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Scope: To determine the effect of Rooibos (Aspalathus linearis) on glucocorticoid biosynthesis 

and inactivation in vivo and in vitro. 

Methods and results: Ultra-performance liquid chromatography/tandem mass spectrometry 
(UPLC-MS/MS) analyses of in vivo studies showed that human Rooibos consumption increased 

cortisone plasma levels in males (p = 0.0465) and reduced cortisol:cortisone ratios in males 

and females (p = 0.0486) at risk for cardiovascular disease. In rats, corticosterone (CORT) 

(p = 0.0275) and deoxycorticosterone (p = 0.0298) levels as well as the CORT:testosterone 

ratio (p = 0.0009) decreased following Rooibos consumption. The inactivation of cortisol was 
investigated in vitro by expressing 11  -hydroxysteroid dehydrogenase type 1 (11  HSD1) and 

type 2 (11 HSD2) in CHO-K1 cells. Rooibos inhibited 11 HSD1, which resulted in a signif- 

icant reduction in the cortisol:cortisone ratio (p < 0.01). No significant effect was detected 

on 11 HSD2. In vitro studies in adrenal H295R cells showed that Rooibos and rutin, one of 

the more stable flavonoid compounds present in Rooibos, significantly reduced the levels of 

cortisol and CORT in cells stimulated with forskolin to mimic a stress response. 

Conclusion: In vivo studies demonstrate that Rooibos significantly decreased glucocorticoid 

levels in rats and steroid metabolite ratios linked to metabolic disorders—cortisol:cortisone in 

humans and CORT:testosterone in rats. Results obtained at cellular level elucidate possible 

mechanisms by which these effects were achieved. 
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Rooibos is a popular tisane or herbal tea made from the stems 

and leaves of the fynbos plant, Aspalathus linearis, which is 

unique to the Western Cape region of South Africa. Rooi- 

bos has gained popularity globally as a health drink, and 

while Germany and the Netherlands have for many years 

commanded the greatest export market, export of Rooibos 

to the UK, USA, and Japan has risen steadily, Website: 
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www.ppecb.com [1, 2]. Although local Rooibos sales have 

also increased [2], it is consumed mainly as an herbal “tea,” 
competing with coffee and varieties of Camellia sinensis. In 

1997, functional teas  already  comprised  25%  of  tea  sales 

in the USA [3] and Rooibos has since joined the healthy 

dietary trends as a functional beverage in the USA, (Web- 

site: www.PreparedFoods.com) [4]. While Rooibos is caffeine 

free with very low tannin levels, it is also a rich source of 

polyphenols. Within this group of compounds, flavonoids 

have been shown to exhibit a wide range of activities, with 

the daily consumption of tea contributing substantially to- 

ward dietary flavonoid intake. Rooibos contains a unique 

flavonoid profile, which is altered due to oxidation during 

fermentation, with the process resulting in a significant loss 

of antioxidant activity [5]. Rooibos is manufactured both as 

a fermented and unfermented product. The former is pro- 

duced by first fermenting shredded plant material for 12– 

14 h in mounds in which the temperature increases to ± 

40 C. This process results in the leaves becoming reddish 

brown in color, after which the material is sun-dried. Unfer- 

mented Rooibos is generally produced by spreading shredded 

plant material in thin layers to minimize drying time in the 

sun, thus maintaining the green color and reducing oxida- 

tive changes. While fermentation decreases antioxidant activ- 

ity, aspalathin and nothofagin are the two compounds most 

affected by the fermentation process [6]. 

Anecdotal evidence suggests that Rooibos aids in the al- 

leviation of depression, anxiety and insomnia—ailments as- 

sociated with stress and which are generally linked to the 

endocrine system. To date, very little clinical data are avail- 

able on the biological effects of Rooibos on the endocrine 

system. Although soy flavonoids have been shown to inhibit 

cortisol production in H295R cells, an adrenal cell model, the 

effect of phytochemicals on steroidogenesis in vivo remained 

undetermined [7]. Our recent report showed that Rooibos sig- 

nificantly influenced the outcome of steroid hormone biosyn- 

thesis in H295R cells stimulated with forskolin to mimic a 

 

 
 

Figure 1. Interconversion of cortisol and cortisone as well as 

CORT and 11-DHC by 11 HSD type 1 and 2. 

 
from cortisol, which binds with a high affinity. Impaired ac- 

tivity of 11 HSD2 has been shown to result in sodium reten- 

tion, ultimately leading to hypertension [10]. 11 HSD type 1 

(11 HSD1) is a bidirectional enzyme expressed in the liver, 

bone, and adipose tissue, catalyzing the interconversion of 

cortisone and 11-DHC to cortisol and CORT, respectively. 

11  HSD1 has been identified as a therapeutic target, since 

it is implicated in various clinical conditions such as obe- 

sity, metabolic syndrome, and type 2 diabetes mellitus [11]. 

The maintenance of normal glucocorticoid levels is therefore 

critical in maintaining hormonal homeostasis. 

In this study we investigated the influence of Rooibos 

consumption on glucocorticoid plasma levels in human test 

subjects at risk for CVD and in male Wistar rats. The influ- 

ence of Rooibos on the inactivation of cortisol was further 

investigated in Chinese hamster ovary (CHO-K1) cells ex- 

pressing 11 HSD. The influence of rutin was subsequently 

investigated at cellular level in the H295R cell model. 

