Saud Univ-Sci. 2013;25(4):349-355.

291. Mehrabadi M, Bandani A, Saadati F, Mahmudvand M. B-Amylase activity of
stored products insects and its inhibition by medicinal plant extracts. J Agric Sci

Tech. 2011;13(6).

292. Kim JS, Kwon CS, Son KH. Inhibition of alpha-glucosidase and amylase by

luteolin, a flavonoid. Biosci Biotechnol Biochem. 2000;64(11):2458-2461.

293. Alarcon-Aguilar F, Roman-Ramos R, Flores-Saenz J, Aguirre-Garcia F.
Investigation on the hypoglycaemic effects of extracts of four Mexican medicinal
plants in normal and Alloxan-diabetic mice. Phytotherapy Res. 2002;16(4):383-

386.

294. Lima CF, Azevedo MF, Araujo R, Fernandes-Ferreira M, Pereira-Wilson C.
Metformin-like effect of Salvia officinalis (common sage): is it useful in diabetes

prevention? Br J Nutr. 2006;96(2):326-333.

209

© University of Pretoria



295. Onal S, Timur S, Okutucu B, Zihnioglu F. Inhibition of a-glucosidase by
aqueous extracts of some potent antidiabetic medicinal herbs. Prep Biochem

Biotechnol. 2005;35(1):29-36.

296. Odhav B, Kandasamy T, Khumalo N, Baijnath H. Screening of African
traditional vegetables for their alpha-amylase inhibitory effect. J Med Plants

Res. 2010;4(14):1502-1507.

297. Neef H, Declercqg P, Laekeman G. Hypoglycaemic activity of selected

European plants. Phytotherapy Res. 1995;9(1):45-48.

298. Swanston-Flatt SK, Flatt PR, Day C, Bailey CJ. Traditional dietary adjuncts for

the treatment of diabetes mellitus. Proc Nutr Soc. 1991;50(3):641-651.

299. Whitehead TP, Robinson D, Allaway S, Syms J, Hale A. Effect of red wine

ingestion on the antioxidant capacity of serum. Clin Chem. 1995;41(1):32-35.

300. Christensen KB, Minet A, Svenstrup H, Grevsen K, Zhang H, Schrader E, et al.
Identification of plant extracts with potential antidiabetic properties: effect on
human peroxisome proliferator-activated receptor (PPAR), adipocyte
differentiation and insulin-stimulated glucose uptake. Phytotherapy Res.

2009:23(9):1316-1325.

301. Jianbo Xiao, Xiaoling Ni, Guoyin Kai, Xiaoging Chen. A review on structure—
activity relationship of dietary polyphenols inhibiting a-amylase. Clin Rev Food

Sci Nutr. 2013;53(3): 497-506.

302. Juan Zhang, Jun-Hui Cui, Tingting Yin, Lizhou Sun, Genxi Li. Activated effect of

lignin on a-amylase. Food Chem. 2013;141(3): 2229-2237.

210

© University of Pretoria



303. Kati Hanhineva Riitta Torronen, Isabel Bondia-Pons, Jenna Pekkinen, Marjukka
Kolehmainen, Hannu Mykkanen and Kaisa Poutanen. Impact of Dietary

Polyphenols on Carbohydrate Metabolism. Int J Mol Sci. 2010;11(4):1365-1402.

211

© University of Pretoria



