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Chapter

Rooibos (Aspalathus linearis) and

Honeybush (Cyclopia spp.): From

Bush Teas to Potential Therapy for
Cardiovascular Disease

Shantal Windvogel

Abstract

Cardiovascular disease (CVD) is a leading cause of worldwide deaths. A num-
ber of risk factors for cardiovascular disease as well as type 2 diabetes and stroke
present as the metabolic syndrome. Metabolic risk factors include hypertension,
abdominal obesity, dyslipidaemia and increased blood glucose levels and may also
include risk factors such as vascular dysfunction, insulin resistance, low high den-
sity lipoprotein (HDL) cholesterol levels and inflammation. Rooibos (Aspalathus
linearis) and honeybush (Cyclopia spp.) are indigenous South African plants whose
reported health benefits include anti-tumour, anti-inflammatory, anti-obesity, anti-
oxidant, cardioprotective and anti-diabetic properties. The last two decades have
seen worldwide interest and success for these plants, not only as health beverages
but also as preservatives, flavourants and skincare products. This review will focus
on the current literature supporting the function of these plants as nutraceuticals
capable of potentially reducing the risk of cardiovascular disease.

Keywords: honeybush, rooibos, cardiovascular disease, diabetes, polyphenols

1. Introduction

Cardiovascular disease is the leading cause of deaths worldwide, killing
17.9 million people in 2016 [1]. While the number of cardiovascular disease related
morbidity and mortality in the developed world has decreased or remained steady,
the developing world has seen an increase. Limited resources, poverty, poor access
to affordable healthcare, poor implementation of health policies, as well as poor
education may be some of the reasons for the increase in cardiovascular diseases
in low to middle income countries [2]. A number of risk factors for cardiovascu-
lar disease as well as type 2 diabetes and stroke present as metabolic syndrome.
Metabolic risk factors include hypertension, abdominal obesity, dyslipidaemia,
increased blood glucose levels, and may also include risk factors such as vascular
dysfunction, insulin resistance, low levels of high density lipoprotein cholesterol
(HDL-C) and inflammation. Natural products could play a significant role in drug
discovery and development with examples including morphine, isolated from the
opium poppy (Papaver somniferum) and artemisinin, from Artemisia afra [3-5].
Nutraceuticals are foods or supplements with health benefits [6]. To this end, a
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number of nutraceuticals including fruits, vegetables, tea and herbal infusions have
shown health benefits. Approximately 80% of the emerging world relies on herbal
supplements [7]. This may often be a more accessible form of health or self-care,
due to a lack of access to modern medicine, an alternative to modern medicine or
due to the high cost of treatment of modern medicine. This practice may involve the
use of herbs or plants, including polyphenol rich rooibos (Aspalathus linearis) and
honeybush (Cyclopia spp.), indigenous South African plant species with reported
health benefits [8]. Many nutraceuticals contain polyphenols, the most abundant
antioxidants in the diet which could help in the prevention of neurodegenerative
diseases, diabetes, cancer, and cardiovascular disease [9]. Oxidative stress is a key
process occurring in these diseases and is marked by imbalances between oxidants
and the availability of antioxidants as well as perturbations in redox signalling
mechanisms [10, 11]. Drugs used in the treatment of cardiovascular disease and
obesity often have side effects, hence there is a need for better tolerated, safer

and more natural treatment options [12]. A number of epidemiological studies

and meta-analyses show some cardiovascular benefits with the intake of tea [13].
Furthermore, a review of some clinical studies show benefits of tea consumption in
reducing cardiovascular risk factors, especially in overweight or obese subjects [14].
Rooibos and honeybush have a number of reported health properties, many of them
targeting risk factors for the development of cardiovascular disease. The purpose of
this paper was to review the role of rooibos and honeybush as potential nutraceuti-
cals in the treatment of cardiovascular disease.

2. Risk factors for cardiovascular disease

A multitude of risk factors predispose to the onset of cardiovascular disease. This
includes unmodifiable risk factors, such as increasing age, male gender, ethnicity,
family history and genetics [15]. Modifiable risk factors include tobacco smoking, an
unhealthy diet, a sedentary lifestyle, high alcohol intake, high blood pressure, being
overweight or having central obesity, dyslipidaemia, impaired glucose tolerance or
diabetes [15]. Diabetes not only quadrupled from 1980 to 2014 but approximately
57% of diabetic women and 67% of diabetic men are likely to present with cardio-
vascular disease by the age of 50 [1, 16]. Metabolic syndrome is largely preventable
and includes a number of clinical findings which when occurring together, increase
the risk of diabetes and cardiovascular disease. These include central obesity with
any of the following risk factors including increased triglycerides, fasting plasma
glucose, blood pressure and reduced HDL cholesterol levels [17]. Metabolic syn-
drome is also accompanied by changes in neuroendocrine and autonomic function
[18]. It is known that early life stressors can predispose to disease outcome in later
life, including cardiovascular disease [19]. Chronic stress influences cardiovascular
outcome and anxiety and depression are also risk factors for cardiovascular dis-
ease [20-22]. This leads to changes in glucocorticoids and mineralocorticoids via
modulation of the hypothalamic pituitary axis (HPA) [18]. Xenobiotics, including
drugs and herbal infusions are metabolised by drug metabolising enzymes such
as the phase I, cytochrome P450 system, which also influences the formation of
steroid hormones [23]. CYP21A2 are precursors to both mineralocorticoids such as
aldosterone and glucocorticoids such as cortisol and cortisone. Interestingly, rooibos
flavonoids aspalathin and nothofagin inhibits CYP21A2 but not CYP11B1, which is
responsible for converting 11-deoxycortisol to cortisol [24]. Substrate conversion of
CYP117A1 and CYP21A2 was also inhibited by rooibos but other flavonoids such as
rutin, orientin and vitexin were unable to inhibit CYP21A2. Rutin, under forskolin-
induced stress, was the best inhibitor of steroid production followed by nothofagin
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and vitexin and lastly by aspalathin and nothofagin [24]. The observed effects

for steroid inhibition were attributed to structural differences in these rooibos
flavonoids. Rooibos also decreased rat glucocorticoids by decreasing the corticos-
terone, deoxycorticosterone as well as the corticosterone: testosterone ratio [25]. In
the accompanying human study the cortisol: corticosterone ratio was reduced by
rooibos, which also inhibited 11 B-hydroxysteroid dehydrogenase type 1 (11pHSD1).
This enzyme catalyses the conversion of cortisone to cortisol and is associated with
risk factors for cardiovascular disease [26]. In a stress model using steroid producing
H295R cells, rooibos and rutin were able to reduce cortisol levels. The inhibition of
mineralocorticoid and glucocorticoid steroids by rooibos and the dihydrochalcones
aspalathin and nothofagin were also demonstrated in H295R cells [27]. This suggests
that rooibos may offer a possible therapeutic role in the management of cardio-
vascular complications relating from stress, by altering the biosynthesis of steroid
hormones via the HPA axis. Inhibition of 11HSD1 has been suggested as a potential
target mechanism for drugs to modulate the metabolic syndrome; therefore, this
could be further explored in the context of rooibos or even honeybush. The car-
diovascular complications of metabolic syndrome include coronary artery disease,
peripheral vascular disease, hypertension as well as heart failure [28]. Primary
management of metabolic syndrome is structured around lifestyle and dietary
changes, including regular physical activity and a modest 5-10% initial reduction in
caloric intake, failing which the use of pharmaceutical drugs may also be prescribed
[17]. Approximately 1.9 billion people were overweight in 2016, of which 650 mil-
lion people were obese [29]. A sedentary lifestyle, excess calories, a high fat diet and
genetics contribute to the development of obesity, which is characterised by a body
mass index greater (BMI) >30 kg/m” [30]. Urbanisation and a reduction in physical
activity, along with an energy-rich Western diet, have contributed to the increase in
cardiovascular disease in developing countries [31]. As a largely preventable dis-
order, obesity increases the risk of type 2 diabetes mellitus, cancer, cardiovascular
disease, infertility, respiratory illnesses and a number of other health issues. In fact,
obesity is not only a major independent risk factor but also an independent predic-
tor for cardiovascular disease [32]. Strategies to avoid unnecessary deaths could
include therapeutics that are safe, easily accessible and cost-effective. Rooibos and
honeybush are relatively safe but long term clinical studies considering their safety
are lacking [33, 34]. Two clinical case reports recommended caution in rooibos
consumption but patients had consumed infusions containing rooibos and other
herbs, thus the effects of these preparations and potential interactions between
them need to be considered [35, 36]. Rooibos and honeybush are caffeine free and
have low tannin levels making them ideal beverages for health conscious people,
pregnant women and young children [37-39]. These plants may therefore be viable
options in the future, provided sufficient evidence is generated to support their use
as nutraceuticals capable of reducing cardiovascular risk.

3. Origin, distribution and markets for rooibos and honeybush

Rooibos [Aspalathus linearis L. (Burm.f.) R. Dahlgren (Leguminosae)] is a
member of the fynbos biome, which contains needle-like leguminous plants. It
occurs in the Cederberg area of the Western Cape, and in South Africa it is one of the
most widely consumed herbal teas or tisanes. Its marketing potential was realized by
Benjamin Gunzberg in 1904 and since then its popularity has steadily risen worldwide
[40]. The top five export markets for rooibos are Germany, Japan, the Netherlands,
the United Kingdom and the United States of America [41]. Rooibos is used as herbal
infusion, health beverage, an ingredient in skin care products and cosmetics as well
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Figure 1.
Honeybush plant in flower. Image courtesy of the SAHTA.

as a flavourant and colouring agent in a number of food applications. Honeybush
(Cyclopia spp.), another member of the fynbos biome, is a bushy shrub found
between the Piketberg area in the West, and Port Elizabeth in the East of South Africa
(Figure 1). The year 1996 welcomed the first commercial harvests for honeybush,
followed by the establishment of the South African Honeybush Tea Association
(SAHTA) to manage the farming and sustainability practices as well as commercial
interests of honeybush. After harvesting of rooibos or honeybush crops, leaves and
stems are cut into small pieces, moistened and are fermented, either on open heaps

or alternatively for honeybush also using an oven or fermentation tank. This is
followed by drying of the fermented rooibos or honeybush. Fermentation of these
plants is however associated with a change in phenolic composition as well as colour
compared, to the green or unfermented plants which undergoes considerably less
oxidation [42, 43]. The main contributors to the commercial market out of the 24 spe-
cies of Cyclopia are C. intermedia, C. genistoides and C. subternata. C. intermedia has
the largest market share; however, it is harvested from the wild, making the future
sustainability and profitability of the crop problematic [44]. Honeybush is a budding
commercial interest, used mainly as a tisane with great potential for development and
is exported to countries such as the Netherlands, Germany and Japan [45].

4. Polyphenols that may be responsible for beneficial effects

Polyphenols are secondary plant metabolites commonly occurring in the diet in
tea, coffee, wine, fruit, vegetables and cereals. The four main types of polyphenols,
namely stilbenes, phenolic acids, flavonoids and lignins, can be classified according to
the number of polyphenol rings and various chemical groups associated with the rings
[46]. Flavonoids share a C3-C6-C3 backbone and the classification system includes
groups such as the flavonols, flavones, isoflavones, flavanones, antho-cyanidins, and
flavanols [46]. A number of studies have reported a reduction in the risk of cardiovas-
cular disease with the intake of polyphenols [47]. The most prevalent polyphenols in
rooibos include aspalathin, nothofagin, orientin, iso-orientin, vitexin and isovitexin,
isoquercitrin and rutin [48, 49]. Aspalathin and aspalalinin are two unique dihydro-
chalcones in rooibos, with the former having been widely researched to date for its
antioxidant and other health promoting properties [50, 51]. The flavonoid precursor
in rooibos, Z-2-(B-p-glucopyranosyloxy)-3-phenylpropenoic acid (PPAG), has also
received considerable attention for its anti-diabetic properties [52]. In Cyclopia species,
the xanthones mangiferin, isomangiferin and the flavanone hesperidin are predomi-
nant [43, 53]. Mangiferin is not unique to honeybush, and also occurs in mangoes
(Mangifera indica) and plants such as Pyrrosia sheareri and Anemarrhena asphodeloides
[54-56]. Bioavailability refers to the amount of the substance that is ingested that is
available for metabolism [46]. It involves a number of processes, including intestinal
absorption, plasma kinetics, metabolism, binding to plasma albumin and excretion
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Figure 2.
Chemical structures of aspalathin (a) and mangiferin (b) showing phenol rings [62].

by the liver and kidneys [46]. Factors affecting bioavailability include isomeric form,
processing methods, the type of compound and matrices surrounding the compound.
The bioavailability of rooibos and honeybush is poor [57, 58]. The potential benefits
attributed to their intake may therefore be hampered by poor bioavailability and also
affect their maximal efficacy. Recently, the use of nanoencapsulation methods have
been explored in order to increase the bioavailability and stability of aspalathin which
could possibly promote the use of more effective nutraceuticals [59]. Since fermenta-
tion reduces polyphenol content, a number of studies have explored the benefits

of unfermented, green rooibos or so called aspalathin rich extracts of rooibos in an
attempt to elucidate the health promoting properties of the tisane [60, 61]. Others have
looked at the effects of single isolate polyphenols from rooibos and honeybush such
as aspalathin and mangiferin, to explore their functional benefits and identify a more
targeted therapeutic option (Figure 2) [63, 64].