 
2 Materials and methods 

 
2.1 Materials and reagents 

 
Unfermented Rooibos was provided by the South African 

Rooibos Council (Rooibos LTD-BPK, Clanwilliam, South 

stress response [8]. Africa). Nucleobond R AX plasmid preparation kits were 

In the adrenal, the biosynthesis of glucocorticoids, min- 

eralocorticoids,  and  adrenal  androgens  from  the  com- 

mon precursor, cholesterol, is catalyzed by the cytochrome 

P450 (P450) enzymes and 3 -hydroxysteroid dehydrogenases 

(3 HSD), with cytochrome P450 11 -hydroxylase (CYP11B1) 

catalyzing the production of corticosterone (CORT) and cor- 

tisol from their respective precursors, deoxycorticosterone 

(DOC) and deoxycortisol. CORT can also be further metabo- 

lized to aldosterone by aldosterone-synthase in the mineralo- 

corticoid pathway [9]. Glucocorticoids mediate their effects 

via the glucocorticoid receptor, with their availability being 

dependent on the activity of the 11 -hydroxysteroid dehydro- 

genase (11 HSD) isozymes. The conversion of cortisol and 

CORT to their inactive keto-metabolites, cortisone and 11- 

dehydrocorticosterone (11-DHC), respectively, is catalyzed by 

11 HSD type 2 (11 HSD2) (Fig. 1). This enzyme is expressed 

mainly in mineralocorticoid target tissues such as the kidney 

and colon, where it protects the mineralocorticoid receptor 

purchased from Machery-Nagel (Duren, Germany). Mirus 

TransIT R -LT1 transfection reagent was purchased from 

Mirus Bio Corporation (Madison, WI, USA). Penicillin– 
streptomycin, fetal calf serum, and trypsin–EDTA were ob- 

tained from Gibco BRL (Gaithersburg, MD, USA). Deuter- 

ated cortisol (9,11,12,12-D4-cortisol) was purchased from 

Cambridge isotopes (Andover, MA, USA). Steroids,  rutin, 

forskolin, Dulbecco’s modified Eagle’s Medium  (DMEM), 

and an MTT assay kit were purchased from Sigma-Aldrich 

(St. Louis, MA, USA). DMEM/F12 and gentamicin were pur- 

chased from Invitrogen/Gibco (Grand Island, NY, USA). Cos- 

mic calf serum was supplied by HyClone R , Thermo Scientific 

(South Logan, UT, USA). A bicinchoninic acid (BCA) protein 

determination kit was purchased from Pierce (Rockford, IL, 

USA). The UPLC BEH C18 column was purchased from Wa- 

ters (Milford, MA, USA). The Kinetex PFP column and SPE 

columns (Strata-X 33 Polymetric Reversed Phase, 200 mg/3 

mL) were obtained from Phenomenex (Torrance, CA, USA). 

http://www.ppecb.com/
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All other chemicals were of the highest grade and supplied 

by trustworthy scientific supply houses. 

 

 
2.2 Methanolic extractions of unfermented Rooibos 

 
Unfermented Rooibos plant material (30 g) was extracted with 

chloroform (300 mL) for 8 h using a glass soxhlet extractor 

fitted with a double wall condenser, followed by a methanol 

(300 mL) extraction for 8 h. Extracts were protected from light 

and oxygen at all times to avoid any compositional changes. 

The methanolic extract was dried on a rotary evaporator and 

the vacuum released under nitrogen. One gram of Rooibos 

leaves yielded 0.158 g extract. The dried extract was resus- 

pended in deionized water, centrifuged at 6000 × g for 5 min 

and stored in aliquots at −20 C. Extracts were prepared at 

a concentration of 20 mg dried extract/mL for in vitro as- 

says and at a concentration of 160 mg dried extract/mL for 

administration to rats. The extracts were subsequently ana- 

lyzed using the HPLC-DAD method as previously published 

by Beelders et al. [12]. 
 

 
2.3 Preparation of human blood samples 

 
Plasma samples were obtained from the study conducted by 

Marnewick et al. [13]. In this study, the effect of Rooibos was 

assessed on oxidative stress in 40 adult subjects at risk for 

CVD. Briefly, the study included 24 females and 16 males 

between the ages of 30 and 60 years, with at least two or more 

risk factors for coronary heart disease that included hyper- 

cholesterolemia, hypertension, or an increased BMI, while 

not being medicated. A single group intervention design was 

followed, consisting of two intervention periods. Subjects 

first entered a 2-week washout period (control), during which 

food and beverages with high flavonoid content were elim- 

inated, followed by a 6-week intervention period (Rooibos 

intervention) in which the same subjects consumed six cups 

of fermented Rooibos per day (15 g Rooibos leaves/subject). 

Fasting (10 AM-12 AM) blood samples were collected on 

completion of each period and centrifuged at 1000 × g for 

10 min at 4 C. The plasma samples (500 L) were subse- 

quently diluted with deionized water (1:1), followed by the 

addition of 15 ng D4-cortisol. Diluted plasma samples, 1 mL, 

were vortexed with 1 mL ACN and 4 mL ethyl acetate for 

10 min. Phases were separated by centrifugation at 500 × g 

for 10 min, the organic phase removed and evaporated under 

nitrogen. The dried residue was resuspended in 250 L 

methanol, followed by the addition of 1 mL deionized water 

prior to SPE of steroid metabolites. Plasma samples were 

applied to Strata-X SPE columns, preconditioned with 3 mL 

methanol and 3 mL deionized water. Columns were washed 

with 3 mL deionized water and 3 mL 30% methanol. 

Steroids were eluted with 1 mL methanol and the eluent 

dried under nitrogen. The dried residue of each sample was 

resuspended in 150   L methanol and stored at −20 C until 

ultra-performance liquid chromatography tandem mass 

spectrometry (UPLC-MS/MS) analysis. 

 

2.4 Rat study 

 
This study was cleared the by the University of Stellen- 

bosch Animal Research Ethics Committee (reference nr. 

2009B02007) and conformed to the “Guide for the Care and 

Use of Laboratory Animals” published by the National In- 

stitutes of Health (NIH publication 85–23, revised 1996). 

Twenty adult male Wistar rats were housed in standard rat 

cages (5 rats/cage) and fed standard rat chow and tap water 

ad libitum. Conditions were kept at 21 C with lights set to 

a 12:12-h reversed light-dark cycle (lights on at 7 PM). Rats 

were divided into two weight-matched experimental groups 

(n = 10 each) assigned as follows: (i) control group, subjected 

to two daily placebo treatments (1 mL water/kg body mass) 

for a period of 10 consecutive days, administered via oral 

gavage; (2) Rooibos group, maintained as the control group, 

receiving Rooibos treatments instead of placebo treatments. 

