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ABSTRACT

This thesis contains scientific evidence on the anticancer properties of two unique
South African herbal teas, rooibos and honeybush, and the herbal plant
Sutherlandia frutescens (cancer bush) using an in vivo oesophageal cancer model
in rats and a human cancer cell line in vitro. Green and black teas (Camellia
sinensis), known to modulate oesophageal cancer in rats were included as
references. The unfermented herbal teas reduced tumour multiplicity (number and
size) by significantly (P<0.05) decreasing the total mean number and the mean
sizes of papillomas. Green and black teas significantly (P<0.05) reduced the total
mean number of papillomas, while the mean size was markedly reduced. The
Sutherlandia frutescens infusion markedly reduced the total mean number and
mean size of papillomas. Modulation of the.growth kinetics of the early neoplastic
oesophageal lesions by the teaspresumably-the-polyphenolic constituents, is likely
to reduce their proliferative activity-A-total-pelypherokintake threshold of 7 mg/100
g body weight is proposed for thel herbal teas to effectively modulate oesophageal
papilloma development in rats. Specific' polyphencl'subgroup ratios also appear to
be important, as “fermentation” chemically alters polyphenols and reduces the water
soluble polyphenol content of rooibos and honeybush and therefore reduced their
chemopreventive properties. The cytotoxicity and anti-proliferative properties of the
different teas were also evaluated in a human oesophageal cancer cell line.
Although the cytotoxicity could not be measured accurately when using the lactate
dehydrogenase (LDH) release and tetrazolium bromide (MTT) colorimetric assays
as a result of colour interference of the teas, satisfactory results were obtained when
employing flow cytometry, CellTiter Glo® Luminescence and BrdU incorporation cell
proliferation assays. Plant matrix and media interactions effected by Sutherlandia
frutescens also prevented the determination of cytotoxic parameters in the cancer
cells. When utilising flow cytometry and cell viability assays, unfermented rooibos
tea displayed properties comparable to the Camellia sinensis teas, while honeybush
exhibited weaker effects. Unfermented rooibos, however, exhibited a more potent
inhibitory effect on cell proliferation when compared to green and unfermented
honeybush teas. Impairment of the proliferative capacity of the papillomas and the
human cancer cell line could be important in utilizing the herbal teas as

chemopreventive agents against oesophageal cancer.

vi






2-AAF
AFB;
Bla]P
CCL4
DNA
DMBA
DMEM
DPPH
ELISA
EGCG
E/A
FBS
FDE
FB1
GABA
HBSS
HCAs
HAA
HPLC
H20,

LDH
L-glut
MBN
MTT
NMBA
ORAC
PhIP
PSF
ROS
SCC
TPP

ABBREVIATIONS

2 acetylaminofluorine

Aflatoxin B,

benzo[a]pyrene

Carbon tetrachloride
Deoxyribonucleic acid
Dimethylbenz[a]anthrocene

Dulbecco’s modified eagle’'s medium
a,a-diphenyl-R-picrylhydrazyl
Enzyme-linked immunosorbant assay
Epigallocatechin-3-gallate

Ethyl acetate

Fetal bovine serum

Freeze-dried extract

Fumonisin B4
Gamma-aminobutyri¢ acid

Hank's balanced salt solution
Heterocyclic amines

Heterocyclic aromatic amines

High performance liquid chromatography
Hydrogen peroxide
2-amino-3-methylimidazo[4,5-flquinoline
Lactate dehydrogenase

L-glutamine

Methylbenzylnitrosamine
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
N-Nitosomethylbenzylamine

Oxygen radical absorbance capacity
2-amino-1-methyl-6-phenylimidazo-[4,5-b]pyridine
Penicillin, Streptomycin, Fungizole
Reactive oxygen species
Squamous cell carcinoma

Total polyphenols

vii






A concentration of FDE/ml that exerts an inhibitory action

(cytotoxicity, cell viability or anti-proliferation) of 50%.

Vil



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




LIST OF FIGURES

Chapter 2

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

1

12

13

14

12

Pro-carcinogens are converted to DNA reactive electrophiles, or

detoxified to suitable stable products and excreted

Schematic representation of the multistep process of carcinogenesis

Diagram showing events in the cell cycle

Diagrams illustrating the position and layers of the oesophagus

Tea pickers in Camellia sinensis plantations

Diagram showing tea processing—steps and the effects on tea

polyphenol content.

Chemical structure of the major grieen itea catachins

Chemical structure of major blagk tea theaflavins

Map of the Cedarberg region (red) of the Western Cape, South Africa

Rooibos, a fynbos species endemic to the Clanwilliam/Cedarberg area.

Structure of the dihydrochalcones in rooibos tea

Structure of quercetin, isoquercitrin and rutin

Structure of iso-orientin, isovitexin, orientin and vitexin.

Structure of luteolin and chrysoeriol

Map of Western Cape in South Africa, illustrating the regions where

honeybush is grown

12

13

16

19

25

26

27

28

33

34

36

36

37

37

43

1X






Fig. 16 Photograph taken in a honeybush plantation

Fig. 17 Structure of mangiferin and isomangiferin

Fig. 18  Structure of hesperetin, hesperidin, naringenin, eriodictyol, narirutin
and eriocitrin

Fig. 19  Sutherlandia frutescens bush with dry pods

Fig. 20 A representation of the L-canavanine molecule

Fig. 21  Structure of D-pinitol

Fig. 22  Structure of L-arginine

Fig. 23  Structure of Gamma-aminobutyri¢ acid

Chapter 3

Fig. 1 Experimental design forthe besophiageal cancer model

Fig. 2 Photographs of oesophageal papillomas at termination of the study

Fig. 3 Interactive plots illustrating combined and separate effects of fermented
and unfermented teas on the sizes of oesophageal
papillomas

Fig. 4 Interactive plots illustrating combined and separate effects of fermented
and unfermented teas on the numbers of oesophageal papillomas

Chapter 4

Fig. 1 Flow cytometry diagrams illustrating viable, apoptotic and dead WHCO5 cells

exposed to green, unfermented rooibos and unfermented honeybush teas

44

46

46

50

51

51

51

51

92

110

112

116

1562



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




LIST OF TABLES

Chapter 3

Table 1

Table 2

Table 4

Amount of soluble solids, total polyphenols, total flavonols, and total

flavanols of the different teas fed to the rats over six months

Inter-group/intra-group comparison of tea, soluble solids, total

polyphenols, flavonols and flavanols intakes

Inter-group comparison of the average tea, soluble solids, total

polyphenols, flavonols and flavanols intakes over the 6 month period

Mean intake profiles of major flavonoids of rooibos as a function of
mean amount of soluble solids_and different polyphenol intake

parameters

Mean intake profiles of major polyphénols of honeybush as a function

of mean amount of soluble 'solids \and! different polyphenol intake

parameters

Table 6 Effect of Camellia sinensis and different herbal teas on the total mean
number and different size categories of oesophageal papillomas

Table 7 Effect of Sutherlandia frutescens on the total mean number and
different size categories of oesophageal papillomas

Chapter 4

Table 1 LDH release, as a percentage of the control, in WHCO5 cells exposed
to various teas

Table 2 Cell viability utilising the MTT colorimetric assay, as a percentage of

the control in WHCOS5 cells exposed to various teas

X1

122

150

151

X1



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Flow cytometry results illustrating cell viability, apoptosis and cell death
of WHCOS5 cells exposed to various concentrations of green and

unfermented herbal teas

Dose response cytotoxic effects of Camellia sinensis and herbal teas and
the Sutherlandia infusion obtained in cell titer glo assay, depicting

percentage ATP inhibiton and IC50 concentration in mg FDE/ml

Dose response of inhibitory effects and ICs0 values of green,
unfermented rooibos and honeybush on cell proliferation as monitored

by the incorporation of BrdU

Comparable soluble solids, total polyphenol, flavonol/flavone, and
flavanol/proanthocyanidin-¢ontent of the diffefent teas associated with
the ICsp of the ATP activity in-the WHCOB5 cells

Major flavonoids expressed |as!ia lfunction of the ICs, values of
unfermented and fermented rooibos teas associated with cell viability

as determined by the cell titer glo assay

Major polyphenols expressed as a function of the IC50 values of
unfermented and fermented honeybush teas associated with cell

viability as determined by the cell titer glo assay

Major rooibos flavonoids and honeybush polyphenols expressed as a
function of the ICsy values associated with the inhibition of cell

proliferation

154

156

158

158

160

161

162

X11






TABLE OF CONTENTS

Page
Declaration i
Dedication ii
Acknowledgements iv
Abstract Vi
Abbreviations vii
List of figures iX
List of tables Xi
Contents xiii
CHAPTER 1
GENERAL INTRODUCITON 2
CHAPTER 2
LITERATURE REVIEW
241 Introduction 10
2.2 Environmental carcinogens 10
2.3 Carcinogenesis 12
2.4  Characteristics of tumours 14
2.5 Regulation of cellular growth 15
2.5.1 Checkpoints and restriction sites 16
2.5.2 Cell cycle control and carcinogenesis 17
2.6 The oesophagus
2.6.1 Structure and function 18
2.6.2 Oesophageal cancer 19
2.6.3 Incidence 20
2.6.3 Diet and other risk factors 21
2.7 Chemoprevention 22
28 Teaas a possible tool for chemoprevention 24
2.9  Camellia sinensis (Green and black teas) 25

2.9.1 History and processing 25

X1il






2.9.2 Major phenolic constituents of green and black teas

2.9.2.1
2822
2.9.23
2.8.3
2.9.31
2.9.3.2
2.9.4
2.9.4.1
2942
2.10
2.10.1
2.10.2
2.10.3
2.10.4

Green tea

Black tea

Health benefits of Camellia sinensis
Biological activity of tea polyphenols
Antioxidant activity

Antimutagenicity

Carcinogenesis studies using Camellia sinensis
Animal studies

Studies in humans

Aspalathus linearis (Rooibos tea)
Origin and processing

Anecdotal health claims

Phenolic constituents of regibostea

Biological properties of rogibos tea

2.10.4.1 Antioxidant properties

2.10.4.2 Anti-mutagenic properties

2.10.4.3 Anti-tumour properties

2.10.4.4 Anti-aging properties
2.10.4.5 Anti-hemolytic effect

2.1

2414
2112
2.11.3
2.11.4

Cyclopia intermedia (Honeybush tea)
Origin and processing

Anecdotal health claims

Phenolic constituents of Cyclopia species

Biological activities of Cyclopia species

2.11.4.1 Antioxidant properties

2.11.4.2 Anti-mutagenic properties

2.11.4.3 Inhibition of tumour promotion

212

2.12.1
2 22
2123
212.4

Sutherlandia frutescens subspecies microphylla
Origin

Anecdotal health claims

Constituents of Sutherlandia frutescens

Biological properties

2.12.4.1 Antioxidant properties

26
26
27
28
29
29
30
31
32
32
33
33
35
35
37
37
40
42
42
43
43
43
45
45
47
47
47
49
49
49
50
50
52
52

X1V






2.1.2.4.2 Anti-mutagenic properties

2.12.4.3 Anti-inflammatory properties

2.13 Summary

References

CHAPTER 3 Modulating effects of rooibos and honeybush

3.1
3.2

3:2.1
%
3.2.2.1
S.2.2.2

3.2.3
3.2.3.1
3.2.32
3.2.3.3
3.2.34
324

3.2.4.1

3.24.2
3.25
3.2.5.1

3.3
3.3.1
3.3.2
3.3.3
3.4

3.4.1

Sutherlandia frutescens in the development of oesophageal

cancer in male Fischer (F344) rats
Abstract
Introduction

Materials and methods

Chemicals and reagents
Plant material

Preparation of tea samples

Preparation of a methanol extract of unfermented rooibos tea (RgM extract)

Chemical analysis of herbalteasamples
Soluble solid determination
Determination of total polyphenois
Determination of flavonol/flavone content
Total flavanol/proanthocyanidin content

Flévonoid analyses of the herbal teas by HPLC
Rooibos tea

Honeybush tea
Animals and treatments

Modulation of oesophageal papillomas by MBN

Statistical analysis

Repeated analysis to assess tea intake parameters
Analysis without repeats (time effects)

Modulation of MBN-induced oesophageal papillomas

Results

Characterisation of the different tea and infusion parameters

53
53

54
56

81
82
83
86

86
86
87
87

88
88
88
89
89
89

89

90
90
91

93
93
93
94
94

94

XV






3.4.1.1
3.41.2

3413
3.4.1.4
3.4.2
3.4.3
3.44

3.4.4.1
3.4.4.2
3.443
3.444
3.445
3.446
3.4.5

3.4.5.1
3.45.2
3.4.5.3
3.45.4
3.4.6
3.4.7

3.4.7.1
3.4.7.2
3.4.8
3.5

Soluble solid content

Total polyphenol content

Flavonol/flavone content
Flavanol/proanthocyanidin content

Fluid intake profiles and body weight gains
Quantification of the different tea intake parameters

Kinetic variation of the tea and herbal infusion intake parameters

Fluid intake

Soluble solid intake

Total polyphenol (TPP) intake

Flavonol/Flavone intake

Flavanol/Proanthocyanidin intake

Average tea and herbal infusion-intake-parameters

Quantification of known herbal teaflavenoids

Rooibos tea

Flavonoid intake

Honeybush tea

Flavonoid and polyphenctintake
Induction of papillomas by MBN

Modulation of papilloma development by the different tea and herbal

infusion

Average total size and different size categories
Mean total number of papillomas (> 0.01 mm?®)
Modulation by Sutherlandia frutescens infusion

Discussion

References

CHAPTER 4: Comparative cytotoxic and anti-proliferative properties of herbal

teas and/or infusions in a human oesophageal cancer cell line

Abstract

4.1. Introduction

4.2. Materials and methods

94
94

94
96
< g
97
98

98

99

100
101
102
103
105

105
105
105
105
109

109
109
114
121
123

130

139
140
141
143

XVI1






4.2.1 Reagents and disposable plastics

4.2.2 Human cancer cell line
4.2.3 Tea preparations
4.2 .4 Cell culture studies

4.2.4.1 LDH Assay

4.2.42 MTT assay
4.2.4.3 Flow cytometry

4.2.5 Determination of cell viability
4.2.6 Cell proliferation assay
4.2.7 ICgq determination

4.3 Statistical analysis

4.4 Results

4.4.1 Cytotoxicty assays

4.41.1 LDH assay

4.4.1.2 MTT assay

4.4.1.3 Flow cytometry

4.4.2 Cell viability

4.4 .3 Cell proliferation

4.5 Polyphenol parameters associated with |Csg values

4.5.1 Cell viability assay

4.5.2 Antiproliferative effects utilizing the BrdU incorporation assay

4.6 Discussion

References

CHAPTER 5: General discussion and conclusion

ADDENDUM

143

143
143
144

144

145
145

146
147
147
148
148
148
148
148
149
154
157
157
157

159
163

168

179

192

Xvii






CHAPTER1

GENERAL.INTRODUCTION




UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




GENERAL INTRODUCTION

Cancer is the largest single cause of death in both men and women in most
countries (Parkin et al., 1999), with oesophageal cancer (OC) being one of the
fastest growing, ranking as the ninth most common malignancy in the world. It is
particularly common in South Africa, specifically among the population of the
former Transkei region in the Eastern Cape (Jaskiewicz et al., 1987; Somdyala et
al., 2003a & b). A similar cluster of people who have an unusually high incidence
live in China, Japan, the Russian Republics, Iran, South America and parts of
France (Bolger et al., 2001; Parkin et al., 2005). However, treatment of OC in a
developing country is extremely challenging and it is the socio-economics of South
Africa alone that presents a significant hurdle in the combat against cancer. As with
many other types of cancer, the outcome of OC depends on how advanced it is

when it is diagnosed, but overall, OC has a very.poor prognosis (Johnson, 2004).

Cancer chemoprevention is onelof.the.most challenging aspects of medical
research. While many genes are |believed |to play |a ralé in the development of
oesophageal cancer, the exact mechanism of development is still unclear (McCabe
and Dlamini, 2004). Initiation, promotion and progression in cancer development
are modulated by many factors related fo metabolism, diet and external
environment (Dufresne et al., 2001, The reversibility of tumour promotion provides
an opportunity to interrupt or delay the development of altered lesions resulting in
tumour formation (Marnewick et al., 2005). Chemoprevention of cancer may make
it possible to control the initiation and promotion events occurring during the
process of neoplastic development by the administration of chemopreventive
agents (Kim and Masuda, 1997).

There is a great need, worldwide, to identify compounds with the ability to prevent
cancer. In South Africa it is not only imperative to identify compounds because of
the high incidence of OC, but also to ensure that the average inhabitant can benefit
from the findings in a cost effective manner. Several studies in animals and

humans support the hypothesis that green tea and tea polyphenols are
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chemopreventive agents for oesophageal cancer (Gao et al., 1994; Sun et al,
2002; Wang et al., 1995). Rooibos (Aspalathus linearis) and honeybush (Cyclopia
intermedia) are herbal teas indigenous to South Africa, and have a history of
anecdotal health benefits. Recent studies show that rooibos and honeybush teas
display significant antimutagenic, antioxidant and antitumour activity, and contain
components that possess significant chemopreventive properties (Marnewick et al.,
2005; Snijman et al., 2007; van der Merwe ef al.. 2006), which may be attributed to
either a single and/or a combination of polyphenols. The biological characterization
of herbal tea fractions with respect to their antioxidant, anti-proliferative, and pro-
apoptotic properties could be important initial steps in developing chemopreventive

products against OC development.

The present thesis reviews different aspects-of oesophageal cancer, chemical
carcinogenesis, the chemopreveniive properties—of-planis and detailed aspects
regarding the South African herbal plants, Aspafathus linearis, Cyclopia intermedia
and Sutherlandia frutescens (Chapter 2), Black and green teas (Camellia sinensis)
were used as experimental controls, singe numérous studies have been conducted
on the anticancer properties of these popular teas (Han and Xu, 1990; Hirose et
al., 1993; Katiyar and Mukhtar, 1996: Steele et al.. 2000- Yang and Wang, 1993).
Differences in the polyphenolic constitients and/or known compounds produced by
these herbal plants are highlighted. As rooibos, honeybush and Sutherlandia
exhibited chemopreventive properties in different in vitro studies (Chinkwo, 2005;
Marnewick et al., 2004, 2005: Southon, 1994; Swaffar et al., 1994: Tai et al.. 2004;
van der Merwe et al., 2006), and the extracts of rooibos and honeybush inhibited
mouse skin cancer development, the present study was conducted to investigate
the preventive properties in an oesophageal cancer model utilising
methylbenzylnitrosamine as carcinogen (Chapter 3). The major emphasis of the
study was on the inhibition of papilloma development, which signifies the effect that
the herbal tea constituents have on the cancer-promoting phase of chemical
carcinogenesis. Detailed tea intake profiles of the tea polyphenolic composition

and known flavonoid and xanthone constituents were monitored.






Studies in human cancer cell lines have made an important contribution to
investigate possible mechanisms involved in the chemopreventive properties of
compounds and/or extracts from plant origins. The underlying mechanisms
involved in the regulation of different cell survival parameters have been used to
predict possible outcomes and provide information on the cytotoxic effects of
chemopreventive agents (Roy et al., 2001; Stewart et al, 2003). A human
oesophageal cancer line (WHCO5) was selected to investigate the selective
Cytotoxic and anti-proliferative properties of the herbal plants. The possible effects
of the known herbal tea polyphenols and/or other constituents are discussed and

their activities debated.

The main findings of the study are integrated and summarised in Chapter 5 while

supportive experimental data are summarised-in-the Addendum section.
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21  Introduction

Cancer is the largest single cause of death in both men and women in most
countries (Parkin et al., 1999). It was estimated that there are 1.9 million new
cases, 6.7 million deaths, and 24.6 million persons alive with cancer per annum
(Parkin et al., 2005). The most commonly diagnosed cancers are lung (1.35
million), breast (1.15 million), and colorectal cancer (1 million), while the most
common causes of cancer death are lung (1.18 million deaths), stomach (700 000
deaths), and liver (598 000 deaths) (Parkin et al., 2005).

There has been striking variations in the risk of different cancers by geographic
area. Most of the international variation may be due to exposure to known or
suspected risk factors related to lifestyle or the environment, and provide a clear
challenge to prevention (Parkin et al., 2005). Cancer is a major health problem and
the effects thereof ultimately extend=into-the commemty (W HO, 1992). For many
cancers, curative treatment is gengrafty not possible and this may be exacerbated
by poverty, health inequalities, and |inappropriate | fadilities (Somdyala, 2002).
Approaches for cancer prevention!in relation té| diet ‘are important to reduce the
incidence, particularly in areas where dietary deficiencies contribute to risk factors
in cancer development. The focus ‘shoufd “be" oh "cdst-effective health care
strategies of which dietary changes are one {ICMR Bulletin, 2001).

Epidemiological data suggested that the major cause of cancer is largely due to
environmental factors as the risk of developing this disease varies greatly between

populations, independent of genetic factors (Johnson, 2004).

2.2 Environmental Carcinogens

A carcinogen is a substance known to cause cancer in experimental animals
and/or in humans, and is contracted by inhalation, ingestion and percutane
absorption. Exposure to chemical carcinogens may be work-related, and may
include products of the combustion of petroleum, processing of tobacco or
industrial processes, which generate aromatic amines. Three principal classes of

food-related mutagens that may be implicated in alimentary carcinogenesis have
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been identified. These include heterocyclic aromatic amines, polycyclic aromatic
amines (Goldman and Shields, 2003) and the nitrosamines that may be formed
during food processing and also by the colonic flora acting on digestive residues of
meat proteins (Bingham, 1999). It has been shown that cooking certain meats at
high temperatures creates chemicals that are not present in uncooked meats (NCI,
2004). Heterocyclic amines (HCAs) are formed during the cooking of muscle from
beef, pork, fowl and fish. 2-amino-3-methylimidazo [4,5-flquinoline (IQ) is an
example of an HCA derived from amino acids during high temperature cooking.
According to the National Cancer Institute (2004) 17 different HCAs resulting from
the cooking of meat, that may increase the risk of human cancer, have been
identified (NCI, 2004). Naturally occurring carcinogens include mycotoxins such as
aflatoxin By and fumonisin By, which are produced by fungi that contaminate
human food sources (Miller and Marasas~2602: Shephard et al.,, 1996, 2005).
Many substances in the environment-such as suntight-and pollutants cause DNA
mutations and are thus consideréd as environmental eafcinogens (Belpomme et
al., 2007; Clapp et al., 2007; Irigaray et |al., 2007),

It is important to note that many carcinagens are converted.to reactive mutagenic
compounds after metabolic activation. ; These .nclude: most environmental
carcinogens such as aflatoxins, polycyclic aromatic hydrocarbons, and
nitrosamines, which are pro-carcinogens that have to be metabolically activated to
electrophilic reactive species that interact with cellular constituents such as the
DNA, protein, etc. (Lin et al., 1999). Several deactivating enzymes exist, which
play a role in the metabolic conversion of these reactive species into water-soluble

conjugates that are excreted from the body (Fig. 1).
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Pro-carcinogen
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mechansims reactive electrophile
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metabolites
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Mutation and

malighant transformation

Fig. 1 Pro-carcinogens are converted to DNA reactive electrophiles, or detoxified to
suitable stable products and excreted (Adapted from Lin et al., 1999).

2.3 Carcinogenesis

Tumourigenesis or carcinogenesis is a multistep process including cellular
mutation and transformation, progression to hyper-proliferative lesions that
culminate in the acquisition of invasive potential, angiogenic properties and
establishment of metastatic lesions (Lin et al., 1999). This multistep process
consists of three phases: (i) tumor initiation, (i) promotion and (iii) progression,
which are subject to multistep levels of control (Butterworth and Goldsworthy,
1991) (Fig. 2).
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Fig. 2 Schematic representation of the multistep process of

carcinogenesis (adapted from Butterworth and Goldsworthy, 1991).

Initiation occurs when a carcinogen reacts with deoxyribonucleic acid
(DNA) to produce a mutation. This initial process involves carcinogen

metabolism, DNA repair and cell proliferation. Initiation is irreversible,
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inheritable and confers a growth advantage as a consequence of a new
biochemical phenotype, which make the cell resistant to the adverse effects
of carcinogens and/or cancer promoters (Faber, 1996; Klaunig et al., 1998).
The initiated cell, however, is and does not necessarily become a cancer
cell.

i) Promotion occurs when tumour promoters contribute to carcinogenesis,
mainly through non-genotoxic mechanisms. They influence the proliferation
of initiated cells to form benign lesions that may regress, or acquire
additional mutations to become a malignant neoplasm. The process
whereby the initiated cell population is expanded is called differential
inhibition and/or stimulation (Faber, 1996: Schulte-Hermann et al., 1993,
2000).

(iii) Tumour progression describes the-progess during which benign lesions are
transformed into cancer ang;under certain instances. develop the ability to
invade and establish distantimetastasis: This process is characterized by
chromosome instability and |mutations! in oncogenes and tumor suppressor
genes. The mutations may-refiect-selections-af-celis suited for neoplastic
growth that may further increase chromasome instability. The dysfunction of

gene products is important,in the.development-of the.cancer phenotype.

2.4  Characteristics of tumours

Tumours are diverse and heterogeneous, but all share the ability to proliferate
beyond the constraints limiting growth in normal tissue. Deregulated cell
proliferation, together with suppressed apoptosis, constitutes the minimal common
platform upon which all neoplastic evolution occurs (Evan and Vousden, 2001).
Cancer cells differ from non-cancer cells in four fundamental ways (Kastan, 1997;
Evan and Vousden, 2001):

(i) Uncontrolled proliferation: Proliferation occurs in non-cancer as well as in
cancer cells, but non-cancer cells stop dividing after the cells are fully

differentiated in contrast to cancer cells.
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lii) Loss of contact inhibition: Non-cancer cells stop growing when they come

into direct contact with other cells. This is a form of communication called
“contact inhibition". Cancer cells seemed to have lost this contact inhibition,
thus having a greater ability to grow and extend.

lii) Lack of adhesion: Non-cancer cells adhere to one another if they are of the
same kind via a process called adhesion. In cancer cells there is a lack of
adhesion that gives them the ability to detach from the original clone and
migrate to other areas.

liv) Inability to differentiate: Differentiation is the specialization of cells and
tissues from immaturity to maturity in order to perform specific cellular
functions. During this process the cells lose their ability to proliferate. An
undifferentiated cell maintains its proliferative capability and does not take
on a normal cellular function. Cancercélistend to be less differentiated and
maintain their proliferative “capability(Kastan;, 1997 Evan and Vousden,
2001).

2.5 Regulation of cellular growth

Cellular homeostasis in tissues; is.-maintained; by.-three mechanisms namely,
proliferation, differentiation and cel] death (apoptosis). (Lackshin and Zakeri, 2001).
Apoptotic cell death is a physiological mechanism that eliminates unwanted cells
by triggering the cell's suicide program (Kerr et al., 1972). Numerous morphological
changes occur when apoptosis is induced. These include membrane blebbing, cell
shrinkage, protein fragmentation, chromatin condensation and DNA degradation,
followed by rapid engulfment of cell debris by neighbouring cells (Christop, 2003).
Impairment of this mechanism may generate pathological conditions that may
include developmental defects such as autoimmune diseases, neurodegeneration
or cancerous neoplasia (Reed et al., 2001). Apoptosis therefore plays a crucial role
in developing and maintaining normal cellular homeostasis whereby old and/or

damaged cells are removed.
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During cell proliferation each cell progresses through the cell cycle where various

protein complexes regulate the events during each phase (Fig. 3).

Fig. 3 Diagram showing events in the ¢ell cycle (www.bmb psu.edu/courses/
biotc489/notes/cycle.jpg)

Completion of the cell cycle requires the co-ordination’'and regulation of a variety of
macromolecular synthesis, assemblies and movements. The chromosomes
replicate, condense, segregate and de-condense, and the spindle poles duplicate,
separate and migrate to opposite ends of the nucleus during mitosis (Hartwell and
Kastan, 1994). In mammals the spindle checkpoint ensures equal chromosome

segregation at almost every cell division.

2.5.1 Checkpoints and restriction sites

All cells undergo cell cycle regulation during which an essential assessment
mechanism exists to determine the integrity of the cell. This will determine whether
the cell may proceed to the next stage or whether it should “commit suicide” via the
process of apoptosis (McCabe and Dlamini, 2004). These regulatory events,
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known as checkpoint signaling pathways, ensure the proper order and timing of

events (Hartwell and Weinert, 1989: Murray, 1992). Checkpoints also ensure that

the events of the cell cycle occur in a well-defined sequence to maintain the

integrity of the cell and its genetic material. Three major checkpoints exist, namely:

(i) Gap | phase, which recognizes damaged DNA and is mediated by p53

(i) Gap Il phase, which senses damaged and/or unreplicated DNA: and

(iii) Mitosis (metaphase), which checks the spindle assembly and ensures that all
the chromosomes are attached to the mitotic spindle by a kinetochore
{(Vermeulen et al., 2003).

Many signal transduction systems, including checkpoint control, undergo
adaptation whereby the restriction diminishes with time in the presence of a
constant stimulus. As a result, the cell-may-proéeed-through the cell cycle, even
though the original defect in the'rgheckpoint controlihas’ not been removed or
cannot be repaired (Sandell and Zakhian; 1993). A defect in any of the checkpoints
can generate a signal that stops progréssion in the others, even if they are not
physically dependent. If the genopie-is-damaged celt-cycie progression is delayed,
predominantly in G1 or G2, until the danvage s fepaired,(MeGowan, 2003).

Mutations affecting the checkpoint proteins are frequent in all types of cancer. The
tumour suppressor protein, p53, is a sequence-specific DNA-binding protein that is
able to induce either cell cycle arrest or apoptosis (Vermeulen et al., 2003). DNA
damage and incomplete replication of DNA that prevents chromosome
segregation, in turn prevents the G2-M transition. Improper functioning of the
mitotic spindle at metaphase can also arrest cell cycle progression (Vermeulen et
al., 2003).

2.5.2 Cell cycle control and carcinogenesis
Potentially oncogenic proliferative signals are coupled to a variety of growth-
inhibitory processes, such as the induction of apoptosis, differentiation of

senescence, each of which restricts subsequent clonal expansion and neoplastic
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gvolution. Tumour progression occurs only in the very rare instances where these
growth-inhibitory mechanisms are thwarted by compensatory mutation. Defects in
surveillance of each of these components result in forms of genetic instability that
characterize precancerous and cancerous cells. These defects are all common
during cancer cell evolution (Hartwell and Kastan., 1994). Cellular damage normally
leads to cell cycle arrest, which could lead to genetic instability if the cell cycle
checkpoint is impaired. Experimental evidence supports the view that loss of the
G1-8 checkpoint and apoptotic signals may contribute to genomic instability and
lumourigenesis by loss of a mechanism for eliminating cells with genetic damage.
This could occur early in cancer progression, leading to the inappropriate survival
of genetically damaged cells. Alternatively, it could occur later in tumourigenesis
and contribute directly to survival of cells in appropriate physiological conditions
(Hartwell and Kastan, 1994; Lin et al., 1999=Evan-and Vousden, 2001). Although
the growth of cancer cells is uncortiotied;they-do cycle-through the same phases
as non-cancer cells. For cancer tojoccur, the failure of the apoptotic safeguard
mechanisms, as well as the derequlation of the cgll cycle is required (Kastan,
1997, Evan and Vousden, 2001).

2.6 The oesophagus

2.6.1 Structure and function

The oesophagus is a muscular tube that connects the mouth to the stomach (Fig.
4a) and carries food into the stomach. The wall of the oesophagus has several
layers (Fig.4b), of which the mucosa, the innermost, is where cancer usually
originates. This layer is composed of thin, flat non-keratinized epithelial squamous
cells, and a thin layer of connective tissue, the lamina propria, followed by a thin
layer of smooth muscle tissue, the muscularis mucosae. The submucosa, which
may contain secretory glands, is found beneath this layer. The next layer is the
muscularis externa, which is made up of an inner band of circular and an outer
band of longitudinal muscle. The last layer, the adventitia, is formed by connective

tissue (http://courseweb.edteched.uottawa.ca/Medicine-
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histology/English/Gastrointestinal/Gastro_Esophagus.htm). Carcinoma of the
oesophagus originates in the epithelial cells in the mucosa and infiltrates the

underlying layers.

Epithelium

Mucosa
Lamina propria

" Muscularis Mucosa
=1 SubMucosa

%8  Muscularis Externa

I A Adventitia

Fig. 4(a) Fig-4(b)
Fig. 4 Diagrams illustrating the position of the oesophagus (4a) and the layers of the
oesophagus (4b) (http://courseweb. edi@ched. usttaws, calMedit ne-histology/Englsih/

Gastrointestinal/Gastro_Esophagus.htm).