5. Antioxidant effects

Oxidative stress occurs due to an imbalance in the production of reactive oxygen
species (ROS) and the availability of ROS scavengers. This may occur due to an excess of
unstable reactive species including free radicals, such as reactive oxygen, reactive
chlorine, reactive nitrogen and non-radical species, all of which may interact with cells,
causing cellular damage [65]. Oxidative stress contributes to the pathobiology of cancer,
cardiovascular disease, ageing, diabetes and atherosclerosis; therefore, it is plausible that
dietary sources of antioxidants may be useful in reducing oxidative stress. Aerobic
organisms are therefore reliant on innate antioxidant defences, e.g., superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase (GPX), reduced glutathione
(GSH), uric acid, albumin and peroxiredoxins, to deal with large quantities of ROS in an
attempt to reduce oxidative stress. Mitochondria are key generators of ROS in aerobic
organisms, producing them as they generate energy; however, ROS are also important in
cell signalling and released by macrophages to promote immunological attacks [66].
Xenobiotics, including rooibos and honeybush, are metabolised by the cytochrome
P450 family and in the process, radicals are also produced and further detoxification
processes facilitate their removal [67]. In cardiovascular disease, oxidative stress may
manifest as dysfunction in the vascular endothelium or cardiac myocytes, and may arise
due to increased intracellular Ca** as a result of ROS [68]. Oxidative stress associated
with hyperglycaemia may occur from the glycation of proteins and the formation of
advanced glycation end products, the auto-oxidation of glucose and the polyol pathway.
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In rodent models of streptozotocin (STZ)-induced diabetes, rooibos exerted antioxidant
effects through increases in the activity of superoxide dismutase, catalase, glutathione
peroxidase and decreasing lipid peroxidation [64, 69, 70]. Rooibos also decreased
advanced glycation end products but clinical markers of diabetes such as fructosamine,
glycated haemoglobin and glucose were unaffected [70]. Nuclear factor erythroid
2-related factor 2 (Nrf2), a critical regulator of the antioxidant response of the cell,
facilitates the removal of oxidants through increased antioxidant enzyme activity [67].
The regulator of Nrf2, Kelch-like ECH-associated protein 1 (Keap 1), has oxidative and
electrophilic sensitive cysteine residues which upon activation allows for dissociation
and activation of Nrf2 [71]. In H9¢c2 cardiomyocytes, aspalathin (1 pM) increased the
expression of Nrf2, and antioxidant genes and enzymes, including SOD, CAT, GPX and
peroxiredoxins [64]. The expression of cytoprotective genes including heme oxygenase
1 (HO-1), NAD(P)H dehydrogenase (quinone 1), uncoupling protein 2 and apoptotic
genes such as B-cell lymphoma 2 (Bcl-2) were also increased after aspalathin treatment.
Uncoupling protein (UCP)3 and caspase 8, were however decreased. This suggests
cellular survival due to reduced caspase 8, an important trigger for cell death [72]. UCP3
and UCP2 act in concert in the mitochondrial antioxidant response with UCP2 appear-
ing to play a greater cytoprotective role in cardiomyocytes [73]. In the diabetic (db/db)
mouse model, aspalathin increased Nrf2 expression as well as its downstream gene
targets [74]. High dose aspalathin (130 mg/kg) also ameliorated the effects of hypergly-
caemia in the heart by reducing the expected left ventricular enlargement. It could not
however reduce fasting plasma glucose levels compared to metformin in these mice. The
study confirmed the role of Nrf2 in the antioxidant response of the cell, strengthened
the case for the potential use of nutraceuticals such as aspalathin in the treatment of
diabetes, and also provides evidence for the differential effects observed with isolates
compared to whole extracts of plants. Oxidative stress and inflammation co-existsina
number of diseases. The relationship between the two appears complex and is suggested
to be a possible reason why antioxidant supplements in clinical trials have been unsuc-
cessful [75]. In humans, no clear evidence of the antioxidant effects of flavonoids or
pro-oxidant effects exist [76]. Supplementation of six cups of rooibos per day over a

6 week period in adults with increased cardiovascular risk increased plasma total
polyphenols, reduced glutathione (GSH), and increased the GSH: oxidized glutathione
(GSSG) ratio compared to the control period [77]. Furthermore, TBARS and conjugated
dienes were reduced, indicating a reduction in oxidative stress after rooibos consump-
tion. Ferric reducing antioxidant power (FRAP), oxygen radical absorbance capacity
(ORAC) and 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonate (ABTS) were unat-
tected. It is however known that assays for the measurement of antioxidant status can be
difficult to compare and may also be non-specific and complicated by the instability of
the species they are measuring [78]. Flavanoids and other polyphenols in honeybush are
responsible for its antioxidant effects [79]. Fermentation of honeybush and rooibos
however reduces antioxidant activity [80]. Mangiferin was the most effective scavenger
of ABTS * and in terms of its ability to reduce ferric ion, than the flavanone eriocitrin or
the flavone luteolin [43]. This could be due to the hydrophilic nature of mangiferin,
which is a glucoside. In an i vitro study using skin cells, aqueous extracts of Cyclopia
subternata sp. exhibited the highest ABTS * scavenging ability compared to other
unfermented species of rooibos and Camellia sinensis [53]. In addition, rooibos, honey-
bush and Chinese green tea demonstrated ferric reducing antioxidant power (FRAP)
and oxygen radical absorbance capacity (ORAC) abilities. Rooibos and honeybush also
had better ORAC values than green tea, while rooibos aqueous extracts had the highest
FRAP. In another model using hairless SKH-1 mice, unfermented honeybush and
mangiferin had the highest FRAP compared to the fermented honeybush and hesperi-
din, and also the highest total antioxidant capacity [63]. Fermented and unfermented
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honeybush as well as mangiferin and hesperidin also protected against ultraviolet (UV)
B-induced lipid peroxidation. Fermented and unfermented extracts of honeybush as
well as hesperidin increased SOD and CAT activity, while mangiferin increased SOD but
not catalase activity [63]. When Chinese green tea, rooibos and honeybush were
evaluated for their ability to reduce lipid peroxidation, unfermented extracts generally
offered better protection against lipid peroxidation but green tea offered the highest
level of protection compared to the other infusions [53]. Mangiferin activated phospha-
tidylinositol 3-kinase (PI3K) induced protein kinase b (PKB/Akt) and Nrf2 signalling
pathways, thus decreasing oxidative stress in an iz vivo model using human kidney cells
exposed to tert-butyl hydroperoxide [81]. The activities of SOD, CAT, GPX and the
non-enzymatic intracellular antioxidant GSH were also enhanced and lipid peroxidation
was decreased. When compared to vitamin C, ROS scavenging ability as measured by
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method and FRAP was
decreased at lower concentrations compared to vitamin C, which was used as the
positive control. The expression of Nrf2, HO-1, SOD, Akt and GSK-f and the mechanis-
tic target of rapamycin (mTOR) and cyclin D were also increased by exposure to
mangiferin. In an STZ-induced diabetic Wistar rat model, mangiferin improved
antioxidant status and reduced apoptosis and inflammation [82]. This could be due to
modulation of the AGE-RAGE/MAPK signalling pathways. Advanced glycation end
products (AGEs), which are increased in diabetes, lead to upregulation and activation of
the receptor for advanced glycation end products (RAGE). This interaction causes
inflammation and oxidative stress, through increases in the production of ROS, leading
to lipid peroxidation. AGEs can also inhibit peroxisome proliferator activated receptor
(PPAR)y, aregulator in inflammation as well as the metabolism of lipids and glucose
[83]. In the study mangiferin also displayed potential as a therapeutic in preventing AGE
mediated lipogenesis. Antioxidants such as f-carotene, a-tocopherol and ascorbate were
unsuccessful in reducing incidences of cardiovascular [84] and other diseases such as
cancer [85], in fact appearing to increase risk in some cases, e.g., with vitamin C,
x-tocopherol and beta-carotene [86-88]. Antioxidant supplementation to alleviate
oxidative stress could however be affected by other factors such as the dose of the
antioxidant, timing of the intervention, interactions with other antioxidants, whether it
as administered as an isolate or a whole extract, the type of extract, the model as well as
the methods that are used to detect oxidative stress. Rooibos and honeybush exert
antioxidant effects by scavenging free radicals, chelating metal ions, or upregulating
indigenous antioxidant enzymes. The aromatic ring structures of polyphenols also
contain free hydroxyl groups which contribute to their antioxidant ability. The struc-
tural differences between rooibos polyphenols may thus also explain differences in
antioxidant activity of these compounds [89]. The antioxidant activity of rooibos and
honeybush polyphenols may also be explained by their ability to increase the activity of
antioxidant enzymes, through upregulation of Nrf2, PI3K and other signalling pathways
involved in cell survival. It may also be explained by their ability to act as antioxidants
themselves, exerting differential physiological effects. The antioxidant effects of rooibos
and honeybush and their polyphenols have been extensively studied in detail elsewhere
and some of these effects are discussed here under the anti-inflammatory, anti-obesity,
anti-diabetic and cardiovascular effects of these nutraceuticals (Tables1-4).

6. Anti-inflammatory effects
Inflammation and oxidative stress form a common thread in the metabolic syn-

drome, type 2 diabetes and cardiovascular disease [132, 133]. The rooibos flavonoid
orientin from rooibos reduced the number of mast cells in colon sections as well as



Plant species/compound

Model

Dosage

Mechanistic effects

Authorand year

C. genistoides; C. subternata;
C. maculata

Mesenteric lymph
node cells; murine

Various up to 250 pg/ml

Modulated immune response; increased IFN-y, IL-4, CD,"CD,s'FOXP; TREG
cells: Total CD,4" cell ratio in mesenteric lymph node cells; increased IL-10 and

Murakami et al.,
2018 [90]

splenocytes IL-17ain splenocytes
ASP; Noth C57BL/6 mouse sepsis 1 mg/kg BW Decreased plasma blood urea nitrogen (BUN), creatinine, urine protein, LDH; Yang et al., 2018
model inhibition of NF-kf activation; decreased plasma nitric oxide (NO), TNF-qa, [91]
IL-6, myeloperoxidase (MPO) and sepsis associated lethality; decreased
oxidative stress by increasing kidney superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and decreasing lipid peroxidation
Orientin 1,2-dimethyl hydrazine 10 mg/kg BW Decreased inflammatory mast cells, NFk-B, TNFX, IL-6, iNOS and Thangaraj and

stimulated colorectal

cyclooxygenase-2 (COX)-2

Vaiyapuri, 2017

cancer in Wistar rats [92]
C. intermedia; C. subternata UVB/keratinocytes Various (0.09-0.1 mg/ Increased inhibition of cell viability, proliferation induced by UVB (aqueous C. Magcwebeba
(HaCaT) ml), aqueous extracts; intermedia); increased apoptosis, decreased intracellular interleukin (IL) 1-a etal., 2016 [93]
0.18-0.71/3 pg/ml, (0.09-0.1 mg/ml); C. subternata (0.09-0.1 mg/ml) increased intracellular IL1-o
methanol extracts and decreased extracellular IL-1a; methanol extracts alleviated reduction of cell
growth parameters induced by UVB
Honeybush (fermented HaCaT human 10-100 pg/ml; 200 pg/ml Anti-inflammatory: Decreased IL-1p, IL-6, IL-8; decreased ERK, P38, Imetal., 2016
and scale up fermented keratinocyte cells (cell viability) metallomatrix proteases (MMPs) and C-Jun N-terminal kinase (JNK); increased [94]
honeybush extracts exposed to UVB SOD, CAT activities
irradiation
ASP; Noth LPS-induced HUVECsS; Various up to 30 uM in Inhibition of LPS-induced barrier disruption; decreased expression of cell Lee and Bae, 2015

C57BL/6 mice

vitro; ASP 27.1 pg/mouse,

adhesion molecules (CAMs); decreased adhesion/transendothelial migration of

[95]

Noth 26.2 pg/mouse leukocytes (HUVECs); decreased in vivo LPS-induced migration of leukocytes;
in vivo decreased hyperpermeability; differentially decreased TNF-a, interleukin
(IL)-6, NF-kB or ERK 1/2 by LPS; decreased LPS-induced lethal endotoxemia;
increased antioxidant activity, decreased ROS; ASP inhibits effects on anti-
inflammatory responses > Noth
C. subternata (scolymoside; HUVECs; C57BL/6 mice Various up to 20 uM Decreased adhesion and migration to HUVECS by human neutrophils iz vitro, Leeetal., 2015
vicenin-2) in vitro; 23.8 ug/mouse in vivo; decreased LPS release of transforming growth factor p-induced protein [96]