Methanolic extracts of unfermented Rooibos were prepared 

as described in Section 2.2. Rats received a dosage equivalent, 

in terms of soluble solids, to the Rooibos infusion consumed 

by human subjects (15 g Rooibos leaves/subject daily). A 

dose translation factor of 6.16 [14] was used to calculate the 

rat dosage of 0.25 g Rooibos leaves/rat daily. The rats were 

administered twice the calculated dose due to the Rooibos 

leaf extract retaining moisture when dried on the rotary evap- 

orator. The rats, with an average mass of 250 g, thus received 

a total of 0.5 g Rooibos leaves/rat (80 mg Rooibos extract/rat), 

which was administered twice daily in a dosage of 0.25 g 

Rooibos leaves/rat (40 mg Rooibos extract/rat) in a volume of 

250 L per gavage. Prior to the intervention protocol, rats were 

accustomed to the investigator by handling and weighing the 

animals twice daily (7 AM and 7 PM), 7 times per week for 

4 weeks. During the experimental protocol, rats were weighed 

once daily (7AM), and received two oral treatments daily 

(7 AM and 7 PM) for 10 consecutive days. On the 11th day of 

the intervention, rats were sacrificed via decapitation between 

8 AM and 11 AM. Trunk blood was collected via a hep- 

arinized funnel into lithium heparin tubes and centrifuged 

at 1000 × g for 10 min at 4 C. Plasma samples, 1.5 mL, 

were subsequently diluted as described in Section 2.3, and 

following the addition of 15 ng D4-cortisol, the samples 

were incubated for 1 h at 60 C. Samples were centrifuged at 

1000 × g for 10 min at 4 C, after which steroids were isolated 

from the resulting supernatant using SPE as described in 

Section 2.3. 

 
2.5 Enzyme assays in transiently transfected 

CHO-K1 cells 

 
CHO-K1 cells were grown at 37 C and 5% CO2 in DMEM 
containing 0.9 g/L glucose, 0.12% NaHCO3, 10% fetal 
bovine serum, and 1% penicillin–streptomycin. Cells were 

plated into 12 well plates (1 mL/well, 1 × 105  cells/mL) 
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24 h prior to transfection. CHO-K1 cells were transiently 

cotransfected  with  a  total  of  1   g  DNA  (0.5   g  human 

11 HSD1/pCR3 and 0.5 g human hexose-6-phosphate de- 

hydrogenase (H6PDH)/pcDNA3.2 or 0.5 g pCIneo with no 

DNA insert) using 3 L Mirus TransIT R LT1 transfection 

reagent per mL according to the manufacturer’s instructions. 

H6PDH was added to stimulate the oxoreductase activity of 

11 HSD1. CHO-K1 cells were also cotransfected with 0.5 g 

human 11 HSD2/pCR3 plasmid DNA and 0.5 g pCIneo, 

using the same protocol. Cells were incubated for 72 h af- 

ter which cortisol (1   M) and cortisone (1    M) were added 

to the medium. 11 HSD1 and 11 HSD2 activities were as- 

sayed in the absence and presence of Rooibos by the addition 

of 50   L unfermented Rooibos extract (final concentration, 

1 mg dried extract/mL). After 24 h, the medium (500 L) 

was removed and steroids extracted from the media using 

a 10:1 volume of dichloromethane to culture medium. The 

mixture was vortexed for 2 min, centrifuged at 500 × g for 

5 min. The dichloromethane phase was dried under nitro- 

gen, resuspended in 150 L methanol and stored at −20 C 

until UPLC-MS/MS analysis. After each assay the cells were 

washed with PBS (10 mM, pH 7.4), collected in the same 

UPLC (ACQUITY UPLC, Waters, Milford, MA, USA) using 

a Phenomenex UPLC Kinetex PFP (2.1 mm × 100 mm, 

2.6 m) column as previously described [8]. Steroid metabo- 

lites from rat plasma were separated by UPLC (ACQUITY 

UPLC) using a Waters UPLC BEH C18 (2.1 mm × 50 

mm, 1.7 m) column as previously described by Storbeck 

et al. [15]. A Xevo triple quadrupole mass spectrometer 

(Waters, Milford, MA, USA) was used for quantitative 

mass spectrometric detection. All steroids were analyzed in 

multiple reaction monitoring mode using an electrospray in 

the positive ionization mode (ESI+). The following settings 

were used: capillary voltage of 2.8 kV, cone voltage 15–50 

V, collision energy 3–32 eV, source temperature 100 C, 

desolvation temperature 500 C, desolvation gas 1000 L/h 

and cone gas 50 L/h. Calibration curves were constructed 

using weighted (1/x2) linear least squares regression. Data 

were collected with the MassLynx 4.1 software program. 
 

2.8 Cell viability 

 
Confluent CHO-K1 cells were plated out in a 96 well plate 

5 

buffer and sonicated prior to protein determination by the (100  L, 1 × 10 cells/mL) and incubated with Rooibos extract 

Pierce BCA R   method. 

 

2.6 Steroid metabolism in H295R cells 

 
H295R cells were grown to confluency at 37 C and 5% 

CO2 in growth medium (DMEM/F12, supplemented with L- 

glutamine, 15 mM HEPES, pyridoxine, 1.125 g NaHCO3/L, 

1% penicillin streptomycin, 0.01% gentamicin, and 10% cos- 

mic calf serum). Steroid metabolism was assayed as fol- 

lows: Cells were plated into 12 well plates (1 mL/well, 

4 × 105 cells/mL) and incubated for 48 h. The medium was 

subsequently replaced with experimental medium (growth 

medium containing 0.1% cosmic calf serum) and cells were 

incubated for 12 h after which the appropriate treatments 

were added in experimental medium. Steroid metabolism 

was assayed in the presence of Rooibos, by the addition 

of 50 L extract per well (final concentration, 1 mg dried 

extract/mL) and in the presence of rutin, added to a final 

concentration of 10 M, under basal and forskolin (10 M) 

stimulated conditions. After 48 h, the medium (500 L) was 

removed and 15 ng D4-cortisol was added as an internal stan- 

dard. Steroids were extracted and the protein content deter- 

mined as described in Section 2.5. After each assay, the cells 

were washed with, and collected in PBS (10 mM, pH 7.4), and 

sonicated prior to protein determination by the Pierce BCA R 

method. 
 