2.6.2 Qesophageal cancer

Cancers of the alimentary tract ‘are, “collectively, “amongst the major causes of
morbidity and mortality from cancer across the world today (Johnson, 2004). Most
cancers of the alimentary tract are carcinomas derived from the rapidly dividing
population of stem cells that renew the epithelium forming the barrier between the
lumen and the interior milieu. As with many other types of cancer, the outcome of
oesophageal cancer depends on how advanced it is when initially diagnosed, but
overall, oesophageal cancer has a poor prognosis. Symptoms would include
weight loss, difficulty or pain when swallowing, difficulty in swallowing solids and,
with further progression of the cancer, even liquids become difficult to swallow. At
this stage the disease has usually transgressed beyond that of curable, with
approximately 60 percent of the circumference of the oesophagus being infiltrated
(Johnson, 2004).
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There are two main types of cancer of the oesophagus, namely, squamous cell
carcinoma (SCC), which is common at the upper end, and adenocarcinoma that is
more common at the lower end (Johnson, 2004). SCC represents the most
common oesophageal malignancy and demonstrates wide regional variations in

incidence and causal associations.

2.6.3 Incidence

Oesophageal cancer ranks the ninth most common malignancy in the world and
recent evidence has shown that its incidence is increasing (McCabe and Dlamini,
2004). The incidence of oesophageal cancer varies considerably with geographic
location and also, to some extent, among ethnic groups within a common area.
Information on the incidence of cancer in South Africa has become available with
the establishment of a National Caneer=Registry-(NCR) in 1986 (Sitas and
Isaacston, 1989). In South AfricatandZimbabwe the incidence of oesophageal
cancer was shown to be higher in the black| popllation than among whites,
whereas persons of mixed or Asian/indian background, in/South Africa, have rates
that varied between those of blacks—and whites: QOesephageal cancer in South
Africa was shown to be the secorid midst demimon Caneer among all South African
men, and the most common cancer in black males (Rase and McGlashan, 1975).
According to the National Cancer Registry (1993-1995), oesophageal cancer
incidence in the former Transkei has been much higher when compared with the
oesophageal cancer rates in South Africa. Cancer registry in this region dated back
to the 1950's (Rose, 1965; Burrell, 1969). The highest rate has been recorded in
the southwestern districts of Transkei, Centani and Butterworth (Rose, 1975;
Jaskiewicz et al., 1987; Makuala et al., 1996: Somdyala, 2002; Somdyala et al.,
2003). According to a recent report (Somdyala, 2002) there is a steady increase

of oesophageal cancer in the northeastern districts of Lusikisiki and Bizana.

High incidence areas in other countries include China (21 per 100 000), Iran (43.4
per 100 000 for males and 36.3 per 100 000 for females) (Semnani et al., 2006):
South America (13 per 100 000), Western Europe (11 per 100 000), Japan (9 per
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100 000); and the former Soviet Union (8 per 100 000). Oesophageal cancer was
ranked the highest among Black Americans (Parkin et al., 1997), and was reported

to be higher among males than females (Safdar and Khan, 2003).

2.6.4 Diet and other risk factors

Human oesophageal cancer has been associated with tobacco smoking (Rose,
1975), alcohol consumption (Tuyns et al., 1979: Walker et al., 1979), and
nutritional  deficiencies (Van Rensburg, 1985; Jaskiewicz, 1987; 1988).
Associations with the ingestion of certain foods that are contaminated with N-
nitroso compounds and fungal toxins (Somdyala, 2002: Parkin et al., 20095), all of
which are dependent on geographical area, have been correlated with
oesophageal cancer. Oesophageal cancer is therefore a multifactorial disease with

no single causative agent thus far identified.

A nutritionally inadequate diet appearsitasplaysan-impartant role in the incidence of
oesophageal carcinoma. It is suspegted|that home-brewed beers (Shephard et al.,
2005) and other spirits, as well as-maize-based preparations in African countries
may contribute to the development of gesophageal cancer as a result of mycotoxin
contamination. Fusarium verticillioides is a common fungal contaminant of maize,
and mycotoxins produced by the fungus have been associated in the development
of cancer in humans (Marasas et al., 1981: 1988). Early studies suggested a
relationship between prevalence of F. verticillioides and occurrence of
oesophageal cancer in the former Transkei, South Africa. A higher prevalence of F.
verticillioides in the south-western districts of Centani and Butterworth had higher
oesophageal cancer rates than in the north-eastern districts of Bizana and
Lusikisiki, where there were relatively low prevalences of the fungus (Marasas et
al., 1981; 1988; Rheeder et al., 1992; Shephard et al., 1996). Because maize is the
staple diet of the South African rural population, there has been an increased risk
of consumption of fumonisins (Chelule et al., 2001). The majority of the rural
population still rely on home-grown maize for sustenance, and many people are

thus consuming fungal contaminated maize and maize-based foods daily without
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being aware of the possible cancer risk (Fandohan et al., 2003). Oesophageal

cancer has therefore become a disease that urgently need a consistent tool for
early diagnosis, as well as an effective therapeutic strategy that ensures non-
recurrence, best quality of life, and an increased life span (McCabe and Dlamini,
2004).

Epidemiological data suggested that more than 80% of cancers are attributable to
lifestyle, of which one third is diet-related (Bushman, 1998), the latter of which play
an important role in both the development and prevention of cancer. Cancers most
commonly associated with diet include oesophageal, stomach, colon, liver and the
prostate (Farombi, 2004). The consumption of meat, fatty foods of animal origin
and salted foods increases the incidence of cancer, whereas the intake of foods
from plant origin is believed to reduce the-thancs-of-cancer incidence (Safdar and
Khan, 2003).

2.7 Chemoprevention

We are all exposed to and affected=by environmental-eafeinogens from diverse
sources. It is therefore imperativel to\find a \Way o Ineutalize these carcinogens or
protect against their adverse effgcts (Surh, 11999), Ghemoprevention is gaining
more attention as this approach aims to decrease overall cancer morbidity and
mortality by using substances that are capable of preventing different phases of
cancer development. Since deregulated proliferation and inhibition of apoptosis
plays a critical role during cancer development, they present two obvious targets
for therapeutic intervention in cancer. The success of reinstating the apoptotic
response in tumour cells depends on the extent to which such therapies confine
death to the cancer cells, and allow survival of normal, healthy tissue (Evan and

Vousden, 2001).

Chemoprevention can be defined as the prevention of cancer by the administration
of one or more chemical entities, either as individual drugs or as natural-occurring

constituents in the diet (Lippman et al., 1994). Chemopreventive agents can be
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characterized as inhibitors of carcinogen formation, “blocking” agents and
‘suppressing” agents (Wattenburg, 1985), and is considered as a strategy to block,
reverse or retard the process of carcinogenesis from the very early stages
(Lippman et al., 1994; Surh, 2003). Blocking agents are the anti-carcinogens that
are responsible for the prevention of initiation, while suppressing agents inhibit the
development of tumours from the initiated cells (Johnson, 2004). A limiting factor in
human cancer therapy is the level of toxicity the agent has on normal tissue
(Hartwell and Kastan, 1994). Since the goal in cancer therapy is to target cancer
cells while sparing healthy cells, the ideal chemopreventive agent should have little
or no toxic effect; a high efficacy; preferably administered orally; and cost-effective
(Morse and Stoner, 1993).

Although the reduced risk of cancer—afd-—cardievascular disease has been
associated with daily intake of freshifruits-and vegetablas; phenolic constituents of
dietary origin and medicinal plant§'may also play &l rolg in reducing the risk of
human cancer (Heim et al., 2002). Recently, natural herbs and pure compounds
that are present in the human diet-have-atiracted-—atiention as chemopreventive
agents (Kohlmeier et al., 1997; Surti1999), Antiosident-bearing foods are believed
to reduce the risk of cancers and:ethen-chranic, disaases by eliminating free
radicals, which are highly reactive molecules thought to contribute to cancer
development by damaging DNA (Lin et al., 1999). Broadly, the chemopreventive
agents may act through detoxification mechanisms or by antimutagenic processes

at both the initiation and promotion steps of carcinogenesis.

Alternative natural remedies are gaining interest among the public and health care
workers in the protection and/or prevention against various diseases (Astin, 1998).

Most plants and/or plant products used at present have a long history of use and
have served a particular purpose in maintaining health and quality of life (Bast et
al., 2002). The use of medicinal plants in traditional healing in most developing
countries as a normative basis for the maintenance of good health has been widely
observed (UNESCO, 1996). In Africa up to 80% of the population uses traditional
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medicine for primary health care, and 25% of modern medicines are made from
plants first used traditionally (WHO, 2003).

2.8 Tea as a possible tool for chemoprevention

Several compounds of plant origin, of which tea is one, have been evaluated as
chemopreventive agents. Tea has been shown to be the most popular beverage
next to water, and is consumed by more than two-thirds of the world's population
|Katiyar and Mukhtar, 1996; Ahmad et al., 1998).

The variety of processing methods and tea drinking differ in different parts of the
world, with the three most popular types being green, black and oolong tea. Black
lea constitutes about 80% of the tea manufactured in the world, and is mainly
consumed in Western and some Asian_countfies;while green tea constitutes about
20% and is mainly consumed in“Asta;:somecountnestin North Africa and the
Viiddle East. Oolong tea (2%) is cohsumed in some parts of China and Taiwan
\Katiyar and Mukhtar, 1996; Ahmadl et al, 1998)!\While tea is a popular beverage,
the consumption of green tea has-been-associated with-a lower risk of several
lypes of cancer including stomach, pesophagus and lung (Lin et al, 1999).
Worldwide interest in green tea, as-a. preventive agent for human cancer has
increased because it has been shown to have beneficial effects in a various organ
systems (Suganuma et al., 1999). The widespread consumption of tea throughout
the world has, as such, aroused interest in the possibility of its use in

chemoprevention of carcinogenesis and mutagenesis (Gupta et al., 2002).

In South Africa, herbal teas derived from two endemic plants, Aspalathus linearis
(rooibos tea) and Cyclopia spp. (honeybush tea), are also consumed regularly.
Both rooibos and honeybush teas have been shown to contain a complex mixture
of polyphenolic compounds (Keoppen and Roux, 1965, 1966; Rabe et al., 1994:
Ferreira et al., 1998). Their polyphenolic constituents differ, not only from each
other, but also from green and black teas (Von Gadow et al., 1997a: Kamara et al..

2003). Herbal teas are not regarded as true teas since they are not derived from
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the original tea plant (Trevisanato and Young-In, 2000), but they are ingested in
the same manner as green and black teas (Bushman, 1998). In addition to being
safe, enjoyable and inexpensive, the herbal teas provide a natural source of
compounds that may protect against various human diseases (Joubert and
Ferreirra, 1996, Standley et al., 2001).

2.9 Camellia sinensis (Green and black teas)

2.9.1 History and processing

The plant was originally discovered and grown in Southeast Asia thousands of
years ago and, according to Chinese mythology, the emperor, Shen Nung,
discovered tea for the first time in 2737 B.C. (Harbowy and Balentine, 1997). The
tea plant (Camellia sinensis) is a tree species with leathery, dark and slightly
serrated evergreen leaves, which is cultivated in large plantations and/or estates
(Fig. 5).

Fig. 5 Tea pickers in Camellia sinensis plantations
(ww.teafountain.com/.../pictures/pick_tea250.jpg)

Green tea is obtained from the leaves of Camellia sinensis var. sinensis, while
black tea is obtained from the leaves of Camellia sinensis var. assamica, and
differences in tea processing determines the final product.

During the production of green tea the leaves are rapidly subjected to heat

treatment after harvest to prevent any oxidative fermentation. Thereafter, they are

https://etd.uwc.ac.za/
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withered, rolled and dried (Lin ef al., 1996; Wiseman et al., 1997). During the

manufacturing of black tea the leaves are withered, macerated, fermented and

dried at high temperature (Tomlins and Mashingaidze, 1997; Wang et al., 2000). In

the preparation of black tea the catechins are oxidized into theaflavins and

thearubigins, yielding the typical dark colour and flavour (Fig. 6).

Catechins

White Tea
(buds or
young leaves)

Green Tea
{mature leaves)

Oolong Tea
(mature leaves)

Black Tea
(mature eaves)

Steamed » [ned
(oxidase inactivation)

Withered = Steamed or Panfired > [ried
(oxidzse inactivabion)

Withered ~—» Bruiced =" Partially—3 Panfued —» Dried
Fementeq

Wihergg—Rolteg— Fulty ——— fjred — Dried
Fermented

Theaflavins &
Thearubigins

Fig 6 Diagram showing tea processing steps and the effects on tea polyphenol content.
(http://Ipi.oregonstate.edu/f-w02/tea.html).

2.9.2 Major phenolic constituents

2.9.2.1 Green tea

The major polyphenolic fraction in green tea is the group of flavonoids made up of

flavanols, which are the catechins (Graham, 1992; Wiseman et al., 1997). The

principal catechins in fresh tea leaves and green tea are (-)-epigallocatechin-3-

gallate (EGCG); (-)-epigallocatechin (EGC); (-)-epicatechin-3-gallate (ECG);

(-)-epicatechin (EC); (+)-gallocatechin (GC); and (+)-catechin (C). EGCG is the
most abundant catechin and accounts for 6-16% on a dry weight basis (Zhu et al.,

1999). The catechins are colourless, water-soluble compounds that lend bitterness
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and astringency to green tea infusions, while the specific taste, colour and aroma
of manufactured tea are associated with modifications to the catechins (Wang et
al., 2000) (Fig. 7).

OH OH

OH CH

o .
H -
R| e 4 R1

“OH

OH OH
Ry =H: (+)-Catechin
R; = OH: (+)-Gallocatechin

R, =H: (-)-Epicatechin
..;‘ = OH: {-)-Epigallocatechin

il.llu -uru-u

HO

; OH -
OH W KA N CAPE

R+ =H: (-)-Epicatechin gallate
R4 = OH: (-)-Epigaliocatechin gallate

OH

Fig. i Chemical structure of the major green tea catechins

(Ipi.oregonstate.edu/.../flavcatechins jpg)

2.9.2.2 Black tea

The pigments of black tea have been divided into orange-red coloured theaflavins
(Fig. 8) and brownish thearubigins. Theaflavins are formed from the polymerization
of catechins during fermentation (Leung et al., 2001). There are four main
theaflavins: theaflavin, theaflavin-3-gallate, theaflavin-3'3-gallate, and theaflavin

3.3'-digallate. The thearubigins are a heterogeneous group of phenolic pigments

https://etd.uwc.ac.za/
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with a relatively higher molecular mass and are the principal contributors to the

black tea polyphenols (Yang et al., 2000).

A typically brewed black tea beverage contains approximately 3-10% (w/w)
catechins, 2-6% theaflavins and >20% (w/w) thearubigins of the tea soluble solids
per dry weight (Balentine et al., 1997; Wiseman et al., 1997 Lambert and Yang,
2003). Theaflavins are extracted into an organic solvent, while thearubigins remain
in the aqueous phase. Theafulvins are generally isolated from thearubigins and
eluted by 50% acetone in water (Dhawan et al., 2002).

OH

0

Ry=0H: Ry,=0H:  Theaflavin *Gallate | . OH

Ry=0H; R;=‘Gallate: Theaflavin 3-galiate 0
Ry = Gallate; R, =0H: Theaflavin 3'-gallate z
CH

R, = Gallate; R; = "Gallate: Theaflavin 3.3 -digallate

OH

Fig. 8 Chemical structure of major black tea theaflavins

(Ipi.oregonstate.edu/.../tea/flavthea.jpg)

2.9.2.3 Health benefits of green and black teas

In traditional Chinese and Indian medicine, green tea has been used as a
stimulant, a diuretic (to promote the excretion of urine), an astringent (to control
bleeding and help heal wounds), and to improve heart health (Liao et al., 2001;
McKay and Blumberg. 2002). Other traditional uses of green tea include treating

flatulence, regulating body temperature and blood sugar, promoting digestion and
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improving mental processes. Green tea and/or green tea extracts have also been
used to combat cardiovascular disease, cancer, oral health, bone health,
thermogenesis, cognitive function, iron status, kidney stones, diabetes, immune
responses, antibacterial and antiviral activity, dermatological conditions and
various others (Liao et al., 2001; McKay and Blumberg, 2002). Many of these
benefits are ascribed to the antioxidant properties and free radical scavenging

ability of green and black teas.

Both green and black teas have been shown to contain similar amounts of
flavonoids, but differ in chemical structure (Balentine et al., 1997; Wiseman et al.,
1997; Yang et al., 2000; Leung et al., 2001), yet they both have been shown to

possess possible health benefits.

2.9.3 Biological activity of tea polyphenois

The possible health benefits of grfeen ieéa are aitfibuteéd io the catechins. These
green tea catechins have antioxidant activity,| and may alse have anticarcinogenic,
anti-inflammatory, anti-atherogenie—thermogenic-and-antimicrobial activities (Yang
and Wang, 1993; Katiyar and Mukhtar; 19971 Gupta et al., 2002). Green tea
catechins have also been found tg up regulate the level of some hepatic phase I
enzymes that are involved in the detoxification of some xenobiotics, including
chemical carcinogens (Conney et al., 1999). The tea flavanols interact with cellular
signal pathways controlling proliferation, differentiation and apoptosis of various

tumour cells (Gee and Johnson, 2001).

2.9.3.1 Antioxidant activity

The role of antioxidants has attracted much interest with respect to their protective
role against free radical damage that may be the cause of many diseases,
including cancer (Bradford, 1976). The catechins interact with numerous
structurally unrelated molecules and may alter cellular mechanisms, cell
membranes, proteins, lipids, nucleic acids as well as cellular factors important for

normal and abnormal cell growth that are the key to cancer development and
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metastasis. Some of these interactions may be responsible for the anticarcinogenic
and antimutagenic properties of green and black teas (Wang et al., 1988; Wang et
al., 1989). A number of in vitro studies using different assays have reported on the
antioxidant activity of green, black and oolong teas, as well as their respective
phenolic constituents (Rice-Evans, 1999). Studies conducted showed that certain
constituents of green and black teas are responsible for its antioxidant activity
(Vinson and Dabbagh 1998; Azam et al., 2004) and that the pure catechins and
phenolic acids were found to exert a greater effect than vitamin C, E and -
carotene in an in vitro lipoprotein oxidation model. The antioxidant activity of the
catechins using the Rancimat method varies in the order EGCG > EGC > ECG >
EC, with EGCG being the single strongest antioxidant as well as the major

catechin of green tea (Ho et al., 1992).

Serafini et al. (1994) were of the very first groupstojshowy in an in vivo study, that
both green and black teas increased the plasma antioxidant capacity of healthy
adults. The in vitro antioxidant capagity of the various teas and their constituents is
dependent on the type of assay—used—and—does—not—reflect factors such as
bioavailability and metabolism. The fact that gateching are/metabolized (Lee et al.,
2002; Crespy and Williamson, 2004} cowld: ptay an-impentant role in the in vivo

antioxidant assay.

2.9.3.2 Antimutagenicity

An investigation by Muto et al. (2001) demonstrated that green tea constituents,
especially epicatechin gallate (ECG) and epigallocatechin gallate, inhibited the
metabolic activation of benzo[a]pyrene (B[a]P), 2-amino-1-methyl-6-phenylimidazo-
[4,5-b]pyridine (PhIP) and aflatoxin By (AFB4) by human cytochrome P450s (CYPs)
in the Salmonella typhimurium mutagenesis assays. In another study the
antimutagenic effect of tea extracts was investigated using the Salmonella
typhimurium strains TA98 and TA100 against five indirect mutagens, aflatoxin B-
(AFB+),  3-amino-1,4-dimethyl-5H-pyrido[4,3-b)indole  (Trp-P-1),  2-amino-6-
methyldipurido[1,2-a:3",2'-d]imidazole (Glu-P-1), benzo[a]pyrene (B[a]P), and 2-
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amino-3-methylimidazo[4,5-flquinoline (IQ) (Yen and Chen, 1995). In general, the
semi-fermented teas (oolong and pouching) displayed a greater antimutagenic
effect than that of the other teas for some mutagens. Green tea exhibited the
strongest inhibitory effect on IQ and Glu-P-1 toward both strains. Concerning the
strains TA98 and TA100, black tea exerted the weakest inhibitory activity against
the five mutagens studied. Green tea extract, as well as (+)-catechin and (-)-
epicatechin were investigated for their antioxidant activity, and was also tested
against mutagenesis using the tester strain Salmonella typhimurium TA102.
Although all three agents possess antimutagenic activity, (-)-epicatechin was
shown to exert greater activity when compared with the other two agents (Geetha
et al., 2004). Eight brands of teas derived from Camellia sinensis examined for
inhibitory or potentiating effects on the mutagenicity of heterocyclic aromatic
amines (HAA) utilizing the Salmonella_typhifaritm._assay (Starvric et al., 1994)

displayed potent antimutagenic effecis-against-mostHAA:

The antimutagenic activity of theafulvins, isolated from black tea, demonstrated a
dose-dependent inhibition of most-of-the—food mutagens-tested, presumably by
inhibiting the cytochrome P450-dependent: bioactivation (Catterall et al., 1998). A
more recent study showed that, theafulyins display. a biphasic response in the
Ames test against aflatoxin B, (Catterall ef al., 2003). It was shown that theafulvins
either inhibited the microsomal activation of AFB; or potentiated the mutagenic
activity of AFB+ in a dose-dependent manner in the presence of the S-9 activation
system. The latter was ascribed to the inhibition of the phase Il enzymes by
theafulvins resulting in the incomplete deactivation of the mutagenic intermediate,

aflatoxin B4 8,9-oxide.

2.9.4 Carcinogenesis studies using Camellia sinensis

Many in vivo studies in rodents were conducted with aqueous extracts or phenolic
fractions of green and black teas to investigate the possible effects of tea against
cancer development. These studies showed that tea protected against many types

of cancers in skin, lung, oesophagus, stomach, liver, small intestine, pancreas,
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colon, bladder, prostate and mammary gland (Han and Xu, 1990: Hirose et al.,
1993; Katiyar and Mukhtar, 1996; Yang and Wang, 1993).

2.9.4.1 Animal studies

Tea and its polyphenolic constituents inhibit chemically induced carcinogenesis in
various animal models. Many studies demonstrated that the topical application or
oral feeding of phenolic extracts and individual catechin derivatives of green and
black teas have anticarcinogenic activities on skin (Katiyar and Mukhtar, 1996; Lu
et al., 1997; Liu et al., 1998). In addition to the preventive effects against skin
carcinogenesis, green and black tea polyphenols were effective against chemically
induced carcinogenesis of various other organs. In particular, green tea inhibited
N-nitromethylbenzylamine (NMBA)-induced rat oesophageal tumourigenesis
(Wang et al., 1995). Whole extracts of black-tea=were also shown to be inhibitory in
this model system when given eithgr during-or-atter NMBA administration (Xu and
Han, 1990; Wang et al., 1995; Morseiéi-al-1997)0A stiidy conducted by Morse et
al. (1997) reported that theaflavins significantly reéduced NMBA-induced
oesophageal tumour formation. Other-studies-showed-that-high doses of black or
green tea polyphenols and/or ;theaflavins, and EGCG reduced the tumour
multiplicity (number and size of papillomas,in.each rat),.but not the oesophageal
cancer incidence when orally administered to rats (Yang and Wang, 1993; Steele
et al., 2000).

2.9.4.2 Studies in humans

Several human epidemiological studies indicated that green tea may possess anti-
carcinogenic properties (Katiyar and Mukhtar, 1996), though studies on the relation
between tea consumption and altered cancer risk have been inconsistent, making
a general conclusion regarding the relationship between tea consumption and
cancer prevention difficult (IARC, 1991; Yang and Wang, 1993). The inconsistency
in findings may be due to the lack of proper study design, difference in lifestyle
habits, type of tea and duration of tea consumption and/or other potential
confounding factors (Blot et al.. 1994; Hakim et al., 2000). For example, in most
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parts of Europe and parts of the United States black tea is more commonly

consumed, while in some Asian countries, Japan and China, mostly green tea is

consumed.

Although the mechanisms involved in the biological effects of green and black teas
are unclear and far from complete, their exact mechanism of action at cellular level
needs to be understood, as they are important in the design of strategies for the
prevention and treatment of cancer.

2.10 Aspalathus linearis (rooibos tea)

2.10.1 Origin and processing

Aspalathus linearis is endemic to the Cedarberg region of the Western Cape, about
250 kilometers north of Cape Town, South Africa (Fig. 9), and is totally unrelated to

the tea plant, Camellia sinensis.

SLUJPIQIILEAR SITY of !"frv

WESTERN e_u

Fig. 9 Map of the Cedarberg region (red) of the Westem Cape, South Africa. (Rooibos
Ltd, Clanwilliam, South Africa).

Indigenous inhabitants of the mountainous regions of the Western Cape in South
Africa were the first to collect wild rooibos and use it to make a beverage almost
300 years ago (Joubert and Schulz, 2006). These people discovered that they
could brew a sweet, tasty infusion from rooibos leaves and stems that they cut,

bruised with wooden hammers, fermented in heaps, and then sun-dried.
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Aspalathus linearis has a single basal stem that divides just above the ground
surface into multiple thin branches that carry bright green needle-like leaves, and
produces small yellow flowers in spring through early summer (Fig. 10)
(http://www.rooibosltd.co.za). From here it is processed, packaged and dispatched
worldwide.

Fig. 10 Rooibos, a fynbos species endemic to the Clanwilliam/Cedarberg area.
(www_clanwilliam.info/ info/images/rooibos1-jpg)

At present, two types of rooibos teacan be produced depending on the processing
methods. During the fermentation of rooibos tea, the leaves are oxidized, lending
to the distinctive red colour, aroma and flavour of the tea. The cut leaves and
stems are wetted, bruised betwéen “ralléts: td inducé . -chemical oxidation or
‘fermentation” and left in heaps. ‘After-the joxidation pracess, which lasts between
12-24 hours depending on the tea itself and the temperature of the heap, the
cuttings are thinly spread out in the hot sunlight to dry. Further processing is
carried out at the factory. This includes sieving, grading, steam pasteurization and
drying over a hot airbed dryer. The end product is subject to strict microbiological
tests before it is made commercially available. The rooibos is then weighed,
packed, either in tea bags or in loose-leaf form, and marketed under various brand
names (http://www.rooibosltd.co.za).

The second method of processing this herbal beverage yields the unfermented or
‘green” form. This is manufactured by immediately drying the harvested plant
material in an oven before cutting it into pieces and sieving it, followed by factory

processing. This method prevents the chemical oxidation that takes place during
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the fermenting process. A minimally oxidized product, known as “green” rooibos
has recently come onto the local and international markets (Joubert and Schulz,
2006).

2.10.2 Anecdotal health claims

In 1968 a young South African mother, whose baby was allergic to milk and
suffered with colic, fed her baby rooibos tea. The baby gained weight, and was
cured of the chronic restlessness, vomiting and stomach cramps. She published all
her observations in a book: Babies, Allergies and Rooibos Tea in 1974 and
communicated the findings through the press and other public forums (Morton,
1983). The antispasmodic activity of the tea was later suggested to be ascribed to
two components isolated from processed rooibos tea, quercetin and luteolin
(Snykers en Salemi, 1974).

Non-phenolics such as D-pinitol have been said to help lower blood-sugar levels
and may be used as an expectorant,| whil¢ alpha-hydroxy acids, ingredients in
beauty preparations and dermatological creams are aiso found in rooibos (Shindo
and Kato, 1991). Rooibos tea had alsol beénl¢laimed to relieve insomnia and calm
nervous tension (Ferreira et al., WA97), possiblin dée tolthe fact that it does not
contain caffeine (Morton, 1983; van Wyk et al., 2002).

2.10.3 Constituents of rooibos tea

Rooibos tea is known to be a rich source of flavonoids and phenolic acids (von
Gadow et al., 1997a; Bramati et al., 2002). The phenolic constituents of rooibos tea
differ from that of green and black teas, and are unique in that rooibos tea contains
the dihydrochalcones, aspalathin (Fig. 11) (Koeppen and Roux, 1966), and
nothofagin (Fig. 11), which is similar in structure to aspalathin. Other flavonols
present in rooibos tea include quercetin and the quercetin glycosides, hyperoside
and rutin/isoquercitrin (Fig. 12) (Rabe et al., 1994). Rooibos tea also contains
flavones that comprise orientin, iso-orientin (Koeppen et al., 1962; Koeppen and
Roux, 1965), vitexin, isovitexin (Fig. 13), chrysoeriol (Rabe et al., 1994) and



m\

UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/



36

luteolin (Fig. 14) (Snyckers & Salemi, 1974). During the fermentation process of
rooibos tea, aspalathin is oxidized to dihydro-iso-orientin (Joubert, 1996). The
flavanols, (+)-catechin is present, which together with (-)-epicatechin, form the
chain-extending units of the rooibos procyanidin type tannin (Joubert and Ferreira,
1996). Phenolic acids present in rooibos include caffeic acid, ferulic acid, p-
hydroxybenzoic acid, p-coumaric acid, vanillic acid, protocatechuic acid, and
syringic acid (Rabe et al., 1994). The dihydrochalcones aspalathin and nothofagin
have been identified as the major polyphenols in unfermented rooibos tea (Joubert,
1996).

Fig. 11 Structure of the dihydrochalcongs in rooibas tea, aspalathin (R=0OH) and

nothofagin (R=H) (www.arc.agric.za/ .7 prodproc

OH

OH

HO 0

OR
o b
Fig. 12 Structure of quercetin (R=H), isoquercitrin (R= B-D-glucopyranosyl and rutin (R=

rutinosyl).
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Fig. 13 Structure of iso-orientin [R;=OH, R;= glycopyranosyl {glucose)]; isovitexin [Rs=
glycopyranosyl (glucose)]; orientin [R,= OH, R,=glycopyranosyl (glucose)] and vitexin

[Rz=glycopyranosyl (glucose)].

Fig. 14 Structure of luteolin (R=0H), and ‘thryséefiol (R=0CH;).

2.10.4 Biological properties of rocibos tea

2.10.4.1 Antioxidant activity

The antioxidant activity of aqueous extracts in rooibos tea was compared to that of
green, oolong and black teas (Von Gadow et al., 1997a) on a water soluble solids
basis, utilizing the a,a-diphenyl-3-picrylhydrazyl (DPPH) radical scavenging and 3
carotene bleaching methods. In the DPPH radical scavenging method, antioxidant
activity of their water soluble solids decreased in the order: green > unfermented
rooibos > fermented rooibos > semi-fermented rooibos > black > oolong, while in
the B-carotene bleaching method, in the order: green > black > oolong >

fermented rooibos > unfermented rooibos > semi-fermented rooibos.
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The effect of extraction time on the antioxidant potency of aqueous extracts was
monitored utilizing the DPPH radical scavenging and RB-carotene bleaching
methods (Von Gadow et al., 1997b). An increased antioxidant activity was noticed
as a function of extraction time when measured by the Rancimat method. No effect
was noticed when using the —carotene bleaching method. The antioxidant activity,
when using the Rancimat method, was significantly increased when heating the
aqueous extract over a period of 30 minutes. Increasing extraction time resulted in
increasing induction time for a fixed ratio of soluble solids to lard. The increasing
antioxidative effect can be attributed to compositional changes of the TWSS since
a fixed ratio of TWSS to lard was used (Von Gadow et al., 1997c). It was also
noted that an ethyl acetate soluble fraction of an aqueous extract displayed a
higher antioxidant activity than the resultant water-soluble polymerized polyphenol

when using the B-carotene bleaching-and-Rancimattmictheds.

The antioxidant potential of aqueous extracts of raoibos collected at different
processing stages was evaluated | Using the hydrogen donating, as well as the
superoxide anion radical scavenging abilities (Standfey® et al, 2001). The
fermentation process reduced the ' total polyphenolic'/ content, as well as the
antioxidant potential of aqueous extracts. Since fermentatibh lowers the antioxidant
levels of rooibos, the development of green rooibos and extracts enriched in
aspalathin, with higher antioxidant potency has commenced and is being

introduced on the markets (Joubert et al., 2006).

Joubert et al. (2004) compared the antioxidant activity of unfermented rooibos with
that of fermented rooibos including an aqueous extract, an ethyl acetate soluble
fraction, and a crude polymeric fraction of the infusions by quantifying the hydrogen
donating, as well as the superoxide anion radical scavenging capacities. The
unfermented extracts and crude fractions were found to be more effective
scavengers of DPPH than their fermented counterparts. Fermentation also reduced
the superoxide anion scavenging ability of the agqueous extract and ethyl acetate

soluble fraction, but not the crude polymeric fraction (Joubert et al., 2004). The
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antioxidant and pro-oxidant activities of aqueous extracts and crude polyphenolic
fractions of rooibos was evaluated using a linoleic acid-Tween-buffer emulsion for
lipid peroxidation and the deoxyribose degradation assay based on a Fenton
reaction model system (Joubert et al., 2005). The inhibition of lipid peroxidation by
the samples, with the exception of the ethyl acetate fraction, which had the highest
total polyphenol (TPP) content, correlated directly with their TPP content. The pro-
oxidant activity of the aqueous extracts and their crude polymeric fractions showed
a direct correlation with respect to their dihydrochalcone and flavonoid content
when using the deoxyribose degradation assay. The dihydrochalcone content of
rooibos has been shown to decrease during fermentation (Joubert et al., 2004;
Joubert, 1996), and this contributed to a decrease in the pro-oxidant activity of the

aqueous extracts (Joubert ef al., 2005).