(TGFBIp); decreased TGFBIp mediated hyperpermeability; decreased TNF-a,
IL-6, NF-kB, extracellular regulated kinases %2
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Plant species/compound Model Dosage Mechanistic effects Authorand year
C. subternata flavonoids: Human umbilical VCN 11.9 ug/mouse; Decreased vascular permeability, monocyte adhesion, CAM expression, NFk-B Ku and Bae, 2015
scolymoside (SCL); vicenin-2  vein endothelial cells SCL 23.8 ug/mouse expression and ROS induced by high glucose; increased expression of SOD, CAT [97]

(VCN) (HUVECs); C57BL/6 (+20 pmol/L)

mice

Unfermented rooibos
(uf) + methanol extracts;
ASP, Noth

Non-steroidogenic
transfected COS-1 cells,
H295R cells

4.3 mg/ml; ASP (10 um);
Noth (10 pm)

Decreased steroid production; decreased glucocorticoids during forskolin
treatment; decreased aldosterone and cortisol precursors (variable effects
between individual polyphenols and extract)

Schloms et al.,
2012 [27]

Honeybush (fermented, SKH-1 mice 30 mg/ml extract; 3 mg/ Anti-inflammatory: Fermented and unfermented extract decreased oedema, Petrova et al.,
green ethanol soluble ml (Hesp); 4 mg/ml epidermal hyperplasia cyclooxygenase-2 (COX-2), ornithine decarboxylase 2011 [63]
extracts); mangiferin (Mang): 100 ul applied to (ODC), GADDA45 and OGG1/2 expression; fermented extract decreased lipid
(Mangif); hesperidin (Hesp) dorsal skin peroxidation by increasing superoxide dismutase, catalase; isolated compounds
hesperidin and mangiferin less effective than whole extracts
Rooibos Whole blood cultures 250-7.8 ug/ml Increased IL-6, 10, IFNy (unstimulated cells); increased IL-6, decreased IL-10 Hendricks and
unstimulated or (stimulated cells) Pool, 2010 [98]
stimulated with
endotoxins or
phytohemagglutinin PHA
Rooibos LPS stimulated 0.5 pg/ml Decreased IL-6, IL-10; increased COX2 > 25% Mueller et al.,
macrophages 2010 [99]
Rooibos Wistar rats (Dextran 1.6 /100 ml BW ad Increased SOD vs. DSS rats; decreased 8-hydroxy-2'-deoxyguanosine (8-OHdG) Baba et al., 2009
sodium sulphate (DSS) libitum vs. controls [100]
induced rat colitis model)
Rooibos Murine splenocytes 1-100 pg/ml Increased ovalbumin; increased sheep RBC antibody production; no effect Kunishiro et al.,

on specific LPS stimulated antibody response; increased IL-2 in ova anti-CD;
primed splenocytes (10-100 pg/ml); decreased IL-4 in ova primed splenocytes;
increased ova-induced antibody production in cyclosporine A rats; increased
IL-2 in splenocytes

2001 [101]

Extracts are considered fermented unless otherwise indicated.

Table 1.
Anti-inflammatory and immune modulatory effects of rooibos and honeybush.
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Plant species/
compound

Model

Dosage

Mechanistic effects

Author and
year

Unfermented
green rooibos
extract (GRE)

Human C3A
liver cells; obese
insulin-resistant
rats

10 pg/ml
(cells); up to
195 mg/kg
BW (6 cups),
rats

Increased

glucose and lipid
metabolism:
Increased glucose
metabolism in C3A
cells; increased
insulin sensitivity in
OBIR rats: increased
GLUT?2 expression;
increased PI3K/Akt,
phosphorylated
AMPK and
stimulation of
insulin receptor
substrate (IRS) 1,2
forkhead box protein
01 (FOXO1) and
carnitine palmitoyl
transferase 1 (CPT1)

Mazibuko-
Mbeje et al.,
2019 [102]

ASP

Ventricular
cardiomyocytes
isolated from
healthy, aged
control and obese
insulin resistant
rats

10 uM

Increased

insulin mediated
glucose uptake in
cardiomyocytes from
young and aged rats,
but not in high-caloric
diet animals. Insulin
actions enhanced via
a PI3K-dependent
mechanism

Smit et al., 2018
[103]

ASP; GRE

Palmitate-
induced insulin
resistant
adipocytes

GRE (10 pg/
ml); ASP
(10 uM)

Increased GLUT4
expression (GRE);
Both treatments:
decreased lipid-
mediated insulin
resistance; decreased
NFkp, IRS1 (ser’”),
phosphorylated
AMPK (GRE);
increased Akt
phosphorylation;
Only ASP increased
peroxisome
proliferator-activated
receptor (PPAR) a, y
and CPT1

Mazibuko et al.,
2015 [104]

Fermented rooibos

3T3-L1adipocytes

10 pug/ml,
100 pg/ml

Decreased lipid
accumulation;
decreased
adipogenesis;
decreased PPARYy,

a, sterol regulatory
binding factor 1
(SREBF1), fatty acid
synthase (FASN)
expression impaired;
leptin secretion
decreased

Sanderson
etal., 2014
[105]
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Plant species/
compound

Model

Dosage

Mechanistic effects

Author and
year

Cyclopia maculata
(aqueous)

3T3-L1adipocytes

60-100 ug/ml

Anti-obesogenic
60-100 pg/ml
fermented extracts
increased glycerol
release; 80 pg/ml
increased lipolysis
maximally;
increased
expression of
perilipin, hormone
sensitive lipase
(HSL); not
cytotoxic

(up to 100 ug/ml)

Pheiffer et al.,
2013 [106]

Cyclopia maculata
(fermented,
fermented),
Cyclopia subternata
(unfermented)

3T3-L1
pre-adipocytes

Various up to
1600 pg/ml

Anti-obesogenic:
decreased adipocyte
differentiation;
decreased
intracellular
triglycerides

(> 100 pg/ml);
decreased cellular
ATP (C. Maculata)
decreased PPARy
isoform 2; increased
adiponectin
(fermented C.
maculata); increased
leptin cytotoxic:
800 pg/ml

(C. maculata
unfermented), 1600
ug/ml (C. maculata+
C. subternata,
unfermented)

Dhudhia et al.,
2013 [107]

Rooibos (not
explicitly stated
in paper but
considered to be
the fermented
extract)

LDLr—/— mice;
3T3-L1adipocytes

10 g/L
(mice);

600 pg/ml
(adipocytes)

Increased lipolysis;
decreased serum
cholesterol;
triglycerides,

free fatty acids;
increased food
consumption in
mice fed normal
chow; decreased
body weight; altered
adipocyte size,
number; inhibition
of dietary-
induced steatosis;
increased liver
AMPK; decreased
triglyceride
accumulation;
anti-adipogenic in
3T3-L1 adipocytes

Beltran-Debdén
etal., 2011
[108]

Table 2.
Anti-obesity effects of rooibos and honeybush.
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Plant species/compound Model Dosage Mechanistic effects Authorand
year
ASP HO9c2 Cardiomyocytes; db/db mice 1 uM (cardiomyocytes); Diabetic/cardioprotective/antioxidant; reduced high glucose Dludlaetal.,
(13 mg/kg BW)/130 mg/kg induced oxidative stress; Nrf2-mediated activation of downstream 2017 [64]
BW (mice) antioxidant genes
ASP Glucose-exposed H9c2 1uM Cardioprotective, anti-diabetic, antioxidant effects: Enhanced Johnson et al.,
cardiomyocytes metabolism of glucose, decreased phosphorylation of AMPK, 2016 [109]
decreased CPT1; increased GLUT4, acetyl-CoA carboxylase
expression; increased glutathione, SOD; decreased ROS, increased
ucp2, bel-2: bax; Anti-apoptotic; decreased DNA nicks
Fermented Cyclopia HaCaT human keratinocyte cells 50-100 pg/ml Antioxidant: Increased SOD, CAT in UVB-exposed HaCaT Imetal., 2016

intermedia (methanol
fermented and scaled up

keratinocytes

[94]

extracts
Cyclopia subternata (aqueous STZ Wistar rat model; C2C12 cells 30-600 mg/kg (in vivo); Increased glucose tolerance 30, 60, 120 min (600 mg/kg BW; Schulze et al.,
extracts); mangiferin, 1nM-100 uM (isolated mangiferin, isomangiferin increased glucose uptake in C2C12 cells 2016 [110]
isomangiferin compounds
ASP; Green rooibos extract 3T3-L1 adipocytes 100 pM; 10 pg/ml Both isolates decreased palmitate-induced insulin resistance; Mazibuko
(GRE) 10 pg/ml decreased NFk-f, IRS1 (Ser’?), phosphorylated AMPK; increased etal., 2015
Akt activation; GRE increased GLUT4 expression; ASP increased [104]
PPARa«, v, CPT1 expression
Unfermented rooibos L6 myotubules; RIN-5F Cells; obese 350 pg/ml (L6 myotubules); Increased glucose uptake; increased phosphorylated AMPK, Akt; Kamakura
diabetic KK-Ay mice 50 pug/ml (RIN-5F cells); increased GLUT4 translocation; decreased AGE-induced ROS etal., 2015
0.3-0.6% (mice) increase; decreased fasting blood glucose [111]

Rooibos; Aspalathin (ASP);
Nothofagin (Noth)

HUVECs; C57BL/6 mice

5-50 uM

Cardioprotective/anti-diabetic: Decreased vascular permeability
caused by high blood glucose, decreased monocyte adhesion;
Antioxidant: Decreased reactive oxygen species; Anti-
inflammatory: Decreased NFk-

Ku et al., 2014
[112]
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Plant species/compound Model Dosage Mechanistic effects Authorand
year
Fermented rooibos H9c2 cardiomyocytes isolated from 1,10 pg/ml Anti-diabetic/cardioprotective; decreased ROS, apoptosis; Dludlaetal.,
male Wistar STZ-induced diabetic increased glutathione, metabolic activity in vitro 2014 [113]
rats (40 mg/kg BW); in vivo,
ex-vivo rat heart perfusions
Phenylpyruvic acid-2-O-p- Obese mice 10 mg/kg Protection from diet-induced hyperglycaemia; increased beta Mathijs et al.,
D-glucoside (PPAG) cell mass; decreased apoptosis; In vitro, protection of B-cells 2014 [114]
from palmitate-induced apoptosis; increased Bcl-2 expression;
increased B-cell mass; protective effect of PPAG via increased
expression of Bcl-2 in B-cells
Mangiferin Diabetic insulin resistant Wistar 20 mg/kg BW No change in body weight; decreased serum glucose; increased Salehetal.,,
rats serum insulin; decreased HOMA IR; increased p-cell function; 2014 [115]
decreased serum TNFa; improved serum lipids; increased
adiponectin; no effect on antioxidant activity
Cyclopia maculata RIN-5F cells 0.001-1000 pg/ml (C. Increased viability (0.001-1000 pg/ml) Cyclopia; no effect on Chellan et al.,
(unfermented); Mangiferin maculata); 0.01-1000 pg/ml viability (mangiferin) 2014 [116]
(mangiferin)
Cyclopia maculata STZ-diabetic Wistar rats 30/300 mg/kg BW Increased glucose tolerance; decreased fasting blood glucose;
improved serum triglycerides; increased p-cell area; increased
p-cell proliferation (300 mg/kg BW); decreased plasma nitrite;
unaltered catalase, glutathione, liver lipid peroxidation and
nitrotyrosine
Z-2-(p-o- Chang cells; Obese insulin-resistant 1-31.6 pM; 0.3-3 mg/kg BW Increased glucose uptake; decreased fasting blood glucose; Muller et al.,
glucopyranosyloxy)-3- rats (obese rats) increased glucose tolerance; increased mRNA expression of liver 2013 [52]
phenylpropenoic acid GLUT1, 2, glucokinase, PPARy and SOCS3
(PPAG)
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Plant species/compound Model Dosage Mechanistic effects Authorand
year
ASP L6 myocytes; RIN-5F cells; type 2 25-100 uM Increased glucose uptake; increased AMPK phosphorylation; Sonetal.,
diabetic ob/ob mice 0.1% ASP (100 mg/kg increased GLUT4 translocation in L6 myoblasts and myotubules; 2013 [117]
BW); 10 mg/kg BW ASP decreased age-induced ROS; decreased blood glucose; increased
(intraperitoneal glucose glucose tolerance; decreased expression of liver gluconeogenic and
tolerance test) lipogenic gene expression in mice
Unfermented green rooibos; C2C12 skeletal muscle cells 10 pg/ml Increased glucose uptake; increased mitochondrial activity; Mazibuko
fermented rooibos increased ATP (unfermented >fermented); decreased PKCq etal., 2013
activation; decreased palmitate-induced insulin resistance; [118]
increased insulin-dependent Akt activation, increased AMP
Insulin-independent signalling pathways; increased GLUT4
ASP; rutin C2C12 myotubules 1,10,100 pM; 100 um Increased glucose uptake Muller et al.,
2012 [119]
Aspalathin: rutin STZ diabetic rats 1:1 (1.4 mg/kg BW) Decreased blood glucose (not obtained by individual compounds)
Aspalathin rich green STZ diabetic rats 25 mg/kg BW, 30 mg/kg BW Decreased blood glucose; increased glucose tolerance
rooibos
Cyclopia intermedia STZ diabetic induced Wistar rats Acute: 5 mg/kg bw-50 mg/kg Decreased fasting blood glucose (50 mg/kg) Muller et al.,
BW (STZ rats) 2011 [120]

Obese insulin resistant (OBIR) rats

Chronic: 538-2688 mg/ml
(OBIR rats)

Decreased plasma cholesterol, fasting blood glucose; o:p cell mass
(538-2150 mg/ml); decreased glucose tolerance (1075-2688 mg/ml)

ASP from GRE L6 myotubules 1-100 uM Increased glucose uptake Kawanoetal.,,
2009 [121]
RIN-5F cells 100 pm Increased insulin secretion
db/db mice 0.1-0.2% Decreased fasting blood glucose for 5 weeks; increased glucose
tolerance 30, 60, 90, 120 min
Fermented rooibos (aqueous + STZ-induced diabetic Wistar rats 2.5% ad libitum Decrease AGE’s + MDA (plasma, lens, liver and kidney); Uli¢nd et al.,
alkaline extracts) decreased total cholesterol and creatinine 2006 [70]

Table 3.