2.7 UPLC-MS/MS separation and quantification of 

steroid metabolites 

 
Steroid metabolites from human plasma, and conversion 

assays in CHO-K1 and H295R cells, were separated by 

(1 mg/mL) for 24 h. Confluent H295R cells were plated out 

in a 96 well plate (100 L, 4 × 105 cells/mL) and incubated 

with Rooibos extract (1 mg/mL), rutin (10 M), and forskolin 

(10  M) for 48 h. Cell viability was subsequently assayed using 

an MTT toxicology assay kit according to the manufacturer’s 
instructions. A color-standardized control (media containing 

1 mg/mL Rooibos extract) was included to compensate for 

the possible interference of the Rooibos color with the assay. 

The following absorption values were obtained: cells exposed 

to media only (  A, 0.335), cells exposed to media containing 

1 mg/mL Rooibos extract ( A, 0.334) and cells exposed to 

media containing 10 M rutin ( A, 0.305). Since Rooibos 

and rutin did not have a significant influence on cell viability, 

the effects of these compounds on steroid production in vitro 

were assayed at abovementioned concentrations. 
 

2.9  Statistical analysis 

 
Data from in vivo studies are summarized as boxplots to il- 

lustrate and compare the distribution of the steroid hormone 

levels for rats, stratified by group (control or +Rooibos) and in 

humans, stratified by treatment (control or +Rooibos) within 

gender. Boxplots show the minimum, maximum (whiskers), 

first and third quartiles (bottom and top of box) and median 

(line inside box) of each group. If there were outliers, they 

are depicted as dots and the whiskers extended to the next 

ordered value. Some distributions were skewed, illustrated 

by the outliers, and therefore those outcomes (testosterone, 

CORT:testosterone, cortisol:cortisone, cortisol:testosterone 

and cortisol:DHEA-S) were log-transformed to approximate 

normality, prior to analysis, for validity. The association of age 

with basic characteristics, after adjusting for gender, were also 

tested. General linear models were used to compare variables 
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Table 1. Major phenolic compounds ( g) present in the methanolic extract of unfermented Rooibos plant material and in the extract 

administered to rats and cells 
 

 

Flavonoid compounds Rooibosa) Ratsb) Cellsc)
 

 

Aspalathin 23 560.0 ± 1035.0 11 930.0 ± 523.8 149.1 ± 6.5 
Nothofagin 4915.0 ± 408.7 2488.0 ± 206.9 31.1 ± 2.6 
Rutin 621.9 ± 28.1 314.9 ± 14.3 3.9 ± 0.2 
Quercetin-3-O-robinobioside 1138.0 ± 53.6 576.1 ± 27.1 7.2 ± 0.3 
Orientin 2356.0 ± 61.2 1193.0 ± 30.9 14.9 ± 0.4 
Isoorientin 3153.0 ± 17.7 1597.0 ± 8.9 20.0 ± 0.1 
Vitexin 435.7 ± 27.6 220.6 ± 14.0 2.8 ± 0.2 
Isovitexin 477.7 ± 25.7 242.1 ± 13.2 3.0 ± 0.2 

Values are expressed as the mean ± SEM. 
a) Flavonoids extracted from 1 g unfermented Rooibos leaves (methanolic extraction). 
b) Flavonoids present in Rooibos extract administered per rat per day. 
c) Flavonoids present in Rooibos extract administered to CHO-K1 cells (24 h) and H295R cells (48 h) per mL media. 

 

between groups of rats as well as general characteristics of the 

human group between genders. Since the same human sub- 

jects were tested for both the control and Rooibos intervention 

period, the correlation between these pairs of measurements 

were taken into account by including random effects for indi- 

viduals in mixed-effects linear models. We tested for gender 

differences in the effect of Rooibos (statistical interaction be- 

tween gender and Roooibos group) and where there was no 

interaction, we tested for difference between Rooibos groups, 

adjusted for gender. All p-values, effect sizes, and confidence 

intervals reported are from these models. In vivo data were 

analyzed in base R and R package nlme, freely available from 

www.r-project.org. The data from CHO-K1 cells were ana- 

lyzed with an unpaired t-test, while the H295R data were 

analyzed with a one-way ANOVA, followed by a Newman– 
Keuls multiple comparison test using GraphPad Prism (ver- 

sion 5) (GraphPad Software, San Diego, CA, USA). A value of 

p < 0.05 was considered statistically significant. 

 
 

3 Results 

 
3.1 Analysis of methanolic extracts of unfermented 

Rooibos 

 
The methanolic extract of unfermented Rooibos used in the 

rat study and in our in vitro experiments (H295R and CHO- 

K1 cells) was analyzed for polyphenols using HPLC-DAD as 

previously published [12]. Quantification of the major phe- 

nolic compounds (Table 1) showed that, per gram unfer- 

mented Rooibos leaves, the dihydrochalcones were the most 

abundant flavonoids present in the extract, with aspalathin 

being 4.8-fold higher than nothofagin. Within the group of 

flavones, isoorientin, and orientin levels were considerably 

higher (6-fold) than those of vitexin and isovitexin. Analyses 

of the flavonols showed that the rutin isomer, quercetin-3-O- 

robinobiocide was present at levels 1.8-fold higher than that 

of rutin. The rats, with an average mass of 250 g, each received 

a total of 18.56 mg of the major phenolic compounds daily, 

while the final concentration of these compounds ranged 

from 6.4 to 330 M in the media to which the CHO-K1 and 

H295R cells were exposed. 