The antioxidant activity of aspalathin-was-eempared-with:rooibos flavonoids and
phenolic acids as well as the Synthefic antioxidants, a-tocopherol, butylated
hydroxytoluene (BHT) and butylated hydrokyanisole (BHA) (Von Gadow et al.,
1997¢). Aspalathin exhibited strongerantioxidant activity-than all the phenolic acids
when utilizing the B-carotene bleaching mathad,but was less effective than a-
tocopherol, BHT, and BHA. When, using-the.DRPH- radical scavenging method,
aspalathin was found to have radical scavenging abilities comparable to a-
tocopherol, BHT, and BHA and the phenolic acids, with the exception of caffeic
acid. When comparing the antioxidant activity according to the Rancimat method,
both BHT and a-tocopherol were poor antioxidants in terms of induction time.
Aspalathin displayed a higher antioxidant activity than the phenolic acids. with the
exception of caffeic acid. Aspalathin and the other polyphenols present in rooibos
tea displayed antioxidant activity comparable to the reference compounds, a-
tocopherol, BHT and BHA (Von Gadow et al., 1997¢).

The antioxidant activity and protective effect of rooibos tea on DNA strand scission
were investigated utilizing various antioxidant assay systems and DNA strand

nicking. The 75% ethanol extract displayed higher hydrogen donating capacity and
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scavenging activity of hydrogen peroxide than the water extract, with the exception
of the rate constant with hydroxyl radical. While the peroxyl radical-induced DNA
strand scission was prevented by both the ethanol and aqueous extracts, the

hydroxyl radical-induced DNA strand scission was not (Lee and Jang, 2004).

Inan in vivo study in rats by Marnewick et al. (2003), the antioxidant capacity was
evaluated utilizing the oxygen radical absorbance capacity (ORAC). While the
hepatic ORAC levels were marginally to significantly reduced by the Chinese green
and black teas, no effect was noticed when using rooibos tea. The GSH redox
potential was altered as rooibos significantly decreased the GSSG level and
markedly increased the concentration of reduced glutathione (GSH) in the liver,
resulting in an increased in the GSH/GSSG ratio. These changes were suggested
to be indicative of a reduced oxidative-Status-stress=in-the liver that will protect
against free radical damage (Marnéwick'et-al|-2003).In-aHother study Ulicna et al.
(2006) showed that the antioxidant constituents| of agueous rooibos tea partially
prevented oxidative stress in streptozoto¢in-induged diabetic rats and can be used

as supportive therapy in cases where free radicals are involved.

The effect of rooibos tea on liver Enfioxidart "stafus' ahd oxidative stress was
investigated in a rat model of carbon tetrachloride (CCls)-induced liver damage
(Kucharska et al., 2004). After rooibos tea and N-acetyl-L-cysteine (NAC), a
synthetic antioxidant, was administered to CCl,—damaged rats, the concentrations
of coenzyme Qg (CoQgH; and CoQg) and a—tocopherol were restored in the liver,
and the formation of malondialdehyde (MDA) inhibited. The improved regeneration
of CoQg may explain the beneficial effects of rooibos, and was suggested to be a

safe and effective hepatoprotector in patients with liver disease.

2.10.4.2 Antimutagenic properties
The antimutagenic activity against various mutagens by tea extracts and
polyphenols has been demonstrated in microbial systems (Salmonella typhimurium

and Escherichia coli), mammalian cell systems and in vivo animal tests (Kuroda
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and Hara, 1999). Research regarding the antimutagenicity and chemopreventive
properties of tea has focused mainly on green and black teas, and these studies
indicated that polyphenol preparations and/or water extracts from these teas
decreased the mutagenicity of various genotoxic carcinogens (Gupta et al., 2002).
Aqueous extracts of fermented and unfermented rooibos tea was reported to
possess antimutagenic activity against 2-acetylaminofluorene (2-AAF)-induced
mutagenesis using strain TA98 in the Salmonella mutagenicity assay (Marnewick
et al., 2000; Standley, 2001). However, these extracts offered no or only weak
protection against the direct-acting mutagens, methylmethane sulfonate (MMS),
cumolhydroperoxide (CHP), and hydrogen peroxide (H,O,) (Marnewick et al.,
2000). A study by van der Merwe et al. (2006) showed that, against 2-AAF,
fermented rooibos showed similar protective properties than oolong and green teas
with a weaker protection when compared-to-black-tea-\When using aflatoxin B4 as
a mutagen, fermented rooibos exhibitedyweakeriprotection than the C. sinensis
teas. Unfermented rooibos exhibited wedker protéctiof than fermented rooibos and
the C. sinensis teas. It should be|noted that differences in the antimutagenicity
exists with regards to the effect of-thetea preparation, the mutagen selected,
changes and variations in the phéanigiic] aontant-dii€ 16 natural plant variation, and

differences in the geographical area (van der Merwe et a/12006).

Aqueous extracts of unfermented and fermented rooibos significantly enhanced the
activities of the hepatic phase Il metabolizing enzyme, glutathione-S transferase
(Marnewick, et al., 2003). Unfermented rooibos also significantly increased the
activity of UDP-glucuronosyl transferase. Ex vivo studies showed that the
mutagenic response of aflatoxin By (AFB.) against Salmonella strain TA 100 was
significantly inhibited by the cytosolic fraction from rats that were treated with
fermented and unfermented rooibos teas. Although there was a reduction in the
activation of AFB; in the microsomal fractions prepared from the livers of rats
treated with rooibos tea, no protection was observed against 2-AAF-induced

mutagenesis.
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A recent study by Snijman et al. (2007) showed that luteolin and chrysoeriol, minor
flavonoid constituents of unfermented rooibos exhibited comparable antimutagenic
properties against 2-AAF and AFB; to the potent green tea flavonoid
epigallocatechin gallate. The major rooibos flavonoids, aspalathin and nothofagin
and their structural analoques only exhibited moderate protective effects, with an
apparent threshold effect over a specific dose range. Other flavonoid mutagen

interactions included mutagenic, comutagenic and promutagenic effects.

2.10.4.3 Anti-tumour properties

The inhibition of tumor promotion in mouse skin by an ethanol/acetone (E/A)
soluble fraction of a methanol extract of rooibos was studied using 7,12-
dimethylbenz[a]anthracene (DMBA) in 12-o-tetradecanoylphorbol-13-acetate
(TPA)-induced mice (Marnewick et al_,_20@5}-Théroeibos tea fractions have been
shown to decrease the tumour volumeyand theymeamnumber of tumours, as well
as causing a delay in the developrrient of tumours (Marfiewick et al., 2005). The
green tea E/A fraction was more effective than the ropibos extract in suppressing
skin tumourigenesis. The green“tea E/A fraction aiso “exhibited the highest
protective activity against hepatic microsomal Jlipid’ peroxidation. Even though
evidence has shown that aqueous,extractsofi rooibes influences the development
and size in tumour formation (Marnewick et al., 2005), subsequent studies need to

be conducted to elucidate the exact mechanisms involved.

2.10.4.4 Anti-aging properties

Age-induced deterioration of the central nervous system (CNS) is partly due to the
cytotoxic effect of reactive oxygen species (ROS) generated in the brain. Rooibos
tea has been shown to exhibit potent antioxidant activity by scavenging oxygen,
hydroxyl and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals (Yoshikawa et al.,
1990; Von Gadow, 1997). The results of a study by Inanami et al. (1995)
suggested that rooibos flavonoids suppressed the accumulation of lipid peroxides

in the brain associated with the aging process, and chronic administration of
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rooibos tea prevented the accumulation of lipid peroxides, associated with age, in

several regions of rat brain.

2.10.4.5 Antihemolytic effect

An investigation was conducted in Japanese quails to determine whether rooibos
tea supplement and/or rooibos extracts protected erythrocytes against cell lysis
(Simon et al,, 2000). Long-term consumption of rooibos tea had no effect on
peroxide or hypotonia-induced hemolysis. However, there was a decrease in
peroxide-induced hemolysis of erythrocytes incubated with rooibos and black tea,
and no hemolysis induced by hypotonic sodium chloride solution. A hot water
extract of rooibos tea exhibited stronger inhibition of hemolysis than a powdered

rooibos tea supplemented food.

2.11 Cyclopia intermedia (Honeybush tea)

2.11.1 Origin and processing

Honeybush tea (Cyclopia intermedia) is a traditional indigenous herbal beverage
from South Africa, with the plant belonging to the Cape fynbos biome, growing only
in the coastal districts of the Western and Eastern Cape Provinces from Darling to
Port Elizabeth (Fig. 15).

Nieuwoudtville

A

Fynbos Biome

Grahamstt.)

Port Elizabeth

Mossel Bay

Fig. 15 Map of Westem Cape in South Africa, illustrating the regions where honeybush is

grown (http://www.itmonline.org/arts/honeybush.htm).

Honeybush, like rooibos is totally unrelated to the tea plant, Camellia sinensis.



T I Oy Iy 50
T S VRSl

UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/



44

The earliest mention of the honeybush plant in botanical literature was in 1705
(Kies, 1951). Dutch and British colonists in the Cape recognized honeybush as a
suitable substitute for black tea, probably based on native practices for the
treatment of coughs and other upper respiratory symptoms. Honeybush tea is
prepared from the leaves, stems and flowers of several species of Cyclopia
including C. sessiliflora, C. genistoides, C. subternata and C. (Du Toit et al., 1998)
(Fig. 16).

Fig. 16 Photograph taken in & honeybush | plantation (www rooibostea.co.za/

images/asnapp-logo.jpg).

As with rooibos tea, honeybush tea is'manufactured /in'both the fermented and
unfermented forms. The manufacture: of the fermenteditea includes four main
steps: harvesting, shredding, oxidation (fermentation) and drying. The shredding
disrupts the cellular integrity to facilitate the oxidation process
(http:/lwww.rooibos.ch/honeybush.html).

Oven oxidation is the preferred method, since it yields a product of greater
consistency and better quality. A preheated oven is used and the oxidation process
is somewhat shorter (24-36 hours). The final product is then sieved to remove the
bigger pieces, steam pasteurized and bulk-packed for local and international
markets. Honeybush tea is traditionally a very coarse product, with the finer tea
material used for teabags and the coarser material for brewing loose tea

(http:/fwww.rooibos.ch/honeybush.html).
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The unfermented from of honeybush tea is obtained by immediate drying of the
raw cut plant material in a drying tunnel of approximately 40°C for twelve hours,

followed by sieving and pulverization (http://www.rooibos.ch/honeybush.html).

2.11.2 Anecdotal health claims

Like rooibos, honeybush tea also has very low tannin content and contains no
caffeine (Greenish, 1881; Terblanche, 1982). Traditionally, honeybush tea has
been used as a diuretic, appetite stimulant, treatment for colic babies, a cough
syrup, a stimulator of milk production in lactating women, and for prevention of
stomach ulcers (Du Toit et al., 1998). High levels of (+)-pinitol, which is useful as
an expectorant (Beecher et al, 2003), have been shown to be present in
honeybush (Ferreira et al., 1998; Kamara et al., 2004). Phytoestrogenic activity has
been associated with isoflavonoids, ceuffestans-as-weit-as_the flavonoids groups,
flavones and flavanones (Narayyapan ‘et al 1987 "‘Miksicek, 1995), all of which
have been shown to be present in | C. infermediz. Phytoestrogens are used in the

treatment of menopausal symptoms in women (Chiechi, 1999).

2.11.3 Phenolic constituents of Cyclopia

Honeybush tea differs from rooib® in“the major classes” of phenolic compounds
present, some of which include mangiferin, isomangiferin (Fig. 17), hesperetin,
naringenin, hesperidin, narirutin, eriodictyol, and eriocitrin (Fig. 18). De Nysschen
et al., (1996) have shown that mangiferin, hesperidin and isosakuranetin are the
major compounds present in most of the Cyclopia species. Mangiferin and
hesperidin have recently been quantified and identified as the major compounds
from unfermented C. intermedia, C. sessiliflora and C. genistoides (Joubert et al.,
2002). The phenolic compositions of the Cyclopia species are influenced by a wide
range of factors including different samples of the same species, selected from

various regions (Joubert et al., 2008).

A methanol extract from the leaves and stems of Cyclopia intermedia was shown

to contain a phenolic acid, isoflavones, flavanones, coumestans and xanthones
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(Ferreira et al., 1998; Kamara et al., 2004). The flavones, luteolin and (+)-pinitol
were also identified to be present in C. intermedia (Ferreira et al., 1998). Analysis
of acetone and methanol extracts prepared from unfermented C. subternata
revealed the presence of compounds also found in C. intermedia namely (+)-

pinitol, hesperidin, luteolin and mangiferin (Kamara et al., 2004).

Although there are differences in phenolic composisition, different Cyclopia species
may have distinctive biological properties (Richards, 2003).

o M—

Fig. 17 Structure of mangiferin (mangiferin R =Ri=H )| R,42}3-DHglucopyranosyl) and

isomangiferin (R;=R,=H, R;= 2-[3—D-gfuc:0pyranosyl) (www.wilshiretechnologies.com/

anti.htm)

OR,

R,0 0

OR, O

Fig. 18 Structure of hesperetin (R:=R,=H, R:=Me, R,=0H); hesperidin (R:=H, R, =
rutinosyl, R;=Me, R4=0OH); naringenin (R,=R,=R;=R.=H); eriodictyol (R;=R,=R.=H,
R:=0H); narirutin (Ry= R;= R4, R; = rutinosyl); eriocitrin (R;=R:=H, R, = rutinosyl,
R:=0OH) (www.axxora.com/free_ radical_scavengers-LKT-H1)
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2.11.4 Biological activities of Cyclopia species

2.11.4.1 Antioxidant properties

Despite the limited scientific data on the biological activities of honeybush tea
(Richards, 2003), it has been reported (Hubbe and Joubert, 2000a; Hubbe and
Joubert, 2000b) that C. intermedia, C. sessiliflora, C. genistoides and C. subternata
all has superoxide anion radial (O, ) scavenging activity, as well as hydrogen
donating ability. Aqueous extract of unfermented C. sessiliflora, with the highest
total polyphenol content, was the most effective scavenger of both the DPPH
radical as well as the superoxide anion radicals. The oxidation process during the
manufacturing of the tea has been shown to decrease the antioxidant potential of
honeybush tea (Hubbe and Joubert, 2000; Richards, 2003). Generally,
unfermented C. intermedia and C. sessiliflora showed the highest antioxidant
activity, while C. genistoides showed a-greater-anticxidant activity in the fermented

honeybush plant material (Richards{2003).

In an in vivo study, fermented and unfermented C. interimedia aqueous extracts
has been shown to reduce oxidative stress and enhance the-antioxidant capacity of
rat liver after chronic exposuré! Maknewick [ &f Yal/ 12003). Honeybush tea
significantly decreased the level of G$SH jnithe liver{ resaltifig in an increase of the
GSH/GSSH ratio, presumably by stabilizing GSH. The increase in the GSH/GSSH
ratio in the liver of the herbal tea-treated rats may be a result of a reduced
oxidative stress or an increased antioxidant capacity in the cell, making it less
susceptible to oxidative damage (Marnewick et al., 2003). When using the Oxygen
Radical Absorbance Capacity (ORAC) assay, no effect was noticed in the liver of
rats treated with the honeybush teas (Marnewick et al., 2003).

2.11.4.2 Antimutagenic properties

Aqueous extracts of unfermented C. intermedia tea was shown to exhibit
antimutagenic activity against two metabolically activated carcinogens, 2-AAF and
AFB., and also against the direct-acting mutagen, CHP, but no protective effect

was found against two other direct-acting mutagens, H,O. and MMS (Marnewick et
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al., 2000). Anti-mutagenic activity of aqueous extracts of honeybush tea was
compared to that of rooibos, green, oolong and black teas in the Salmonella
mutagenicity assay using AFB, and 2-AAF as mutagens (van der Merwe et al.,
2006). Cyclopia subternata, C. genistoides and C. sessiliflora demonstrated
protective activity against both mutagens with the exception of unfermented C.
genistoides against 2-AAF, which had either protective or enhanced mutagenesis
depending on the concentration used. Unfermented C. intermedia and C.
subternata showed similar antimutagenic activity against AFB; as fermented
rooibos, while the latter showed similar protective properties as that of unfermented
C. intermedia and C. sessiliflora when using 2-AAF as mutagen (van der Merwe et
al., 2006). Fermented C. sessiliflora and C. subternata exhibited a higher
protective effect than unfermented rooibos when using AFB; and 2-AAF as
mutagens, respectively. The antimutagenic—activity. of Cyclopia spp. was
significantly lower than black [t&alNwhile NUnférmanted C.intermedia and
C.subternata exhibited a similar protegtivel effect @s green tea against AFB;-
induced mutagenesis. When using 2-AAF, black| tea l@lso exhibited a higher
protective effect than the honeybudshteas, while unfermented C. intermedia and C.
sessiliflora exhibited similar effects| s Igreénltéal Ofithe Cyuclopia spp., fermented
C. intermedia and C. genistoides exhibited the:lowest antimutagenic effect against
2-AAF, while fermented C. intermedia showed the lowest protection against AFB;—
induced mutagenesis. Unfermented C. genistoides displayed weak antimutagenic
activity at a low concentration, while it enhanced the mutagenesis of 2-AAF at
higher concentrations. There was no mutagenic response by itself in the absence
or presence of metabolic activation when using tester strain TA98 (van der Merwe
et al., 2006).

Hesperidin, eriodictyol and narirutin, constituents of Cyclopia species, enhanced
the mutagenicity of 2-AAF, which could explain the pro-mutagenic effect of
aqueous extracts of unfermented C. genistoides on 2-AAF mutagenesis. The anti-
mutagenic activity of the herbal teas was shown to be mutagen-specific, and

proposed to be affected by fermentation, plant type, plant age, time harvested and
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the geographical location, presumably as a result of changes and/or variation in

phenolic composition (van der Merwe, 2006).

Similar to rooibos, aqueous extracts of fermented and unfermented honeybush
also enhanced the activity of hepatic glutathione-S transferase and marginally
increased the activity of the UDP-glucuronosyl transferase (Marnewick, et al.,
2003). Ex vivo studies showed that liver cytosolic fractions obtained from rats
exposed to aqueous extracts of fermented and unfermented C. intermedia inhibited
the mutagenic response of aflatoxin By (AFB+) against Salmonella strain TA 100.
Liver microsomal preparations of rats treated with unfermented honeybush tea also
have a reduced ability to activate AFB; to its active mutagenic metabolite
(Mamewick et al., 2004).

2.11.4.3 Inhibition of tumuor promotion

In a recent study, topical application of an ethanel/acetone (E/A) soluble fraction of
a methanol extract of honeybush tea was shown to| protect against TPA-induced
tumour promotion in mouse skin {Marnewick et af., 2005). The extract decreased
the tumour volume, the mean number of ‘tumoufs, as'well'a$ delaying the onset of
tumour development. Similar to the\réolbds lextrast, horeyblsh exhibited a weaker
protection against skin tumour formation than the green tea extract. However, the

honeybush teas exhibited a better protection than the rooibos teas.

212 Sutherlandia frutescens subspecies microphylla

2.12.1 Origin

Sutherlandia frutescens subspecies microphylla (unwele in Zulu; kankerbos in
Afrikaans; cancer bush in English) is a perennial, woody shrub that is native to
South Africa (Tai et al., 2004) (Figure 19). Sutherlandia frutescens occurs naturally
throughout the dry parts of southern Africa, in Western Cape and up the west coast
as far north as Namibia and into Botswana, and in the western Karoo to Eastern
Cape. The genus Sutherlandia includes six species that can be reduced to two.

namely Sutherlandia frutescens and Sutherlandia tomentosa. Sutherlandia
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frutescens is further divided into three subspecies, namely subsp. frutescens,

subsp. microphylla, and subsp. speciosa.

T B ¥

The medicinal use of the plant may:na\ze rginated W

people, who used decoctions, ext Jal’ﬂ to t»f alD:mw n' I, and internally for fevers
and a variety of ailments. The lea used for medicinal purposes, but
the stems are also included when maknr_ag the mfusmn Sutheﬂand:a frutescens has
been used as an old Cape remedy for Pséb;n:;ct? problems and internal cancers (van
Wyk et al., 1997; van Wyk and Gerlcke 2000) Current!y ‘Sutherlandia frutescens
is available in tablet or pressed leaf powder form. Sutherlandia frutescens has

been reported to have diverse medicinal uses that include the treatment of
inflammation and viral diseases (Rood, 1994), but there has been no scientific
documentation on the pharmacology, biochemistry and mechanism of action of this
plant (Fernandes et al, 2004). Although scientific evidence supporting the
anecdotal health claims regarding Sutherlandia frutescens is both limited and
conflicting, studies are ongoing to establish affirmative data.

2.12.3 Constituents of Sutherlandia frutescens

The main constituents of Sutherlandia frutescens thought to be active include L-
canavanine (Fig. 20), a non-protein amino acid, D-pinitol (Fig. 21), an inositol found

https://etd.uwc.ac.za/
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in many types of legumes, L-arginine, an antagonist of L-canavanine (Fig. 22), and
gamma-amino butyric acid (GABA) (Fig. 23) an amino acid analogue, (Gericke et
al., 2001).

Fig. 21 Structure of D-pinitol (http://wwiw!sutheriandia.comipinitol frame.htm).

/[JC i
NH

Fig. 22 Structure of L-arginine (http://morelife.org/figures/arginine.jpg)

Fig. 23 Structure of gamma-amino butyric acid (http://en.wikipedia.org/wiki/GABA)
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Other minor bioactive compounds include asparagines and secondary plant
metabolites such as saponin, methyl and propyl parabens, a preservative
combination with anti-microbial abilities that prevent the formation of bacteria,
hexadecanoic acid, gamma sitosterol, sigmast-4- en -3-one and several long chain
alcohols (Tai et al., 2004).

2.12.4 Biological properties

Aqueous extracts of Sutherlandia frutescens have been reported to have anti-
proliferative effects on cancer cells (van Wyk et al., 2002; Tai et al., 2004).
Chinkwo (2005) have shown that Sutherlandia frutescens extracts induced
apoptosis in cancer cells when compared to staurosporine and ceramide. L-
canavanine is believed to have antibacterial, antifungal, and antiviral activity
(Rosenthal, 1997), as well as anti-tumour-properties, (Southon, 1994; Swaffar et
al, 1994). L-arginine is an antggonistoof-t=canavanine regarding the anti-
proliferating properties of the latter=argininerexhibits’ antiviral properties by
contributing to nitric oxide (NO) synthesis and enhanced| oxidative injury. GABA
exhibits neurotransmitter inhibitory-—action; " while—D-pinitol has antiinflamatory
properties (Sia, 2004; Tai et al., 2004).

2.12.4.1 Antioxidant properties
Utilizing a cell free system, S. frutescens was found to possess superoxide and
hydrogen peroxide scavenging activities, which could account for the anti-

inflammatory properties (see section 2.12.4.3) (Fernandes et al., 2004).

Katerere and Eloff (2005) investigated the antioxidant activity of S. frutescens
using the DPPH assay on thin layer chromatography. Different extracts of various
solvents, and two different extraction methods were prepared. The strongest free
radical scavenging activity was obtained with extracts prepared when using more

polar solvents such as ethanol, acetone and water.

Sutherlandia demonstrated antioxidant activity in the ABTS hydroxy! radical cation

scavenging assay, using Trolox as antioxidant reference. The ethanolic extract had
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radical scavenging activity when compared to Trolox. In  murine
macrophages/monocytes (Tai et al., 2004), the ethanolic extract of Sutherlandia,
pinitol and canavanine inhibited lipopolysaccharide (LPS)-activated NO production.
Although the ethanolic extract did not significantly stimulate NO production in the
cells not treated with LPS, Tai et al. (2004) observed a significant increase in NO

production in the cells treated with 1 ug/ml of LPS.

2.12.4.2 Anti-mutagenic properties

Reid et al. (2006) investigated the mutagenic and antimutagenic effects of S.
frutescens were in the Salmonella typhimurium assay. The study was conducted in
the presence of a liver metabolizing system (S-9) using 2-aminoanthracene for
both TA98 and TA100. Sodium azide and 4-nitroquiniline -1-oxide were used
against TA100 and TA98 in the abssfice-of S-9.-respectively. Dichloromethane
extracts of S. frutescens exhibited- antimutagenic-preperties against TA98 and
TA100 in the presence of S9, while a 90%| methanel extract showed no activity

against 2-aminoanthracene-induced mutagenesis towards TA98 and TA100.

2.12.4.3 Anti-inflammatory properties

Numerous anti-inflammatory agents have been shdwn. to lexert chemopreventive
activity by targeting cycloxygenase (COX)-2, a key enzyme involved in
inflammation. A  methanol extract of S. frutescens inhibited 12-O-
tetraciecanoylphorbos—13—acetate (TPA)-induced COX-2 expression in human
breast epithelial cells and in mouse skin in vivo (Na et al., 2004). The methanol
extract also inhibited the DNA binding of NF-kB, a transcription factor regulating
COX-2 expression by TPA, in a dose-dependent manner. A study by Kundu et al.
(2005) showed that topical application of a methanol extract of S. frutescens
inhibited TPA-induced COX-2 expression in mouse skin. The anti-inflammatory
effects of a hot water extract of S. frutescens were demonstrated against the
formation of reactive oxygen species in neutrophils affected by L-formyl-
L_methionyl-L-leucyl-L-phenylalanine (Fernandes et al., 2004). An aqueous

Sutherlandia shoot extract inhibited the albumin-induced acute inflammation in
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mice. Secondary metabolites and/or other chemical constituents are suggested to
account for the anti-inflammatory effect (Na et al., 2004).

It must be noted that different preparations of S. frutescens (fresh, whole plant
extracts; single compound extracts; or tablets containing raw herb powder) have
been used in investigations using S. frutescens, and these variations in chemical
composition may have contributed to variations in results (Sia, 2004). Itis possible
that the individual compounds found in S. frutescens may be acting synergistically
in the human physiological system, thereby mediating greater clinical benefit than

is obtained by single compounds.

Summary

Frequently used plants in traditional medicine are assumed to be safe due to their
long-term use (Elgorashi et al., 2002) and are-gensidered to have no side effects
because they are “natural” (Popat-ef-af, 200t —Fhe meditinal uses of many of
these plants have been passed down- fromigeneration;to generation, and are

based mostly on anecdotal evidenceg, thus having no scientific substantiation.

Natural antioxidants are ideal ingredignts far inclusion into chemopreventive agents
since they play a role in reducing oxidative stress associated with DNA damage
and degenerative diseases such as atherosclerosis, coronary heart disease,

cancer and acceleration of the ageing process (Richards, 2003).

Tea contains high amounts of flavonoids such as flavanols, flavonols, theaflavins
and thearubigins (Balentine et al., 1997), and a number of epidemiological studies
have linked tea consumption, mostly green tea, to a reduced risk of cancer in
humans. The effect of tea on carcinogenesis in animal models is unique, as no
other agent tested for possible chemopreventive effects has shown such efficacy at

the concentrations usually consumed by humans (Dreosti et al., 1997).

Although no epidemiological studies have been conducted on rooibos. honeybush

and Sutherlandia, the physiological effect demonstrated by these herbal infusions
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in some jn vitro and in vivo systems are convincing. To establish the mechanisms
of action of the infusions and/or active constituents, sound scientific evidence is
necessary in order to substantiate anecdotal claims with the aim of developing and
implementing successful chemopreventive strategies. In addition to being
indigenous to South Africa these plants and/or their extracts provide a natural

source of compounds that may protect against various diseases.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




56

REFERENCES

Ahmad, N., Katiyar, S.K., Mukhtar, H. Cancer chemoprevention by tea
polyphenols. In: Nutrition and chemical toxicity, C. lonnides (Ed.), Wiley, West
Sussex, UK, pp. 301-343, 1998.

Astin, J.A. Why patients use alternative medicine. Journal of the American Medical
Association, 279, n1548-1553, 1998.

Azam, S., Hadi, N., Khan, N.U., Hadi, S.M. Prooxidant property of green tea
polyphenols epicatechin and epigallocatechin-3-gallate: implications for anticancer
properties. Toxicology in Vitro, 18, 555-561, 2004.

Balentine, D.A., Wiseman, S.A., Bouwshs,+C M-Théchemistry of tea flavonoids.
Critical Reviews In Food Science and-Nutrition—-37 -693-704, 1997.

Bast, A., Chandler, R.F., Choy, F.C. Botanical health products, positioning and
requirements for effective an&—safe—use.Environmental Toxicology and
Pharmacology 12, 195-211, 2002.

Beecher, C.W.W., Farnsworth, N.R., Gyllenhaal, C. Pharmacologically active
metabolites from wood. In: Natural Products of woody plants Il, Rowe, JW., Ed.
Springer-Verlag, Berin 1059-1164, 2003.

Belpomme, D., Irigaray, P., Hardell, L., clap, R., Montagnier, L., Epstein, S., Sasco,
A.J. The multitude and idversity of environmental carcinogens. Environmental
Research, 105, 414-429, 2007.

Bingham, S.A. High-meat diets and cancer risk. Proceedings of the Nutrition
Society, 58, 243-248, 1999.



e

UNIVERSITY of the
WESTERN CAPE

|
https://etd.uwc.ac.za/




57

Blot, W.J. Oesophageal cancer trends and risk factors. Seminars in Oncology, 21,
403-410, 1994,

Blot, W.J, Chow, W.H., McLaughlin, J.K. Tea and cancer. a review of the
epidemiological evidence. European Journal of Cancer Prevention 5, 425-438,
1996.

Blot, W.J., McLaughlin, J.K. Chow, W.H. Cancer rates among drinkers of black tea.
Critical Reviews in Food Science and Nutrition, 37, 739-760, 1997.

Bradford, M.M. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Annals of
Biochemistry, 72, 248-254, 1976.

Bramati, L., Minoggio, M., Gardana, /|C., Bimonetti Pl Mauri, P., Pietta, P.
Quantitative characterization of flavonaid compounds in|fooibos tea (Aspalathus
linearis) by LC-UV/DAD. Journal-of-Agricaltarat-and-Food>Chemistry, 50, 5513-
5519, 2002.

Bramati, L., Aquilano, F., Pietta, P. Unfermented rooibos tea: quantitative
characterization of flavonoids by HPLC-UV and determination of the total
antioxidant activity. Journal of Agricultural and Food Chemistry, 51, 7472-7474,
2003.

Burrell, R.J.W. Distribution maps of esophageal cancer among Bantu in the
Transkei. Journal of the National Cancer Institute, 43, 4, 887-889, 1969.

Bushman, J.L. Green tea and cancer in humans: A review of the literature.
Nutrition and Cancer, 31, 151-159, 1998.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




58

Butterworth, B.E. and Goldsworthy, T.L. The role of cell proliferation in multistage
carcinogenesis. Society for Experimental Biology and Medicine, Cell Proliferation,
683-687, 1991.

Catterall, F., Copeland, E., Clifford, M.N., loannides, C. Contribution of theafulvins
to the antimutagenicity of black tea: their mechanism of action. Mutagenesis, 13,
631-636, 1998.

Catterall, F., Copeland, E., Clifford, M.N., loannides, C. Effects of black tea
theafulvins on aflatoxin By mutagenesis in the Ames test. Mutagenesis, 18,145-
150, 2003.

Chadwick, W.A., Roux, S., van de Venter=Vi-touw-dJ., Oelofsen, W. Anti-diabetic
effects of Sutherlandia frutescens inmiWistarratsyfed adrabetogenic diet. Journal of
Ethnopharmacology, 109,121-127, 2007;

Chelule, P.K., Gqaleni, N., Dutton=MF=—Chufurgoon, A.A—Exposure of Rural and
Urban Populations in KwaZulu Nataly Sauth Africa; to Fumonisin B, in Maize.

Environmental Health Perspectives,: 108,-3, 2001,

Chiechi, L.M. Dietary phytoestrogens in the prevention of long-term
postmenopausal diseases. International Journal of Gynecology & Obstetrics 67,
39-40, 1999,

Chinkwo, K.A. Sutherlandia frutescens extracts can induce apoptosis in cultured

carcinoma cells. Journal of Ethnopharmacology, 98, 163-170, 2005.

Christop, B. The Bcl-2 protein family: sensors check point for life or death decision;
Molecular Immunology, 39, 615-647, 2003.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/



59

Clapp, RW., Howe, G.K., Jacobs, M.M. Envrionmental and occupational causes of
cancer: A call to act on what we know. Biomedicine and Pharmacotherapy, 61,
631-639, 2007.

Conney, AH. Lu, Y-P., Lou, Y-R., Xie, J-G. and Huang, M.T. Inhibitory effect of
green tea and black tea on tumor growth. Proceedings of the Society for
Experimental Biology and Medicine, 220, 229, 1999.