Anti-diabetic effects of rooibos and honeybush.
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Plant species/compound Model Dosage Mechanistic effects Authorand

year

Aspalathin HO9c2 cardiomyocytes; db/ 1 pm (cardiomyocytes) Diabetic/cardioprotective/antioxidant: reduced high glucose induced Dludla et al,,
db mice (13 mg/kg) /130 mg/kg oxidative stress. Nrf2 activated downstream antioxidant genes; high dose 2017 [64]

aspalathin treatment was more successful than metformin or lower dose
aspalathin at activating Nrf2 and antioxidant genes

Aspalathin HO9c2 cardiomyocytes 1uM Cardioprotective/anti-diabetic: Enhanced metabolism of glucose, Johnson et al.,
exposed to glucose decreased 172 phosphorylated AMPK, decreased carnitine 2016 [109]

palmitoyltransferase (CPT)1, increased GLUTH4, acetyl-CoA carboxylase
expression; antioxidant effects: increased glutathione and SOD, decreased
ROS, increased UCP2, Bcl-2:Bax; anti-apoptotic; decreased DNA nicks

Fermented rooibos HOc2 cardiomyocytes 1/10 pg/ml Decreased ROS, apoptosis, increased glutathione, and metabolic activity Dludlaetal.,
isolated from male Wistar in vitro 2014 [113]
STZ diabetic rats (40 mg/
kg BW)

Luteolin STZ diabetic induced Wistar 10 w'kg BW Decreased LDH, incidences of arrhythmias; decreased infarct size; Sunetal., 2012
rats increased left ventricular ejection fraction; decreased myocardial [122]

apoptosis; increased FGFR2, LIF expression; increased PI3K/Akt, Bcl-2
associated death promoter (BAD), Bcl-2:Bax ratio; inhibited MPO
expression, IL-6, IL-1a and TNFa production (anti-inflammatory effects)

Luteolin Ischemia/reperfusion (I/R) Various up to 40 uM, Luteolin pre-treatment before I/R injury increased contractions in isolated Wuetal., 2013
Wistar rats and isolated model dependant rat heart and cardiomyocytes; decreased LDH, apoptosis; increased Bcl-2: [123]
cardiomyocytes Bax ratio; decreased infarct size; protection involves ERK 1/2-PP1a-PLB-

SERCA2a mechanism
Rooibos Human volunteers 400 ml (0.025 g/ml) Single dose inhibited ACE after 30, 60 min; ACE II genotype inhibited Persson et al.,
after 60 min; no effect on nitric oxide 2010 [124]
Rooibos HUVEC 0.05 g/ml in phosphate Increased nitric oxide after 1 day (1:400, 1:200); no effect on ACE Persson et al.,
buffered saline (PBS) inhibition after 10 min 2006 [125]
Rooibos Human serum with 0.05 g/ml in PBS Inhibition of ACE via a mixed inhibition method Persson et al.,

Enalaprilat as positive
control

2012 [126]
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Plant species/compound Model Dosage Mechanistic effects Authorand
year
Rooibos Human volunteers at risk for 0.005 g/ml (6 cups/day) Increased antioxidant status and decreased oxidative stress by increased Marnewick
cardiovascular disease GSH: GSSG ratio, decreased lipid peroxidation (TBARS, conjugated etal., 2011
dienes); increased HDL cholesterol [77]
Orientin Ischemia/reperfused Wistar 0.5-2 mg/kg BW (rat Decreased apoptosis in cardiomyocytes; increased Bcl-2, decreased Fuetal, 2006
rat hearts; cardiomyocytes hearts); 3-30 pumol/l bcl-2-like protein 4 (Bax), increased Bcl-2: Bax; decreased cytochrome-c, [127]
injured by hypoxia/ (cardiomyocytes) caspase expression in cardiomyocytes and myocardium
reoxygenation
Orientin Ischemia/reperfusion 30 uM Decreased apoptosis (decreased MPTP opening) Luetal, 2011
injured H9¢2 cardiomyocytes [128]
Rooibos (fermented and Ex vivo working heart from 2% w/v Increased aortic output; decreased cleaved caspase 3, poly (ADP-ribose) Pantsi et al.,
unfermented) Wistar rats polymerase (PARP), reduced apoptosis; increased GSH: GSSG ratio 2011 [129]
Rooibos; chrysoeriol Sprague Dawley rats (blood 20% w/w, 10-100 mg/ Glibenclamide sensitive relaxation of low K*-induced contractions; Khan and

pressure effects); rabbit
aorta, guinea pig atria

kg BW

weak inhibitory effect on atrial force and contraction rate; blood
pressure lowering effects; chrysoeriol caused concentration-dependent,
glibenclamide-sensitive relaxation of low K induced contractions, EC50
(61 pg/ml), n = 2 in aorta

Gilani, 2006
[130]

Rooibos and honeybush In vitro ACE-inhibition assay
flavonoids (various including
luteolin, quercetin, rutin,

genestein, hesperitin, etc.)

500 uM, 100 uM

ACE inhibitory activity of some flavonoids found in rooibos and
honeybush. Luteolin had the greatest ACE inhibitory effects compared to

the other flavonoids with hesperitin and genestein exhibiting moderate but

lower, yet marked effects

Guerrero et al.,
2012 [131]

Table 4.
Cardiovascular effects of rooibos and its flavonoids.
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NFK-B, TNF-a, IL-6, iNOS and COX2, reflecting its anti-inflammatory potential [92].
Aspalathin and nothofagin inhibited LPS-mediated expression of the lipopolysaccha-
ride (LPS) receptor (TLR4) and LPS-mediated barrier disruption. This occurred by
increasing barrier integrity and inhibiting the expression of cell adhesion molecules
(CAMs) and reducing neutrophil adhesion and migration in human umbilical vein
endothelial cells [95]. The barrier protective effects of aspalathin and nothofagin were
confirmed in a mouse model, in which the dihydrochalcones reduced LPS-induced
mortality. This suggests that aspalathin and nothofagin can be regarded as potential
therapeutics against vascular inflammation. The protective effects of aspalathin and
nothofagin in a systemic inflammatory response induced by caecal ligation included
decreases in inflammatory markers, including TNFa-expression NF-xB, NO and IL-6
production, enhanced antioxidant activity and decreased lipid peroxidation. [91].
The anti-inflammatory effects of rooibos and honeybush may involve a reduction in
inflammatory cytokines such as IL-6, TNF-a, COX2 [91, 92, 94]. It may also involve a
reduction in neutrophil adhesion, and other mechanisms [96], Table 1.

7. Anti-obesity effects

Obesity and overweight are major risk factors for cardiovascular disease and
type 2 diabetes. Insulin resistance, a key finding in the metabolic syndrome, is char-
acterised by alterations in glucose uptake in insulin sensitive tissues such as the liver,
skeletal muscle and adipose tissue [134]. Non-alcoholic fatty liver disease (NAFLD),
characterised by fat accumulation in the liver, is an independent predictor of the
metabolic syndrome which influences the progression of cardiovascular disease
[135]. Since NAFLD is complex, utilising therapeutic strategies with multiple tar-
gets may be beneficial. The PI3K/Akt pathway is a complex insulin regulated path-
way involved in glucose and lipid metabolism, as well as other cellular processes,
including protein synthesis, cell signalling cell growth and apoptosis [136]. In type
2 diabetes and obesity, inhibition of the pathway interferes with beta cell function
and insulin secretion, exacerbating insulin resistance. A green rooibos extract
reduced lipid accumulation as well as lipolysis in C3A liver cells [102]. Rooibos also
ameliorated palmitate-induced insulin resistance, by activating phosphorylated
PKB/Akt and 5’ adenosine monophosphate-activated protein kinase (AMPK), as
well as increasing glucose transporter (GLUT)2 expression. Furthermore, fatty
acid oxidation was enhanced by increasing FOXO1, decreasing malonyl-CoA
decarboxylase, increasing carnitine palmitoyl transferase 1 (CPT1) and increasing
acetyl CoA carboxylase in insulin deficient cells. In the accompanying obese insulin
resistant rat model, only a high dose (195 mg/kg) of green rooibos extract (GRE)
could reduce insulin levels and the HOMA-IR index. No significant differences were
detected in blood glucose, body weights or food intake. Insulin receptor and insulin
receptor substrates 1, and 2 were however upregulated by GRE, suggesting that
GRE may be beneficial in ameliorating obesity-induced insulin resistance. In 3T-L1
adipocytes, palmitate-induced insulin resistance was ameliorated by both aspal-
athin, as well as GRE [104]. This was accompanied by increases in Akt activation
and decreases in nuclear factor (NF)-kB, IRS1 and AMP phosphorylation. GLUT4
expression was enhanced by the GRE but not aspalathin, suggesting that the whole
extract rather than the isolated compound may be beneficial in providing a more
multi-targeted therapeutic approach in improving palmitate-induced effects on
glucose and lipids. A number of other rooibos polyphenols, such as the C-glycosidic
flavones orientin, iso-orientin and luteolin, have anti-obesity effects, as reflected
by their inhibition of pancreatic lipase, which is responsible for digesting and
absorbing triglycerides [137]. Fermented rooibos also inhibited lipid accumulation

17



Nutraceuticals - Past, Present and Future

in 3T3-L1 adipocytes [105]. Z-2-(p-p-glucopyranosyloxy)-3-phenylpropenoic

acid (PPAG), increases glucose uptake, as demonstrated in Chang cells [52]. In
their in vivo model of obese insulin resistant rats, basal fasting glucose decreased
and glucose tolerance was improved by PPAG. Increases in mRNA expression of
genes involved in glucose (GLUT1 and GLUT4) and insulin metabolism (IR) and
others such as PPARa and SOCS3 in the liver were also seen. PPARa regulates the
action of fatty acids in the liver, suggesting that insulin signalling, glucose and lipid
metabolism may be altered by PPAG. SOCS3 associates with various proteins to
inhibit cytokine signals, e.g., leptin, growth hormone, IL-6, leukaemia inhibitory
factor (LIF) as well as insulin [138]. It may therefore mediate leptin resistance,
which occurs in obesity but is also regulated by leptin, which may partially explain
these findings. Administration of rooibos to LDL receptor deficient (Ldlr™/~) mice
reduced liver steatosis and white adipose tissue and increased brown adipose tissue
in high fat diet rats. Macrophage recruitment was decreased but no difference was
seen in adipocyte size or number in the rooibos supplemented group. Furthermore,
there appeared to be no liver toxicity, and free fatty acids, triglycerides and choles-
terol were reduced by rooibos in the high fat diet group [108]. In humans, rooibos
reduced oxidative stress, improved HDL-C, and triacylglycerol and low density
lipoprotein cholesterol (LDL-C) in adults at risk of developing cardiovascular
disease. [77]. These results suggest that rooibos and flavonoids in rooibos, such

as aspalathin, may be potential adjuvants in the management of the metabolic
syndrome. The anti-obesity effects of Cyclopia intermedia, C. subternata and C.
maculata are limited but have been studied in 3T3-L1 adipocytes [106, 107, 139].