In order to ascertain the major phenolic compounds 

present in fermented Rooibos, these compounds were subse- 

quently also quantified in a methanolic extract of fermented 

Rooibos as well as aqueous extracts of fermented and un- 

fermented Rooibos (Supporting Information Table 1). The 

analyses show that the greatest difference between the aque- 

ous extract of fermented Rooibos and the methanol extract of 

unfermented Rooibos lies in aspalathin and nothofagin levels 

being higher, 45.7-fold and 38.9-fold, respectively, in unfer- 

mented Rooibos. The flavones, orientin, isoorientin, vitexin, 

and isovitexin were ± 2.0-fold higher in unfermented Rooi- 
bos, while the flavonols were also detected at higher levels, 

rutin (5.5-fold), and quercetin-3-O-robinobiocide (1.6-fold). 
 
 

3.2 Analysis of plasma steroid levels in human 

subjects following Rooibos consumption 

 
Human plasma was analyzed for the levels of cortisol, corti- 

sone, dehydroepiandrosterone-sulfate (DHEA-S) and testos- 

terone. The effect of Rooibos on cortisol (Fig. 2A), testos- 

terone (Fig. 2C), and DHEA-S (Fig. 2D) levels in both male 

and female subjects did not reach statistical significance. 

Rooibos consumption did, however, significantly increase the 

levels of cortisone in males by 9.1 nmol/L (95% CI: 1.3–17.0 

nmol/L; p = 0.0465) but not in females (Fig. 2B). The corti- 

sol:cortisone ratio, however, was significantly lower in both 

male and female subjects following Rooibos consumption, re- 

sulting in an estimated reduction of 6.7% (95% CI: 0-12.9%; p 

= 0.0486) after adjusting for gender (Fig. 3A). No significant 

effects were detected on the cortisol:testosterone (Fig. 3B) or 

cortisol:DHEA-S (Fig. 3C) ratios in male or female subjects. 
 
 

3.3 Analysis of plasma steroid levels in male Wistar 

rats following Rooibos consumption 

 
Rat plasma was analyzed for the levels of CORT, DOC, 11-

DHC,   and   testosterone.   A   significant   reduction   of 

http://www.r-project.org/
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Figure 2. Boxplots of human plasma (A) cortisol, (B) cortisone, (C) testosterone, and (D) DHEA-S levels in male and female subjects in the 

absence (control) and presence of Rooibos (+Rooibos). The estimated effect of Rooibos on cortisone was an increase of 9.1 nmol/L (95% 

CI: 1.3–17.0 nmol/L) in male subjects only. No other significant effects were detected. 

 

131.6 nmol/L was observed in CORT plasma levels of rats 

receiving Rooibos treatments (95% CI: 16.3–246.8 nmol/L; 

p = 0.0275) compared to the control group (Fig. 4A). In ad- 

dition, plasma DOC levels were 1.75 nmol/L lower in rats 

consuming Rooibos (95% CI: 0.19–3.32 nmol/L; p = 0.0298; 

Fig. 4B). The influence of Rooibos on the levels of 11-DHC 

(Fig. 4C) and testosterone (Fig. 4D) did not reach statistical 

significance. Although Rooibos only decreased the CORT:11- 

DHC ratio to a level approaching significance (p = 0.0624; 

Fig. 5A), it caused a 57% reduction in the CORT:testosterone 

ratio (95% CI: 32–72%; p = 0.0009; Fig. 5B). 
 

 
3.4 Cortisol and cortisone conversion assays by 

11 HSD in transiently transfected CHO-K1 cells 

 
The influence of Rooibos (1 mg extract/mL) on the inter- 

conversion of cortisol and cortisone by 11 HSD1 as well 

as on the conversion of cortisol to cortisone by 11 HSD2 

was assayed in CHO-K1 cells. 11 HSD1 was assayed with 

and without H6PDH, the cofactor regenerating system that 

stimulates the oxoreductase activity of 11 HSD1. After a 

24 h incubation period with cortisone (reductase/forward re- 

action) in cells co-expressing 11 HSD1 and H6PDH, the ad- 

dition of Rooibos resulted in a significant reduction (68%, 

p < 0.01) in the cortisol:cortisone ratio (Fig. 6A). After the 

same incubation period  with  cortisone  in  cells  expressing 

11  HSD1 alone, the addition of Rooibos also resulted in 

a significant  decrease  in  the  cortisol:cortisone  ratio  (56%, 

p < 0.01) even though the ratio of cortisol:cortisone in the 

absence of Rooibos was lower than that in cells co-expressing 

11 HSD1 and H6PDH. The increased cortisol:cortisone ra- 

tios in the presence of H6PDH is due to stimulated oxo- 

reductase activity, resulting in increased levels of cortisol. The 

same experiment was carried out using cortisol as substrate to 

assay the dehydrogenase/reverse reaction of 11 HSD1. After 

24 h, Rooibos significantly reduced the cortisol:cortisone ratio 

in cells co-expressing 11 HSD1 and H6PDH (39%, p < 0.01) 

as well as in cells expressing 11 HSD1 only (33%, p < 0.01; 

Fig. 6B). No effect was observed on the enzymatic activity of 

11 HSD2 when the cortisol:cortisone ratio was determined 

in the presence of Rooibos (Fig. 6C). 
 