Crespy, V., Williamson, G. A review of the health effects of green tea catechins in
in vivo animal models. The Journal of Nutrition, 134, 3431S-3440S, 2004.

Dhawan, A., Anderson, D., de Pascual-Teresa, S., Santos-Buelga, C., Clifford,
M.N., loannides, C. Evaluation of the-antigefttoxic-patential of monomeric and
dimeric flavanols, and black tea polyphenols againstihgtérocyclic amine-induced
DNA damage in human lymphocyt@s using fthe Comét assay. Mutation Research,
515, 39-56, 2002.

De Nysschen, A.M., van Wyk, B-B, Vi Keeérden] A.R. and/Schutte, A.L. The major
phenolic compounds in the leaves of 1Gyclopia” species (honeybush tea).
Biochemical Systematics and Ecology, 24, 243-246, 1996.

Dreosti, |.E., Wargovich, M.J. and Yang, C.S. Inhibition of carcinogenesis by tea:
The evidence from experimental studies. Critical Reviews In Food Science and
Nutrition, 37, 761, 1997.

Du Toit, J., Joubert, E.Optimization of the fermentation parameters of honeybush
tea (Cyclopia). Journal of Food Quality, 22, 241-256, 1999.

Elgorashi, E.E., Taylor, J.L.S., Maes, A., De Kimpe, N., van Staden. J.
Verschaeve, L. The use of plants in traditional medicine: potential genotoxic risks.
South African Journal of Botany, 68, 408-410, 2002.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




60

Evan, G.I. and Vousden, K.H. Proliferation, cell cycle and apoptosis in cancer.
Nature 411, 342-348, 2001.

Faber, E. Foundations in cancer research: The step-by-step development of
epithelial cancer: from phenotype to genotype. Advances in Cancer Research Vol
70, pp 23. Academic Press, Inc. 1996.

Fandohan,P., Hell, K., Marasas, W.F.O., Wingfield, M.J. Infection of maize by
Fusarium species and contamination with fumonisin in Africa. African Journal of
Biotechnology, 2, 570-579, 2003.

Farombi, E.O. Diet-related cancer and prevention using anticarcinogens. African
Journal of Biotechnology 3, 651-661..2004-

Fernandes, A.C., Cromarty, A.D., Albrecht,|C., |Jansen van Rensburg, C.E. The
antioxidant potential of Sutherlandia frutesgéns, Joutnal bf Ethnopharmacology,
95, 1-5, 2004.

Ferreira, D., Marais, C., Steenkanip, J.A:, Udubért, E{Radibés tea as a likely health
food supplement IN: Proceedings of a Recent Development of Technologies on
Fundamental Foods for Health, Korean Society of Food Science and Technology:
Seoul, Korea, 73-78, 1997.

Ferreira, C. Kamara, B.l., Brandt, E.V. and Joubert, E. Phenolic compounds from
Cyclopia intermedia (honeybush tea). Journal of Agricultural and Food Chemistry,
46, 3406-3410, 1998.

Gee, J.M. and Johnson, |.T. Polyphenolic compounds: Interactions with the gut and
implications for human health. Current Medicinal Chemistry, 8, 1245-1255, 2001.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




61

Geetha, T., Garg, A., Chopra, K, Kaur, |.P. Delineation of antimutagenic activity of

catechin, epicatechin and green tea extract. Mutation Research, 556, 65-74, 2004.

Gericke, N., Albrecht, C.F., Van Wyk, B., Mayent, B., Mutwa, C., Hutchings, A.
Sutherlandia frutescens. Australian Journal of Medical Herbalism, 13, 9-15, 2001.

Graham, H.N. Green tea composition, consumption and polyohenolic chemistry.
Preventive Medicine, 21, 334-350, 1992.

Greenish, H.G. Cape tea, 3" Ser., Pharmaceutical Journal and Transactions, 550,
549-551, 1881.

Goldman, R., Shields, P.G. Food mutagens=Thé-=deurnal of Nutrition, 133 (Suppl.
3) 965S-973S, 2003.

Gupta, S., Saha, B., Giri, A K. Gomparative antimutagenic and anticlastogenic
effects of green tea and black tea;a-review: Mutation-Research, 512, 37-65, 2002.

Habu, T., Flath, R.A., Mon. T.R.,;Marten;-JFs:\iolatite cemponents of rooibos tea
(Aspalathus linearis). Journal of Agricultural and Food Chemistry, 33, 249-254
1985.

Hakim, LA., Harris, R.B., Weisberger, UM. Tea intake and squamous cell
carcinoma of the skin: influence of type of tea beverages. Cancer Epidemiology,
Biomarkers and Prevention, 9, 727-731, 2000.

Han, C., Xu, Y. The effect of Chinese tea on the occurrence of oesophageal tumor

induced by NMBA in rats. Biomedical and Environmental Sciences. 3. 35-42 1990.

Harbowy, M.E. and Balentine, D.A. Tea chemistry. Critical Reviews in Plant
Sciences, 16, 415-480, 1997.






62

Hartwell, L.H. and Kastan M.B. Cell cycle control and cancer. Science, 266, 1821-
1828, 1994.

Hartwell, L.H. and Weinert, T.A. Checkpoints: controls that ensure the order of cell
cycle events. Science, 246, 629-634, 1989,

Heim, K.E., Tagliaferro, A.R., Bobilya, D.J. Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships. Journal of Nutritional Biochemistry,
13, 572-584, 2002.

Hertog, M.G., Feskens, E.J., Hollman, P.C., Katan, M.B., Kromhout, D. Dietary
antioxidant flavonoids and risk of coronary heart disease: the zutphen elderly
study. Lancet, 342, 1007-1011, 1993.

Hirose, M., Hoshiya, T., Akagi, K., Takasi,-S!)Hara, Yl lte, N. Effects of green tea
catechins in rat multi-organ carcinogenasis model, Carcinogenesis, 14, 1549-1553,
1993.

Ho, C.T., Chen, Q., Shi, H., Zhang! K!Q\. Rosen, tR/Ti* Antioxidant effect of
polyphenol extract prepared fromivarious Chinese teas.!Preventive Medicine, 21,
520-525, 1992.

Hubbe, M.E., Joubert, E. In vitro superoxide anion radical scavenging activity of
honeybush tea (Cyclopia intermedia), In: Dietary anticarcinogens and
antimutagens- chemical and biological aspects, Johnson, I.T., Fenwick, G.R. Eds.
The Royal Society of Chemistry, Cambridge, UK, pp 242-244, 2000a

Hubbe, M.E., Joubert, E. Hydrogen donating ability of honeybush tea (Cyclopia
intermedia) as a measure of antioxidant activity. In: Polyphenol Communications,
Martens, S., Treutter, D., Forkmann, G., Eds. TUM, pp 361-362, 2000b.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




63

IARC (International Agency for Research on Cancer) Coffee, tea, mate,
methylxanthine, and methylgloxal. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans., 51, 1 — 513, 1991.

ICMR Bulletin: Nonnutrients and cancer prevention, 31, 1, 2001.

ICMR Bulletin, The consumption of oxidative damage and cancer, 33, 4-5, 2003.

Inanami, O. Asanuma, T., Inukai, N., Jin, T., Shimokawa, S., Kasai, N., Nakano,
M., Sato, F., Kuwabara, M. The suppression of age-related accumulation of lipid
peroxides in rat brain by administration of rooibos tea (Aspalathus linearis).
Neuroscience Letters, 196, 85-88, 1995.

Irigaray, P., Newby, J.A., Clapp, R._Hardel=t—Howard, V., Montagnier, L.,
Epstein, S., Belpomme, D. Lifestyle-related fasiorsyand” environmental agents
causing cancer: An overview, Biomedicine and;Pharmanotherapy, 61, 640-658,
2007.

Jaskiekicz, K., Marasas, W.F.O. ands van ider ¥Vait,"F .E.,Qesophageal and other
main cancer patterns in four districts -of,-Transkei, .1981-1984. South African
Medical Journal, 72, 27-30, 1987.

Jaskiewicz, K., Close, P.M., Thiel, P.G., Cole, R.J. Preliminary studies on toxic
effects of cyclopiazonic acid alone and in combination with aflatoxin B1 in non-

human primates. Toxicology, 52, 297-307, 1988.

Johnson, D.G. and Walker, C.L. Cyclins and cell cycle checkpoints. Annual Review

of Pharmacology and Toxicology, 39,295-312, 1999.

Johnson, I.T. New approaches to the role of diet in the prevention of cancers of the
alimentary tract. Mutation Research, 551, 9-28, 2004.



e A O Ve
UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




64

Joubert, E. and Ferreira, D. Antioxidants of rooibos tea — a possible explanation for
its health promoting properties? South African Journal of Food Science and
Nutrition, 8, 79-83, 1996.

Joubert, L. Coffee, tea, or honeybush? In: Food Industries of South Africa, April,
1996, pp 29-30.

Joubert, E., Winterton, P., Britz, T.J., Ferreira, D. Superoxide anion and a,a-
diphenyl-R-picrylhydrazyl radical scavenging capacity of rooibos (Aspalathus
linearis) aqueous extracts, crude phenalic fracions, tannin and flavonoids. Food
Research International, 37, 133-138, 2004.

Joubert, E. HPLC quantification of the dihydroéhateenes, aspalathin and nothofagin
in rooibos tea (Aspalathus linearis)as-affecied by processirig. Food Chemistry, 55,
403-411, 1996.

Joubert, E., Winterton, P., Britz, /F.d=Gelderblom—W-C.A: Antioxidant and pro-
oxidant activities of aqueous extracts andrcruder potyphenalc fractions of rooibos
(Aspalathus linearis). Journal of, Agricultural,and Food, Chemistry, 53, 10260-
10267, 2005.

Joubert, E. and Schulz, H. Production and quality aspects of rooibos tea and
related products. Journal of Applied Botany and Food Quality 80, 138-144, 2006.

Joubert E., Otto, F., Grlner, S. and Weinreich, B. Reversed-phase HPLC
determination of mangiferin, isomangiferin and hesperidin in Cyclopia and the
effect of harvesting date on the phenolic composition of C. genistoides. European

Food Research and Technology, 216, 270-273, 2003.

Kamara, B.l., Brandt, E.V., Ferreira, D., Joubert, E. Polyphenols from Honeybush
tea (Cyclopia intermedia). Journal of Agricultural and Food Chemistry, 51, 3874-9,
2003.






65

Kamara, B.l., Brand, D.J., Brandt, E.V., Joubert, E. Phenolic metabolites from
honeybush tea (Cyclopia subternata). Journal of Agricultural and Food Chemistry,
52, 5391-5, 2004.

Kastan, M.B. Molecular biology of cancer: the cell cycle. In: Cancer: Principles &
Practice of Oncology, DeVita, V.T., Hellman, S., Rosenberg, S.A., Eds. 5" ed.
Philadelphia, PA: Lippincott-Raven; 121-134, 1997.

Katiyar, S K., Mukhtar, H. Tea consumption and cancer. World Review of Nutrition
and Dietetics, 79, 154-184, 1996.

Katiyar, S.K. and Mukhtar, H. Tea in chemoprevention of cancer: epidemiologic

and experimental studies. International Jeurfat-of-Onealogy, 8, 221-228 1996.

Katerere, D. and Eloff, J.N. antibacterial and antioxidant| activity of Sutherlandia
frutescens (Fabaceae), a reputed anti-HIN/AIDS phytomedicine. Phytotherapy
Research, 19, 779-781, 2005.

Kerr, J.F.R., Wyllie, A.H., Currie,A.R. :Apoptesis: arbasic biclogical phenomenon
with wide-ranging implication in tissue kinetics. British Journal of Cancer, 26, 239-
257, 1974.

Kies, P. Revision on the genus Cyclopia and notes on other sources of bush tea.
Bothalia 6, 161-176, 1951.

Klaunig, J.E., Xu, Y., Isenberg, J.S., Bachowski, S., Kolaja, K.L., Jiang, J.,
Stevenson, D.E., Walborg, E.F. Jr. The role of oxidative stress in chemical

carcinogenesis. Environmental Health Perspectives, 106, Suppl 1, 289-295, 1998.

Koeppen, B.H. and Roux, D.G. C-glycosylflavonoids. The chemistry of aspalathin.
Biochemistry Journal, 99, 604-609, 1966.






66

Koeppen B.H. and Roux, D.G. C-glycosylflavonoids. The chemistry of orientin and
iso-orientin. Biochemistry Journal, 97, 444-448, 1965.

Koeppen B.H., Smit, C.J.B., Roux, D.G. The flavone C-glycosides and flavonol O-
glycosides of Aspalathus acuminatus (rooibos tea). Biochemistry Journal, 83, 507-
511, 1962.

Kohimeier, L., Weterings, K.G.C., Steck, S. and Kok, F.J. Tea and cancer
prevention: an evaluation of the epidemiologic literature. Nutrition and Cancer, 27,
1-13, 1997.

Kundu, J.K., Mossanda, K. S., Na, H.-K., Surh, Y.-J. Inhibitory effects of the
extracts of Sutherlandia frutescens (L.) R—B¥—and.Harpagophytum procumbens
DC. On phorbol ester-induced COX-2-expression-in-mouse skin: AP-1 and CREB
as potential upstream targets. Canger Letters; 218, 27-31,2005.

Kuroda, Y. and Hara, Y. Antimputagenic—and anticarcifiegenic activity of tea
polyphenols. Mutation Research, 436,:69-97,11299-

Lambert, J.D., Yang, C.S. Cancer chemopreventive activity and bioavailability of
tea and tea polyphenols. Mutation Research, 523, 201-208, 2003.

Lee, E.-J. and Jang, H.-D. Antioxidant activity and protective effect on DNA strand
scission of rooibos tea (Aspalathus linearis). BioFactors, 21, 285-292, 2004.

Lee, M.-J., Miliakal, P., Chen, L., Meng, X., Bondoc, F.Y., Prabhu, S., Lambert, G.,
Mohr, S., Yang, C.S. Pharmacokinetics of tea catechins after ingestion of green tea
and (-)-epigallocatechin-3-gallate by humans: Formation of different metabolites
and individual variability. Cancer Epidemiology, Biomarkers and Prevention, 11,
1025-1032, 2002.






67

Leung, LK., Su, Y., Chen, R, Zhang, Z., Huang, Y. Chen, Z-Y. Theaflavins in
black tea and catechins in green tea are equally effective antioxidants. The Journal
of Nutrition, 131, 2248-2251, 2001.

Leung, LK., Su, Y., Chen, R., Zhang, Z., Huang, Y. Chen, Z-Y. Theaflavins in
black tea and catechins in green tea are equally effective antioxidants. The Journal
of Nutrition, 131, 2248-2251, 2001.

Lin, Y.L, Juan, .M., Chen, Y.L., Liang, Y.C., Lin, J.K. Compositions of polyphenols
in fresh tea leaves and associations of their oxygen-radical absorbing capacity with
antiproliferative actions in fibroblast cells. Journal of Agricultural and Food
Chemistry, 44, 1387-1394, 1996.

Lin, J.-K., Liang, Y.-C., Lin-Shial, XS-YII Cander chemoprevention by tea
polyphenols through mitotic signal | transduction Blockade. Biochemical
Parmacology, 58, 911-915, 1999.

Liao, s.,Kao, Y.-H., Hiipakka, R.Al Grekn'ted: biachemigal/and biological basis for
health benefits. Vitamins Hormonag, 62+ 1794, 2091 .

Lippman, S.M., Benner, S.E. and Hong, W.K. Retinoid chemoprevention studies in
upper aerodigestive tract and lung carcinogenesis. Cancer Research, 54 (Suppl):
S2025, 1994.

Liu, Q., Wang, Y., Christ, K.A., Wang, Z.-Y.,Lou, Y.-R., Huang, M.T., Conney, H.A.,
You, M. Effect of green tea on p53 mutation distribution in ultraviolet B radiation

induced mouse skin tumours. Carcinogenesis, 19, 1257-1262, 1998.

Lockshin, R.A. and Zakeri, Z. Programmed cell death and apoptosis: origins of the

theory. Nature reviews. Molecular cell biology. 2, 545-550, 2001.






68

Lu, Y.P., Lou, Y.R,, Xia, J.G., Hen, P., Huang, M.T., Conney, A.H. Inhibitory effect
of black tea on the growth of estrablished skin tumours in mice: effects on tumour
size, apoptosis, mitosis and BrdU incorporation into DNA. Carcinogenesis, 18,
2163-2169, 1997.

Makaula, A.N., Marasas, W.F., Venter, F.S., Badenhorst, C.J.. Bradshaw, D.,
Swanevelder, S. Oesophageal and other cancer patterns in four selected districts
of Transkei, Southern Africa; 1985-1990. African Journal of Health Sciences, 3, 11-
15, 1996.

Marasas, W.F.O., Jaskeiwicz, K., Venter, F.S.. van Schalkwyk, D.J. Fusarium
moniliforme contamination of maize in esophageal cancer areas in Transkei. South
African Medical Journal, 74: 110-114, 1988:

Marasas, W.F.O., Wehner, F.C., Van Rensburg] S.U. and van Schalkwyk, D.J.
Mycoflora of Corn Produced in Human Oesophageal Cancer Areas in Transkei,
Southern Africa. Phytopathology, 7%, 792-796, 1987

Marnewick, J.L. Cancer Modulating; Propertigs of (Uniqua: South African herbal
Teas (Rooibos and Honeybush) in Short Term in vitro and in vivo Carcinogenesis
Assays. PhD thesis; University of Stellenbosch; Stellenbosch; South Africa; 2004

Marnewick, J.L., Gelderblom, W.C.A., Joubert, E. An investigation on the
antimutagenic properties of South African herbal teas. Mutation Research, 471,
157-166, 2000.

Marnewick, J.L., Joubert, E., Swart, P., Van der Westhuizen, F.,Gelderblom, W.C.
Modulation of hepatic drug metabolizing enzymes and oxidative status by Rooibos
(Aspalathus linearis) and Honeybush (Cyclopia intermedia), Green and Black
(Camellia sinensis) teas in rats. Journal of Agricultural and Food Chemistry, 51,
8113-8119, 2003.






69

Marnewick, J.L., Batenburg, W., Swart, P., Joubert, E., Swanevelder, S.,
Gelderblom,W.C.A. Ex vivo modulation of chemical-induced mutagenesis by
subcellular liver fractions of rats treated with rooibos (Aspalathus linearis) tea,
honeybush (Cyclopia intermedia) tea, as well as green and black (Camellia
sinensis) teas. Mutation Research, 558, 145-154, 2004,

Marnewick, J.L., Joubert, E., Joseph, S., Swanevelder, S., Swart, P., Gelderblom,
W.C.A. Inhibition of tumour promotion in mouse skin by extracts of rooibos
(Aspalathus linearis) and honeybush (Cyclopia Intermedia), unique South African
herbal teas. Cancer Letters, 224, 193-202, 2005.

McCabe, M.L., Dlamini, Z. The molecular mechanisms of oesophageal cancer.

International Immunopharmacology, 5, 1443=1430:-2005.

McGowan, C.H. Regulation of thgreukaryatie eell cyele|[Progress in Cell Cycle
Research, 5, 1-4, 2003.

McKay, D.L. and Blumberg, J.B. A review ofthe bivactivity;of South African herbal
teas: Rooibos (Aspalathus linearis).-and- Heneybush {Cyclopia intermedia).
Phytotherapy Research, 21, 1-16, 2006.

Miksicek, R.J. Estrogenic flavonoids: structural requirements for biological activity.
Proceedings of the Society for Experimental Biology and Medicine, 208, 44-50,
1995.

Miller, D. and Marasas, W. Ecology of Mycotoxins in Maize and Groundnuts.

Supplement to Leisa Magazine, March 2002.

Morse, M.A. and Stoner, G.D. Cancer chemoprevention: principles and prospects.
Carcinogenesis, 14, 9, 1737-1746, 1993,






70

Morse, M.A., Kresty, L.A., Steele, V.E., Kelloff, G.J., Boone, C.W., Balentine, D.A.,
Harbowy, M.E., Stoner, G.D. Effects of theaflavins on N-nitrosomethylbenzylamine-

induced oesophageal tumorigensisis. Nutrition and Cancer, 29, 7-12, 1997.

Morton, J.F. Rooibos tea, Aspalathus linearis, a caffeineles, low-tannin beverage.
Economic Botany, 37, 164-173, 1983.

Murray, A.W. Creative blocks: cell cycle checkpoints and feedback controls.

Nature, 359, 599-604, 1992.

Muto, S., Fujita, K.-I., Yamazaki, Y., Kamataki, T. Inhibition by green tea catechins
of metabolic activation of procarcinogens by human cytochrome P450. Mutation
Research, 479, 197-206, 2001.

Na, H.-K., Mossanda, K. S., Leeid.=Y[, Surh, Y -J77Inkibition of phorbos ester-
induced COX-2 expresseion by some edible African plants. Biofactors, 21, 149-
153, 2004,

Narayanan, C.R., Jshi, D.D., Mujumdary A.;»Dhekne, M.}. Pinitol, a new anti-
diabetic from the leaves of Bougainvillea spectabilis. Current Science, 56, 139-141,
1987.

National Cancer Institute (NCI) Cancer Fact Sheet: Heterocyclic Amines in Cooked
Meats, Reviewed 15/09/2004. Available at:

(www.cancer.gov/cancertopics/factsheet/Risk/heterocyclic-amines).

Nile, R.M., McFarland, M., Weimer, M.B., Redkar, A., Fu, Y.M., Meadows, G.G.
Resveratrol is a potent inducer of apoptosis in human melanoma cells. Cancer
Letters, 190, 160-165, 2003.

Ojewole, J.A. Analgesic, anti-inflammatory and hypoglycemic effects of

Sutherlandia frutescens R. BR. (variety Incana E. MEY.) [Fabaceae] shoot



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




71

aqueous extract. Methods and Findings in Experimental Clinical Pharmacology, 26,
409, 2004.

Parkin, D.M., Whelan, S., Ferlay, J., Raymon, L., Young, J. (Eds). Cancer
incidence in Five Continents Volume VII. IARC Scientific Publications No. 143.

International Agency for Research on Cancer: France, 1997.

Parkin, D.M., Pisani, P., Ferlay, J. Estimates of the worldwide incidence of 25

major cancers in 1990. International Journal of Cancer, 80, 827-841, 1999.

Parkin, D.M., Ferlay, J., Hamdi-Cherif, M., Sitas, F., Thomas, J.O., Wabinga,
H., Whelan, S.L. (Eds). Cancer in Africa: Epidemiology and prevention. IARC
Scientific Publications No. 153; IARC Press, Lyon. Chapter 3: Southern Africa,
pages 207-241, 2003.

Parkin, D.M., Bray, F., Ferlay, J., Rigani;/P:-Global'Cancer Statistics, 2002, CA: A
Cancer Journal for Clinicians, 55, 74+108, 2005.

Popat, A., Shear, N.H., Malkeiwicz, 1., Stewart, M.J., Steenkamp, V., Thompson,
S., Neuman, M.G. The toxicity of Callilepis 1aureola, & South African traditional
herbal medicine. Clinical Biochemistry: 34, 229-236, 2001,

Rabe, C., Steenkamp, J.A., Joubert, E., Burger, J.F., Ferreirra, D. Phenolic
metabolites from rooibos tea (Aspalathus linearis). Phytochemistry, 35:1559-1565
1994,

Reed, J.C. Apoptosis regulatory proteins as targets for drug discovery. Trends in
Molecular Medicine, 7, 7, 314-318, 2001.

Reid, K.A., Maes, J., Maes, A., van Staden, J., De Kimpe, N., Mulholland, D.A.,
Verschaeve, L. Evaluation of the mutagenic and antimutagenic effects of South

African plants. Journal of Ethnopharmacology, 106, 44-50, 2006.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




72

Rheeder, J.P., Marasas, W.F.O., Thiel, P.G., Sydenham, E.W., Shephard, G.S.
and van Schalkwyk, D.J. Fusarium moniliforme and Fumonisins in Corn in Relation

to Human Oesophageal Cancer in Transkei. Phytopathology, 82, 353-357, 1992.

Rice-Evans, C.A. Measurement of the total antioxidant activity of tea polyphenols
as antioxidants in vitro for chemoprevention in humans. Proceedings of the Society
for Experimental Biology and Medicine, 220, 262-266, 1999,

Rice-Evans, C.A., Miller, N.J. and Paganga, G. Antioxidant properties of phenolic
compounds. Trends in Plant Science, 2, 152, 1997.

Richards, E.S. Antioxidant and antimutagenic activities of Cyclopia species and
activity guided fractionation of C.—frtermedia—MSc Thesis, University of

Stellenbosch, Stellenbosch, South Africa F2003.

Rood, B. (Ed). Uit die Veldapteek. Tafelberg Publishers, Gape Town, South Africa,
pp. 51, 1994,

Rooibos Limited website: www tgoibssitdicéizal (RooiBds Ltd. Is the largest

producer/distributor of rooibos in South Africa).

Rose, E.F. A study of esophageal cancer in the Transkei. National Cancer Institute
Monograng, 25, 83-96, 1965.

Rose, E.F. and McGlashan, N.D. The spatial distribution of oesophageal
carcinoma in the Transkei, South Africa. British Journal on Cancer, 31, 197-206,
1975.

Rosenthal, G.A. L-canaline: a potent antimebolite and anti cancer agent from
legumines plants. Life Sciences, 60, 1635-1614, 1997.






13

Safdar, M. and Khan, A. Incidence, Epidemiology and Prevention of Cancer and
Management of Cancer Patients — an Overview. Journal of Medical Science, 3,
429-456, 2003.

Sandell, L.L. and Zakian, V.A. Loss of a yeast telomere: Arrest, recovery, and
chromosome loss. Cell, 75, 729-739, 1993,

Schulte-Hermann, R., Bursch, W, Kraupp-Grasl, B., Oberhammer, F., Wagner, A.,
Jirtle, R. Cell proliferation and apoptosis in normal liver and preneoplastic foci.
Environmental Health Perspectives, 101, (Suppl 5), 87-90, 1993,

Schulte-Hermann, R., Grasl-Kraupp, B., Bursch, W. Dose-response and threshold

effects in cytotoxicity and apoptosis. Mutatien“Research.-464, 13-18, 2000.

Semnani, S., Sadjadi, A., Fahimi, S| Notraie, M., Naeimi, M., Kabir, J., Fakheri,
H., Saadatnia, H., Ghavamnasiri, M.R. Malekzadeh, R!lDeclining incidence of
oesophageal cancer in the Turknién Plain_eastern part-of-the Caspian Littoral of
Iran: A retrospective cancer surveillahéé \Canedr Detectipn/and Prevention, 30, 14-
19, 2006.

Serafini, M., Ghiselli, A., Ferro-Luzzi, A. Red win, tea and antioxidants. Lancet,
344, 626 1994.

Shephard, G., van der Westhuizen, L., Gatyeni, P., Somdyala, N.I.M., Burger, H-
M., Marasas, W.F.O. Fumonisin Mycotoxins in Traditional Xhosa Maize Beer in
South Africa. Journal of Agricultureal and Food Chemistry, 53, 9634-9637, 2005.

Shephard, G.S., Thiel, P.G., Stockenstrom, S.. Sydenham, E.W. Worldwide survey
of Fumonisin contamination of corn and corn-based products. Journal of AOAC
International, 793, 671-687, 1996.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




74

Shindo, Y. and Kato, K. Effect of rooibos tea on some dermatological diseases. In

Proceedings of the International Symposium on Tea Science, 1991,

Sia, C. Spotlight on Ethnomedicine: Usability of Sutherlandia frutescens in the
treatment of diabetes. The Review of Diabetic Studies, 1, 145-149, 2004.

Simon, M., Horovska, L., Greksak, M. Dusinsky, R, Nakano, M. Antihemolytic
effect of rooibos tea (Aspalathus linearis) on red blood cells of Japanese quails.
General Physiology and Biophysics, 19, 365-371, 2000.

Sitas, F. and Isaacson, J. Annual Report 1987. National Cancer Registry of South
Africa: Johannesburg, 1989,

Snijman, P., Swanevelder, S., Joubert E.}Graan. [IR_IGelderblom, W.C.A. The
antimutagenic activity of the majoii flavionaids of raoibos (Aspalathus linearsi) —
some dose response effects on| mutagen Activationsflavaonoid interactions.
Mutation Research/Genetic Toxicology and Envirenmental Mutagenesis, 631. 111-
123, 2007.

Snykers, F.O. and Salemi, G. Studies on South African medicinal plants. Part I.
Quercetin as the major in vitro active component of rooibos tea. Journal of the
South African Chemical Institute, 27, 5-7, 1974.

Somdyala, N.I.M. Thesis: Cancer surveillance, a missing link in health care delivery
system of South Africa. Masters in Development Studies, Faculty of Economic and

Management Sciences, University of the Free State, 2002.

Somdyala, N.I.M., Marasas, W.F.O., Venter, F.S., Vismer, H.F., Gelderblom,
W.C.A.. Swanevelder. S.A. Cancer patterns in four districts of the Transkei region -
1991-1995. South African Medical Journal, 93, 144-148, 2003a.






75

Somdyala, N.I.M., Bradshaw, D., Gelderblom, W.C.A., Marasas, W.F.O.. Cancer
patterns in four districts of the Transkei Region, 1996-2000: PROMEC Cancer
Registry Technical Report, Cape Town: South African Medical Research Council,
2003b.

Southon, E.W. Systemic significance of canavanine in the papilionoideae

(Faboideae). Biochemical Systematics and Ecology, 6, 201-212, 1994.

Standley, L., Winterton, P., Marnewick, J.L., Gelderblom, W.C., Joubert, E., Britz,
T.J. Influence of processing stages on antimutagenic and antioxidant potentials of
rooibos tea. Journal of Agricultural and Food Chemistry, 49, 114-117, 2001.

Starvric, B. Biological significance of trace levels of mutagenic heterocyclic
aromatic amines in human diet: a.eritical-review—Food-and Chemical Toxicology,
32,10, 977-994, 1994,

Steele, V.E., Kelloff, G.J., Balentine, D!, Baong, GV, Metha, R., Bagheri, D.,
Sigman, C.C., Zhu, S., Sharma, S-Comparative chemopraventive mechanisms of
green, black tea and selected polyphenol extracts meastred by in vitro bioassays.
Carcinogensis, 21, 63-67, 2000.

Suganuma, M., Okabe, S., Sueoka, N., Matsuyama, S., Imai, K., Nakachi, K. and
Fujiki, H. Green tea and cancer chemoprevention. Mutation Research, 428, 339,
1999.

Surh, Y-J. Molecular mechanisms of chemopreventive effects of selected dietary

and medicinal phenolic substances. Mutation Research, 428, 305-327. 1999.

Surh, Y.-J. Cancer chemoprevention with dietary phytochemicals, Nature Reviews.
Cance, 3, 768-780, 2003.






76

Swaffar, D.S., Ang, C.Y., Desai, P.B., Rosenthal, G.A. Inhibition of the growth of
human pancreatic cancer cells by the arginine antimetabolite L-canavanine.
Cancer Research, 54, 6045-6048, 1994

Tai, J., Cheung, S., Chan, E., Hasman, D. In vitro culture studies of Sutherlandia
frutescens on human tumor cell lines. Journal of Ethnopharmacology, 93, 9-19,
2004,

Terblanche, S.E. Report on Honeybush tea, Department of Biochemistry,
University of Port Elizabeth, Port Elizabeth, South Africa, 1982,

Tomlins, K.I., Mashingaidze, A. Influence of withering, including leaf handling, on
the manufacturing and quality of black teas—a-review. Food Chemistry, 60, 573-
580, 1997.

Trevisanato, S.1., Young-In, K. Tea|and Health. Nutrition Reviews, 58, 1-10 2000.

Tuyns, A.J. Epidemiology of alcohol mnricancer; Cancer/Research, 39, 2840-2843,
1979.

Ulicna, O., Vancova, O., Bozek, P., Carsky, J., Sebekova, K., Boor, P., Nakano,
M.,Greksak, M. Rooibos tea (Aspalathus linearis) partially prevents oxidative stress

in striptozotocin-induced diabetic rats. Physiol. Research, 55, 157-164, 2006.

UNESCQO: Culture and health, Orientation Texts — World Decade for Cultural
Development 1998 — 1997, Document CLT.DEC/PRO — 1996, Paris, France, page
129, 1996.

Van der Merwe, J.D., Joubert, E., Richards, E.S., Manley, M., Snijman, P.,
Marnewick, J.L., Gelderblom, W.C.A. A comparative study on the antimutagenic

properties of aqueous extracts of Aspalathus linearis (rooibos), different Cyclopia






7

spp. (honeybush) and Camellia sinensis teas, Mutation Research, 611, 42-53,
2006.

Van Rensburg, S.J., Hall, J.M., du Bruyn, D.B. Effects of various dietary staples on
esophageal carcinogenesis induced in rats by subcutaneously administered N-
Nitrosomethylbenzylamine. Journal of the National Cancer Institute, 75, 561-566,
18885.

Van Wyk, B.E., Gericke, N. People’'s Plants. A guide to the useful plants of
Southern Africa. Briza Publications, Pretoria, pp. 351, 2000.