C. maculata and C. subternata decreased intracellular lipid and triglycerides and
increased PPARY, a regulator of glucose and lipid metabolism [107]. Their anti-
obesity effects also include increased release of glycerol [106]. Hormone sensitive
lipase (HSL) expression, which is regulated by SIRT1a, a rate limiter of lipolysis,
was also increased by fermented C. maculata. Furthermore, perilipin expression,
which appears to play a key role in the metabolism of lipids and lipolysis of adipose
tissue was upregulated [140]. C. intermedia increased HSL, SIRT1, UCP3 as well as
PPARYy expression in 3T3-L1 adipocytes [139]. The authors attributed increases in
SIRT1 and PPARy to be indicative of changes from white to brown adipose tissue,
however the expression of UCP1, which characterises brown adipose tissue was not
measured in the study [141]. While the exact function is unclear, UCP3 may protect
against lipotoxicity of the mitochondria [142]. In the parallel obese db/db mouse
model, no increases in body weight gain were seen with C. intermedia treatment,
and neither food nor water consumption was affected [139]. Extracts of mangiferin
and other polyphenols isolated from plants containing components similar to that
found in honeybush have proven useful in understanding their mechanisms of
action and how they could be used as nutraceuticals in the treatment of cardiovas-
cular disease. In a double-blind randomised placebo controlled clinical trial, man-
giferin (150 mg/day) from mangoes, was given to 97 overweight, hyperlipidaemic
patients over a period of 12 weeks. Increased high density lipoprotein cholesterol
(HDL-C), L-carnitine, as well as decreases in total cholesterol, low density lipopro-
tein cholesterol (LDL-C) and triglycerides were obtained in the patients [143]. No
alterations in liver and kidney function markers were seen, suggesting that chronic
treatment over 12 weeks was safe in human participants. Since the metabolic syn-
drome is so complex, providing a multi-targeted approach, such as through affect-
ing the PI3K/Akt pathway may be somewhat beneficial. The anti-obesity effects are
further described in Table 2. The limited available information on the anti-obesity
effects of rooibos and honeybush however, suggests that more research is needed to
fully understand and enable the translation of these effects from animals to man.

18



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...
DOI: http://dx.doi.org/10.5772/intechopen.86410

8. Anti-diabetic effects

Diabetic hyperglycaemia involves macro-and microvascular complications [144].
Free radicals are also produced, promoting oxidative stress [145]. Evidence suggests that
rooibos and its polyphenols may reduce oxidative stress associated with the patho-
genesis of diabetes [34, 69]. A meta-analysis and systematic review narrowed down
to 12 peer-reviewed studies reported a reduction in blood glucose levels in diabetic
rodent models that had received either rooibos or its polyphenols, while no clinical
trials have investigated the effects of rooibos in the context of type 2 diabetes [146].
Rooibos decreases fasting blood glucose and improves glucose tolerance [117]. The
anti-diabetic actions may be related to the expression of genes responsible for glucose
uptake (GLUT1, GLUT?2), insulin signalling (IR), as well as other genes such as PPRa in
the liver in a model of obese insulin resistant rats treated with PPAG [52]. The involve-
ment of insulin dependent GLUT4, in skeletal muscle has also been reported [111].
Rooibos may be exerting anti-diabetic effects by affecting the metabolism and uptake
of glucose. Aspalathin influences key genes involved in the metabolism of lipids, insulin
resistance, inflammation and apoptosis, possibly reversing metabolic abnormalities by
involving PPARYy, Adipoq, IL-6/Jak2 pathway and Bcl-2 [74]. PPAG increased beta cell
mass and delayed hyperglycaemia in STZ-diabetic mice [147]. This was accompanied by
increases in anti-apoptotic B-cell lymphoma 2 (Bcl-2), but no antioxidant effect, and in
human islet cells PPAG also decreased cell death. This suggests that PPAG increases beta
cell mass by decreasing apoptosis and increasing Bcl-2 as reflected in both STZ diabetic
and obese mouse models [114, 148]. In the absence of insulin, GRE also increased
phosphorylation of both AMPK and Akt, in L6 skeletal myotubules. Activation of
AMPK could be a therapeutic strategy in the treatment of obese and type 2 diabetics,
as animal studies suggest a dysregulation of AMPK in these states. The mechanism
for the amelioration of diabetic complications in rodents by rooibos and honeybush
may also be due a-glucosidase inhibition; or SGLT?2 inhibiting potential of rooibos and
honeybush or their respective flavonoids [119, 149-151]. a-Glucosidase is an enzyme
present on the intestinal brush border where it digests starch, increasing blood glucose
[152]. Anti-diabetic drugs, therefore commonly utilize strategies such as a-glucosidase
inhibition or SGLT?2 inhibition to facilitate their actions [152, 153]. The dihydrochalcone
phlorizin, an SGLT?2 inhibitor, provides a basis to explore natural plant based agents
for use in the management of diabetes [154]. Strategies to target SGLT2 rather than
SGLT1 is also associated with reduced drug toxicity as found in studies of phlorizin and
anti-diabetic drugs [153]. In an STZ-diabetic model, unfermented extracts of Cyclopia
maculata improved glucose tolerance, fasting glucose, p-cell area, triglyceride levels as
well as the insulin: glucagon ratio. Plasma nitrite was reduced but no alterations were
seen in other markers of nitrotyrosine and lipid peroxidation or the serum antioxidant
enzymes [155]. Mangiferin and naringenin from Salacia oblonga also reduced blood
glucose, normalised AST and ALT levels, improved antioxidant status and decreased
protein carbonyl levels, glycogen and TBARS in the liver. Beta cell damage in the pan-
creas was also ameliorated by the compounds. It was proposed that activation of PPARy
and GLUT4, which was also accompanied by insulin sensitisation, may be partially
responsible for the anti-diabetic effects [156]. Since naringenin is also found in hon-
eybush, it suggests that extracts from honeybush could possibly also produce similar
effects. Mangiferin from Anemarrhena asphodeloides Bunge reduced blood glucose levels
and ameliorated hyperinsulinemia, the anti-diabetic properties possibly due to a reduc-
tion in insulin resistance in these rats [157]. Furthermore, mangiferin and naringenin
isolated from Salacia oblonga reduced blood glucose levels, and increased GLUT4 and
PPARy expression, suggesting increased insulin sensitisation and demonstrating the
anti-diabetic properties of the polyphenols. In conclusion, the anti-diabetic effects of
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rooibos and honeybush (Table 3) are mediated by complex signalling pathways that
affect glucose and lipid metabolism as well as oxidative stress.

9. Cardiovascular effects

Angiotensin converting enzyme (ACE) inhibitors reduce blood pressure by
inhibiting the conversion of angiotensin to angiotensin II, the latter being a potent
vasoconstrictor which increases blood pressure through a variety of mechanisms [158].
Angiotensin II can also interact with the angiotensin I receptor, enhancing ROS
production, which contributes to endothelial dysfunction by inactivating vasodila-
tory nitric oxide [158]. Endothelial dysfunction is commonly associated with risk
factors of cardiovascular disease, including obesity and type 2 diabetes [159]. It also
precedes atherosclerosis, which involves a number of complex processes such as the
release of pro-inflammatory cytokines and inflammation, oxidation of LDL as well as
macrophage recruitment and platelet adhesion [158]. Cardiovascular protective effects
of rooibos have also been established in a number of studies (Table 4). In an in vitro
human umbilical vein endothelial cell (HUVEC) study, rooibos could not inhibit ACE
but increases in nitric oxide were detected [125]. ACE-inhibition was also determined
in 17 healthy volunteers receiving a single oral dose of rooibos [124]. Inhibition of ACE
occurred up to 60 min after ingestion but no change in blood pressure or nitric oxide was
detected. ACE-inhibitory effects have also been reported for rooibos and honeybush and
some of their flavonoids [131]. This effect on ACE could be due to the presence of the
C2—C3 double bond, the catechol group at the B-ring and the cetone group on C4 on
the C-ring of flavonoids [131]. The best ACE-inhibitor in HUVEC’s was luteolin,
followed by quercetin, rutin, kaempferol, rhoifolin and apigenin K. The honeybush
flavonoids genistein and hesperetin also displayed ACE-inhibitory effects but these were
less potent than luteolin. Rooibos probably inhibits ACE using a mixed type of inhibi-
tion, which binds to the enzyme’ active and allosteric sites [126]. Organic fractions of,
as well as flavonoids in rooibos such as chrysoeriol and rutin inhibited spontaneous and
low and/or high K*-induced contractions in models utilising jejunum and bronchial
smooth muscle [130, 160]. Anti-contractile effects were reportedly due to the opening
of K* channels as well as a Ca”* antagonistic action. These studies were not done in vas-
cular smooth muscle, but it is possible that rooibos could exert antihypertensive effects
via similar mechanisms in vascular smooth muscle. It also caused mild reduction of
atrial force and rate of spontaneous contractions in the Guinea pig and decreased blood
pressure in anaesthetised rats [130]. In comparison, isolated compounds of rooibos
tested in jejunal, tracheal and aortic preparations showed variable effects. In adults with
cardiovascular risk factors, six cups of rooibos was able to increase antioxidant status by
increasing the GSH: GSSG ratio and decrease lipid peroxidation by decreasing TBARS
and conjugated dienes [77]. Furthermore, increases in the healthy HDL cholesterol were
also seen. In a recent study using a high fat diet to induce obesity in Wistar rats, treat-
ment with an enriched GRE, containing large quantities of aspalathin, improved glucose
tolerance, vascular function, as determined by aortic vascular contraction-relaxation
studies and enhanced the antioxidant status. Modest improvements in blood pressure
were also seen in a recent study in obese rats, suggesting cardiovascular benefits with the
intake of the rooibos [161]. Fermented rooibos also improved vascular function in nico-
tine exposed rats [162]. Since tobacco smoking is a major risk factor for cardiovascular
disease, this suggests a possible therapeutic role for rooibos in the reduction of cardio-
vascular complications associated with tobacco smoking, such as vascular dysfunction
or oxidative stress. Cardioprotective effects of rooibos and its flavonoids typically appear
to involve a reduction in lipid peroxidation and upregulation of the antioxidant enzymes
through Nrf2 activation, and a reduction in apoptosis which may also be associated with
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increases in the Bcl-2: Bax ratio [77, 122, 129]. The anti-inflammatory effects of rooibos,
also support its role as a cardioprotective agent (Table 1). No literature investigating the
vascular modulating effects of honeybush are currently available and anti-inflammatory
effects on HUVECs are discussed above. Decreases in VLDL, LDL-C and increases in
HDL-C by naringenin and mangiferin from Salacia sp. however suggests the potential
of similar isolates from honeybush to ameliorate endothelial dysfunction [156].

10. Conclusions and perspectives

Rooibos and honeybush have a number of health benefits. The evidence for their use
as functional nutraceuticals is reflected in anti-diabetic, anti-inflammatory, antioxi-
dant, anti-obesity, and vascular effects in animal and in vitro studies. The translation
of these results into human medical care has however been limited. The inability to
translate animal studies to that of humans may be due to the result of the controlled
genetic background and environmental conditions of animals used as models to study
disease [163]. Given the unstable nature of ROS and the limitations in assays used to
detect oxidative stress, it is noteworthy to remember that intervention studies may
only as good as the biomarkers used to measure the intervention. As we investigate the
therapeutic role of rooibos or honeybush in the treatment of cardiovascular disease, it is
evident that we are only but scratching the surface. These plants have complex chemical
compositions and while isolating single components could be beneficial, the interplay
and additive effects of other components in whole extracts could be more beneficial
[111]. The mechanisms behind these benefits involve numerous signalling pathways
that regulate their effects. Understanding these complexities may be what is needed to
promote their transition from bush teas to nutraceutical therapy against cardiovascular
disease but until then we may as well enjoy a cuppa.

Conflict of interest

There is no conflict of interest to disclose.

Thanks

Thanks go to Professor H. Kuivaniemi for proofreading this manuscript and to
the SAHTA for allowing the use of the honeybush image.

Author details

Shantal Windvogel
Stellenbosch University, Cape Town, South Africa

*Address all correspondence to: shantalw@sun.ac.za

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

21



Nutraceuticals - Past, Present and Future

References

[1] World Health Organization.
Noncommunicable diseases

Factsheet No. 355. Geneva, 2018 [cited
2019 Apr 15]. Available from: http://
wwwwho.int/mediacentre/factsheets/
fs355/en/

[2] Agyemang C, van den Born B-J.
Limited access to CVD medicines

in low-income and middle-income
countries: Poverty is at the heart of
the matter. The Lancet Global Health.
2018;6(3):e234-€235

[3] Newman DJ, Cragg G. Natural
products as sources of new drugs

over the 30 years. Journal of Natural
Products. 2012;75(3):311-335

[4] Krishnamurti C, Rao SSCC. The
isolation of morphine by Serturner.
Indian Journal of Anaesthesia.
2016;60(11):861-862

[5] TuY. Artemisinin—A gift from
traditional Chinese medicine to the
world (Nobel lecture). Angewandte
Chemie, International Edition.
2016;55(35):10210-10226

[6] DeFelice SL. Foundation for
innovation in medicine rationale
and proposed guidelines for the

nutraceutical research & education act.

Journal of Nutraceuticals Functional &
Medical Foods. 2002;2(1):43-52

[7]1 Ekor M. The growing use of herbal
medicines: Issues relating to adverse
reactions and challenges in monitoring
safety. Frontiers in Pharmacology.
2014;4:1-10

[8] Mahomoodally MF. Traditional
medicines in Africa: An appraisal of
ten potent African medicinal plants.