 
3.5 Analysis of steroid metabolites in adrenal H295R 

cells 

 
The effect of rutin (10 M) on steroid metabolism in H295R 

cells was investigated (Table 2) and compared with the effect 

previously observed in the presence of Rooibos (1 mg/mL 

extract) under basal and forskolin-stimulated (10 M) con- 

ditions [8]. While Rooibos significantly reduced the levels of 

deoxycortisol (P < 0.01), DHEA-S (p < 0.01), A4 (p < 0.01), 

11 OHA4 (p < 0.01) and testosterone (p < 0.001) under basal 

conditions, the effect of rutin was negligible. Upon forskolin 

stimulation, however, Rooibos significantly decreased the 
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Figure 3. Boxplots of human plasma (A) cortisol:cortisone, (B) 

cortisol:testosterone and (C) cortisol:DHEA-S ratios in male and 

female subjects in the absence (control) and presence of Rooi- 

bos (+Rooibos). The estimated effect of Rooibos on the corti- 

sol:cortisone ratio was a decrease of 6.7% (95% CI: 0–12.9%) in 

both genders. No other significant effects were detected. 

 
levels of DOC (p < 0.01), deoxycortisol (p < 0.001), CORT 

(p < 0.001), cortisol (p < 0.001) and cortisone (p < 0.01), 

while rutin significantly reduced the levels of deoxycortisol 

(p < 0.01), CORT (p < 0.05) and cortisol (p < 0.001). Rooibos 

and rutin both reduced the levels of A4 (p < 0.001), 11 OHA4 

(p < 0.001) and testosterone (p < 0.001) under stimulated con- 

ditions, however, the levels of DHEA-S was reduced in the 

presence of rutin only (p < 0.001). 

 
 

4  Discussion 

 
Fermented Rooibos, which exhibits significantly lower an- 

tioxidant activity and contains lower levels of aspalathin and 

nothofagin than unfermented Rooibos [6], was consumed for 

6 weeks during the human study, after which we analyzed 

plasma steroid levels. Unfermented Rooibos was used in the 

rat study and in vitro experiments and analyses of the major 

polyphenols in our methanolic extract (Table 1) detected sig- 

nificantly higher levels of aspalathin, nothofagin and rutin, 

while the other flavonoids analyzed were ± 2-fold higher than 

the compounds in the aqueous extract of fermented Rooibos 

(Supporting Information Table 1). It should be noted that the 

aqueous extract was prepared with a different batch of fer- 

mented Rooibos as that which was consumed in the human 

study. While it can be assumed that aspalathin and nothofagin 

levels would differ most significantly to that of unfermented 

Rooibos, there may also be variation in fermented Rooibos 

samples due to factors such as the product originating from 

different plant material, the fermentation and drying process, 

as well as natural variation [12]. Interestingly, when compar- 

ing the aqueous extract and the methanolic extract of un- 

fermented Rooibos, the flavone extraction was higher in the 

organic extract. Although the aglycones were not analyzed, 

these hydrophobic compounds may also be present in the 

methanolic extract, however, it is also possible that they were 

removed in the chloroform fraction during the extraction pro- 

cess. Comparisons of fermented and unfermented Rooibos 

showed that aspalathin and nothofagin levels are significantly 

reduced in fermented Rooibos, as has also been reported by 

other groups [6, 12]. 

We first analyzed the effect of Rooibos consumption in 

vivo—on circulating glucocorticoid levels, cortisol and its in- 

active keto-metabolite, cortisone, in the human study. Our 

analyses showed that cortisone levels increased significantly 

(p = 0.0465) in male subjects following Rooibos consumption 

(Fig. 2B), while the effect on cortisol levels in both male and 

female participants was negligible (Fig. 2A). Since in vivo an- 

imal studies have fewer limitations and are conducted under 

more controlled and standardized conditions than is possi- 

ble for human studies, the influence of Rooibos on adrenal 

steroidogenesis was further investigated in male Wistar rats, 

minimizing the risk of effects being masked by confounding 

factors. Due to the lack of adrenal cytochrome P450 17 - 

hydroxylase/17,20-lyase (CYP17A1) expression, CORT is the 

principal plasma glucocorticoid in rats [9] and the measure- 

ment thereof is generally used an indicator of stress. Plasma 

levels of CORT (p = 0.0275; Fig. 4A) and its precursor metabo- 

lite, DOC (p = 0.0298; Fig. 4B), were reduced significantly 

in rats receiving Rooibos, compared to the control group. 

The effect of Rooibos on the inactive metabolite of CORT, 

11-DHC (Fig. 4C), however, did not reach statistical signifi- 

cance. The reduction observed in CORT and DOC levels indi- 

cates that Rooibos reduced glucocorticoid production in rats, 

likely due to inhibition of CYP11B1, and possibly upstream 

steroidogenic enzymes such as 3 HSD and cytochrome P450 

21-hydroxylase (CYP21A2). We have previously shown that 

Rooibos extracts inhibit CYP17A1 and CYP21A2 [8], while a 

study by Ohno et al. [7], showed that 3 HSD and CYP21A2 

were more sensitive to an array of flavonoid compounds when 

compared to other adrenal steroidogenic enzymes. 
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Figure 4. Boxplots of plasma (A) CORT, (B) DOC, (C) 11-DHC and (D) testosterone levels in male Wistar rats in the absence (control) and 

presence of Rooibos (+Rooibos). The estimated effect of Rooibos on CORT was a decrease of 131.6 nmol/L (95% CI: 16.3–246.8 nmol/L) 

and an estimated decrease of 1.75 nmol/L (95% CI: 0.19–3.32 nmol/L) was observed on the levels of DOC. No other significant effects were 

detected. 

 
 

 
 

Figure 5. Boxplots of plasma (A) CORT:11-DHC and (B) 

CORT:testosterone ratios in male Wistar rats in the absence (con- 

trol) and presence of Rooibos (+Rooibos). The estimated effect of 

Rooibos on the CORT:testosterone ratio was a decrease of 57% 

(95% CI: 32–72%). No other significant effects were detected. 
 
 

 
We subsequently analyzed the effect of Rooibos on steroid 

metabolite ratios, since ratios rather than absolute con- 

centrations alone are generally used to better characterize 

clinical conditions linked to stress related diseases. Corti- 

sol:cortisone (humans) and CORT:11-DHC (rats) ratios in 

circulating blood reflect the interconversion of active gluco- 

corticoids and their inactive keto-metabolites by 11 HSD1 

and 11 HSD2. In the human study, a significant reduction 

in the cortisol:cortisone ratio of both male and female sub- 

jects (p = 0.0486) was detected following Rooibos consump- 

tion (Fig. 3A), suggesting that Rooibos favors the inactivation 

of cortisol. It is possible that the reduced cortisol:cortisone 

ratio could be attributed to altered 11 HSD activity, since in 

vivo cortisol levels remained within the normal range. Sig- 

nificantly decreased cortisol levels may lead to an increase 

in the activity of the HPA axis and undesired stimulation of 

the adrenal by ACTH to produce cortisol [16]. In rats, the 

CORT:11-DHC ratio decreased to a level approaching signifi- 

cance (p = 0.0624) following Rooibos consumption (Fig. 5A). 