Van Wyk, B.E., van Oudtshoorn, B., Gericke, N. Medicinal plants of South Africa.
2nd Edition, Briza Publications, Pretoria,pp-246-247-1997.

Van Wyk, B.E. A review of ethnobotanical researeh in solithern Africa. The South
African Journal of Botany, 68, 1, 1-13, 2002.

Vermeulen, K., Van Bockstaele, DRy Berfaman, ZN . The, cell cycle: a review of
regulation, deregulation and therapsutic-targets. in cancen: Cell Proliferation, 36,
131-149, 2003.

Vinson, J.A. Dabbagh, Y.A. Tea phenols: Antioxidant effectiveness of teas, tea
components, tea fractions and their binding with lipoproteins. Nutrition Research, 8,
1067-1075, 1998.

Von Gadow, A., Joubert, E., Hansmann, C.F. Comparison of the antioxidant
activity of rooibos tea (Aspalathus linearis) with green, oolong and black tea. Food
Chemistry, 60, 73-77, 1997a.

Von Gadow, A., Joubert, E., Hansmann. C.F. Comparison of the antioxidant

activity of Aspalathin with that of other plant phenols of rooibos tea






78

(Aspalathuslinearis), a-tocopherol, BHT, and BHA. Journal of Agricultural and Food
Chemistry, 45, 632-638, 1997b.

Von Gadow, A., Joubert, E., Hansmann, C.F. Effect of extraction time and
additional heating on the antioxidant activity of rooibos tea (Aspalathus linearis)
extracts. Journal of Agricultural and Food Chemistry, 45, 1370-1374, 1997c.

Wang, Z.Y., Wang, L.D. Lee, M.J., Ho, C.T., Huang, M.T., Conney, A.H., Yang,
C.S. Inhibition of N-nitrosomethylbenzylamine (NMBZA)-induced esophageal
tumorigenesis in rats by green tea and black tea. Carcinogenesis, 16, 2143-2148,
1995.

Wang, Z.Y., Das, M., Bickers, D.R., Mukhtaf-H-Ihteraction of epicatechins derived
from green tea with rat hepaticyoytochromer R450i1Drug Metabolism and
Disposition: The Biological Fate of Cherijeals] 16]/98:103,/1988.

Wang, H., Provan, G.J., Helliwell“K-Fea flavonoids-theirfanctions, utilization and
analysis. Trends in Food Science and Tachnelogy 111, 1524160, 2000.

Wang, H., Provan, G.J., Helliwell, K. Tea flavonoids: their functions, utilization and

analysis. Trends in Food Science and Technology, 11, 152-160, 2000.

Walker, E.A., Castegnaro, M., Garren, L., Toussaint, G., Kowalski, B. Intake of
volatile nitrosamines from consumption of alcohols. Journal of the National Cancer
Institute 63, 947-951, 1979.

Wattenberg, L.W. Chemoprevention of cancer. Cancer Research 45, 1-8, 1985.

Wiseman, S.A., Balentine, D.A., Frei, B. Antioxidants in tea. Critical Reviews in
Food Science and Nutrition, 37 (8).705-718, 1997.






World Health Organization (WHO) National Cancer Control Programmes. A
handbook produced by the World Health Organization Global Programme For
Cancer Control, 1992.

World Health Organization (WHO), Traditional Medicine Fact Sheet, Revised May,
2003.

Xu, Y. and Han, C. The effect of Chinese tea on the occurrence of esophageal
tumor induced by N-nitrosomethylbenzylamine in rats, Biomedical and
Environmental Sciences, 3, 406-412, 1990.

Yang, CS8.. Chung, J.Y., Yang, G-Y., Chabra, S.K. Lee, M-J. Tea and tea
polyphenols in cancer prevention. The_Jourfal-of-Nutrition, 130, 472s-478s, 2000.

Yang, C.S. and Wang, Z.Y. Tea [[and eancer Jotiinal of the National Cancer
Institute, 85, 1038 — 1049, 1993.

Yen, G.C. and Chen, H.Y. Antioxidant jactivity 6fivarious’ téa extracts in relation to
their antimutagenicity. Journal of Agriculturat-and-Foed Chemistry, 43, 27, 1995.

Yoshikawa, T., Maito, Y., Oyamada, H., Ueda, S., Tanigawa, T., Takemura, T,
Sugino, S., Kondo, M. Scavenging effects of Aspalathus linearis (rooibos tea) on
active oxygen species. Antioxidants in Therapy and Preventive Medicine, 171-174,
1990.

Zhao, W., Enshladen, F., Liu, H., Niggermann, B.S.B., Fang, Q., Zaenker, K.S.,
Han, R. Boswellic acid acetate induces differentiation of apotosis in highly
metastatic melanoma and fibrosarcoma cells. Cancer Detection and Prevention,
61, 1-9, 2003.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




80

Zhu, Q.Y., Huang, Y., Tsang, D., Chen, Z.-Y. Regeneration of a-tocopherol in
numan low-density lipoprotein by green tea catechin. Journal of Agricultural and
~ood Chemistry, 47, 2020-2025, 1999.



UNIVERSITY of the
WESTERN CAPE

https://etd.uwc.ac.za/




81

CHAPTER-3

Modulating effect of rooibos and honeybush teas, and a
Sutherlandia infusion in-the development of oesophageal

cancer in male Fischer F344 rats







Abstract

The modulating properties of various teas and a herbal infusion were assessed in a
rat (Fischer 344) oesophageal cancer model utilising the site-specific carcinogen,
N-methylbenzylnitrosamine (MBN). Male rats were randomly divided into ten
experimental groups and subcutaneously injected with MBN, after which the
treatment groups were given preparations of green and black teas (Camellia
sinensis); unfermented and fermented rooibos teas (Aspalathus linearis);
unfermented and fermented honeybush teas (Cyclopia intermedia); and an infusion
of Sutherlandia frutescens subspecies microphylla as their sole source of drinking
fluid for twenty-five weeks. A methanol extract of unfermented rooibos tea (RgM)
extract was also prepared. The control groups received normal tap water. Detailed
tea intake profiles and body weight gain_parameters were collected and the total
polyphenol (TPP), flavanol and flavenotcontent-of the diffefent teas and infusions
determined, while the major mofomeriespolyphencissof the herbal teas were
quantified by HPLC. After 25 weeks the|tats \were terminated, and the number and
size of oesophageal papillomas determined. Ninety'to-100% of the MBN control
and the MBN treated rats receiving the different teas and the Sutherlandia infusion
developed papillomas. None of the rats receiving the solvent control developed
papillomas. Depending on the different size categories, Camellia sinensis teas, as
well as the herbal teas significantly (P<0.05) reduced the mean total number of
papillomas. Rats receiving unfermented rooibos, unfermented honeybush, and
fermented honeybush failed to developed larger papillomas (>10 and >20 mm?),
while green tea and the Sutherlandia infusion failed to develop papillomas greater
than 20 mm®. When considering the mean papilloma size, only unfermented
rooibos and honeybush teas exhibited a marginal reduction. A total polyphenol
(TPP) intake (>7 mg/100 g body weight) and a specific ratio of polyphenolic
subgroups appear to be important in the chemopreventive properties of the
Camellia sinensis and herbal teas. Modulation of the growth kinetics of these early
neoplastic lesions by the herbal infusions, presumably the polyphenolic

constituents, is likely to reduce their proliferative capacity.
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3.1 Introduction

Oesophageal cancer ranks the ninth most common malignancy in the world and
recent evidence has shown that its incidence is increasing (McCabe and Dlamini,
2004). The incidence of oesophageal cancer occurs in different geographical areas
worldwide (Sewram et al., 2003). Although epidemiological data suggests that the
major causative factor for the incidence of cancer, in general, is the environment
(Safdar et al., 2003), the occurrence and development of oesophageal squamous
cell carcinoma (SCC) is a result of interactions between environmental and genetic
factors (Stoner et al., 2001).

Certain mycotoxins, which are secondary:-metabelitessproduced by fungi, have
been associated with disease conditions| among iural populations around the world
and, more recently, fumonisin B (EB4Y) has been 'implicated in the etiology of
oesophageal cancer in the former, Transkei,. Sputh, Africa (Marasas et al., 1981 and
1088; Rheeder et al., 1992; Chelule et al., 2001; Myburgh et al., 2002). Exposure
to mycotoxins present in food and feed crops has been recognized as a serious
threat to human and animal health (Miller and Marasas, 2002). As maize is the
staple diet of the South African rural population, mycotoxin contamination is
associated with an increased risk of developing cancer (Marasas et al., 1981 and
1988; Rheeder et al., 1992; Chelule et al., 2001).

Another risk factor for oesophageal cancer is the formation of nitrosamines via a
chemical reaction between nitrosating agents and nitrosatable amines. Various
constituents in food can affect nitrosamine formation, for example,
nitrosodimethylamine is formed as a result of the direct-fire drying process
(Scanlan, 1983). Many foods, such as cured meats, some cheeses, primarily
cooked bacon and sometimes fish, have been shown to contain volatile
nitrosamines (Sen et al., 1972; Gough et al., 1976; Gough et al., 1977; Fiddler et
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al., 1978). N-nitroso compounds are formed in the human body even when levels
of precursors that are considered to be normal are ingested (Bartsch and
Montesano, 1984). Nitrosamines and other nitroso-compounds are known to
induce oesophageal and other cancers in experimental animals, and the
occurrence of these compounds and their precursors in water and food samples
has been investigated (Yang, 1980). Traditionally, most people relied on water
from dry wells or man-made ponds, often contaminated with microorganisms, as
well as human and animal waste. In the mid-1970’s nitrate and nitrite were found in
most of the drinking water samples, collected from random wells in a high-
incidence area in China. When food (rice, corn, millet, sweet potato) samples from
high- and low-incidence areas were analyzed for nitrosamines, a substantial
amount (29 out of 124 samples) from a_high=ificidence area tested positive in the
nitrosamine assay, whereas only ofig-of eighty-six-samples tested positive in a low-
incidence area. The diet in most pafisof,China, espegially in high-incidence areas
is simple, consisting mainly of ¢orn,| wheat, \millét, rice and some seasonal
vegetables (Yang, 1980). Most families-cook-on-coal-steves and, due to poor
ventilation, the inhabitants inhale the smoke:The polycyclic aromatic hydrocarbon
constituents of smoke are carcinogenic_and, in the presence of nitrosamines,
benzo(a)pyrene has been shown to have a synergistic effect in pulmonary
carcinogenesis in rats (Rubin, 2001). Although nitrosamines are primary suspects
for oesophageal cancer, mycotoxins and other carcinogens also play a role either

acting as co-carcinogens or cancer promoters (Yang, 1980).

A number of inhibitors of N-nitrosation in the diet that could be used in decreasing
the levels of exposure of humans to nitroso-compounds have been characterized.
Epidemiological studies indicate that the frequent intake of certain food
components plays an important role in reducing the risk for cancer development in
humans (Chen, 1992; Gao et al., 1994). Dietary constituents can selectively
modulate the drug-metabolizing enzymes thereby altering the metabolic fate of the
carcinogen in the cell (Chen, 1992; Gao et al., 1994). Thus, diets containing

substances that can modulate or prevent cancer may play a role in the general
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health of humans, especially if they are cost-effective and easily available
(Marnewick et al., 2000). The protective role of tea (Camellia sinensis) against
mutagenesis and carcinogenesis has been well established in literature
(Suganuma et al., 1999; Steele ef al., 2000; Sun et al., 2002), while the inhibition of
oesophageal tumours by certain polyphenolic compounds from green and black
teas have been well documented (Han and Xu, 1990; Hirose et al., 1993). Tea is a
widely consumed beverage throughout the world and the popularity of
herbal/health teas increased significantly during the past two decades (Chen,
1992; Gao et al., 1994). Rooibos (Aspalathus linearis) and honeybush (Cyclopia
spp), two South African teas, indigenous to the Cape “fynbos’ plants, are
consumed both locally and abroad and might have several health-promoting
properties (Marnewick et al, 2003). Although-hérbal-teas are not regarded as true
teas since they are not derived from-the eriginalfea piant{Trevisanato and Young-

In, 2000), they are ingested in the Samé manner as'green and black teas.

Considerable evidence is now available-showing-—that-teas can prevent tumour
induction by a variety of chemical earcinogens: injexperimental animals, which is
mainly attributed to the polyphenalic. gopstituents.. of .tea. These polyphenols
possess antioxidant activity and interfere with carcinogen activation, demonstrate
anti-mutagenic and anti-genotoxic properties, exhibit anti-tumour activity and alter
certain events in signal transduction pathways. Certain tea polyphenols are known
to exhibit cytotoxic effects, which could lead to apoptosis in various human tumor
cell lines, or it could inhibit growth that may lead to cell cycle arrest (Roy et al.,
2001). Rooibos and honeybush teas contain no caffeine, and have a low tannin
content (Von Gadow et al., 1997; Kamara et al., 2003). Because the phenolic
constituents of the two South African herbal teas differ from those of green and
black teas, the mechanisms involved in protection against DNA damage could also
differ (Marnewick et al., 2003). These herbal teas may represent a promising tool
for chemoprevention against cancer in humans as they are consumed on a regular
basis locally, and are becoming increasingly important as a nutraceutical product

globally.
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Another herbal plant, Sutherlandia frutescens (Cancer Bush), attracted attention for
its possible chemopreventive properties due to its anti-proliferative effects towards
several human cancer cell lines (Tai et al., 2004; Chinkwo, 2005). The
characteristics of the active ingredients of this plant is mostly unknown, although L-
canavanine, a non-protein amino acid and an arginine antagonist, have been
demonstrated (Swaffar et al., 1994), both known to exhibit anti-proliferative activity

in cancer cells (Rosenthal, 1997).

Evaluation of the cancer modulating properties of the two SA herbal teas and
Sutherlandia, and their polyphenol and/or other constituents could have important
implications for the possible use as chemopreventive agents against various
cancers. In the present study the ability=cf-thé=Seuth African herbal teas and
Sutherlandia, to modulate MBN-indueed pesophagealcancer development in rats,

have been evaluated.

3.2 Materials and methods

3.2.1 Chemicals and reagents

Analytical grade methanol, ethanol;-hydrachloric acid, ;¢hloroform (CHCI3), and
sodium carbonate (Na,CO3) were purchased from Merck Chemicals (South Africa).
Gallic acid (GA), quercetin, p-dimethylaminocinnamaldehyde (DAC), (+)-catechin,
dimethylsulfoxide (DMSOQ), and Folin-Ciocalteau (F-C) reagents were obtained
from Sigma-Aldrich (South Africa). Prof P Preussman, German Cancer Research
Centre, Heidelberg, Germany provided the N-methylbenzylnitrosamine (MBN). The
authentic polyphenol standards used for HPLC quantification was obtained from

Extrasynthése (Genay, France).

3.2.2 Plant material

Green tea (Camellia sinensis) was purchased from Vital Health Foods (Kuils River,
Cape Town), and the black tea (Camellia sinensis) was obtained from a retail outlet
in Cape Town, South Africa. Fermented and unfermented rooibos teas (Aspalathus
linearis) were a gift from Rooibos Ltd (Clanwilliam, South Africa) and the fermented

and unfermented honeybush teas (Cyclopia intermedia) were obtained from






Coetzee & Coetzee Distributors (Blackheath, Cape Town). Parceval
Pharmaceuticals (Wellington, South Africa) was the supplier of the wild type

Sutherlandia frutescens subspecies microphylla.

3.2.2.1 Preparation of tea samples/infusion

Stock solutions of aqueous extracts of the rooibos, honeybush, Sutherlandia, and
black teas were prepared by adding freshly boiled tap water to the dried plant
material (10 g/100 ml). The teas were allowed to steep for 30 minutes at room
temperature, filtered through cheesecloth, Whatman No. 4 and finally through and
Whatman No. 1 filter paper. After cooling the teas were dispensed into plastic
bottles and stored at -20°C until used. Prior to use the tea was thawed at 40°C in a
water bath for 20-25 minutes. The Camellia-sifiensis.and rooibos teas were diluted
with tap water after defrosting to the equivalentof 2% plant-material per volume for
black and rooibos teas, 4% for honeybush i€asand 1% for Sutherlandia
frutescens. The diluted extracts were prepared daily, exc¢ept in the case of green
tea, which was prepared at 2% eyery-alternate-day-due-to.difficulty in filtering the
10% stock solution.

3.2.2.2 Preparation of methanol extract of unfermented rooibos tea (RgM extract)

500 g of unfermented Rooibos tea leaves (Rooibos Ltd) was weighed outina 5 L
Erlenmeyer flask and extracted with chloroform (3 L) by stirring for 20 hours. The
mixture was filtered and 1.5 L of chloroform was added to the plant material, stirred
for 7 hours, and filtered again. Whatman No. 41 filter paper was used for all
filtrations. The procedure was repeated overnight and the chloroform extracts
discarded. The residual material was extracted with methanol (3 L), by stirring for
20 hours and filtered. The process was repeated using 1.5 L of methanol for 7
hours and filtering, followed by another extraction (1.5 L) overnight. All the filtrates
were pooled and evaporated to dryness at 40°C using a Buchi rotavapor
(Labortechnik, Switzerland). The dried methanol extract was weighed and stored at

4°C until used. For the rat experiments the methanol extract of unfermented
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rooibos (RgM) tea was diluted with tap water, after defrosting, to the equivalent of

0.1% plant material per volume.

3.2.3 Chemical analysis of herbal tea samples

3.2.3.1 Soluble solid determination

The soluble solid content of each tea sample was determined at three different
time points during this investigation. Small glass vials were labelled and placed in a
drying oven (120°C) overnight at and stored in a dessicator. Each vial was weighed
and 1ml tea, in triplicate, per sample was added. Samples were placed in a drying
oven (at 120°C) overnight, and cooled in a dessicator. The samples were weighed

and the soluble solids determined per 1ml of the tea.

3.2.3.2 Determination of total polypherneicontent

The total polyphenol content of the various extracts was determined by using the
Folin-Ciocalteau method with gallic acid ‘as the standard ($ingleton & Rossi, 1965).
The reagents for the assay werg=—prepared—by-making—a-10% solution of Folin-
Ciocalteau reagent, a 7.5% solution,of \sodium carbonate, (Na,COs), and a gallic
acid stock solution of 0.1%. The Folin,reagent and, gallic acid solutions were
prepared fresh daily. The gallic acid standards were prepared (Table 1(a),
Addendum) to obtain a dilution range using the 0.1% stock solution. Extracts were
prepared, in triplicate, by diluting with water to give an absorbance reading
between 0.3 and 0.7 in the assay. One ml each of the following was dispensed into
separate tubes: tea sample, gallic acid and dH,O (negative control) (Table 1(b),
Addendum). Folin reagent (5 ml) and 7.5% Na,CO; (4ml) was added, the solution
mixed thoroughly on a vortex mixer and samples incubated in a water bath at 37°C
for 2 hours. Once cooled, the solution was vortexed again, transferred to
disposable cuvettes and the absorbance read, spectrophotometrically, at 765 nm.
The results were expressed as mg gallic acid equivalents per litre of diluted

extracts (as fed to the rats).
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3.2.3.3 Determination of flavonol/flavone content

The flavonol/flavone content was determined by a method of Mazza et al. (1999)
modified by De Beer (2002), using a stock solution (0.004%) of quercetin prepared
in 95% ethanol (EtOH). Extracts were diluted in water to give an absorbance
reading between 0.06 and 0.5. The standards and samples were prepared as
summarised in Table 2a (Addendum). The absorbances of the sample control
(EtOH only), standards and extracts were determined at 360 nm. Results were

expressed as mg quercetin equivalents per litre of diluted extracts.

3.2.3.4 Total flavanol/proanthocyanidin content

The standard for flavanol/proanthocyanidin determination was prepared as
summarised in Table 3a (Addendum) using (+)-catechin as the standard. Various
concentrations of the extracts were-prepared; in-triplicate. A solvent control was
prepared for each extract since the dilutions -as well-as the incubation times of
each one differed (Table 3b, Addendum). FRor the flavanol/proanthocyanidin
determination, solvent controls, catechin|standards and extracts were prepared in
triplicate (Table 3c, Addendum). Theabsorbance of the standards was read at 640
nm after 2 minutes, after adding' p-dimetylamitiooithamaldyhyde (DAC)
(McMurrough and McDowell, 1978)./ The! absarption was' recorded separately for
each extract as an allowance was made for each one to react until a steady state
was reached. Total flavanol/proanthocyanidin content of the various extract was
determined and the results expressed as mg catechin equivalents per litre of

diluted extract.

3.2.4 Flavonoid analyses of the herbal teas by HPLC

3.2.4.1 Rooibos tea

High performance liquid chromatography (HPLC) was performed using the method
of Joubert (1996) with slight modifications of the mobile phase gradients. The
instrument used was an Agilent 1200 HPLC with diode-array detector (Agilent,
Wilmington. Delaware, USA) using a LiChrorspher 100 RP-18 column. The mobile

phase gradient (A = 2% acetic acid; B = acetronitrile) were as follows: 20% B from
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0 to 5 min.; change to 28% B after 25 min.; 28% B to 35 min.; change to 35% B
after 50 min.; change to 40% B after 60 min.; change to 50% B after 70 min.;
change to 60% b after 80 min.: change to 80% B after 90 min.; change to 60% B
after 100 min.; change to 20% B after 115 min.; equilibration for 15 min. The flow
rate was 0.4 mL/min, but changed to 1.1 mL/min between 100 and 115 min and
remained at 1.1 mL/min during equilibration. Peak identity was determined by
means of retention time and UV spectra that were recorded for all samples in the
range 200-400 nm and compared to that of authentic polyphenol standards.
Quantitation of aspalathin and nothofagin was conducted at 288 nm, while the

other compounds were quantified at 350 nm.

3.2.4.2 Honeybush tea

HPLC analysis was performed usifhga-Waters-LC-Maduled-gquipped with a Waters
2996 photodiode array detector using«Millenium32.versioh 4.0 software (Waters,
Milford, MA) (Joubert et al., 2003). Sepanation was achieved on a Synergi Max-RP
150 x 4.6 mm column (4 p particle size; 80 A pore 'size) from Phenomenex
(Temperrance, CA, USA). The separation _gradient was as follows: 0-6 min. (12%
B), 7 min (18% B), 14 min (25%B), 19 min (40% B), 24'min (50% B), 29 min (12%
B) (solvent A = 2% acetic acid in aqueous solution (v/v) and solvent B =
acetonitrile). Peak identity was determined by means of retention time and UV
spectra that were recorded for all samples in the range 200-400 nm and compared
to that of authentic polyphenol standards. Quantitation of mangiferin and
isomangiferin was conducted at 320 nm, while the other compounds were

quantified at 288 nm.

3.2.5 Animals and treatments

The study was approved by the Ethics Committee for Research on Animals
(ECRA) of the Medical Research Council. A protocol was submitted to the ethical
review committee with detailed information on the determination of sample
numbers, level of severity of the experiment, and motivation for the use of animals.
One hundred and twenty male Fischer 344 rats, weighing between 150-200 g,

were obtained from the Primate Unit of the Medical Research Council, and housed
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separately under a 12 hour photoperiod, with 50% humidity and a constant room
temperature of 23-25 C. Rats had free access to rat feed pellets (Epol, SA), and
fresh water and extracts were provided every alternate day. All the rats were
weighed at least once a week. Detailed fluid intake profiles and bodyweight gain
parameters were monitored. Random aliquots of the “left-over” extracts were
collected after two, four and six months, and stored at -20°C for imminent chemical

analyses.

3.2.5.1 Modulation of oesophageal papillomas by MBN

Rats were randomly divided into ten experimental groups and injected
subcutaneously with methylbenzylnitrosamine (MBN), dissolved in 20%
DMSO/H;0), at a dose of 0.5 mg/kg-body-weight~three times a week for five
weeks. The control group was injegtediwith theisalvent vehicle (20% DMSO/H,0).
One week following the MBN treatment; the treatmerit aroups were given various
extracts (green, black, unfermented |and|fermented rooibos., a methanol extract of
unfermented rooibos, and unfermented —and fermented=honeybush), and an
infusion infusion (Sutherlandia frutésderis subspdci€s, mierophylla) as their sole

source of drinking fluid for twenty-five weeks (Fig.1).






DMS?IHgo
\ | Water n=12
MBN*
! n=12
Water
MBN Rooibos
(2% unfermented and fermented) n=11:13; 10
| | | (0.1% unfermented methanol extract) ‘
MBN
Honeybiish n=12; 12
‘ ; (4% unfermented and fermented) ‘
MEN
=10; 1
J_ J l Green & Black'(2%) \ n .
‘ | 1 Sutherlandia frutescens (1%) ‘ n=9
i — > —> &
0 5 1 25 s

Time period (weeks)

Fig .1 Experimental design for the oesophageal cancer model. *Positive control; MBN=
subcutaneous injection (0.5 mg/kg bw per rat) 3 x weekly for five weeks. n = rats
per group; s = sacrifice; 20% DMSQ/H-0 = solvent control.

Upon termination the rats were sacrificed under pentobarbital anaesthesia, and the
oesophagi excised, weighed, and opened longitudinally with the mucosa

uppermost. Quantitation of oesophageal papillomas was performed using a
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dissecting microscope (1.5 x magnificaiton) (Nikon SMZ-10 Stereo Microscope,
Japan) under an optical fibre light. The number of papillomas was recorded and
their size determined by measuring the length, width and height. The volume was
calculated using the formula [(/ x w x h)=])/6 (Janik et al., 1975). Papillomas were
grouped into various subclass sizes, namely, >0.01 mm?®; 0.01-0.1 mm?: 0.1-10

mm?®; 10-20 mm?®: >20 mm?®.

3.3 Statistical analysis
For the tea intake profiles, the data were checked for normality using both the
Kolmogorov-Smirnov test and doing a visual assessment using box plots. No

transformations were necessary.

3.3.1 Repeated analysis to assess-tea-intake-parameters

Mixed effects regression models were-fitted-en-the repeated parameters (three
measurements per rat) to estimate and \compate the| group differences and time
effects. The two fixed effects in the'models 'weré group arnd time, and the random
effects model within each rat was based on the time measurement. The group by
time interaction was included in all models to test for a difference in slopes, which
would indicate that the different groups reacted differently over time. The
Satterthwaite degrees of freedom specification was used for the fixed effects
testing. Least Squares Means (LSMeans) were used to estimate group differences
at times 2, 4 and 6. Group comparisons and 95% confidence intervals for the
effects and differences were obtained using the Tukey-Kramer adjustment, as the

data were unbalanced. The default a=0.05 was used throughout.

3.3.2 Analysis without repeats (time effects)

Analysis of Variance (ANOVA) tests (GLM in SAS) were used on all these
parameters to test for any differences-in-group means. With Levene's test
homogeneity of variances were tested, and if it was rejected, Welch's ANOVA was
used instead of the usual F-test ANOVA. The Tukey-Kramer test was used as the
multiple comparison procedure for all pairwise comparisons. The default a=0.05

was used throughout.
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3.3.3 Modulation of MBN-induced oesophageal papillomas
All statistical analyses were performed using the NCSS statistical computer
package (Hintze, 2007).

3.4 Results

3.4.1 Characterisation of the different tea and infusion parameters

3.4.1.1 Soluble solid content

Unfermented honeybush tea had the highest soluble solid content, followed by
green tea, while fermented honeybush and black teas contained similar levels.
Unfermented rooibos tea had a higher soluble solid content than its fermented
counterpart but it was significantly (P<0.05) lower than fermented honeybush and
black teas. The soluble solid content of-the=Sutherlandia infusion did not differ
significantly from that of fermentéd-roeibos tea; bul-ii-was significantly (P<0.05)
lower that all the other teas. The spiuble content of the fermented herbal teas was
significantly (P<0.05) lower than their unfermented counterparts. The RgM extract

had the lowest soluble content (Tablety.

3.4.1.2 Total polyphenol content

The methanol extract of unfermented rooibos tea had the' highest level of total
polyphenols (TPP) per 100 mg soluble solids, while the Sutherlandia infusion
contained the lowest level. The total TPP content of the green and black teas did
not differ from each other, but was significantly (P<0.05) lower than unfermented
honeybush and the rooibos teas, which did not differ significantly from each other.
The TPP content was significantly (P<0.05) lower in fermented honeybush tea
when compared to the unfermented tea while no difference was noticed between

the rooibos teas.

3.4.1.3 Flavonol/flavone content

Fermented rooibos tea had the highest (P<0.05) flavonol/flavone content per 100
mg soluble solids followed by the RgM extract, unfermented rooibos and
honeybush teas. Fermented honeybush tea, black tea and the Sutheriandia
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infusion had similar flavonol/flavone levels while the lowest content was noticed in
green tea.
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Table 1 Amount of soluble solids, total polyphenols, total flavonols, and total flavanols of the
different teas fed to the rats over six months.

Level in Soluble TZP id Flavolflavgtr?:: Flava/proanthocyanidin
kg solds (9SS (TS g Cattoin et coms
i (mg/ml)  oluble solids)  soluble solids) suluble selis)
6.63 23.27 1.94 9.84
G 0
. e +1.06a +3.39d +0.11f +2.433
" - 5.84 26.65 3.13 5.93
. +0.33ab +1.95¢cd +0.39% +1.23b
3.66 33.26 5.89 1.49
0
Rg 2% 10.13d +3.03b +0.20c +0.24d
i - 2.70 31.75 11.13 0.69
. +0.12¢ +1-97b +0.84a +0.10de
0.94 45.62 7.12 2.97
0,
RgM 0.1 +0.06e 1+3.17a + 0.86b +0.21¢
9.47 2940 5120 3.28
, |
Hg 4% +0.50f +3.4560 0124 +0.50¢
5.12 ¥ste7 .95 1.34
0
Hf a% +0.95b +2.68¢ 4001 58 +0.16de
2.19 3.771 2.68 0.01
0,
St L +0.15¢ £0.19f 10.32e +0.0024e

Values are the means of 9 replicates + STD. Means in a column followed by the same letter do
not differ significantly. If the letters differ, then P<0.05. TPP: total polyphenols; Flavo :
flavonol/flavone and Flava : flavanol/proanthocyanidin. Values are the means of three months’
samples. Gr = green tea; Bl = black tea; Rg = unfermented rooibos: Rf = fermented rooibos;
RgM = unfermented rocibos methanol extract; Hg = unfermented honeybush; Hf = fermented

honeybush; Sut = Sutherlandia frute

3.4.1.4 Flavanol/proanthocyanidin content
Green tea had the highest (P<0.05) flavanol/proanthocyanidin content followed by
black tea. Unfermented honeybush, as well as the RgM extracts had similar levels,

followed by unfermented rooibos and fermented honeybush teas. Fermented
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rooibos tea had the lowest flavanol/proanthocyanidin content of the herbal teas,

while the Sutherlandia infusions contained very low levels.

3.4.2 Fluid intake profiles and body weight gain

There was a significant (P<0.05) decrease in the average tea fluid intake profiles
over the six months period when expressed per 100g body weight. The monthly
inter tea comparison indicated that green tea was consumed at a higher rate during
the first month while Sutherlandia showed a decreased intake for the first two
months. This resulted in green tea having the highest average intake over the 6-
month period. No visible clinical signs of illness and/or weight loss were detected in
any of the rats in the various groups as a result of the intake of different teas over
the six-month period. There was no significant-difference in body weight gain of the

rats in the different groups. (Addehdtm; Tabte4):

3.4.3 Quantification of the different tea intake parameters
The mean monthly tea intake profiles of the different groups are summarised in
Table 2. The different tea intake, parameters over the 6-month period were

compared bi- monthly for statistical analysis.

3.4.4 Kinetic variation of the tea and herbal infusion intake parameters

3.4.4.1 Fluid intake

There was a significant (P<0.05) group and time interaction when considering the
intake of green, fermented and unfermented honeybush teas as it significantly
(P<0.05) decreased over time (Table 2).

When observing the groups as the main effect while combining time, there was no
significant difference in the tea intake between the different treatments. However,

when the effect over time was considered by combining all the groups, there was a
significant (P<0.05) decrease in the tea intake between 2 and 4 months and 4 and

6 months.
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When considering inter group comparisons as a function of each time interval (2, 4
and 6 months) the intake of green tea was significantly (P<0.05) higher than that of
fermented and unfermented rooibos teas, RgM rooibos extract, black tea and
Sutherlandia after 2 months. The intake of unfermented honeybush tea was
significantly (P<0.05) higher than black tea, unfermented roocibos tea, RgM extract
and Sutherlandia. At the end of the fourth month, the green tea intake was
significantly higher than fermented honeybush and unfermented rooibos teas. The
intake of Sutherlandia was significantly (P<0.05) lower than green, unfermented
honeybush and fermented rooibos teas. The intake of green tea was significantly
(P<0.05) higher than fermented honeybush tea at the sixth month, while the
consumption of Sutherlandia was significantly (P<0.05) lower than green.
fermented rooibos and unfermented.reoibos-teas=Naosignificant differences were

noted in the other tea groups.