Evidence-based Complementary and
Alternative Medicine. 2013;2013:1-14

[9] Scalbert A, Johnson IT, Saltmarsh
M. Polyphenols: Antioxidants and

22

beyond. The American Journal of
Clinical Nutrition. 2005;81:215-217

[10] Sies H. Oxidative stress: From
basic research to clinical application.
The American Journal of Medicine.
1991;91(3 SUPPL. 3):31-38

[11] Jones DP. Redefining Oxidative
Stress. Antioxid Redox Signal.
2006;8(9-10):1865-1879

[12] Naganathan V. Cardiovascular drugs
in older people. Australian Prescriber.
2013;36(6):190-194

[13] Deka A, Vita JA. Tea and
cardiovascular disease. Pharmacological
Research. 2011;64:136-145

[14] Lorenzo ADi, Curti V, Tenore GC,
Nabavi SM, Daglia M. Effects of tea and
coffee consumption on cardiovascular
diseases and relative risk factors: An

update. Current Pharmaceutical Design.
2017;23:2474-2487

[15] Shah S. Primary prevention of
cardiovascular disease. InnovAiT
Education and Inspiration for General
Practice. 2012;5(4):195-203

[16] Lloyd-Jones DM, Leip EP, Larson
MG, D’Agostino RB, Beiser A, Wilson
PWE, et al. Prediction of lifetime risk
for cardiovascular disease by risk factor
burden at 50 years of age. Circulation.

2006;113(6):791-798

[17] Alberti KG, Zimmet P, Shaw J.
Metabolic syndrome—A new
world wide definition. Lancet.

2005;366(9491):1059-1062

[18] Hjemdahl P. Stress and the
metabolic syndrome: An interesting

but enigmatic association. Circulation.
2002;106(21):2634-2636

[19] Barker DJ, Godfrey K, Gluckman
P, Harding J, Owens ], Robinson J.



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...

DOI: http://dx.doi.org/10.5772/intechopen.86410

Fetal nutrition and cardiovascular
disease in adult life. Lancet.
1993;341(8850):938-941

[20] Brunner EJ. Social factors and
cardiovascular morbidity. Neuroscience
and Biobehavioral Reviews. 2017;74

(Pt B):260-268

[21] Allgulander C. Anxiety as a risk
factor in cardiovascular disease. Current
Opinion in Psychiatry. 2016;29(1):13-17

[22] Seligman F, Nemeroff CB. The
interface of depression and
cardiovascular disease: Therapeutic
implications. Annals of the

New York Academy of Sciences.

2015;1345(1):25-35

[23] Smith C, Swart A. Aspalathus
linearis (rooibos)—A functional food

targeting cardiovascular disease. Food
& Function. 2018;9(10):5041-5058

[24] Schloms L, Swart AC. Rooibos
flavonoids inhibit the activity of
key adrenal steroidogenic enzymes,
modulating steroid hormone

levels in H295R cells. Molecules.
2014;19(3):3681-3695

[25] Schloms L, Smith C, Storbeck

KH, Marnewick JL, Swart P, Swart

AC. Rooibos influences glucocorticoid
levels and steroid ratios iz vivo and

in vitro: A natural approach in the
management of stress and metabolic
disorders? Molecular Nutrition & Food
Research. 2014;58(3):537-549

[26] Gathercole LL, Lavery GG,

Morgan SA, Cooper MS, Sinclair AJ,
Tomlinson JW, et al. 11p-hydroxysteroid
dehydrogenase 1: Translational and
therapeutic aspects. Endocrine Reviews.

2013;34(4):525-555

[27] Schloms L, Storbeck KH, Swart

P, Gelderblom WCA, Swart AC. The
influence of Aspalathus linearis
(rooibos) and dihydrochalcones on
adrenal steroidogenesis: Quantification

23

of steroid intermediates and end
products in H295R cells. The Journal
of Steroid Biochemistry and Molecular
Biology. 2012;128(3-5):128-138

[28] Sobel BE, Schneider DJ.
Cardiovascular complications in
diabetes mellitus. Current Opinion
in Pharmacology. 2005;5(2 Spec.
Iss):143-148

[29] World Health Organisation. Obesity
and Overweight Factsheet No. 311.
Geneva: 2018 [cited 2019 Apr 2015].
Available from https://wwwwho.int/
en/news-room/fact-sheets/detail/
obesity-and-overweight

[30] Nammi S, Koka S, Chinnala KM,
Boini KM. Obesity: An overview on
its current perspectives and treatment
options. Nutrition Journal. 2004;3:1-8

[31] Kruger HS, Venter CS, Vorster HH,
THUSA Study. Physical inactivity as a
risk factor for cardiovascular disease
in communities undergoing rural to
urban transition: The THUSA study.
Cardiovascular Journal of Southern
Africa. 2003;14(1):16-23

[32] Eckel RH, Krauss RM. American
Heart Association call to action:
Obesity as a major risk factor for
coronary heart disease. Circulation.

1998;97(21):2099-2100

[33] Marnewick JL, Joubert E, Swart

P, Van Der Westhuizen F, Gelderblom
WC. 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. 2003;51(27):8113-8119

[34] Uli¢na O, Greksdak M, Vancova

O, Zlatos L, Galbavy S, BoZek P, et al.
Hepatoprotective effect of rooibos tea
(Aspalathus linearis) on CCly-induced
liver damage in rats. Physiological
Research. 2003;52(4):461-466



Nutraceuticals - Past, Present and Future

[35] Sinisalo M, Enkovaara A-L, Kivisto
KT. Possible hepatotoxic effect of
rooibos tea: A case report. European

Journal of Clinical Pharmacology.
2010;66(4):427-428

[36] Engels M, Wang C, Matoso A,
Maidan E, Wands J. Tea not tincture:
Hepatotoxicity associated with rooibos
herbal tea. ACG Case Reports Journal.
2013;1(1):58-60

[37] Stander MA, Joubert E, De Beer

D. Revisiting the caffeine-free status of
rooibos and honeybush herbal teas using
specific MRM and high resolution LC-MS
methods. Journal of Food Composition
and Analysis. 2019;76:39-43

[38] Cody RB. Ambient profiling of
phenolic content in tea infusions
by matrix-assisted ionization in
vacuum. Journal of the American
Society for Mass Spectrometry.
2018;29(8):1594-1600

[39] Ferreira D, Kamara BI, Brandt EV,
Joubert E. Phenolic compounds from
Cyclopia intermedia (Honeybush tea).
1. Journal of Agricultural and Food
Chemistry. 1998;46:3406-3410

[40] Wilson NLW. Cape natural

tea products and the U.S. market:
Rooibos rebels ready to raid. Applied
Economic Perspectives and Policy.
2005;27(1):139-148

[41] South African Rooibos Council.
Annual Report 2017; 2017. [cited 15
Apr 2019]. Available from: https://
sarooibos.co.za/wp/wp-content/
uploads/2018/06/2017-SARC-Annual-
Report_20180628.pdf

[42] Theron KA. Sensory and phenolic
profiling of Cyclopia species (honeybush)
and optimisation of the fermentation
conditions [Master’s thesis]. Stellenbosch:
Stellenbosch University; 2012

[43] Joubert E, Richards ES, Van Der
Merwe ]JD, De Beer D, Manley M,

24

Gelderblom WC. Effect of species
variation and processing on phenolic
composition and i vitro antioxidant
activity of aqueous extracts of Cyclopia
spp.- (Honeybush tea). Journal of
Agricultural and Food Chemistry.
2008;56(3):954-963

[44] Joubert E, de Beer D. Rooibos
(Aspalathus linearis) beyond the farm
gate: From herbal tea to potential
phytopharmaceutical. South African
Journal of Botany. 2011;77(4):869-886

[45] Joubert E, Joubert ME, Bester C,
de Beer D, De Lange JH. Honeybush
(Cyclopia spp.): From local cottage
industry to global markets—The
catalytic and supporting role of
research. South African Journal of
Botany. 2011;77(4):887-907

[46] Manach C, Scalbert A, Morand

C, Remesy C, Jimenez L. Polyphenols:
Food sources and bioavailability. The
American Journal of Clinical Nutrition.

2004579:727-747

[47] Vita JA. Polyphenols and
cardiovascular disease: Effects on
endothelial and platelet function. The
American Journal of Clinical Nutrition.
2005;81(1 Suppl):292-297

[48] Stander MA, Van Wyk B-E, Taylor
MJC, Long HS. Analysis of phenolic
compounds in rooibos tea (Aspalathus
linearis) with a comparison of flavonoid-
based compounds in natural populations
of plants from different regions. Journal
of Agricultural and Food Chemistry.
2017;65(47):10270-10281

[49] Joubert E, Winterton P, Britz T,
Gelderblom WCA. Antioxidant and pro-
oxidant activities of aqueous extracts
and crude polyphenolic fractions of
rooibos (Aspalathus linearis). Journal

of Agricultural and Food Chemistry.
2005;53:10260-10267

[50] Koeppen BH, Roux DG. Aspalathin:
A novel C-glycosyl flavonoid from



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...

DOI: http://dx.doi.org/10.5772/intechopen.86410

Aspalathus linearis. Tetrahedron Letters.
1965;6(39):3497-3503

[51] Shimamura N, Miyase T, Umehara
K, Warashina T, Fujii S. Phytoestrogens
from Aspalathus linearis. Biological

& Pharmaceutical Bulletin.
2006;29(6):1271-1274

[52] Muller CJF, Joubert E, Pheiffer

C, Ghoor S, Sanderson M, Chellan N,
et al. Z-2-(B-p-glucopyranosyloxy)-3-
phenylpropenoic acid, an a-hydroxy
acid from rooibos (Aspalathus
linearis) with hypoglycemic activity.
Molecular Nutrition & Food Research.
2013;57(12):2216-2222

[53] Magcwebeba TU, Riedel S,
Swanevelder S, Swart P, De Beer D,
Joubert E, et al. The potential role of
polyphenols in the modulation of skin
cell viability by Aspalathus linearis
and Cyclopia spp. herbal tea extracts
in vitro. Journal of Pharmacology.
2016;68(11):1440-1453. DOL:
10.1080/14786419.2018.1514398

[54] Augustyn W, Combrinck S, Botha B.
Comparison of mangiferin in mango

leaf and honeybush infusions. Planta
Medica. 2011;77(12)

[55] He K, Fan L-L, WuT-T, Du J. A

new xanthone glycoside from Pyrrosia
sheareri. Natural Product Research.
2018:1-6. https://doi.org/10.1080/147864
19.2018.1514398

[56] Young Kim C, Ahn M]J, Kim J.
Preparative isolation of mangiferin from
Anemarvhena asphodeloides rhizomes by
centrifugal partition chromatography.
Journal of Liquid Chromatography and
Related Technologies. 2006;29(6):869-875

[57] Stalmach A, Mullen W, Pecorari M,
Serafini M, Crozier A. Bioavailability
of C-linked dihydrochalcone and
flavanone glucosides in humans
following ingestion of unfermented
and fermented rooibos teas. Journal of
Agricultural and Food Chemistry.
2009;57(15):7104-7111

25

(58] Han D, Chen C, Zhang C, Zhang Y,
Tang X. Determination of mangiferin
in rat plasma by liquid-liquid
extraction with UPLC-MS/MS. Journal
of Pharmaceutical and Biomedical
Analysis. 2010;51(1):260-263

[59] Human C, De Beer D, Van Der

Rijst M, Aucamp M, Joubert E.
Electrospraying as a suitable method for
nanoencapsulation of the hydrophilic

bioactive dihydrochalcone, aspalathin.
Food Chemistry. 2019;276:467-474

[60] Villafio D, Pecorari M, Testa MF,
Raguzzini A, Stalmach A, Crozier A,
et al. Unfermented and fermented
rooibos teas (Aspalathus linearis)
increase plasma total antioxidant

capacity in healthy humans. Food
Chemistry. 2010;123(3):679-683

[61] Canda BD, Oguntibeju OO,
Marnewick JL. Effects of consumption
of rooibos (Aspalathus linearis)

and a rooibos-derived commercial
supplement on hepatic tissue injury
by tert-butyl hydroperoxide in Wistar
rats. Oxidative Medicine and Cellular
Longevity. 2014;2014

[62] Kim S, Chen ], Cheng T, Gindulyte A,
He]J, He S, et al. PubChem 2019 update:
Improved access to chemical data.
Nucleic Acids Research. 2018;47:1-8

[63] Petrova A, Davids LM, Rautenbach
F, Marnewick JL. Photoprotection by
honeybush extracts, hesperidin and
mangiferin against UVB-induced skin
damage in SKH-1 mice. Journal of
Photochemistry and Photobiology B:
Biology. 2011;103(2):126-139

[64] Dludla P, Muller C, Joubert E,
Louw J, Essop M, Gabuza K, et al.
Aspalathin protects the heart against
hyperglycemia-induced oxidative
damage by up-regulating Nrf2
expression. Molecules. 2017;22(1):129

[65] Halliwell B. Reactive species
and antioxidants. Redox biology is a



Nutraceuticals - Past, Present and Future

fundamental theme of aerobic life. Plant
Physiology. 2006;141(2):312-322

[66] Thannickal V, Fanburg B.
Reactive oxygen species in cell
signaling. American Journal of
Physiology Cell Molecular Physiology.
2000;279(6):L1005-L.1028

[67] Ma Q. Role of Nrf2 in oxidative
stress and toxicity. Annual Review

of Pharmacology and Toxicology.
2013;53:401-426

[68] Dhalla NS, Temsah RM, Thomas
N. Role of oxidative stress in
cardiovascular diseases. Journal of
Hypertension. 2000;18(6):655-673

[69] Ayeleso A, Brooks N, Oguntibeju
O. Modulation of antioxidant status in
streptozotocin-induced diabetic male
Wistar rats following intake of red palm
oil and/or rooibos. Asian Pacific Journal
of Tropical Medicine. 2014;7(7):
536-544

[70] Uli¢cna O, Vancova O, Bozek P,
éérsky ], Sebekova K, Boor P, et al.
Rooibos tea (Aspalathus linearis)
partially prevents oxidative stress
in streptozotocin-induced diabetic
rats. Physiological Research.
2006;55(2):157-164

[71] Suzuki T, Yamamoto M. Molecular
basis of the Keapl-Nrf2 system.