Although Rooibos significantly reduced rat CORT levels, the 

effect on 11-DHC was negligible, possibly contributing to 

lowering the effect observed on the CORT:11-DHC ratio. 

The reduction observed in the cortisol:cortisone ratio in 

human subjects following Rooibos consumption prompted 

us to examine the effect of Rooibos on glucocorticoid inac- 

tivation by the two 11 HSD isozymes at cellular level. Co- 

transfection of 11 HSD1 and H6PDH in CHO-K1 cells sim- 

ulates in vivo conditions in which the oxoreductase activity 

of 11 HSD1 predominates, while virtually eliminating the 

dehydrogenase activity [17]. High ratios of NADPH:NADP, 

required for the oxoreductase activity of 11 HSD1, are main- 

tained by H6PDH, which converts glucose-6-phosphate to 6- 

phospho-gluconolactone, regenerating NADPH from NADP 

[18]. Enzyme activity was assayed in the absence and pres- 

ence of Rooibos extract (1 mg/mL) using either 1 M corti- 

sone or 1 M cortisol as substrate. The addition of H6PDH 

resulted in a 1.7-fold increase  in  the  oxoreductase  activ- 

ity, eliminating the dehydrogenase activity completely, with 

no cortisone being detected after 24 h (results not shown), 

which is in agreement with data obtained by Bujalska et al. 

[17]. In the present study, Rooibos significantly reduced the 

cortisol:cortisone ratio in cells expressing 11 HSD1, both in 

the absence and presence of H6PDH, suggesting that Rooi- 

bos modulates 11 HSD1 and does not interfere with H6PDH 

and the cofactor regenerating system. From the data it is 

clear that Rooibos reduces the cortisol:cortisone ratio when 

either cortisone (Fig. 6A) or cortisol (Fig. 6B) conversion is 

assayed in cells expressing 11 HSD1, in the absence and 

presence of H6PDH. 11 HSD2 activity was, however, unaf- 

fected by Rooibos with no effect on the cortisol:cortisone ratio 

being detected after 24 h (Fig. 6C). It is widely reported that 

11 HSD1 plays a pivotal role in the regulation of glucocor- 

ticoid action, with dysregulation and subsequent long-term 

glucocorticoid excess being strongly associated with numer- 

ous clinical conditions linked to the metabolic syndrome [19]. 

Selective 11  HSD1 inhibitors tested in rodents have been 



  

545 Mol. Nutr. Food Res. 2014, 58, 537–549 
 

 

 
 

 
 

Figure 6. Cortisol:cortisone ratios after 24 h in CHO-K1 cells transiently transfected with 11 HSD1 and 11 HSD2. 11 HSD1 expression, 

with and without H6PDH, was assayed with (A) 1 M cortisone as substrate and (B) 1 M cortisol as substrate, while 11  HSD2 expression 

was assayed with (C) 1 M cortisol as substrate, in the absence and presence of Rooibos extract (1 mg/mL). The data was analyzed with 

an unpaired t-test and results are expressed as the mean ± SEM (**p < 0.01). The data is representative of two independent experiments, 

performed in triplicate. 

 
shown to increase insulin sensitivity and decrease endoge- 

nous glucose production, together with a reduction in body 

mass and circulating lipid levels [18]. It is therefore evident 

that 11  HSD1 inhibitors may play a key role in the treatment 

of metabolic syndrome and type 2 diabetes. 

Since flavonoids have been shown to modulate the ac- 

tivity of P450 enzymes and affect steroid hormone biosyn- 

thesis [7, 20], we compared the effect of rutin, 10 M, on 

steroid metabolism in H295R cells with the effect previously 

observed in the presence of 1 mg/mL Rooibos extract, which 

contained rutin at 3.9 g/mL (6.4 M), and quercetin-3-O- 

robinobiocide at 7.2  g/mL (11.8  M) (Table 1). Rutin and 
its isomer are reported to form part of the major phenolic 

compounds present in Rooibos, however, there is marked 

variation between Rooibos production batches [21, 22], with 

our analyses also showing rutin to be present in higher lev- 

els in unfermented than in fermented aqueous extracts of 

Rooibos (Supporting Information Table 1). Analysis of the 

Rooibos extract added to the cells, showed that the cells were 

exposed to ± 0.5 mM flavonoids. These flavonoids however, 
represent only a fraction of the total phenolic compounds 

present in Rooibos. 

The H295R cell line is an excellent model system for study- 

ing the effect of nutraceuticals, dietary supplements and food 

additives on steroid hormone biosynthesis, since these cells 

express all the steroidogenic enzymes and are capable of pro- 

ducing the mineralocorticoids, glucocorticoids, and adrenal 

androgens. These cells can also be manipulated by the ad- 

dition of forskolin, a diterpene that mimics the effects of 

ACTH via the activation of adenyl cyclase (cAMP) pathways in 

adrenal cells, thus imitating a stress response [23]. Analyses of 

the total steroid output showed that the influence of rutin was 

not as pronounced as that of Rooibos under both basal and 

stimulated conditions. Rutin did not influence basal steroid 

production significantly, however, upon forskolin stimula- 

tion, rutin significantly reduced the total steroid output from 

11.1 to 4.9   M (p < 0.01). While neither rutin nor Rooibos in- 
hibited basal CORT or cortisol production significantly, upon 

stimulation, rutin reduced the levels of CORT (p < 0.05) 

and cortisol (p < 0.001), however, markedly less than the in- 
hibitory effect observed in the presence of Rooibos (Table 2). 