3.4.4.2 Soluble solid intake
There was a significant group and-time-interaction-when-considering the intake of
black, green and unfermented honeybush itea jseluble- solids as it significantly

(P<0.05) decreased over time (Taple,2).

There was a significant group effect in the soluble solid intake when the time points
were combined. There was no difference in the soluble solid intake between black
tea and fermented honeybush tea or between fermented rooibos tea and
Sutherlandia, while all the other teas displayed significant (P<0.05) differences.
When the groups were combined to monitor the time effect, a significant decrease

in the soluble solid intake was noted.

When considering inter group comparisons as a function of each time interval (2, 4
and 6 months), there was a significant (P<0.05) reduction of the soluble solid
intake of the teas in the order: unfermented honeybush, green, black, fermented
honeybush., unfermented rooibos, fermented rooibos, Sutherlandia, and RgM
extract after two months. All the groups displayed a significant (P<0.05) reduced

intake in the soluble solid intake after 4 months. Unfermented honeybush tea had
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the highest intake, followed by black, green, fermented honeybush, unfermented
rooibos, fermented rooibos teas, Sutherlandia, and the RgM extract. At the end of
the sixth month no difference in the soluble solid intake was noted between black
tea and fermented honeybush tea. The soluble solid intake of all the other groups
differed significantly (P<0.05) from each other, and followed a similar pattern as
described for the two and four—-month intervals. Unfermented honeybush had the
highest soluble solid intake, followed by green, fermented honeybush, black,

unfermented rooibos, fermented rooibos teas, Sutherlandia, and the RgM extract.

3.4.4.3 Total polyphenol (TPP) intake
There was a significant group and time interaction for unfermented honeybush tea
as the intake significantly (P<0.05) decreased-over-the different treatment intervals

(Table 2).

When considering the groups as the main|gffect, combining time, there was no
difference in the TPP intake between black and green feas, as well as between
fermented honeybush and fermented rooibos tea. The TPP intake of the rats from
the other groups differed significantly (P<0.05)."When considering time as the main
effect, the TPP intake significantly' (P<0.05) decreased at month 4 when compared

to months 2 and 6.

Inter tea comparisons after 2 months showed that the highest (P<0.05) TPP intake
was noticed for the rats treated with unfermented honeybush tea, followed by
green, black, unfermented rooibos, fermented rooibos, fermented honeybush teas,
RgM extract, and Sutherlandia. No significant differences were noted between
black and green tea, as well as fermented honeybush tea and RgM extract. There
was no difference in the TPP intake between the rats treated with black and green
teas or between fermented rooibos and fermented honeybush teas after 4 months.
The TPP intake of the treatment groups decreased (P<0.05) in the order:
unfermented honeybush, black, green, unfermented rooibos. fermented rooibos,
fermented honeybush, and Sutherlandia. At the end of month 6, the TPP intake of

all the groups differed significantly (P<0.05) from each other with rats receiving the
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unfermented honeybush having the highest intake, followed by green, black,
unfermented rooibos, fermented honeybush, fermented rooibos teas, RgM extract

and Sutherlandia.

3.4.4.4 Flavonol/Flavone intake
Black, unfermented honeybush and fermented rooibos tea intake significantly

decreased over time, displaying a significant group and time interaction, (Table 2).

When considering the groups as the main effect, combining time, there was no
significant difference in the total flavonol/flavone intake of the rats consuming black
and fermented honeybush teas, black and unfermented rooibos teas, as well as
green and fermented honeybush teas..The-flavancl/flavone intake of the other
treatments differed significantly (P<@:0%)YWhen considering time as the main effect
the total flavonol/flavone intake of the rats consuming| green and fermented
honeybush teas was significantly (P<0.05) decréased at month 4 when compared
to months 2 and 6. The flavonol/flavene-intake-of the rest-of the treatment groups

was lowest at month 6.

Inter tea comparisons after 2 months showed that the highest (P<0.05)
flavonol/flavone intake was noticed fot the rats treated with unfermented
honeybush followed by fermented rooibos, unfermented rooibos, black, green,
fermented honeybushs, RgM extract and Sutherlandia. No differences were noted
between the groups treated with, green and fermented honeybush teas and black
and unfermented rooibos teas as well as RgM extract and Sutherlandia. The
flavonol/flavone intake of the groups decreased (P<0.05) in the order: unfermented
honeybush, fermented rooibos, unfermented rooibos, black, fermented honeybush,
green teas, RgM extract and Sutherlandia with no difference between the latter two
treatments after 4 months. After sixth months, the group consuming unfermented
honeybush tea had the highest flavonol/flavone intake, followed by fermented
rooibos, fermented honeybush, unfermented rooibos, black, green tea, RgM

extract and Sutherlandia. The flavonol/flavone intake of the rats consuming
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fermented honeybush and unfermented rooibos teas, as well as RgM extract and

Sutherlandia did not differ from each other.

3.4.4.5 Flavanol/Proanthocyanidin intake
There was a significant (P<0.05) group and time interaction for black, green,
unfermented honeybush teas and Sutherlandia over the different treatment

intervals (Table 2).

When considering the groups as the main effect, combining time, there was no
difference in the flavanol/proanthocyanidin intake of the rats consuming fermented
honeybush and unfermented rooibos teas; fermented rooibos and RgM extract;
and fermented rooibos tea and Suthesandia=The-flavancl/proanthocyanidin intake
of the rats from the other groups differed significantly (P<0.05). When considering
time as the main effect the flavanol/proanthocyanidin intake of the rats consuming
green and fermented honeybush |teas was signifi¢antly |(P<0.05) decreased at
month 4 when compared to—month— 56, while—for Sutherlandia, the
flavanol/proanthocyanidin intake Wwas lincredsed! at ‘'montf:4 when compared to
months 2 and 6. The flavanel/preanthocyanidin siptake of rats receiving

Sutherlandia was considerably less (>100x) than for the other teas.

Inter tea comparisons after 2 months showed that the highest (P<0.05)
flavanol/proanthocyanidin intake was noticed for the rats that consumed green tea,
followed by black, unfermented honeybush, unfermented rooibos, fermented
honeybush teas, RgM extract, fermented roocibos tea, and Sutherlandia. No
differences were noted in the flavanol/proanthocyanidin intake between the rats
treated with fermented honeybush and unfermented rooibos teas. There was no
difference in the flavanol/proanthocyanidin intake between the rats treated with
fermented honeybush and unfermented rooibos teas, as well as fermented rooibos
tea and RgM extract after 4 months. The flavanol/proanthocyanidin intake of the
other groups decreased (P<0.05) in the order: green, unfermented honeybush,

black, fermented honeybush, unfermented rooibos, RgM extract, fermented
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rooibos, and Sutherlandia. At the end of month 6, the flavanol/proanthocyanidin
intake of all the other treatment groups differed (P<0.05), with rats receiving the
green tea having the highest flavonol/proanthocyanidin intake, followed by black,
unfermented honeybush, fermented honeybush, unfermented rooibos, RgM
extract, fermented rooibos and Sutherlandia. The flavanol/proanthocyanidin intake
of the rats consuming black and unfermented honeybush teas as well as fermented

rooibos tea and RgM extract did not differ from each other.

3.4.4.6 Average tea and herbal infusion intake parameters

The tea intakes were not statistically different between the various treatments,
except for the Sutherlandia intake that was significantly (P<0.05) lower than green
tea. Major differences exist when considenng-the=séluble.solid intake with the rats
consuming Camellia sinensis teas having a significanily|(P<0.05) higher intake
when compared to the rooibos teas, The highest intake, however, was noticed for
the rats consuming unfermented honeybush tea, while the intakes of RgM and
Sutherlandia were the lowest. “This—aspect alsoimpacted on the TPP and
flavonol/flavone intake of the rats wheh caomparedite /therother teas. The TPP
intake of the Camellia sinensis andlusiférmented rooibas tea was approximately
50% of that obtained with unfermented honeybush tea that provided the highest
intake. The flavonol/flavone intake of the rats receiving the Camellia sinensis and
fermented honeybush teas was similar. while the intake of the rooibos teas was
significantly (P<0.05) higher. The flavanol/proanthocyanidin intake of the rats
receiving the Camellia sinensis teas was significantly (P<0.05) higher than the
other teas with unfermented honeybush group having the highest intake of the
herbal teas. The flavonol/flavone to flavanol/proanthocyanidin (Flavo/Flava) ratio
increased with fermentation with the most dramatic effect obtained with rooibos tea
(Table 3). The Flavo/Flava ratios of the honeybush, unfermented rooibos teas and
the RgM extract were similar while the Camellia sinensis teas had the lowest. Rats
receiving the Sutherlandia infusion had the lowest intake of all the different

phenolic groups of compounds (Table 3).
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3.4.5 Quantification of known herbal tea flavonoids

3.4.5.1 Rooibos tea

HPLC analyses indicated that aspalathin was the major flavonoid present
in unfermented rooibos followed by nothofagin, orientin and iso-orientin.
Only trace amounts of luteolin and chrysoeriol were present. Orientin was
the major flavonoid of fermented rooibos tea, followed by rutin/isoquercetin
and iso-orientin. Aspalathin, isovitexin, and vitexin were present in low
amounts, while trace amounts of hyperoside, nothofagin, chrysoeriol and

luteolin were detected (Table 4).

3.4.5.2 Flavonoid intake

The rats consuming the unfermented rooibos tea had a higher intake of
aspalathin, followed by isoquerceétin/rutin, nothofagii.orientin, iso-orientin,
hyperoside, isovitexin, vitexin, luieelin.and.chiysieinol. Orientin intake was
highest in the rats consuming the||/fermented rooibos tea, followed by
isoquercetin/rutin, iso-orientin,_-aspalathin.—isovitéxin..vitexin, hyperoside,

nothofagin, chrysoeriol and luteelin:

3.4.5.3 Honeybush tea

Mangiferin was the major monomeric polyphenol present in the
unfermented honeybush tea, followed by isomangiferin, hesperidin and
hesperetin. Narirutin was present in trace amounts in the unfermented
honeybush tea. Isomangiferin was the major flavonoid in the fermented
honeybush tea, followed by mangiferin and hesperetin. The presence of
hesperidin and narirutin could not be shown in the fermented honeybush
tea (Table 5).

3.4.5.4 Flavonoid and polyphenol intake
The daily intake of mangiferin was the highest in the rats fed the
unfermented honeybush tea. This was followed by isomangiferin,

hesperidin, hesperetin, and trace amounts of narirutin. Isomangiferin was
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the major polyphenol consumed by the rats receiving fermented

honeybush tea, followed by mangiferin and hesperetin.
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Table 4 Mean intake profiles of major flavonoids of rooibos as a function of mean
amount of soluble solids and different polyphenol intake parameters

Rooibos Tea Processed Unprocessed
Soluble Solids
(ma/ml) 2.74 £ 0.01 3.59 £0.09
Total Polyphenols
(mg/100mg soluble solids) ol.rad el Siad 218
Total Flavonol/flavone
(mg/100mg soluble solids) 092 *0-20 A w9
Total
Flavanol/proanthocyanidin  1.41 £ 0.25 063 +0.089
(mg/100mg soluble solids)
% of Mean daily Mean daily
: Intake % of soluble Intake
Phenolic Compounds sso(:ﬁglse (mg/100g snliils (mg/100g
BW) BW)
Aspalathin 0.48 0.1i2 £|0.02 14.728 4.83 £0.58
Nothofagin 0.05 =L =—iTiiti 1.121 0.36 £ 0.04
Orientin 0.88 023:0.03 1.010 0.33£0.04
Iso-orientin 0.70 0,18 £0.02 0.985 0.32 £0.04
Vitexin 0.14 0.04 + 0.005 0.191 0.06 £ 0.01
Iso-vitexin 0.16 0.04 + 0.01 0.214 0.07 +0.01
Hyperoside 0.08 0.02 £ 0.003 0.220 0.07 £ 0.01
Rutin/Isoquercitrin 0.80 0.21 4003 2.008 0.66 +0.08
- 0.002 + 0.0013 =
Luteolin 0.01 0.0003 0.004 0.0002
- 0008 % Q.a012 =
Chrysoeriol 0.01 0.0004 0.004 0.0002
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Table 5 Mean intake profiles of major polyphenols of honeybush as a function of
mean amount of soluble solids and different polyphenol intake

parameters
Honeybush Tea Processed Unprocessed
Soluble Solids
(mg/ml) 4.55 %033 9.61+£0.01
Total Polyphenols
(mg/100mg soluble solids) 16.62 £ 3.58 19.73 £ 11.04
Total Flavonol/flavone
(mg/100mg soluble solids) 924 2 0.24 3.40 & 1.37
Total
Flavanol/proanthocyanidin ~ 1.35 + 0.11 1.89 £ 1.37

(mg/100mg soluble solids)

Daily

Daily Intake
o o
Phenolic Compounds %o of spluble Intake % of s_oluble (mg/100g
solids (mg/100g solids BW)
_BW)
Mangiferin 0.42 £0:85=—"718 - 063 4:59 +0.20 426+072
Iso-Mangiferin 0.51 HoE-— - ¢.92 +£0.10 1.78 £ 0.30
Hesperidin nd - 0.38 £0.10 0.35+0.06
Hesperitin D11 ST U] 010 £ 0.02 0.09 £ 0.02
Narirutin nd - Trace

nd = not detected
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3.4.6 Induction of papillomas by MBN

The negative control group, treated with 20% DMSO/H,0O did not develop
any lesions (Fig. 2 a). Ninety percent of the rats in the MBN control group
developed papillomas that were visible macroscopically when considering
all the different sizes of lesions (Fig. 2 b-f). Of the different size categories
90% of the rats had papillomas ranging from 0.01 to 0.1 mm?® size, 50%
papilloma size between 0.1 to 10 mm?, and 10 % each of the sizes 10 to

20 mm® and >20 mm?.

3.4.7 Modulation of papilloma development by the different teas and
herbal infusion

None of the teas at the concentrations used in this study showed any toxic
effects in the rats. Between 90-to-100-% of the-rats:in.the tea treated rats
developed papillomas. When considering the 0.1.t0 10 mm® size classes
of papillomas, 50 to 80% of the rats treated with the different teas and
herbal infusion developed papillomas, ‘which were similar to that of the
control group. Of the bigger size papillomas (>10 mm®) none of the rats
treated with fermented and  unfermented honeybush, as well as
unfermented rooibos tea developed papillomas. In the size class >20 mm?,
none of the rats receiving green tea, fermented and unfermented
honeybush, and unfermented roocibos tea developed papillomas. Black
tea, fermented rooibos and the RgM extract developed larger papillomas
although the average size was smaller than that observed in the positive
control (Table 6).

3.4.7.1 Average total size and different size categories

The means of the total papilloma size categories indicated that the positive
control group displayed the biggest papillomas. Although all the treatments
reduced the average total size as compared to the control, only the
unfermented rooibos and honeybush displayed a marginal (P<0.1)
reduction (Table 6; Fig. 3 a). Of the other sizes, no effect was noticed for

the 0.01 to 0.1mm? size category (Fig. 3 c), while a marked reduction was
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(©) (d)

(e)

Fig. 2 Appearance of oesophageal papillomas (X1.5) at termination of the study.

Normal oesophagus (a); Papillomas ranging from small to large (b — f). Some of

the larger papillomas have become vascularised (e) and (f).
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Fig. 3 Interactive plots illustrating the combined (a, ¢, e. g) and separate (b, d, f)
effects of fermented and unfermented teas on the papilloma sizes in the categories. >
0.01 and 0.01-0.1cm?, 0.1-10 and 10-20cm3. (x) denotes marginal differences. [Bl =
black tea; Gr = green tea; Hf = fermented honeybush tea; Hg = unfermented
honeybush tea; Rf = fermented rooibos tea; Rg = unfermented honeybush tea: RgM =
unfermented rooibos methanol extract; Pos ctrl = positive control]. [Cs = Camellia
sinensis; Hb = honeybush; Rb = rooibos].
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noticed for the 0.1 to 10 mm® category (Fig. 3 €) by unfermented rooibos and
honeybush. The latter teas, as well as fermented honeybush, inhibited the
development of larger size papillomas (>10 mm®). Green tea inhibited the

formation of papillomas >20 mm?® (Table 6).

Interactive plots showed that fermentation counteracted the reduction of the total
mean size of the papillomas (Fig. 3 b). Although the means size of the sub
category (0.01 to 0.1 mm?®) was similar (Fig. 3 d) between fermented and
unfermented teas, fermentation markedly increased the size in the 0.1 to 10 mm®
subclass (Fig. 3 f). Treatment with unfermented rooibos and honeybush, as well as
fermented honeybush tea prevented the induction of larger (> 10 mm?®) papillomas
(Fig. 3 g). Fermented rooibos did not-prevent-the-induction of papillomas in this
size category.

3.4.7.2 Mean total number (> 0.01 mm°)

The highest mean number of papillomas-was observedinthe.positive control group
(Table 6). Green, black and unférmeéntedrhaneyblsh teas significantly (P<0.05)
reduced the number of papillomas, Bothjraoibos teas fermented honeybush tea
and the RgM extract also markedly reduced the number of papillomas, although
not significantly. The number of papillomas in the subcategory 0.01 to 0.1 mm® was
significantly (P<0.05) reduced by green, black, unfermented and fermented rooibos
and unfermented honeybush tea. A marked reduction was noticed with fermented
honeybush tea and the RgM extract. A similar effect (not significantly) was noticed
for black tea and unfermented honeybush tea in reducing the number of papillomas
of the subcategory 0.1 to 10 mm®. The RgM extract, both honeybush teas and
unfermented rooibos did not show papillomas in the subcategory 10 to 20 mm?®. In
the subclass >20 mm?® there were no papillomas in the rats consuming green,
unfermented rooibos, unfermented honeybush and fermented honeybush teas. In

the group receiving the RgM extract two rats developed papillomas >20 mm®,
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When considering the interactive plots combining the papilloma incidence of green
and black, fermented and unfermented rooibos and fermented and unfermented
honeybush, all the teas significantly (P<0.05) lowered the total number (Fig. 4 a)
and the number of the 0.01 to 0.1 mm?® size category (Fig. 5 a). The combined
effects were considered to increase the statistical power of the results. No
significant difference was noticed for the other size categories (Fig. 6 a, 8a, 9a),
with the exception of the 10 to 20 mm?® (Fig. 7 a) and >20 mm® (Fig. 8 a) size
categories, where no papillomas were obtained for the unfermented rooibos and

honeybush teas, and fermented honeybush tea.

The separate effects of the different teas..showed that, except for rooibos,
fermentation minimised the effectcthat-the unfermented-teéas had (Fig. 4 b) when
considering the total mean number.of-papillomas (>0.01, mm?). Green tea and
unfermented honeybush tea showed the lowest papilloma score when compared to
their fermented counter parts. The Imean! number of ithe size subclass 0.01 to 0.1
mm® showed that green, black, unfermented honeybush teas and fermented and
unfermented rooibos teas significantly reduced the meéan number of papillomas
(Fig. 5 b). Again green tea and unfermented honeybush tea showed the lowest
number of papillomas. No significant changes were notice in the number of
papillomas for the 0.1 to 10 mm® size category (Fig. 6 b) although unfermented
honeybush tea showed a lower number than fermented honeybush tea. When
considering the subcategories (10 to 20 and >20 mm?®), no papillomas were
observed in any of the rats treated with unfermented rooibos and honeybush teas
and fermented honeybush tea (Fig. 7 b, 8 b). When compared to their unfermented
counterparts, fermented rooibos and black teas exhibited a higher papilloma count

in these size categories.
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difference compared to the control. [Pos ctrl = positive control; Cs = Camellia
sinensis; Hb = honeybush; Rb = rooibos].
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3.4.8 Modulation by Sutherlandia infusions

Sutherlandia infusion, at the concentration (1%) used did not produce any known
toxic or side effects in the rats throughout the study. Ninety percent of the rats
developed papillomas, while only 33% of the rats developed papillomas in the size
category 0.1 to 10 mm® when compared to the 50% of the control rats. The total
means, as well as the number of papillomas in the 0.01 to 0.1 mm?® size category,
were marginally decreased (Table 7). No significant changes were noticed
regarding the size of the papillomas, although there was a marked reduction in the

0.1 to 10 mm? size category, while no papillomas >20 mm?® were recorded (Table
7).
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3.5 Discussion

The anticancer properties of tea (Camellia sinensis) has been studied extensively
in various carcinogenesis models in animals including skin, lung, cesophagus,
stomach, liver, small intestine, pancreas. colon and mammary gland (Lambert et
al., 2003a). Many of these chemopreventive properties are attributed to the
biochemical and pharmacological properties of the tea polyphenolic constituents,
the catechins, which constitute between 30 to 40% of their dry weight (Gupta et al.,
2001; Lambert and Yang, 2003b).

In the present study, the ability of South African herbal teas and an infusion of
Sutherlandia in modulating MBN-induced oesophageal carcinogenesis in F344 rats
was compared to green and black teas, A-re€ént-study showed that rooibos and
honeybush tea exhibit anticancer picpetties ii-a-mouse-skin model (Marnewick et
al., 2005), which merit further “Studies 1o elucidate their chemopreventive
properties. Apart from studies in cell \culture $ystems, very|little is known about the
anticancer properties of Sutherlandia=(Tai-et-at-2004.-Chinkwo, 2005; Stander et
al., 2007). The chemopreventive piopersties. of--some, principle compounds,
characterised from the herbal plant, .including L-canavanine, a non-protein alpha-
amino acid, pinitol, and gamma amino butyric acid (van Wyk et al., 1997) are not

particularly well-known at present.

Different batches of the teas were prepared during the course of the experiments,
which could account for variations in the intake of soluble solids, total polyphenol,
flavonol/flavone and flavanol/proanthocyanidin intake parameters. These variations
could have arisen during the preparation of the stock solutions, despite that fact the
same source of raw material was used for each tea. In general, a decrease in the
intake profiles of the different parameters, expressed per 100 g body weight, was
noticed during the 6 month period, mainly due to the increase in rat body weight.
Unfermented honeybush tea had the highest soluble solid content followed by
green and black tea. unfermented rooibos. fermented rooibos and honeybush.
Sutherlandia and RgM extract. The reason for using a higher level for honeybush

(4%) was that its aqueous extracts and polyphenols exhibited weaker antioxidant
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potency than rooibos and the Camellia sinensis teas (Van der Merwe, 20086;
Joubert et al., 2008). The RgM extract was used at a concentration of 0.1% to

avoid any possible toxic effects.

A recent in vitro study showed that an ethyl acetate fraction of unfermented
'ooibos, as well as an aspalathin enriched extract exhibited prooxidant effects
(Joubert et al., 2005). It is also known that the total polyphenol content could affect
prooxidant effects (Galati et al., 2002). However, a 4 to 5 times higher level of the
RgM extract should have been considered as the TPP intake profiles was
approximately 3 times less than that of the rats receiving unfermented rooibos tea.
The selection of a specific concentration of Sutherlandia in the drinking water was
based on the soluble solid content.-which-was-similar-to_fermented rooibos tea,
while the flavonol/flavone concentration was similar-to unfermented honeybush and
black teas. However, the bitter taste of the extract (1%) seéems to hamper the fluid
intake of the rats, as it was significantly lower |than| green tea. A higher
concentration (>1%) could have adversely affected the tea intake profiles. Future
studies in experimental animals could’ include detailed! TPP analyses before

feeding commences in order to provide'a méré'balaniced polyphenol intake profile.

The oesophageal specific carcinogen, MBN, induces a variety of epithelial lesions,
including preneoplastic (squamous cell hyperplasia and dysplasia) or neoplastic
(squamous cell papilloma and carcinoma) (Xiang, 1995; Zgodzinski, 2003;
Szumilo, 2007), and is therefore routinely used in rat oesophageal tumorigenesis.
Regardless of the route of administration, multiple oesophageal lesions develop
promptly in response to chemical carcinogens over several months (Siglin et al.,
1996). In the present study. all the tea preparations exhibited an inhibitory effect on

the number of oesophageal papillomas.

When considering possible mechanisms involved whereby the herbal teas inhibited
papilloma development, different tea intake parameters should be considered. The
tea intake did not differ significantly between the different treatments. Rats

receiving the unfermented honeybush tea had the highest intake of soluble solids,
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TPP and flavonol/flavone, while the flavanol/proanthocyanedin intake exceeded
that of the other herbal teas. Although the intake of fermented rooibos soluble
solids, TPP and flavonol/flavone were similar to unfermented rooibos, the
flavanol/proanthocyanidin intake was almost 3 times lower. The Camellia sinensis
teas had similar intakes regarding soluble solids, TPP and flavonol/flavone, while
the flavanol/proanthocyanidin intake was 2 times higher than in black tea. The
flavonol/flavone intakes of black and green tea were in the same order as
fermented and unfermented rooibos and fermented honeybush due to the high
soluble solid intake. It has to be kept in mind that the flavonol/flavone content
(mg/100 mg soluble solids) of the aqueous extracts of the rooibos teas is
considerably higher than the Camellia sinensis teas, but the soluble solid intake
was 50% higher in the latter teas-—\Athen considering the different intake
parameters of the Camellia sinensis-and-herbalteas -it-welld appear that the TPP
intake plays a critical role in the inhibition||of papilloma development. It can be
assumed that a TPP intake of >7|mg/100g body weight| and a specific ratio of
different polyphenolic constituents appear to be important” as the RgM extract,
which had a TPP intake of 3.78'mg/100 ‘g 'body ‘weight'did not affect papilloma
development, although the flavonol/flavone ‘to/\ flavanol/proanthocyanidin
(Flavo/Flava) ratio compared to unfermented rooibos and honeybush teas.

Another aspect to consider is the fermentation process, which may be important
when considering the level of TPP intake, as it is related to the soluble solid
content. Taking rooibos tea as an example, the chemopreventive properties of
unfermented rooibos are related to a specific level of TPP intake (10.6 mg/100 mg
body weight), which is significantly reduced during fermentation (7.5 mg/100 g
body weight). Due to the low concentration of RgM extract used, the TPP intake
was very low (3.8 mg/100 g body weight), which may account for the lack of any
protective effects. Both fermented rooibos and the RgM extract did not affect
tumour multiplicity when compared to unfermented rooibos, although fermented
rooibos significantly reduced the number of the smaller papillomas. When
considering the polyphenolic subclasses. the flavanol/pro-anthocyanidins were

significantly reduced, while the flavonol/flavone content of the soluble solids was
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increased, resulting in an increased Flavo/Flava ratio (16.4) during fermentation,
again implying the role of specific polyphenolic ratios. Even though the TPP intake
of fermented honeybush tea was reduced, the high soluble solid intake due to the
preparation of the 4% tea extract countered the reduction, thus having a similar
TPP intake as the rats fed fermented rooibos tea. The ratio, however, was similar
to that of unfermented rooibos tea. The TPP intake, however, was significantly
lower than unfermented honeybush and therefore exerted a weaker

chemoprotective effect with respect to papilloma development.

Fermentation does not dramatically affect the TPP intake of green and black teas.
They have however, a higher soluble solid content compared to the rooibos teas.
Far higher levels of flavanol/proanthotyanindins—were-cansumed while the TTP
and flavonol/flavone intake levels compared favourably-to-that of the rooibos teas.
Even though the rats in the green tga group did not have papillomas bigger than 20
mm?®, the rats consuming black tea had smaller ized| papillomas (0.1 to 10 mm®)
than in the green tea group. Since fermentation changes the chemical structure of
the tea flavonoids by reducing the 'éatechins (Babichet'al’, 2006; Wang and Li,
2006), black tea would be exp&ctédstd have“a lesser inhibitory action of the
papillomas than green tea, if solely dependent on the catechins for an effect.
Although green tea exhibited a higher protective effect with respect to papilloma
number, the high TPP content of both green and black tea resulted in a similar
chemopreventive effect in the present study, suggesting that compositional
changes, i.e. loss of catechins and formation of theaflavins, thearubigins and
theafulvins, as a result of fermentation had little effect. It was reported that the
inhibitory action on papilloma induction in rats by green tea is attributed to the
catechin content, which consist of EC, ECG, EGCG (Nishikawa et al, 2006;
Thangapazham et al., 2006). The black tea catechins, theaflavins and
thearubigins or a combination of two or more, is exhibiting similar chemopreventive

properties to green tea (Morse et al., 1997).

Unfermented rooibos and honeybush teas contained a higher level of phenolic

compounds than their fermented counterparts, resulting in a higher mean daily
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intake (mg/100 g body weight). The major flavonoid of unfermented rooibos, when
considering the daily intake was aspalathin, followed by equal amounts of
nothofagin, orientin, iso-orientin and rutin/isoquercetin, which was almost 10 times
lower. Orientin, iso-orientin and rutin/isoquecitrin was the major flavonoids
consumed by the rats receiving the fermented rooibos. Based on these intake
parameters, aspalathin, constituting about 14% of the soluble solids of
unfermented rooibos, is likely to impact on the chemopreventive properties. This
becomes evident as fermented rooibos contains considerably less aspalathin,
resulting in a lower intake, and a reduction in the chemopreventive properties of
rooibos tea. At present very little is known about the chemopreventive properties of
aspalathin, although it is known to be the major antioxidant of rooibos (Von Gadow
et al., 1997: Joubert et al., 2004), white-it-onfy-exhibited_moderate antimutagenic
properties (Snijman et al., 2007).“However ' apart’ifrom aspalathin, other
unidentified compounds or changes in Flavo/Flava ratios could be responsible for

the chemopreventive properties of fooibos against oasophageal cancer.

Rats consuming the unfermented thoneybush deay-like unfermented rooibos, had
the smallest mean sized papillomas, while it significantly reduced the number of
papillomas. However, despite the high flavonol/flavone and
flavanol/proanthocyanidin intake, the major polyphenols was the xanthone,
mangiferin followed by isomangiferin, which constitute almost 6% of the soluble
solids. This inhibitory effect on papilloma development may be brought about either
by one compound, or a combination of constituents, some of which could be
unknown. This becomes evident as fermented honeybush contained considerably
less mangiferin and Isomangiferin than unfermented honeybush, which coincided
with a reduction in the protective effect against the number and size of papillomas.
Mangiferin constitute the major antioxidant of honeybush (Hubbe et al., 2000a, b),
while it also exhibited anti-inflammatory properties (Beltran et al., 2004). Mangiferin
also did not contribute to the flavanol/proanthocyanidin content, since it rails to
react with DAC (Marnewick et al., 2005), whereas other flavanol-like compounds

such as the proanthocyanidins and/or polymeric tea tannis would.
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The Sutherlandia infusion intake profiles are of interest when compared to the
Camellia and herbal teas. Analysis of teas showed low soluble solid, total
polyphenols and flavonol/flavone content, while only trace amounts of
flavanols/proanthocynidins were detected. Although the mean fluid intake was
significantly lower than green tea and similar when compared to the other teas, the
TPP only represent approximately 4% of the soluble solid intake. However, when
looking at papilloma multiplicity, there was a marginal (P<0.1) decrease in the total
mean papilloma number when compared to the positive control, due to a marginal
decrease in the smaller papillomas (0.01 to 0.1 mm®). The rats failed to developed
papillomas larger than 20 mm?®. There was a marked decrease in total mean size
and the size category 0.1 to 10 mm?® when compared to the positive control. From
the intake profiles, it is clear that_tetal“potyphénols-aré-net.playing a major role in
the reduction of the number and size-of eesophageal papillomas in these rats. /n
vitro studies have shown that Sutherlandia extracts |inhibit cell proliferation and
induce apoptosis in different cancer cells (Tai et a/., 2004; Chinkwo, 2005; Stander
et al., 2007).