Free Radical Biology & Medicine.
2015;88(Part B):93-100

[72] Kruidering M, Evan G. Caspase-8 in
apoptosis: The beginning of ‘the end’?
IUBMB Life. 2007;50(2):85-90

[73] McLeod CJ, Aziz A, Hoyt RF,
McCoy JP, Sack MN. Uncoupling
proteins 2 and 3 function in concert to
augment tolerance to cardiac ischemia.
The Journal of Biological Chemistry.
2005;280(39):33470-33476

[74] Johnson R, Dludla PV, Muller
CJF, Huisamen B, Essop MF, Louw J.

26

The transcription profile unveils the
cardioprotective effect of Aspalathin
against lipid toxicity in an in vitro H9c2
model. Molecules. 2017;22(2):219

[75] Biswas SK. Does the
interdependence between oxidative
stress and inflammation explain
the antioxidant paradox? Oxidative
Medicine and Cellular Longevity.
2016;2016:17-19

[76] Halliwell B. Are polyphenols
antioxidants or pro-oxidants? What do
we learn from cell culture and in vivo
studies? Archives of Biochemistry and
Biophysics. 2008;476(2):107-112

[77]1 Marnewick JL, Rautenbach F,
Venter I, Neethling H, Blackhurst DM,
Wolmarans P, et al. Effects of rooibos
(Aspalathus linearis) on oxidative

stress and biochemical parameters

in adults at risk for cardiovascular
disease. Journal of Ethnopharmacology.
2011;133(1):46-52

[78] Apak R, Gorinstein S, Bohm

V, Schaich KM, Ozyiirek M, Giiglii

K. Methods of measurement and
evaluation of natural antioxidant
capacity/activity (IUPAC technical
report) . Pure and Applied Chemistry.
2013;85(5):957-998

[79] Kamara BI, Brandt EV, Ferreira D,
Joubert E. Polyphenols from Honeybush
tea (Cyclopia intermedia). Journal of
Agricultural and Food Chemistry.
2003;51(13):3874-3879

[80] Joubert E, Gelderblom WCA, Louw
A, de Beer D. South African herbal

teas: Aspalathus linearis, Cyclopia spp.
and Athrixia phylicoides—A review.

Journal of Ethnopharmacology.
2008;119(3):376-412

[81] Saha S, Sadhukhan P, Sinha
K, Agarwal N, Sil PC. Mangiferin
attenuates oxidative stress induced

renal cell damage through activation of
PI3K induced Akt and Nrf-2 mediated



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...

DOI: http://dx.doi.org/10.5772/intechopen.86410

signaling pathways. Biochemistry and
Biophysics Reports. 2016;5:313-327

[82] Suchal K, Malik S, Khan SI,
Malhotra RK, Goyal SN, Bhatia J, et al.
Protective effect of mangiferin on
myocardial ischemia-reperfusion injury
in streptozotocin-induced diabetic rats:
Role of AGE-RAGE/MAPK pathways.
Scientific Reports. 2017;7(January):1-11

[83] Mahali SK, Verma N, Manna SK.
Advanced glycation end products
induce lipogenesis: Regulation by
natural xanthone through inhibition
of ERK and NF-xB. Journal of Cellular
Physiology. 2014;229(12):1972-1980

[84] Sesso HD, Buring JE, Christen
WG, Kurth T, Belanger C, MacFadyen
], et al. Vitamins E and C in the
prevention of cardiovascular disease
in men: The physicians’ health study
II randomized controlled trial. Journal
of the American Medical Association.
2008;300(18):2123-2133

[85] Manson JE, Cook NR, Lee I-M,
Christen W, Bassuk SS, Mora S, et al.
Vitamin D supplements and prevention
of cancer and cardiovascular disease.
The New England Journal of Medicine.
2019;380(1):33-44

[86] Lee D-H, Folsom AR, Harnack
L, Halliwell B, Jacobs DR. Does
supplemental vitamin C increase
cardiovascular disease risk in women
with diabetes? The American

Journal of Clinical Nutrition.
2004;80(5):1194-1200

[87] Miller ER, Pastor-Barriuso R, Dalal
D, Riemersma RA, Appel LJGE. Review
meta-analysis: High-dosage vitamin E
supplementation may increase. Annals
of Internal Medicine. 2005;142(1):37-46

[88] Rapola JM, Virtamo J, Ripatti
S, Huttunen JK, Albanes D, Taylor
PR, et al. Randomised trial of
a-tocopherol and p-carotene
supplements on incidence of major

27

coronary events in men with previous
myocardial infarction. Lancet.
1997;349(9067):1715-1720

[89] Snijman PW, JoubertE,
Ferreira D, Li XC, Ding Y, Green

IR, et al. Antioxidant activity of the
dihydrochalcones aspalathin and
nothofagin and their corresponding
flavones in relation to other rooibos
(Aspalathus linearis) flavonoids,
epigallocatechin gallate, and Trolox.
Journal of Agricultural and Food
Chemistry. 2009;57(15):6678-6684

[90] Murakami S, Miura Y, Hattori
M, Matsuda H, Malherbe CJ, Muller
CJF, et al. Cyclopia extracts enhance
Thl-, Th2-, and Th17-type T cell
responses and induce Foxp3* cells in
murine cell culture. Planta Medica.

2018;84(5):311-319

[91] Yang S, Lee C, Lee BS, Park EK, Kim
KM, BaeJS. Renal protective effects of
aspalathin and nothofagin from rooibos
(Aspalathus linearis) in a mouse model

of sepsis. Pharmacological Reports.
2018;70(6):1195-1201

[92] Thangaraj K, Vaiyapuri M.
Orientin, a C-glycosyl dietary
flavone, suppresses colonic

cell proliferation and mitigates
NF-«B mediated inflammatory
response in 1,2-dimethylhydrazine
induced colorectal carcinogenesis.
Biomedicine & Pharmacotherapy.
2017;96:1253-1266

[93] Magcwebeba T, Swart P,
Swanevelder S, Joubert E, Gelderblom
W. Anti-inflammatory effects of
Aspalathus linearis and Cyclopia spp.
Extracts in a UVB/Keratinocyte
(HaCaT) model utilising interleukin-1-
Accumulation as biomarker. Molecules.
2016;21(10):1-21

[94] Im AR, Yeon SH, Lee JS, Um KA,
Ahn Y], Chae S. Protective effect of
termented Cyclopia intermedia against
UVB-induced damage in HaCaT human



Nutraceuticals - Past, Present and Future

keratinocytes. BMC Complementary and
Alternative Medicine. 2016;16(1):261

[95] Lee W, Bae JS. Anti-inflammatory
effects of aspalathin and nothofagin
from rooibos (Aspalathus linearis)

in vitro and in vivo. Inflammation.
2015;38(4):1502-1516

[96] Lee W, Ku S-K, Bae J-S.
Ameliorative Effect of Vicenin-2 and
Scolymoside on TGFBIp-Induced
Septic Responses. Inflammation.
2015;38(6):2166-2177

[97] Ku S-K, Bae J-S. Vicenin-2 and
scolymoside inhibit high-glucose-
induced vascular inflammation

in vitro and in vivo. Canadian Journal
of Physiology and Pharmacology.
2016;94(3):287-295

[98] Hendricks R, Pool EJ. The in

vitro effects of rooibos and black tea
on immune pathways. Journal of
Immunoassay and Immunochemistry.

2010;31(2):169-180

[99] Mueller M, Hobiger S, Jungbauer
A. Anti-inflammatory activity of

extracts from fruits, herbs and spices.
Food Chemistry. 2010;122(4):987-996

[100] Baba H, Ohtsuka Y, Haruna H, Lee
T, Nagata S, Maeda M, et al. Studies of
anti-inflammatory effects of rooibos
tea in rats. Pediatrics International.

2009;51(5):700-704

[101] Kunishiro K, Tai A, Yamammoto
I. Effects of rooibos tea extract on
antigen-specific antibody production
and cytokine generation iz vitro and
in vivo. Bioscience, Biotechnology, and
Biochemistry. 2001;65(10):2137-2145

[102] Mazibuko-Mbeje SE, Dludla PV,
Roux C, Johnson R, Ghoor S, Joubert
E, et al. Aspalathin-enriched green
rooibos extract reduces hepatic insulin
resistance by modulating PI3K/Akt and
AMPK pathways. International Journal
of Molecular Sciences. 2019;20(3):633

28

[103] Smit SE, Johnson R, Van Vuuren
MA, Huisamen B. Myocardial

glucose clearance by Aspalathin
treatment in Young, mature, and obese

insulin-resistant rats. Planta Medica.
2018;84(2):75-82

[104] Mazibuko SE, Joubert E,

Johnson R, Louw ], Opoku AR, Muller
CJF. Aspalathin improves glucose

and lipid metabolism in 3T3-L1
adipocytes exposed to palmitate.
Molecular Nutrition & Food Research.
2015;59(11):2199-2208

[105] Sanderson M, Mazibuko SE,
Joubert E, De Beer D, Johnson

R, Pheiffer C, et al. Effects of
fermented rooibos (Aspalathus

linearis) on adipocyte differentiation.
Phytomedicine. 2014;21:109-117

[106] Pheiffer C, Dudhia Z, Louw J,
Muller C, Joubert E. Cyclopia maculata
(honeybush tea) stimulates lipolysis
in 3T3-L1 adipocytes. Phytomedicine.
2013;20(13):1168-1171

[107] Dudhia Z, Louw J, Muller C,
Joubert E, De Beer D, Kinnear C,

et al. Cyclopia maculata and Cyclopia
subternata (honeybush tea) inhibits
adipogenesis in 3T3-L1 pre-adipocytes.
Phytomedicine. 2013;20(5):401-408

[108] Beltran-Debén R, Rull A,
Rodriguez-Sanabria F, Iswaldi I,
Herranz-Lépez M, Aragones G,

et al. Continuous administration of
polyphenols from aqueous rooibos
(Aspalathus linearis) extract ameliorates
dietary-induced metabolic disturbances
in hyperlipidemic mice. Phytomedicine.
2011;18(5):414-424

[109] Johnson R, Dludla P, Joubert E,
February F, Mazibuko S, Ghoor S,

et al. Aspalathin, a dihydrochalcone
C-glucoside, protects H9c2
cardiomyocytes against high glucose
induced shifts in substrate preference

and apoptosis. Molecular Nutrition &
Food Research. 2016;60(4):922-934



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...