The modulating effect of tea (Camelflia sinensis); duringearcinogenesis in animal
models is unique, as no other agent tested for possible chemopreventive effects
have shown such efficacy at the concentrations usually consumed by humans
(Dreosti et al., 1997). Studies reported on the beneficial effect of green tea as a
cancer prevention tool in animal cancer models and epidemiological studies in
humans (Klaunig, 1992; Katiyar and Mukhtar, 1996). The present study
demonstrated that, both unfermented herbal teas significantly inhibit papilloma
development in rats. An infusion of Sutherlandia also provided evidence, for the
first time, of chemopreventive properties against papilloma development in vivo.
Since it is improbable that the polyphenolic compounds are principlally responsible
for the inhibitory action of Sutherlandia. the bioactive constituents that may play a
significant role still needs to be identified. Modulation of the growth kinetics of the
early neoplastic lesions by rooibos and honeybush teas, presumably by the
polyphenolic constituents, is likely to reduce their proliferative activity and interfere

with the cancer promotion/progression stages of carcinogenesis. It seems that






129

multiple mechanisms exist by which the tea constituents elicit their inhibitory
effects, but the relevant mechanisms still have to be determined to assess whether
t can be used in developing chemopreventive strategies in humans. The key
differences regarding the Camellia sinensis and herbal teas would appear to be the
intake of a specific level (>7 mg/100 g body weight) and ratio of the polyphenol
components. This is not the case regarding Sutherlandia, which has a total
polyphenol content of less than 1 mg/100g body weight, suggesting that the

protective effect may be ascribed to non-polyphenol compounds.
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CHAPIER4

Comparative cytotoxic and anti-proliferative properties

of South African herbal teas and an infusion in a human

oesophageal cancer cell line







Abstract
The cytotoxic effects of freeze-dried aqueous extracts (FDE) of green and black

(Camellia sinensis), unfermented and fermented rooibos (Aspalathus linearis)
and honeybush (Cyclopia intermedia) teas, as well as an aqueous infusion of
Sutherlandia frutescens were investigated in a human oesophageal cancer
(WHCOS) cell line. The effect on the cell proliferation was monitored using green
tea and the unfermented herbal teas. The cytotoxic parameters of the
Sutherlandia infusion could not be determined due to plant matrix and media
interactions. Colour interference by the different teas also prohibited the use of
the lactate dehydrogenase (LDH) and the tetrazolium bromide (MTT) cytotoxicity
assays. Cell viability assays utilising flow cytometry and the CellTiter Glo®
Luminescent Cell Viability assay indicated that green and black teas exhibited
higher cytotoxic effects than rooibos and heneybush teas when considering the
ICs0 values. Differences in the cyiotexicity {{C=g-vatués)tould be explained by the
total polyphenol (TPP) content of therdifferent:teas-and-herbal tea extracts and,
more specifically, the flavonaid and/or xanthone/flavanones subgroups.
Aspalathin the major flavonoid in'unfermented rooibos.tea and some of the
constituents in fermented rooibps.tea could be, important factors affecting cell
viability, while the xanthones, mangiferin and isomangiferin appear to be the key
determinant in honeybush tea. Unfermented rooibos tea was the most active in
inhibiting cell proliferation, followed by green and honeybush teas. Differences
seem to exist between the type of polyphenol involved in cytotoxicity and
inhibition of cell proliferation. The selective cytotoxic and inhibition of cell
proliferation effects in cancer cells could be important in developing flavonoid-

enriched extracts as possible tools for chemoprevention.

Keywords
Herbal teas, oesophageal cancer cells, cytotoxicity, cell proliferation. total

polyphenols.






4.1 Introduction

Oesophageal cancer occurs worldwide with its most common form being
squamous cell carcinoma (SCC) (Stoner et al,, 2007). In 2002 oesophageal
cancer was the eighth most common cancer, with nearly 400 000 new cases
diagnosed annually (Parkin, 2005). Although many carcinogens are found in the
environment, no single substance has been found to be responsible for
oesophageal cancer. Any carcinogen may thus play a role, either alone or in
synergy with other factors in the development of the disease. In addition to
smoking tobacco, alcohol is also a risk factor for cesophageal cancer. Alcohol
may increase susceptibility of other carcinogens, contribute to deficiencies in the
diet, or it may act as a direct irritant to the oesophageal mucosa (Holmes and
Vaughan, 2006). A wide variety of dietary substances is carcinogenic and
reported to stimulate the development of tumouis in experimental animals (Surh,
2003). Salt-cured, salt-pickled ang-motidy-foods-as-aresuit of contamination with
N-nitrosamine carcinogens due ‘tosthespresence: ofsfungal toxins have been
implicated (Li et al., 1986; Rheader |&f a/l| 1892; Sammon, 2006). Studies in
China suggested that nitroso compounds and theit precursors contribute to the
development of oesophageal carcinama.in. the high-risk areas (Lu et al., 1991).

Regular consumption of fruit and vegetables may decrease the risk of specific
cancers (Surh, 2003). Thus, individual or collective components in some plant-
based diets possess anti-carcinogenic and anti-mutagenic properties.
Carcinogenesis is a multi-step process during which distinct molecular and
cellular alterations occur in cell-signalling pathways that regulate cell proliferation
and differentiation (Hartwell and Kastan, 1994; Lin et al., 1999). Plant-based
substances may protect against these carcinogen-induced cellular changes
thereby intervening with the initiation and/or promotion stages of carcinogenesis.
or retard the progression of precancerous cells into cancer. Effective
chemopreventive agents would either inhibit further growth of the lesions or delay

the progression of the lesions into carcinoma (Stoner et al., 2007).
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Although progress has been made regarding our understanding of the process of
carcinogenesis, the mechanisms of action exerted by various components in the
diet are not fully elucidated (Surh, 2003). The risk of cancer may be reduced if
the carcinogens identified can be eliminated or exposure to them be minimized,
so that primary prevention or intervention may be implemented (Surh, 2003).
Despite advances in the diagnosis and treatment of oesophageal cancer, the
prognosis remains poor. Chemoprevention is therefore an important approach to
reduce the incidence and mortality of this disease and studies could provide

important leads as to new preventive strategies.

The chemopreventive properties of green tea have been studied extensively and
studies in cancer cell lines showed that the tea catechins and/or polyphenolic
extracts inhibit their growth (Valcic et al.,-4996-Yang et al., 1998; Steel et al..
2000; Chen et al., 2004; Ma et ak,-2007—Theteacatechins target many cellular
pathways within the cell, leading:toraiterations in proliferative and/or apoptotic
function (Paschka et al., 1998: Bode & Dang,|2004] Ramos et al., 2005), and
their role as antimutagenic agents'is-well known (Kuroda & Hara, 1999 Gupta et
al., 2002). Studies on the chemopreventive, propesties. of South African herbal
teas as well as Sutherlandia, and/or their constituents, have recently been
conducted and reviewed (Tai et al., 2004: Marnewick, et al.. 2004; 2005; McKay
and Blumberg, 2008). Extracts of Sutherlandia frutescens were reported to
exhibit anti-proliferative effects and induces apoptosis in cancer cells (Swaffer et
al., 1994; Chinkwo, 2005; Stander et al., 2007). However, no studies on the anti-
proliferative effects of the herbal teas in cancer cell lines have been conducted

as yet.

The present study was conducted to evaluate the cytotoxic and growth inhibitory
properties of Camellia sinensis, Aspalathus linearis, Cyclopia intermedia, and
Sutherlandia frutescens in a human oesophageal cancer cell line utilising

different /n vitro assays.






4.2 Materials and methods

4.2.1 Reagents and disposable plastics

Cell culture materials were purchased from Whitehead Scientific (South Africa)
and consisted of Dulbecco’s modified eagle's medium (DMEM), fetal bovine
serum (FBS), L-glutamine, trypsin versene and Hank's balanced salt solution
(HBSS). Tissue culture flasks and clear 96-well microtiter plates (MPs) were
purchased from The Scientific Group (South Africa), while disposable plastic
pipettes were obtained from LASEC (South Africa). The black and white 96-well
MPs were purchased from Whitehead Scientific. The MTT powder (M5655-1g)
and solvents, except for 70% ethanol (Rob Dyer Surgical), were obtained from
Sigma-Aldrich and Merck Chemicals (South Africa), respectively. The CytoTox
96® Non-Radioactive Cytoxicity Assay and CellTiter Glo® Luminescent Cell
Viabiltiy Assay (Promega) was obtained from-Whitehead Scientific (South Africa),
while the Cell Proliferation ELISA-Brat—{Chemiitminescent) assay kit was

purchased from Roche (Germany)

4.2.2 Human cancer cell line

Human derived oesophageal sguamous,-cell- gafcinoma, WHCO5, was kindly
donated by Prof Igbal Parker, _|nstitute. of Infectious Disease and Molecular
Medicine (IIDMM), Faculty of Health Sciences, University of Cape Town. The
cells were maintained in DMEM, with 10% fetal bovine serum (FBS) and L-
glutamine (1%), in a humidified atmosphere of 5% CO, at 37 C.

4.2.3 Tea preparations and polyphenol analyses:

Aqueous tea extracts of the herbal teas and infusion, as well as the methanol
extract of unfermented rooibos tea (RgM extract) were prepared as described in
Chapter 3. Determination of the different tea polyphenolic groups, as well as the
HPLC analyses, was conducted as described in Chapter 3 (sections 3.2.3).






4.2.4 Cell culture studies

The aqueous extracts (10%) were freeze-dried and kept desiccated in airtight

containers. Stock solutions (10% soluble solids) of the freeze-dried extracts
(FDE) were prepared in 10% DMSO/H,0, except for green tea and Sutherlandia,
which was dissolved in 20% DMSO/H,0 due to difficulty in solubility and filtering
the solution. The stock solutions were filtered through 0.2um syringe filters before
diluting with culture medium. Different concentrations of the extract were

investigated, depending on the assay used, in order to obtain an ICs value.

For each in vitro assay the cells were seeded (5 000 cells/well) in DMEM (200ul)
and allowed to attach for approximately 15 hrs to reach 60 to 70% confluency,
before adding the tea dilutions. Clear microtiter plates were used for LDH and
MTT, opaque-walled white, with clear bottoms.for the cell titer, and opaque black
for the BrdU cell proliferation assay-in-aiithe expenmients;the cells were allowed
to incubate at 37 'C with 5% CO, for 24 hours, after-adding fresh medium (100pl)
containing 0.5% FBS, and various|tea |con¢entrations, depending on the assay

implemented.

4.2.4.1 LDH Assay
This colorimetric assay quantitatively’ measured latctate dehydrogenase (LDH)

release upon cell lysis. LDH leakage into cell culture medium was measured 24
hrs after the addition of different dilutions of the various tea extracts. The
cytotoxicity assay performed was adapted from the CytoTox 96° Non-Radioactive
Cytoxicity Assay Kit protocol (Whitehead Scientific), where the amount of colour
formed is directly proportional to the number of lysed cells. The assay is based
on the conversion of lactate to pyruvate in the presence of LDH, with the
reduction of NAD to NADH. In short, lysis solution (10-15ul) was added to
untreated cells in DMEM for maximum LDH release, as well as to the volume
correction control, and incubated for 45 min at 37 C. For the LDH and MTT
assays the extracts were diluted in the DMEM as follows: 0.5. 2.5. 5 and 10 mg
FDE/ml for green. black. fermented rooibos and fermented honeybush teas; 0.1,
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0.5, 2 and 4 mg FDE/mI for unfermented rooibos and unfermented honeybush
teas, as well as the unfermented rooibos methanol extract, and 5, 10, 20 and 50
mg FDE/ml for the Sutherfandia infusion.

The substrate mix was reconstituted in the assay buffer (12ml) at room
temperature. For the LDH measurement, 50ul aliquots of the supernatant of the
lysed cells were transferred to fresh flat-bottomed MPs, using a multichannel
pipettor. The reconstituted substrate mix (50ul) was added and allowed to
incubate, in the dark, for 30 min at room temperature. After 30 min the stop
solution (50ul) was added and the absorbance recorded at 490nm, using an
Opsys MR™ 96-well plate reader (Dynex Technologies). The percentage of
cytotoxicity was calculated using the formula: % Cytotoxicity = [(ODsampie —

ODbackground)/(ODmaximum control — ODvc!mre correction nont'ol) %1 OO%]~

4.24.2 MTT assay
The MTT assay is a quantitative, colorimetricthased assay that measures the

reduction of a [3-(4,5-dimethylthiazol:2-yl}-2 5.diphenyl" tetrazolium bromide]
component (MTT) into an insoluble formazan product by the mitochondria of
viable cells. The solubilised colour crystals are directly proportional to the number
of viable cells. MTT (Sigma-Aldrich) was prepared fresh for every experiment,
and added (10ul) to each well. After an incubation of 2 hrs at 37 C acidified
isopropanol (100ul) was added, and the plate left for 25 min to solubilise. The
absorbance was measured at 570-630nm using an Opsys MR™ 96-well plate
reader (Dynex Technologies). The percentage of cell viability was calculated
using the formula: % Cytotoxicity = [(ODssmple — ODsample background)/(ODcontrol —
ODpackground control) X 100%].

4.2 4.3 Flow cytometry

Cells were seeded (1 x 10°) in 25cm? tissue culture-treated flasks and allowed to
attach. The media was replaced with different tea/media dilutions (0.5, 1 and 2

mg FDE/mI of only green tea, unfermented rooibos and unfermented honeybush
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teas) after 24 hrs and the flask incubated at 37 C with 5% CO, for 24 hrs. Cells
were trypsinized and stained according to the Guava Technologies protocol (Cat.
No. 4000-0040) to obtain between 1 x 10° to 5 x 10° cells/ml. The Guava
Viacount assay was selected from the desktop Guava® PCA™ flow cytometer
made available by Whitehead Scientific to determine cell count and viability. The
Cytosoft™ software, version 2.1.4 for data analyses was used. This assay allows
for a rapid and reliable alternative to the trypan blue exclusion assay for cell
count and viability. The Viacount reagent differentially stains for viable and non-
viable cells determined by their permeability to the DNA-binding dyes in the
reagent. The assay allows for the quantitative analysis of live, apoptotic and dead

nucleated cells, by determining the exact numbers of each.

4.2.5 Determination of cell viability

This assay determined the number.of -viable cells-inculture, based on the
quantitation of ATP. With the addiiion’of @ singie feagent 'cell lysis occurred and
the luminescent signal produced would be|proportional ito the amount of ATP
present. The signal develops due-to-the enzymatic—fusiferase) conversion of
luciferin into the luminescent progduet. oxytuciferinginthe presence of magnesium
and ATP. The assay used in this experiment was adapted from the CellTiter Glo®
Luminescent Cell Viabilty Assay protocol (Whitehead Scientific). The
experimental cells were treated with 0.1, 0.5 and 1 mg FDE/mI of all the teas
and/or infusions in the cell titer assay. Assay buffer was thawed and added
(10ml) to the CellTiter Glo® substrate. The microtiter plates were removed from
the incubator, allowed to equilibrate to room temperature, and the substrate
(100ul) added. The contents were mixed for 2 min on an orbital plate shaker to
allow for cell lysis, and the plates incubated for 10 min at room temperature after
which the luminescence signal was recorded on a Veritas luminometer (Turner
Biosystems). The percentage of cell viability was calculated using the formula:
Luminescens = [(RLUSsampe — RLUSszmoe packground)/(RLUScontror — RLUSconire
background) X 100%].

4.2.6 Cell proliferation assay
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This assay (Cell Proliferation, ELISA, BrdU Chemiluminescence - Roche) is
designed to quantify cell proliferation by measuring the amount of
bromodeoxyuridine (BrdU) incorporated into cellular DNA of proliferating cells.
The luminescence signal generated in the reaction is quantified by using a micro
plate luminometer. The cells were allowed to incubate with only the green tea
(0.0625, 0.125, 0.25, 0.5 mg FDE/mI), unfermented rooibos (0.068, 0.138, 0.275,
0.55 mg FDE/ml) and unfermented honeybush (0.105, 0.21, 0.42, 0.84 mg
FDE/mI) teas for 24 hrs and labelled with BrdU labelling solution (10ul) for 2 hrs
at 37C. The labelling solution was removed and 200ul/well FixDenat solution
was added and left at room temperature for 30 min. The FixDenat was removed
thoroughly and 100ul/well Anti-BrdU-POD working solution added for 90 min at
room temperature. The plate was rinsed three times with washing solution
(200ul) prior to adding the substrate-soliution (100ul/well). The plate was
incubated for 3 min on an orbital plate shaker before guantifying luminescence
(within 10 min after adding the ‘substrate) with a" Vieritas luminometer (Turner
Biosystems). Luminescens = [(RLUs!ifpd|- RLUStbmo background)/(RLUScontro —
RLUScontrol background) X 100%)]; where=sampile=is-the-mediam/tea + cells + BrdU
labelling solution + Anti-BrdU POD;;sample background;is;the medium/tea + cells
+ Anti-BrdU POD; control is medjum + cells. +.BrdU labelling solution + Anti-BrdU

POD; and control background is medium only.

4.2.7 ICsp determination

The ICso is a measure of effectiveness of the teas and/or infusions. It is indicative
of the amount of substance necessary to inhibit a given biological process (cell
growth, cell death, etc), or a component thereof, by half. The ICsy of the teas
were determine constructing a dose-response curve and examining the effect of
various concentrations on cytotoxicity, cell viability and cell proliferation in vitro.
The ICsp values were obtained employing the equation y=mx+c. where m

represents the gradient and c represents the y-intercept.

4.3 Statistical analysis
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The data, having only one factor (tea group) were analyzed using the F-test in a
one-way ANOVA. The post hoc Tukey's Studentized Range Test was used to
test for multiple pairwise comparisons between the means of the different levels
of the group factor. As the data were unbalanced, the Tukey—Cramer adjustment
was made automatically. Where variances were not equal the Welch test was

substituted for the F test. Statistical significance was considered at P< 0.05.

4.4 Results

4.4.1 Cytotoxicty assays

4.4.1.1 LDH assay

WCHOS cells were exposed to various doses of different teas and/or infusions to
assess the cytotoxic effects. The cytotoxicity of the Camellia sinensis teas could
not be determined as an increased dose-resuited-in_colour interference with the
absorbance readings (Table 1; Addenduim;rable-J: Fgr'1 a, b, e, f). A similar
trend was noted with the rooibos teas; With the exception of the unfermented
rooibos methanol extract, which |seemed to show increasing cytotoxicity with
increasing doses of tea, although=some-interference—existed at the highest
concentration (4 mg/ml) (Table 1)..Beth honeybusty teas, and the Sutherlandia
infusion also exerted a dose respanse. effect, regarding golour interference, at
higher concentrations. However, the colour interference (%) was less when
compared to the other teas (Addendum, Table 1; Fig. 1c, d, g, h). Data obtained
from this study suggests that cytotoxicity could not be determined by using the
Cytotox 96 non-radioactive assay kit due to colour interference of the teas at

certain concentrations.

4.4.1.2 MTT assay
The viability of WHCO5 cells was also monitored against different concentrations

of teas using the MTT assay. As with the LDH cytotoxicity assay, the cell viability
could not be accurately determined due to the percent of colour interference
(Table 2; Addendum, Table 2, Fig. 2a -h). The extent of colour interference of all
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the tea preparations and herbal infusion was similar to that obtained in the LDH

assay.

4.4.1.3 Flow cytometry

The cytotoxicity of the different unfermented tea preparations on WHCO5 cells
were monitored by flow cytometry. The mean percentage of viable, apoptotic and
dead cells were determined (Fig. 1) after exposure to various concentrations of
green (a), unfermented rooibos (b) and unfermented honeybush (c) freeze-dried
(FDE) extracts for 24 hrs. Each dot plot represents the different conditions (live,
apoptotic and dead) in the cell population per FDE concentration [0.5(i), 1(ii), and
2 (iii) mg FDE/mI] of each tea. The top left-hand guadrant represents all viable
cells; top middle the amount of apoptotic cells and the top right-hand the dead
cells. When observing any one of the-thrée=teas.(a, b, or ¢) at the different
concentrations, a decrease in % Gell-viability-and-an-inerease in % apoptotic and
dead cells is noticed. At 0.5mg FOEIMIthe clustérof'éelis is more in the top left-
hand sector; while at 1mg/ml cells migratéd into the apoptotic and dead cell
quadrants. At 2mg FDE/ml of green and anfermented sooibos teas, a large
percentage of the cells are dead,; andyis; represented; in the top right-hand
quadrant. At the same concentrations.. cells exposed to,upfermented honeybush
tea showed only a small percentage of cells undergoing apoptosis (6.24%), and
cell death (18.30%) while the amount of viable cells is still high (75.47%) (Fig.1c
(ili); Table 3).

All the teas portrayed decreasing cell viability with increasing concentrations of
the FDE, with concomitant increases in the mean percentage of apoptotic and
dead cells (Table 3). At 0.5 mg FDE/m, viability of cells exposed to green tea
was 82.5%, followed by unfermented rooibos (84.8%) and honeybush (91.8%).
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At 1mg/ml, green tea (34.7%) showed the lowest cell viability followed by
unfermented rooibos tea (50.3%) and honeybush tea (93.7%). Unfermented
honeybush tea exhibited the highest viability (75.5%) at 2mg FDE/mI, followed by
green tea (7.5%) and unfermented rooibos tea (1.0%). When considering the
apoptosis at 0.5mg FDE/mI, green (16.7%) and unfermented rooibos (15.1%) teas
exhibited similar effects, which was higher than unfermented honeybush tea (5.8).
At 1mg FDE/mI, green (31.6%) and unfermented rooibos (33.9) teas exhibited a
similar pattern, while no effect was noticed with unfermented honeybush tea
(3.4%). The cells exposed to 2 mg FDE/mI unfermented honeybush tea, again,
showed no increase in apoptosis although the amount of dead cells (18.3%)
increased. The mean percentage of dead cells also increased in a dose dependent
manner for the green and unfermented rooibos teas, with unfermented rooibos tea
(86.3%) exhibiting a higher toxic effeci-than-gteen.(74.2%) tea at the highest
concentration (Table 3). It is importantto-notepthatstheramount of apoptotic cells
decreased when the concentration of green and unfermented teas were increased

between 1 and 2 mg FDE/ml, while|the amount of dead cells increased.

ICs0 values could be determined for'gfeen dnd: infermented rooibos teas, but not
for unfermented honeybush tea duejto; 4 1ewipeicentage of dead cells (Table 3).
The low number of cells recovered [Fig. 1c (iii)] was due to the lack of cell
detachment experienced with honeybush tea concentration. Higher concentrations
of unfermented honeybush could therefore not be used in the flow cytometry
analyses. The ICs values for green and unfermented rooibos teas were similar,
0.53mg FDE/ml and 0.55mg FDE/ml, respectively.






Table 3: Flow cytometric results illustrating cell viability, apoptosis and cell death of
WHCOS cells exposed to various concentrations of green and unfermented
herbal teas.

Flow Cytometry (mean percentage of totals)

Teas Gr ‘ Rg Hg
Concentration ‘ ‘ r
(mg FDE /ml) 0.5 | 1 2 | 0.5 1 | 2 05 | 1 2
% Viable 825 | 34.7 75 | 849 | 50.3 1.02 | 91.8 93.7 | 755
| (3.7) ‘ (7.8 | (1.8 | @D | 1.7y | (08 | (7.5) | {1.9) | (2.0

16.7 | 316 | 186 | 152 | 339 | 127 | 58 | 34 | 63

HAPORINE | a4y | @) | 52) | @8) (48 | @0) | 69 (2 | @1
|

% Dead

0.9 ‘ 33.7 | 742 | 0.03 | 15.8 | 86.3 2.4 1 3.0 18.3

(0.6) | (68) | (54 AOTHEER26) 1.0) | ©6) | (3.4
% | ! 1.
Cytotoxicity I
10E0) 0.53 (.55 Nd
(mg FDE/mlI)

Values are means of 4 replicates + standard-deviation—Gr—=-green tea; Rg = unfermented
rooibos; Hg = unfermented honeybush; FDE = freeze dried extract. nd = not detected (see
Results section).

4.4.2 Cell viability

The ATP content of the cells was determined after a 24 hr treatment with different
concentrations of the various teas. All the teas, as well as the Sutherlandia infusion
exhibited a significant (P<0.05) dose response effect with decreased ATP production as
a function of increased tea concentration (Table 4). At 0.1mg FDE/mI, there were no
significant differences in the inhibitory effects on ATP production by any of the FDE of
the tea and herbal teas tested. The % ATP inhibition was significantly lower when
compared to Sutherlandia. At 0.5mg FDE/ml, Sutherlandia (81.9%) exhibited the
smallest (P<0.05) effect on ATP production followed by fermented (72.2%) and
unfermented honeybush teas (62.1%). Green (51.7%), fermented rooibos (50.1%),
unfermented (47.3%) rooibos and black (41.4%) teas exhibited similar effects on ATP

production.
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Unfermented honeybush tea did not differ significantly from green, fermented and
unfermented rooibos and black teas. A similar pattern was noticed at 1mg/ml, with the
Sutherlandia infusion exhibiting (74.2%), the lowest (P<0.05) effect on ATP production,
followed by fermented (56.7%) and unfermented honeybush (42.9%). The RgM extract
(22.3%), unfermented (21.5%) and fermented (28.7%) rooibos were significantly
(P<0.05) lower, while black (7.7%) and green tea (2.6%) exhibited the highest inhibitory
effects on ATP production.

Based on the ICsc-values of the different teas (mg FDE/mI), the cells were more
sensitive to black (0.49) and green (0.5) teas, followed by unfermented rooibos tea
(0.55) and the RgM extract (0.57), that exhibited similar inhibitory effects (Table 4). The
cells were more resistant to unfermented (0.84) and fermented (1.24) honeybush teas,
while the ICsp-value of the Sutherlandia infusidn-eétid-not be determined due to matrix
interferences with the assay procedures During the 24 hrincubation period the media in
the microtiter plate tended to form a gelin|the presencg of the extract, which was likely

to interfere with the enzymatic conversion of lugiferin.






Table 4 Dose response cytotoxic effects of Camellia sinensis, herbal teas and
the Sutherlandia infusion obtained in cell TiterGglo™ assay, depicting
percentage ATP inhibiton and ICsq concentration in mg FDE/ml.

‘ mg FDE/mI medium ICs0 (Mg
Treatments J; 0.1 0.5 1 FDE/ml)

| 87.1 817 2.6
AREER 5N (13.2)a (5.4)ae (15)a 02

. 856 43.4 7.7
aldck fea ' (8.9)a (17.2)a (3.0)a Q.49
Rooibos unfermented 81.1 47.3 21.5 055
tea (12.4)a (8.0)ae (7.2) b '
Rooibos fermented 83.0 50.0 28.7 0.60
tea (10.2)a (7.0)ad (4.6)b ’
Rooibos unfermented 800 45-3 22.2 0.57
MeOH extract ‘! (6972 (57)a (5.0)b '
Honeybush 85.5 62.1 42.9 0.84
unfermented tea f\ @i8)a (12.9)ad (9.0)c '
Honeybush 90.4 g 56.7 124
fermented tea ‘!i (6.7)a (5.3)bd (8.6)c ’
Sutherlandia frutescens* 109.2 81.9 71.1 Nd*

(14.6)b (5.8)c (50.9)*

Values are means of six replicates + standard deviation. FDE = freeze-dried
extract; *nd = not detected. *Data not repeatable at higher concentrations due to
gel formation during 24hr incubation period (See Result section). If letters differ,

then P<0.05.






o
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4.4.3 Cell proliferation

The concentrations of the FDE used were based on the ICsq values obtained
from the flow cytometry and ATP luminescence assays. Green tea, as well as
unfermented rooibos and honeybush teas inhibited cell proliferation in a dose-
dependent manner (Table 5). The percentage proliferation for WHCOS5 cells
treated with green tea was 0.39%, 9.06%, 54.6%, and 67.7% at 0.5, 0.25,
0.125, and 0.0625mg FDE/mI respectively (Table 5). The cells exposed to
unfermented rooibos tea displayed a 15.2% proliferation at 0.55 mg FDE/m,
while the inhibitory effect was significantly decreased at lower concentrations.
Unfermented honeybush tea showed a similar anti-proliferative activity at
0.84mg/ml (12.0%). When considering the ICs, values, unfermented rooibos
tea (0.08mg/ml) exhibited the highest inhibitory effect on cell proliferation,
followed by green (0.11mg/ml) and-unferdiented honeybush (0.15mg/ml)

teas.

4.5 Polyphenol groups associatéed with /G values

4.5.1 Cell viability assay

Green and black teas, containing:theslowest. PP content. exhibited the lowest I1Csq
values against WCHO5 cancer  cells. followed by, upfermented and fermented
rooibos teas (Table 6). Fermented honeybush tea exhibited the highest ICs; value
while its TPP content was comparable to fermented rooibos tea. Unfermented
honeybush tea exhibited a higher ICs; value with a TPP content slightly lower than
the RgM extract. Fermentation increased the ICs; of honeybush tea, but only
slightly with the rooibos tea, while no effect was noticed with green and black teas.
The RgM extract contained far higher TPP content but the ICs; value was similar to
unfermented rooibos tea. When considering the flavonol/flavone and
flavanol/proanthocyanindin content, honeybush tea showed that reduced levels
were associated with an increased ICs; value. Fermented rooibos tea had an
increased and decreased flavonol/flavone and flavanol/proanthocyanindin content,
respectively, which coincided with a lower ICs,. The opposite effect was noticed

with green and black teas. whilst the IC5; values were similar.
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When considering the major polyphenolic constituents, fermented rooibos tea
had substantially less aspalathin, nothofagin, hyperoside and rutin/isoquercitin
content than unfermented rooibos tea (Table 7). In contrast the levels of orientin
and iso-orientin were similar. The levels of mangiferin and isomangiferin were
lower in fermented honeybush tea, compared to unfermented honeybush tea
(Table 8). The level of hesperetin was markedly higher in the fermented
honeybush tea.

4.5.2 Anti-proliferative effects utilizing the BrdU incorporation assay

In contrast to the cell cytotoxicty assay, unfermented rooibos tea exhibited the
highest activity followed by green tea and unfermented honeybush tea (Table 9).
The rooibos TPP content was almost 50% of honeybush tea, which also had
higher levels of flavonols/flavones..and-flavanolfproanthocyanidins. The major
rooibos tea flavonoid was aspalathin. 'with"nathofagin. ‘orientin iso-orientin and
rutinfisoquercitin - present in equal | but | lower quantities. Mangiferin and

isomangiferin represented the majar unfermented honeybush tea polyphenols.
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Table 7 Major flavonoids expressed as a function of the ICs; values of
unfermented and fermented rooibos teas associated with cell
viability as determined by the TiterGglo® assay

Rooibos Tea Fermented | Unfermented
ICs0
(mg FDE/mI) Ba | 0.5%
Total Polyphenaols 190.5 1 182 93
(Hg)
Total Flavonol/flavone 66.78 32 4
(Hg) |
Total |
Flavanol/proanthocyanidin 4.14 i 8.2
(M)
Phenolic Compounds pg/mi
Aspalathin 285 3 81.004
|
|
Nothofagin 0312 ! 6.1655
Orientin 5268 5.555
Iso-orientin 4212 5.4175
Vitexin 0.858 ! 1.0505
Isovitexin 0.942 B b i
Hyperoside 0.486 ,‘ 1.21
Rutin/lsoquercitrin 4.806 | 11.044
Luteolin 0.054 | 0.022
Chrysoeriol 0.06 | 0.022

FDE = freeze-dried extract [Values of phenolic compounds expressed as
pg/mi].
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Table 8 Major polyphenols expressed as a function of the ICs; values of
unfermented and fermented honeybush teas associated with
cell viability as determined by the TiterGglo® assay.

Honeybush Tea Fermented Unfermented
ICs0 |
(mg FDE/mI) L LA
Total Polyphenols
0.195 0.247
(Hg)
Total Flavonol/flavone 0.04 0.044
(Hg) ' | ’
Total
Flavanol/proanthocyanidin 0.017 0.026
(Hg)
Phenolic Compounds Ha/ml
Isomangiferin 5374 : 16.128
Hesperidin fd ' 3.192
i ;
Hesperitin 11864 ! 084
Narirutin nd i Trace

nd = not detected. FDE = freeze-dried extract. [Values of phenolic compounds
expressed as pg/mi]. Onlyi tracglamaumts of \haritutin were found in the
unfermented honeybush tea.
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Table 9 Major rooibos flavonoids and honeybush polyphenols expressed as a

function of the ICsy values associated with the inhibition of cell
proliferation.

Rooibos Tea Honeybus Tea
(unfermented) (unfermented)
ICs0 ICso
(mg FDE/mi) ol (mg FDE /mi) el
Total Polyphenols , Total Polyphenols
26.61 4410
(Mg) (Hg)
Total Flavonol/flavone 471 Total Flavonol/flavone 783
(ug) (Hg)
Total Total
Flavanol/proanthocyanidin 1.19 Flavanol/proanthocyanidin 4.92
(Mg) (H9)
Phenolic Compounds pg/ml Phenolic Compounds pg/ml
Aspalathin 11.7824 I»
Mangiferin 6.89
Nothofagin 0.8968
Orientin 0.808
Isomangiferin 2.88
Iso-orientin 0.788
Vitexin 0.1528
Hesperidin 0.57
Isovitexin 0.1712
Hyperoside 0.176
Hesperitin 0.15
Rutin/Isoquercitrin 1.6064
Luteolin 0.0032
Narirutin Trace
Chrysoeriol 0.0032

nd = not detected. FDE = freeze dried extract. Only trace amounts of narirutin were
detected. [Values expressed as ug/ml].






4.6 Discussion

A host of naturally occurring plant products have the ability to act as
chemopreventive agents (Bode and Dong, 2004). Many of these preventive
properties have been ascribed to the phenolic compounds that are found in a wide
variety of human foods and beverages. Tea polyphenols modulate carcinogen
metabolizing enzymes, inhibit cell proliferation, and play a role in cell cycle arrest
and the induction of apoptosis (Wang et al., 1989; Xu et al., 1992; Ahmed et al,
1997; Lin and Lin, 1997). Green and black teas prevent tumour induction by a
variety of chemical carcinogens in animal models, which was mainly attributed to
the polyphenolic constituents (Roy et al., 2001). However, the chemopreventive
activity of tea is suggested to be a combined effect of several constituents, acting

synergistically, rather than one specific compound (Suganama et a/., 1999).

Although studies have reported ontherprotectiverrolerofigreen tea against human
cancers, there is limited evidence ¢n the|anticancer effect of black tea (Katiyar and
Mukhtar, 1996; Kohlmeier et al.;|1997; Khan and Mukhtar, 2007), and only
anecdotal evidence on the SouthAfrican-herbalteasand Sutherlandia. Most of the
biological properties of rooibos andwhoneybush itaas” are; ascribed to their unique
polyphenolic constituents. Altheugh ({their-phenolic constituents differ from the
Camellia sinensis teas, they exhibited similar properties in various /in vitro and in
vivo biological models monitoring antioxidant, antimutagenic and anticancer
properties (Marnewick et al., 2003, 2005; van der Merwe et al., 2006, Snijman et
al., 2007). In the present study, the cytotoxic and anti-proliferative properties of
aqueous extract of the herbal teas and a Suther/andia infusion was compared, for

the first time, with green and black teas utilising an oesophageal cancer cell line.

The LDH and MTT colorimetric assays could not be used to determine the ICs
values due to colour and/or other plant constituent interferences. It has been
reported that some herbal extracts interact with the MTT in the absence of cells,
resulting in false—positive or false-negative results (Shoemaker et a/., 2004). Since

the LDH and MTT assays are based on enzymatic reactions. they may also be
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influenced by specific enzyme inhibitors (Weyerman et al., 2005). Polymeric
polyphenolic compounds, known as tannins, may also form perceptible complexes

with some protein (Hageman and Carlson, 1998).

Cytotoxicity performed with the flow cytometry provided more detailed results
regarding the toxicity of the unfermented extracts without any colour interference
as observed with the LDH and MTT assays. It provided the status of each cell and
thus determined the percentage of live, apoptotic and dead cells. However, flow
cytometry was not appropriate to determine the ICsy of the unfermented honeybush
tea, mainly due to the lack of detachment of the WHCOS cells following
trypsination. This could presumably be due to the inhibition of the activity of the
protease enzyme by tea polyphenols (He and Yao, 2006). Thus, when assays in
cytotoxicity screening are dependent on-enZymatic-reactions, it was recommended
to perform a battery of tests to acquire the mostiappropriate results (Weyermann et
al., 2005; Fotakes and Timbrell, 2006).

No toxicity was established when—the—celis—were—exposed to the Sutherlandia
infusion due to various factors influengingpthe outcome of, the assays. Apart from
the forming of sediments during the preparation ef the FDE ;addition of the different
dilutions resulted in the media taking on a gel-like consistency, with the formation
of thread-like precipitates. The reagents and/or substrate added to perform each
assay did not mix thoroughly with the cells, presenting false results. Under the

current conditions, no cytotoxic and/or anti-proliferative data could be determined.

When considering the chemiluminescent assay utilising the mitochondrial function,
no colour interference was observed, as the signal was not affected. This can be
deduced from the fact that green and unfermented rooibos tea had similar ICs
values when monitored by flow cytometry analyses. The total polyphenols and
flavonol/flavones of black tea were higher than the green tea extract. while the
flavanol/proanthocyanidin was not. The same pattern was observed in rooibos tea,

while the total polyphenols, flavonol/flavones and flavanol/proanthocyanidin
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content of fermented honeybush tea was lower. Black and green teas’ constituents,
presumably the catechins, seem to be more reactive than the rooibos tea
polyphenols when considering cell death. The ICsy values obtained for green
(0.50mg FDE/mI), black (0.49mg FDE/ml), unfermented (0.55mg FDE/ml), and
fermented (0.6mg FDE/mI) rooibos teas, imply that the changes in phenolic
composition, taking place during fermentation did not alter the cytotoxic effects of
the Camellia sinensis teas and only slightly in the case of rooibos tea. It is known
that the tea catechins are converted into the thearubigans and theaflavins during
fermentation (Gupta et al., 2002; Luczaj and Skrzydlewska, 2005). The level of
aspalathin and nothofagin were 20 to 30 times lower in fermented rooibos, while
the levels of all flavones were not markedly different. When considering the
flavonol/flavone content, the level was two times that of unfermented rooibos tea,
implying that this flavonoid subclass exhibited-fardewer cytotoxic effects. A similar
outcome was reported recently When considering; the antioxidant properties of
aqueous extracts of fermented and unfermented rooibos teas utilising different
antioxidant assays (Joubert ef a/., 2008). However, when rooibos teas were tested
in the Salmonella mutagenicity assay-using-afiatoxin-B:and-2-acetylaminofluorene,
fermented rooibos tea exhibitedstionger antimutagenicity than its unfermented
counterpart (van der Merwe ef al.,.2006). Aspalathin, the major dihydrochalcone,
and/or unknown products may play a major role in the cytotoxic effects of
unfermented rooibos tea against WHCO5 oesophageal cancer cells. When
considering the honeybush teas, fermented honeybush tea had a higher ICsp value
(0.84 mg FDE/mI) than unfermented honeybush tea (1.24 mg FDE/ml), indicating a
reduced cytotoxic effect as a result of the reduction of the known polyphenolic
constituents or newly formed compounds of lower potency. The major polyphenolic
compound, mangiferin and isomangiferin could therefore be important
determinants as they decreased in accordance with the TPP content during
fermentation. This is also noted when considering other biological parameters such
as antioxidant and antimutagenic properties, indicating that honeybush tea TPP
are less active than rooibos and black teas, while fermentation decreased these
parameters (van der Merwe et al., 2006; Joubert et al., 2008).






166

It would be important to note that synergistic interaction between the different tea
constituents and/or specific flavonol/flavanol ratios will affect different cellular
processes. This would imply that the most abundant constituent is not necessarily
the most active or effective when considering a biological effect. It would also
imply that the results obtained from various experiments would be affected by the
assay system implemented, as well as the type of tea used. However, further
studies using unfermented and fermented plant material from the same tea
batches and purified polyphenolic compounds need to be conducted before the

specific role of individual constituents could be evaluated.

Possible mechanisms for the cytotoxic and anti-proliferative effects could also be
related to the polyphenolic content of the FDE extract. It has been suggested that
the growth-inhibitory effect is ascribed to-the-pelyphenolic constituents in the teas
(Yang et al., 1998; Uesato et al;72001):-Even-though tea polyphenols have
antioxidant activities, they are alsorknewn to;exhibit pro-oxidative properties under
certain conditions that could increase oxitative stress||resulting in cytotoxicty
(Luczaj and Skrzydlewska, 2005)- {5 knowr that cancer cells exhibited a low
oxidative status, and that increased, oxidative cstatus  resuited in cell death (Das,
2002). Recent in vitro experiments, indicated-that EGCG preduces reactive oxygen
species while a green tea extract, as well as EGCG, causes oxidative stress-
related responses in yeast (Maeta et al.,, 2007). EGCG and other tea polyphenols
produce H,O, when added to cell culture media in the absence of cells (Yang et
al., 1998, 2000; Dashwood et al., 2002). EGCG is also known to cause apoptosis
in cancer cells via the induction of reactive oxygen species (Azam et al., 2004).
When considering the South African herbal teas, aspalathin contributes a
substantial percentage of the total antioxidant capacity of the aqueous extracts of
unfermented rooibos tea (Shultz et al., 2003), while its content is significantly
decreased during fermentation (von Gadow et al, 1997; Standley et al.. 2001). A
recent study showed that a flavonoid-enriched fraction of unfermented rooibos tea,
containing high levels of aspalathin, displayed in vitro pro-oxidant activity (Joubert
et al, 2005). In this study green tea displayed similar cytotoxic effect to the
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unfermented rooibos tea with reference to the flow cytometry results. This is
expected since the major catechin in green tea, ECGC, is a potent antioxidant that
displays prooxidant properties. In this regard, it would be expected that aspalathin
also display prooxidant activity, since it has antioxidant potency comparable to
ECGC (Snijman, 2007).

The disruption of mitochondrial function and cytotoxicity seems to be closely
related events. In contrast, the inhibition of cell proliferation appears to be an early
event prior to any cytotoxic effects. This is also in accordance with the flow
cytometry data, as increased apoptosis is noticed at lower concentrations when
considering the ICso levels for cell death. Different tea constituents could be
involved in triggering the cytotoxic effects and the inhibition of cell proliferation.
Unfermented rooibos tea was more reactive-as-an-inhibitor of cell proliferation than
green tea, while the opposite wagifound withyrespect ito cytotoxicity. The major
polyphenolic groups of rooibos tea consist of the dihydrochalcones as compared to
the flavanol/proanthocyanidins (catechins) |of green tea.|[This could suggest that
catechin (EGCG) is a more reactive—cytocidai-component, the dyhydrochalcone
aspalathin, is a more effective | ighibitor jof, el proliferation via a different
mechanism. EGCG is known to be gvertly;cytotoxie toward cancer cells (Valcic et
al., 1996; Chen et al., 2004; Galati et al., 2006), whilst very little is known about the

cytotoxic effects of aspalathin, the major rooibos flavonoid.

The study provides the first experimental in vitro evidence that the extracts of
rooibos and honeybush teas exhibit cytotoxic, anti-proliferative, and probable
apoptotic effects in a oesophageal cancer cell line. The selective effects of the
herbal teas can be ascribed to the TPP content, while the role of specific

polyphenolic constituents and fermentation still need to be further elucidated.
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A variety of plant and/or other phenolic compounds exhibit chemoprotective
properties by disrupting the multi-step process associated with cancer
development. Although research has been carried out on the possible mechanisms
involved, it is still not known how these compounds exert their action (Roy et al,
2001). Tea extracts and their polyphenolic constituents exhibited inhibitory and/or
modulating properties during the initiation, promotion and progression stages of
chemical carcinogenesis, presumably via different metabolic pathways. A
polyphenol could react with electrophilic carcinogenic species to form a tea
polyphenol-carcinogen adduct that could result in the prevention of cellular damage

and hence, carcinogenesis (Kim and Masuda, 1997).

Animal studies offer unique opportunities to investigate the biological properties
that tea and tea polyphenols may_have-in-a-physiélogical system. /n vivo studies
showed preventive properties of green @and black igal(Camellia sinsesis) extracts
and/or green tea catechins against oral and gastrointestinal (Cardeni et al., 2000;
Li et al., 2002), lung (Sazuka et al.; 1995; Gao et al.|[19986), liver (Cao et al., 1996;
Sai et al., 1998), mammary (Tahaka ef af., 1997 Kavanagh et al., 2001), and
prostate (Gupta et al., 2001) cancer["Thé polypheénols from/green or black tea have
been reported to decrease experimental|car¢inogenesisjin various rodent organs
such as skin, lung, liver and oesophagus (Yang and Wang, 1993; Wang et al.,
1994; Han and Xu, 1990; Weisburger, 1999). The present study provides evidence
that the South African herbal teas, rooibos and honeybush, exhibits cancer
preventive properties against oesophageal cancer in rats. When compared to the
Camellia sinensis teas a similar effect was noticed regarding the reduction in the
number of oesophageal papillomas. The unfermented herbal teas were, however,
more effective in reducing the papilloma size as it inhibited the development of
larger papillomas. Fermentation seems to reduce the protective effects of the
herbal teas when considering the number and size of papillomas. Green tea and
the Sutherlandia infusion also prevented the development of larger papillomas and.
although no significant changes in the mean total size were recorded, although it

was markedly decreased. Sutherlandia, however, marginally reduced the total
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average number of papillomas. This is of interest, since the infusion contained
very low levels of TPP and flavonol/flavones and only traces of
flavanol/proanthocyanidins. In view of this, it would seem that the tumour-inhibitory
action of Sutherfandia is due to one or more of its active compounds, either acting
independently, or in synergy. Future studies regarding the role of L-canavanine,
known to exhibit anti-proliferative properties to cancer cells (Rosenthal, 1997),

should be conducted.

A TPP threshold for the prevention of papilloma development is suggested when
considering the rat intake profiles of the different treatments. This became evident
when considering the effects of rooibos tea versus the RgM extract of unfermented
rooibos tea, suggesting that a TPP intake of <7mg/100g body weight lacks any
protective effects. The TPP intake.was-aiso-significantly. reduced when using the
fermented teas, which coincided|'with''a ‘reducticn of'the protective effects of
rooibos and honeybush teas. Treatment with unfermented honeybush tea provided
the highest TPP intake (25.05 mg/100g body weight) and protective effects, which
was significantly (P<0.05) reduded—during fermentation, -and coincided with a
reduction in the TPP intake profilgs’ (718 mhg/1003 body weight). The effect of
green and black teas are of interegtias, a TPR intakeé of 7 mg/100g body weight,
significantly reduced the mean total number of papillomas but not the mean size,
although it was markedly reduced. This is in accordance with previous studies
where green and black teas inhibited papilloma development in NMBA-treated rats
(Yang and Wang 1993; Wang et al, 1995; Li et al., 2002). These studies also
provided evidence that the major green tea catechin, EGCG, and the black tea
theaflavins exhibited protective effects. It can therefore be assumed that, in the
present study, the green and black tea catechins and theaflavins provided the
protective effects, respectively. At present the effect of aspalathin and mangiferin,
the major rooibos and honeybush tea polyphenolic compounds, on the
development of oesophageal papillomas is not known. However. a study showed
that hesperidin. one of the major honeybush tea polyphenols inhibit the

development of oesophageal cancer in NMBA-induced rats (Tanaka, 1997). The
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intake of both aspalathin and mangiferin are significantly reduced during
fermentation (Joubert and de Villiers, 1997), which coincides with a reduction in the
protective effects, hence their role as the reactive constituents in the herbal teas

should be evaluated.

The present study also evaluated the cytotoxic and anti-proliferative activity of the
different teas on human oesophageal cancer cells. In vitro cytotoxic assays that
use different parameters associated with cell death and proliferation have been
developed which can be used to predict human toxicity (Weyermann et al., 2005).
These assays can therefore be used to screen chemicals implied in human
toxicology (Fotakis and Timbrell, 2006). However, studies have shown that various
Cytotoxic assays give different results, depending on the test agent used and the
method employed. The results obtained-when using-the-LDH and MTT assays in
the present study were satisfactory when-using diluted-eoncentrations of the teas
but no true cytotoxic or viability effeats could be determined. However, when using
lower dilutions the intense tea |colours linfluenced thé absorbance reading,
providing false positive results. In-order to avoid overestimation or underestimation
of cytotoxic endpoints the toxicity of the different teas wiré'évaluated in more than
one assay thereby increasing thelreliability. of the (resulfsias was suggested by
Fotakes and Timbrell (2006). Flow cytometry and a cell viability assay monitoring
ATP production were shown to be applicable to determine the cell cytotoxic
parameters of the different teas against WHCOS5 oesophageal cancer cells. Some
plant matrix/protease interactions when using unfermented honeybush tea,
however, seems to interfere during flow cytometry screening as the detachment of
cells was prohibited, presumably due to the high TPP content. It has been reported
that polyphenols exhibited protease inhibitory potential (He, et al. 2006).
Sutherlandia could also not be evaluated for cytotoxicity with the LDH and MTT
assays, or the cell viability assay monitoring ATP production due to plant

matrix/media interactions.
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Although green and unfermented rooibos teas exhibited similar ICs; values using
flow cytometry, the cell viability assay showed that green and black teas were more
effective in reducing ATP production. Fermented and unfermented rooibos teas
exhibited a higher cytotoxic effect than the honeybush tea counterparts. As
discussed above, fermentation also seems to reduce the cytotoxic effects of the
herbal teas, especially when considering the honeybush teas. The weaker
response of honeybush tea, when compared to the rooibos tea, is in accordance
with the reduced activities of honeybush tea polyphenols in different in vitro assays
(van der Merwe et al., 2006; Snijman et al., 2007; Joubert et al., 1997, 2008). This
was one of the main reasons for using a higher concentration of honeybush tea for
the in vivo oesophageal cancer model. Based on the present study it would appear
that the TPP of Camellia sinensis teas are more cytotoxic than rooibos tea to the
WHCOS cells. However, when. -eonsidermg—infibitien. of cell proliferation
unfermented rooibos tea exhibited' a lower JCea—value 'than green tea. It was
suggested that the type of compound(s) invplved might differ when considering the
cytotoxic or anti-proliferative effeats. In| this regard unfermented honeybush tea
also exhibited a far more active response towards cell proliferation as to
cytotoxicty. The in vitro cytotoxic' and ‘anti:proliferative properties of green tea,
monitored in many different cell gulture systéms. (Malgiclet al., 1996; Chen et al..
2004; Galati et al., 2006), were ascribed to the presence of EGCG. As no
nformation regarding the cytotoxicity of the major rooibos and honeybush tea
constituents in cell cultures is available, the specific role of the major antioxidants,

aspalathin and mangiferin should be investigated.

The exact mechanism involved in the cytotoxic effects of the Camellia sinensis and
herbal teas are not known at present. Polyphenolic compounds are known to act
both as antioxidants, protecting cells against oxidative damage, and as pro-
oxidants.resulting in cytotoxic effects (Nemeikaite-Ceniene et al., 2005). Studies
conducted with the green tea polyphenol. EGCG, showed that when used at low
concentrations, it functions as a scavenger of reactive nitrogen species (ROS). At
higher concentrations it functions as a producer of ROS, especially in the presence
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of organic salts such as iron, which leads to oxidative stress and cell cytotoxicity
and/or DNA damage (Chai et al., 2003: Babich et al, 2005). Apart from the
observation that EGCG is oxidised in DMEM with the formation of H2O. (Chai et
al., 2003), studies conducted by Nakagawa et al. (2004) also observed that
hydrogen peroxide was produced in a sodium phosphate buffer amended with
EGCG. This would imply that the mechanism. although unknown, is not totally
dependent on iron for the generation of H.O; (Babich et al., 2005). In the present
study green and unfermented rooibos teas exerted a higher toxic effect to the
WHCOS5 cells than the unfermented honeybush tea. This could be due to the
catechins, specifically EGCG in green tea, and the production of H;O; in the
DMEM. Unfermented rooibos tea displayed cytotoxic activity similar to green tea,
possibly as a result of aspalathin, a strong antioxidant, which demonstrates pro-
oxidant activity in enriched extracts.in-vifro {Joubert-et-al, 2003). Although there
are very limited studies regarding honéybush' ted in physiological systems,
mangiferin was shown to be one of the major compounds in honeybush tea (De
Nysschen et al., 1996; Joubert et al., 2003)!| Inla study by Amazzal et al. (2007),
mangiferin protected murine neurcbiastoma cells agatnst 1-methyl-4-phenyl-
pyridine ion (MPP") by quenchind réadtive oxygenlintermediates. Mangiferin could
therefore, like other polyphenols extiibit jalbiphasic fespénse, by acting either as

an antioxdiant or a pro-oxidant, ultimately resulting in cell toxicity.

Tea polyphenolic compounds are known to exhibit anticancer potential in various
animal model systems (Yang et al., 1997). It was suggested that the growth
inhibitory activities are directly related to the tea polyphenol-induction of H,0, and
subsequent mediation of apoptosis (Yang et al., 1998). In the present study, green
tea exhibited anti-proliferative effects in a dose-dependent manner, which was
associated with an increase in apoptosis and cell death. This may be attributed to
the cytotoxic effects of EGCG, which may lead to cell cycle arrest and ultimately
inhibition of proliferation. When considering the herbal teas, no in vitro studies have
been conducted on rooibos and honeybush teas per se however, quercetin, a

minor rooibos tea flavonoid, was reported to have a biphasic response, depending
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on the concentrations, and modulates proliferation and differentiation of the human
colorectal cell line (van der Woude et al., 2003: Dihal et al., 2006). Mangiferin has
been shown to reduce cell proliferation in colonic mucosa of F344 rats induced with
azoxymethane (AOM) (Yoshimi et al., 2001). In this study the unfermented rooibos
tea displayed greater inhibitory action that the green and unfermented honeybush
teas. When considering the above characteristics of the various teas, one can
assume that they exert their action via different signalling pathways, either as a
single compound, or a combination of two or more in synergy. Again, as discussed
previously, the relative amount of compounds in the tea is important, as this could
determine whether proliferation would be stimulated or inhibited, thereby
suppressing or inducing apoptosis. The inhibitory effect of rooibos and honeybush
teas against cell proliferation in WHCOS5 cells could explain their chemoprotective

effect in the in vivo oesophageal caneermodet:

The South African herbal teas displayed chemopreventivé properties comparable
to green tea in both the in vivo and|in vitro gxperiments in the present study. The
current data on the chemopreventivepropertiesof rooibos and honeybush tea
further substantiate claims regardingtheir possible health benefits.

Future studies
Future studies would include the chemical and biological characterization of the
potential anticancer constituents of rooibos and honeybush extracts through

activity-guided fractionation by:

(i) Investigating the anti-oxidative, anti-inflammatory, pro-apoptotic and anti-
proliferative properties of tea extracts, selected fractions and/or purified
compounds utilizing oesophageal cancer cell lines. These investigations
will be performed using various cell survival parameters including: ICsg
determination using the Cell titer-proliferation and flow cytometry assays,
caspase-3-apoptosis enzyme analyses and DNA laddering-DNA

fragmentation assays.






186

(i) Evaluating the anti-oxidant properties of selected extracts, fractions and
purified herbal tea flavonoids in oesophageal tissue fractions and cell
cultures. Specific antioxidant parameters will be monitored including
gluthathione status, antioxidant and anti-inflammatory enzymes and lipid

peroxidation.

(i)  Evaluating the validity of the in vitro biological parameters in an in vivo
oesophageal cancer model in rats to develop biomarkers to critically
assess the chemopreventive properties of extracts, fractions or purified
flavonoids. These aspects will play an critical role in developing

nutraceutical herbal products
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ADBENDUM







Chapter 3

Table 1a Determination of total polyphenol assay using Folin-Ciocalteau reagent

193

for various fermented and unfermented teas. The gallic acid dilution range

was made according to the table below.

‘ i Vol. of Stock | ]
' Conc. of dilution .
| Solution VOIU(mr:| t)iHEO Final volume
(mgil) | (i)
(pl)

L 50 4.95 5

20 100 4.90 5

1 200 480 5
| 60 300 4.70 5

_ e -

‘ 80 400 : 480 5
| 100 500 450 5
dH?0 = distilled water

Table 1b The table below was used as a guide to prepare the control, diluted

standards and tea samples.

Amount dill ¥ o F-C - 7.5% Total
’ Tube SF::F)IE Gallic acid | ( 28 ; reagent | Na,CO, volume
‘ (ml) ’ (ml) (ml) (ml)
| blank 1.0 5.0 4.0 10
| l
' 10 1.0 ' 5.0 4.0 10
20 | 1.0 | 5.0 4.0 10
L |
40 1.0 1 50 4.0 10
|
0 10 5.0 40 10
|
80 10 50 | 40 10 |
| | ' J !
100 9 1.0 50 40 | 10
" sample 10 B 50 4.0 10 |

F-C = Folin-Ciocalteau feagent; Na,CO; = sodium carbonate |
The order in which the reagents are added is important and should be done from left to
right as listed in the table above
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Table 2a Spectrophotometric determination of flavonols were determined using

guercitin as the standard, and various concentrations of the different teas.

Testtupe | Juercetin | 8% EIOH [ Quercetin gy voume
Blank 0 4.0 4.0 |
S1 0.8 3.2 8 4.0
S2 0.4 3.6 4 4.0
- s3 02 3.8 2 40
J S4 0.1 3.9 1 4.0

EtoH = ethanol

Table 2b The table below indicates—the=suggested dilutions for the

different concentrations. of-the—various—tea samples used in

flavonol determination;

l Tea Dilution [ Tea(ml) Solvent|(ml) Total volume (ml)
Blank ‘ 0 3.0 30
Green 5X 0.6 2.4 3.0

10X 0.3 o7 30
15X 0.2 2.8 30
Black 5X 0.6 2.4 3.0
10X 0.3 27 3.0
|
25X 0.12 2.88 3.0
Rooibos  5X 0.6 2.4 3.0
unfermented |
10X 0.3 2.7 3.0
| |
25X | 0.12 2.88 3.0
Rooibos 10X 03 T 27 ] 30
~ fermen. \ B ' '
15X | 0.2 2.8 3.0
25X 0.12 2.88 3.0







Honeybush ' 10X 0.3 - %4 3.0
unfermented
25X 0.12 2.88 3.0
35X 0.0857 2.9143 3.0
Honeybush 5X 0.6 2.4 3.0
ferm. :
[ 10X 0.3 2.7 3.0 1
25X 0.12 2.88 3.0
Sutherlandia 5X 0.6 T 24 3.0
10X 0.3 2.7 3.0 ]
| 15X 0.2 2.8 3.0
Rooibos 5X 0.6 2.4 3.0
' unferm MeOH
“ 10X 0.3 i - 3.0
15X 0.2 2.8 i 3.0

Table 3a Spectrophotometric determination of flavanols were determined using

catechin as the standard, and prepared using the table below.,

restune | etk | oo my | Coegnuomt | Fhal T Fnal
S1 25 4.975 5 200x 5.0
S2 50 4.950 10 100x 5.0
S3 100 4.900 20 | 50x 5.0
S4 ‘ 150 | 4.850 30 33.33x‘ 5.0 J
S5 200 4.800 40 ! 25x | 5.0 |

* The standards concentrations can be adjusted to accommodate teas with very low levels

of flavanols (eg. Sutheriandia)
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Table 3b Suggested incubation time necessary for the different concentrations of the

various tea samples used in flavanol determination.

I ' Suggested
Tea Dilution | Tea (ml) Solvent ‘ Total vol incubation time
| | (mli) (mi) (min)
" Blank 0 50 50
i Green 150X 00333 4.967 50 5
| 180X 0.0278 4.972 5.0 5
200X 0.0250 4.975 5.0 5
Black 80X 0.0625 49375 5.0 6
100X 0.050 4.950 5.0 6
120X 0.0417 4.9583 5.0 6
Rooibos 100X 0.050 4-950 50 15
unfermented . -
110X 0.0455 49545 50 15
120X 0.0417 4.95%83 50 15
Rooibos 15X 0.333 4667 50 20
fermenented _
30X 0.167 4 833 50 20
45X 0.113 4880 5.0 20
Honeybush 60X 0.0833 4.917 5.0 28
unfermented
' 100X 0.050 4.950 5.0 28
120X 0.0417 4.9583 5.0 28
Honeybush 15X 0333 4.667 5.0 40
fermented
30X 0.167 4833 50 40
F 45X 0.111 4.889 50 40
|
| Sutherlandia X | 5000 0 5.0 33
|
~ 15X 3.333 1667 50 33
B o 2X 2500 2.500 5.0 33 ]
|
' Rooibos 5X 1.000 4.000 50 12

unferm MeOH
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10X 0.500 4.500 5.0 12

16X | 0333 | 4667 5.0 12

= The dilutions may vary with varying concentrations of tea

Table 3c The control, catechin-diluted standards and tea samples were prepared

using the table below as a guide.

VS

Yot Tolbies Catechin | Samples | Solvent* DAC  HCL-MeOH | Total Vol
Std (ml) (ml) (ml) (ml) ‘ (ml) ‘ (ml) |
Blank 1.0 5.0 | 8.0
 Standard 1.0 5.0 6.0
Sample 1.0 50 6.0
Sample
1.0 i , 5.0 6.0
blank : ;
. 1

i o i 1
DAC = p-dimethylaminocinnamaldehyde;| HC|-MeOH = hydrochlaric acid/methanol
. Solvent that the samples are dissolved in.
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Chapter 4
Table 1 Absorbance (490nm) values of LDH release in WHCOS5 cells exposed to
various concentrations of the different teas in the Cytotox 96 LDH assay.

- Gr (mg/ml) - Bl (mg/ml)
L ! 2.5 5 10 0.5 2.5 5 10
Tea Jo.119 10339 | 0583 I 1035 | 0120 | 0435 0796 | 1.201 |
T;iau:! 0.277 : 0315 0377 | 0571 | 0312 | 0502 0638  1.034
c;’;"or' 42.7 .’ 107.6 | 1546 1813 | 385 | 867 | 1248 | 1162 |
' Rg (mg/ml) Rf (mg/ml)
01 | 05 2 } s | 05 25 5 | 10

l
\
Tea 0219 | 0.698 ‘1.6304I 2410 | 0.153 |O.725 1.233 2.268

Teed | 0417 | 0981 | 1643 | ZAGE0483—11AT8 | 1344  2.134

cells l
% ‘ : -
color | 525 | 712 | e92 | ITRETIISETINTNGsS | 017 | 1063
Hg (mg/ml) Hf (mg/ml)
0.1 0.5 2 | iR 25 | s 10

Tea | 0.197 | 0656 | 2.006 2980 07105

/0P8 | 0594 | 1.011

|
JTc?;m& 0.431 | 1.170 | 2.599 J 3451 | 0410 | 0.795 (1013 | 1.304
0,
% | 457 | s61 | 772 | 864 256 | 406 | 586 | 775
__color L | ]
| | RgM (mg/mi) sut (mg/ml) |
o " os 2 4 5 | 10 | 20 50 |
- — (I, | e %
| Tea 0127 | 0218 0489 | 0886 | 0125 | 0.145 | 0221 0313
| | (8 ‘ | |
[ [
H;Zs&‘ 0443 | 0442 0900 | 1152 | 0415 | 1.002 | 1110 1411 |
| 0/ [ ‘ |
| o ; 1 | |
| color | 287 | 493 | 543 | 769 | 301 | 133 | 201 | 222 |

I ]

Gr = green tea; Bl = black tea; Rg = unfermented rooibos; Rf = fermented rooibos: Hg = unfermented
honeybush; Hf = fermented honeybush; RgM = unfermented rooibos methanol extract: Sut = Sutheriandia
frutescens. Tea = tea dilutions in media; Tea & cells = cells exposed to various tea dilutions.
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Table 2: Absorbance (570- -630nm) values of viability in WHCO5 cells exposed to
various concentrations of the different teas in MTT assay.

Gr (mg/ml) W Bl (mg/ml)

( a i
05 | 25 | <] 10 0.5 2.5 5 10
Tea O.OSOI 0.092 0.164 | 0.327 | 0.041 0.120 | 0.201 | 0.381

Tea & cells 0.067! 0.105 | 0.173 | 0.316 | 0.070 | 0.141 @ 0.235 | 0.405

T

% color 448 | 87.6 948 1035 586 | 85.1 85.5 | 941

Rg (mg/ml) Rf (mg/ml)
0.1 0.5 ‘ 2 4 05 | 25 l 5 10
Tea 0.140 | 0.460 ’ 0.854 | 1203 | 0270 | 0.776 | 1.170 | 1515

+271 0439 0.852 | 1.237| 1619 |

i S

Tea&cells | 0.381 0668 | 9935

% color 36.7 | 689 918
|

ST SEELL .

94.6 Y| 91.1 946 | 936

Hg (mg/ml) Hf (mg/ml)
—
04 | 05 | 2 ! 4 [ .05 25 | 5 10
. { |
Tea 10.072 | 0.220 04581 9717L! 0-16%» 1+ 0.479 | 0.725 | 0.947

-1

Tea & cells  0.380 | 0.473 0515‘ 0.761 0.362 10.532 0.778 | 1.088

% color 18.9 i 46.5 | 88.9 ’ 94.2 43.4 900 | 93.1 | 87.0

RgM (mg/ml) Sut (mg/ml)
\ T [ | ]
| 0.1'05|2|4 5' |zo 50
|
| Tea 0.239 1407!2336 3.509 \: 2.886 ‘ 3.131 I30?9’3509]
I

= I

- Tea & cells 0476 1.090 | 2.118 | 3.509 | 3.083 3.509 3202‘ 3509

| ;
% color I502 5.3 1103 | 100 i 936 | 89.2 |9621 100

Gr = green tea; Bl = black tea: Rg = unfermented rooibos. Rf = fermented rooibos; Hg = unfermented
honeybush: Hf = fermented honeybush; RgM = unfermented rooibos methanol extract Sut =
Sutherlandia frutescens. Tea = tea dilutions in media: Tea & cells = cells exposed to various tesa
dilutions.
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Flavonol C-C linked flavone glycosides
quercetin R=H iso-orientin R,=OH, Rs= glycopyranosyl (glucose)
isoquercitrin R= B-D-glucopyranosyl isovitexin R,= glycopyranosyl (glucose)
rutin R= rutinosyl orientin Rs= OH, R,=glycopyranosyl (glucose)

vitexin R,=glycopyranosyl (glucose)

Fig. 3  Structures of the flavonols qguercetin, isoquercitrin and rutin, and four C-
C linked flavone glycosides, iso-orientin, isovitexin. orientin and vitexin
(Rabe et al., 1994).
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R2=2-B-D-glucopyranosyl hesperidin R,=H, R; = rutinosyl, R:=Me, R,=0OH
isomangiferin R;=R,=H, narirutin R;= R;= Rs, R; = rutinosyl

R;= 2-B-D-glucopyranosy!

Fig. 4 Structures of the major compounds in C. intermedia; mangiferin and
hesperidin (Joubert ef al., 2003) and other phenolic compounds that
have been isolated from fermented C. intermedia (Ferreira et al., 1998).
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