DOI: http://dx.doi.org/10.5772/intechopen.86410

[110] Schulze AE, De Beer D, Mazibuko
SE, Muller CJF, Roux C, Willenburg

EL, etal. Assessing similarity analysis
of chromatographic fingerprints of
Cyclopia subternata extracts as potential
screening tool for in vitro glucose

utilisation. Analytical and Bioanalytical
Chemistry. 2016;408(2):639-649

[111] Kamakura R, Son MJ, de Beer
D, Joubert E, MiuraY, Yagasaki K.
Antidiabetic effect of green rooibos
(Aspalathus linearis) extract in
cultured cells and type 2 diabetic
model KK-ay mice. Cytotechnology.
2015;67(4):699-710

[112] Ku SK, Kwak S, Kim Y, BaeJS.
Aspalathin and nothofagin from
rooibos (Aspalathus linearis) inhibits
high glucose-induced inflammation

in vitro and in vivo. Inflammation.
2014;38(1):445-455

[113] Dludla PV, Muller CJF, Louw ],
Joubert E, Salie R, Opoku AR, et al.
The cardioprotective effect of an
aqueous extract of fermented rooibos
(Aspalathus linearis) on cultured

cardiomyocytes derived from diabetic
rats. Phytomedicine. 2014;21(5):595-601

[114] Mathijs I, da Cunha DA, Himpe

E, Ladriere L, Chellan N, Roux CR,

et al. Phenylpropenoic acid glucoside
augments pancreatic beta cell mass in
high-fat diet-fed mice and protects beta
cells from ER stress-induced apoptosis.
Molecular Nutrition & Food Research.
2014;58(10):1980-1990

[115] Saleh S, El-Maraghy N, Reda E,
Barakat W. Modulation of diabetes
and dyslipidemia in diabetic insulin-
resistant rats by mangiferin: Role

of adiponectin and TNF-a. Anais

da Academia Brasileira de Ciéncias.
2014;86(4):1935-1948

[116] Chellan N, Joubert E, Strijdom
H, Roux C, Louw J, Muller CJF.
Aqueous extract of unfermented
honeybush (Cyclopia maculata)

29

attenuates stz-induced diabetes and
p-cell cytotoxicity. Planta Medica.
2014;80(8-9):622-629

[117] Son MJ, Minakawa M, Miura

Y, Yagasaki K. Aspalathin improves
hyperglycemia and glucose intolerance
in obese diabetic ob/ob mice.

European Journal of Nutrition.
2013;52(6):1607-1619

[118] Mazibuko SE, Muller CJF, Joubert
E, De Beer D, Johnson R, Opoku AR,

et al. Amelioration of palmitate-induced
insulin resistance in C2C12 muscle

cells by rooibos (Aspalathus linearis).
Phytomedicine. 2013;20(10):813-819

[119] Muller CJF, Joubert E, de Beer

D, Sanderson M, Malherbe CJ, Fey

SJ, et al. Acute assessment of an
aspalathin-enriched green rooibos
(Aspalathus linearis) extract with
hypoglycemic potential. Phytomedicine.
2012;20(1):32-39

[120] Muller CJF, Joubert E, Gabuza K,
De Beer D, Fey SJ, Louw J. Assessment
of the antidiabetic potential of an
aqueous extract of Honeybush (Cyclopia
intermedia) in streptozotocin and obese
insulin resistant Wistar rats. In: Rasooli I,
editor. Phytochemistry-Bioactivities and
Impact on Health. London: IntechOpen;
2011:313-332. DOI: 10.5772/28574

[121] Kawano A, Nakamura H, Hata
S, Minakawa M, MiuraY, Yagasaki

K. Hypoglycemic effect of aspalathin,
arooibos tea component from
Aspalathus linearis, in type 2 diabetic
model db/db mice. Phytomedicine.
2009;16(5):437-443

[122] Sun D, Huang ], Zhang Z, Gao H,
LiJ, Shen M, et al. Luteolin limits infarct
size and improves cardiac function after
myocardium ischemia/reperfusion

injury in diabetic rats. PLoS One.
2012;7(3)

(123 Wu X, XuT, LiD, Zhu S, Chen Q,
HuW, et al. ERK/PP1a/PLB/SERCA2a



Nutraceuticals - Past, Present and Future

and JNK pathways are involved in
luteolin-mediated protection of rat
hearts and cardiomyocytes following
ischemia/reperfusion. PLoS One.
2013;8(12)

[124] Persson IA-L, Persson K, Hagg S,
Andersson RGG. Effects of green

tea, black tea and rooibos tea on
angiotensin-converting enzyme and
nitric oxide in healthy volunteers.
Public Health Nutrition.
2010;13(05):730

[125] Persson IA-L, Josefsson M, Persson
K, Andersson RGG. Tea flavanols inhibit
angiotensin-converting enzyme activity
and increase nitric oxide production in
human endothelial cells. The Journal

of Pharmacy and Pharmacology.
2006;58(8):1139-1144

[126] Persson IA-L. The pharmacological
mechanism of angiotensin-converting
enzyme inhibition by green tea,

rooibos and enalaprilat—A study on
enzyme kinetics. Phytother Research.
2012;26(4):517-521

[127] Fu XC, Wang MW, Li SP, Wang HL.
Anti-apoptotic effect and the
mechanism of orientin on ischaemic/
reperfused myocardium. Journal of
Asian Natural Products Research.

2006;8(3):265-272

[128] Lu N, SunY, Zheng X. Orientin-
induced cardioprotection against
reperfusion is associated with
attenuation of mitochondrial
permeability transition. Planta Medica.

2011;77(10):984-991

[129] Pantsi WG, Marnewick JL,
Esterhuyse AJ, Rautenbach F,

Van Rooyen J. Rooibos (Aspalathus
linearis) offers cardiac protection
against ischaemia/reperfusion

in the isolated perfused rat heart.
Phytomedicine. 2011;18(14):1220-1228

[130] Khan AU, Gilani AH. Selective
bronchodilatory effect of rooibos tea

30

(Aspalathus linearis) and its flavonoid,
chrysoeriol. European Journal of
Nutrition. 2006;45(8):463-469

[131] Guerrero L, Castillo J, Quifiones
M, Garcia-Vallvé S, Arola L, Pujadas
G, et al. Inhibition of angiotensin-
converting enzyme activity by
flavonoids: Structure-activity
relationship studies. PLoS One.
2012;7(11):1-11

[132] Inoguchi T, Li P, Umeda F, Yu HY,
Kakimoto M, Imamura M, et al. High
glucose level and free fatty acid stimulate
reactive oxygen species production
through protein kinase-C dependent
activation of NAD(P)H oxidase in
cultured vascular cells. Diabetes.
2000;49:1939-1945

[133] Esser N, Legrand-Poels S, Piette

J, Scheen AJ, Paquot N. Inflammation
as a link between obesity, metabolic
syndrome and type 2 diabetes. Diabetes
Research and Clinical Practice.
2014;105(2):141-150

[134] Reaven GM. Pathophysiology
of insulin resistance in human
disease. Physiological Reviews.
1995;75(3):473-486

[135] Sookoian S, Pirola CJ. Review
article: Shared disease mechanisms
between non-alcoholic fatty liver disease
and metabolic syndrome—Translating
knowledge from systems biology to the
bedside. Alimentary Pharmacology

& Therapeutics. 2019;49 (November
2018):516-527

[136] Huang X, Liu G, Guo]J, Su
Z. The PI3K/Akt pathway in obesity
and type 2 diabetes. International

Journal of Biological Sciences.
2018;14(11):1483-1496

[137] Lee EM, Lee SS, Chung BY, Cho]Y,
Lee IC, Ahn SR, et al. Pancreatic lipase
inhibition by C-glycosidic flavones
isolated from Eremochloa ophiuroides.
Molecules. 2010;15(11):8251-8259



Rooibos (Aspalathus linearis) and Honeybush (Cyclopia spp.): From Bush Teas to Potential...

DOI: http://dx.doi.org/10.5772/intechopen.86410

[138] Krebs DL. SOCS Proteins: Negative
Regulators of Cytokine Signaling. Stem
Cells. 2001;19:378-387

[139] Jack BU, Malherbe CJ, Huisamen B,
Gabuza K, Mazibuko-Mbeje S, Schulze
AE, et al. A polyphenol-enriched
fraction of Cyclopia intermedia decreases
lipid content in 3T3-L1 adipocytes and
reduces body weight gain of obese db/db
mice. South African Journal of Botany.
2017;110:216-229

[140] Tansey JT, Sztalryd C, Hlavin EM,
Kimmel AR, Londos C. The central
role of perilipin a in lipid metabolism
and adipocyte lipolysis. IUBMB Life.
2004;56(7):379-385

[141] Poher AL, Altirriba J, Veyrat-
Durebex C, Rohner-Jeanrenaud F. Brown
adipose tissue activity as a target for the

treatment of obesity/insulin resistance.
Frontiers in Physiology. 2015;6(4):1-9

[142] Schrauwen P, Hesselink

MKC. The role of uncoupling
protein 3 in fatty acid metabolism:
Protection against lipotoxicity? The
Proceedings of the Nutrition Society.
2004;63(2):287-292

[143] Na L, Zhang Q, Jiang S, Du S, Zhang
W, LiY, et al. Mangiferin supplementation
improves serum lipid profiles in
overweight patients with hyperlipidemia:
A double-blind randomized controlled
trial. Scientific Reports. 2015;5:1-9

[144] Laakso M. Hyperglycemia and
cardiovascular disease in type 2
diabetes. Diabetes. 1999;48(5):937

[145] Maritim AC, Sanders RA, Watkins
JB. Diabetes, oxidative stress, and
antioxidants: A review. Journal of

Biochemical and Molecular Toxicology.
2003;17(1):24-38

[146] Sasaki M, Nishida N, Shimada MA.
Beneficial role of rooibos in diabetes
mellitus: A systematic review and meta-
analysis. Molecules. 2018;23(4):839

31

[147] Himpe E, Cunha DA, Song

I, Bugliani M, Marchetti P, Cnop

M, et al. Phenylpropenoic acid
glucoside from rooibos protects
pancreatic Beta cells against cell death
induced by acute injury. PLoS One.
2016;11(6):e0157604

[148] Song I, Roels S, Martens GA,
Bouwens L. Circulating microRNA-375
as biomarker of pancreatic beta cell
death and protection of beta cell mass

by cytoprotective compounds. PLoS
One. 2017;12(10):e0186480

[149] Beelders T, Brand DJ, de Beer D,
Malherbe CJ, Mazibuko SE, Muller
CJF, et al. Benzophenone C- and
O-glucosides from Cyclopia genistoides
(Honeybush) inhibit mammalian

a-glucosidase. Journal of Natural
Products. 2014;77(12):2694-2699

[150] Liu W, Wang H, Meng F. In silico
modeling of aspalathin and nothofagin
against SGLT?2. Journal of Theoretical
and Computational Chemistry.
2015;14(08):1550056

[151] Chen D, Chen R, Wang R, Li

J, Xie K, Bian C, et al. Probing the
catalytic promiscuity of a regio- and
stereospecific C-glycosyltransferase
from Mangifera indica. Angewandte
Chemie, International Edition.
2015;54(43):12678-12682

[152] Santos CMM, Freitas M,
Fernandes E. A comprehensive
review on xanthone derivatives as
a-glucosidase inhibitors. European

Journal of Medicinal Chemistry.
2018;157:1460-1479

[153] Jesus AR, Vila-Vigosa D,
Machuqueiro M, Marques AP, Dore TM,
Rauter AP. Targeting type 2 diabetes
with C-glucosyl dihydrochalcones

as selective sodium glucose
Co-transporter 2 (SGLT2) inhibitors:
Synthesis and biological evaluation.
Journal of Medicinal Chemistry.
2017;60(2):568-579



Nutraceuticals - Past, Present and Future

[154] Ehrenkranz JRL, Lewis NG, Ronald
Kahn C, Roth J. Phlorizin: A review.
Diabetes/Metabolism Research and
Reviews. 2005;21(1):31-38

[155] Chellan N. Aqueous extract of
unfermented honeybush (Cyclopia
maculata) attenuates STZ-Induced

diabetes and p-cell cytotoxicity. Planta
Medica. 2014;80:622-629

[156] Singh AK, Raj V, Keshari AK,

Rai A, Kumar P, Rawat A, et al.
Isolated mangiferin and naringenin
exert antidiabetic effect via PPARy/
GLUT#4 dual agonistic action with
strong metabolic regulation. Chemico-
Biological Interactions. 2018;280:33-44

[157] Miura T, Ichiki H, Hashimoto
I, Iwamoto N, Kao M, Kubo M, et al.
Antidiabetic activity of a xanthone

compound, mangiferin. Phytomedicine.
2001;8(2):85-87

[158] Schulman IH, Zhou MS, Raij L.
Nitric oxide, angiotensin II, and reactive
oxygen species in hypertension and
atherogenesis. Current Hypertension

Reports. 2005;7(1):61-67

[159] Hadi HAR, Carr CS, Al
Suwaidi J. Endothelial dysfunction:
Cardiovascular risk factors, therapy,

and outcome. Vascular Health and Risk
Management. 2005;1(3):183-198

[160] Gilani AH, Khan A, Ghayur MN,
Ali SF, Herzig JW. Antispasmodic
effects of rooibos tea (Aspalathus
linearis) is mediated predominantly
through K* channel activation. Basic
Clinical Pharmacology Toxicology.
2006;99(5):365-373

[161] Mageda Z. Investigating the
Modulating Effects of Afriplex GRTTM
Extract on Vascular Function and
Antioxidant Status in Obese Wistar
Rats [Master’s thesis]. Stellenbosch:
Stellenbosch University; 2018

32

[162] Smit-van Schalkwyk M. Rooibos
and Melatonin: Putative Modulation
of Nicotine-induced Effects on
Vascular Function [Doctoral thesis].
Stellenbosch: Stellenbosch University;
2016

[163] Williams SM, Haines JL, Moore
JH. The use of animal models in the
study of complex disease: All else is
never equal or why do so many human

studies fail to replicate animal findings?
BioEssays. 2004;26(2):170-179