Rutin also significantly reduced the levels of deoxycortisol 

(p < 0.01) under stimulated conditions, however not to the 

same extent as Rooibos (p < 0.001). Regarding the inactive 
glucocorticoid metabolites, cortisone and 11-DHC, the effect 

of both Rooibos and rutin was negligible under basal con- 

ditions, however, nonsignificant decreases in 11-DHC and 

cortisone production were observed upon forskolin stimula- 

tion. However, the contribution of the adrenal toward circulat- 

ing levels of inactive glucocorticoid metabolites is negligible, 

since the expression of the 11 HSD isoforms is low in the 

adrenal [24]. From these results it is clear that rutin inhibits 

glucocorticoid production, as well as the respective precursor 

metabolites under stimulated conditions. Interestingly, while 

rutin decreased cortisol levels significantly in the presence of 

forskolin, the effect of Rooibos on cortisol levels was more 

prominent, reducing cortisol levels to the levels detected un- 

der basal conditions. 

We previously showed that Rooibos not only reduced the 

flux through the glucocorticoid pathway, but also through 

the androgen pathway in forskolin stimulated H295R cells, 

prompting us to analyze the plasma levels of testosterone and 

DHEA-S in our in vivo investigations. In addition, we also re- 

ported that Rooibos inhibited CYP17A1, expressed in COS-1 

cells, possibly accounting for the decreased androgen levels 

observed in H295R cells [8]. It must be noted that, while the 

testes is the major site of testosterone production in males, the 

adrenal also produces low levels of testosterone in both males 
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Table 2. Steroid metabolism in H295R cells under basal and forskolin (10   M) stimulated conditions in the presence of Rooibos (1 mg/mL) 

and rutin (10   M) after 48 h 
 

 

Steroids Basala)
 

Steroid levels (nM) 
+Rooibosa)

 

Steroid levels (nM) 
+Rutin 
Steroid levels (nM) 

DOC 107.4 ± 13.0 54.0 ± 8.0 125.7 ± 7.0 

Deoxycortisol 1741.0 ± 234.1 506.4 ± 23.0** 1998.0 ± 128.9 

CORT 241.1 ± 31.6 144.9 ± 13.5 280.2 ± 34.6 

Cortisol 670.2 ± 39.3 381.7 ± 63.7 550.3 ± 28.1 

11-DHC 9.9 ± 0.3 9.0 ± 0.9 11.8 ± 1.4 

Cortisone 6.6 ± 2.2 4.9 ± 0.3 6.0 ± 0.3 

DHEA-S 3.5 ± 0.3 9.1 ± 1.0** 5.5 ± 1.1 

A4 806.5 ± 115.6 307.4 ± 27.5** 890.9 ± 74.4 

11  OHA4 90.1 ± 11.1 162.7 ± 10.6** 83.0 ± 10.7 

Testosterone 39.22 ± 3.60 4.79 ± 0.70*** 44.70 ± 3.49 

Steroids Forskolina)
 

Steroid levels (nM) 
Forskolin + Rooibosa) Forskolin + Rutin 
Steroid levels (nM) Steroid levels (nM) 

DOC 343.2 ± 61.1 104.0 ± 11.0** 510.1 ± 85.8 

Deoxycortisol 2757.0 ± 393.1 539.8 ± 26.8*** 1409.0 ± 156.0** 

CORT 2062.0 ± 170.5 394.9 ± 27.2*** 1267.0 ± 88.8* 

Cortisol 3793.0 ± 285.1 772.1 ± 40.5*** 1246.0 ± 32.3*** 

11-DHC 11.2 ± 1.4 8.4 ± 1.4 7.1 ± 1.8 

Cortisone 11.6 ± 2.7 2.3 ± 0.4** 5.7 ± 2.7 

DHEA-S 5.2 ± 0.5 3.8 ± 0.5 1.2 ± 0.6*** 

A4 1402.0 ± 180.0 259.3 ± 22.6*** 321.2 ± 34.6*** 

11  OHA4 388.3 ± 16.3 167.0 ± 5.7*** 57.9 ± 7.0*** 

Testosterone 50.5 ± 6.1 2.4 ± 0.5*** 8.9 ± 1.0*** 

Steroids are expressed as absolute values (nmol/L). Data was analyzed by a one-way ANOVA, followed by a Dunnett’s multiple comparison 

test and results are expressed as the mean ± SEM (*p < 0.05, **p < 0.01, ***p < 0.001). The data is representative of two independent 
experiments, performed in triplicate. 
a) Data regarding the influence of Rooibos on basal and forskolin stimulation in H295R cells was reproduced and modified from Schloms 
et al. 2012, with permission from Elsevier. 

 
and females due to the expression of 17 -hydroxysteroid de- 

hydrogenase type 3 and 5 [24]. In the human study, Rooi- 

bos consumption did not affect male or female testosterone 

(Fig. 2C) and DHEA-S (Fig. 2D) levels significantly. Since 

rat adrenals do not produce DHEA-S [9], we only analyzed 

testosterone levels, which showed that the effect of Rooibos 

consumption on these levels did not reach statistical signifi- 

cance (Fig. 4D). In a study by Rosmund et al. [25], it was shown 

that altered cortisol:testosterone ratios are prevalent in clinical 

conditions such as type 2 diabetes, hypertension, and CVD. 

In addition, Smith et al. [26] showed that elevated circulating 

cortisol:testosterone ratios are associated with an increased 

risk of ischemic heart disease, mediated through insulin re- 

sistance. The authors therefore hypothesized that agents ca- 

pable of reducing the cortisol:testosterone ratio may improve 

insulin resistance and lower the risk of coronary heart disease. 

In the human study, Rooibos consumption had no significant 

effect on the cortisol:testosterone ratio in male or female sub- 

jects (Fig. 3B), however, in the rat study, Rooibos consump- 

tion significantly reduced the CORT:testosterone ratio by 57% 

(p = 0.0009; Fig. 5B). We also studied the effect of Rooibos on 

the cortisol:DHEA-S ratio in the human study, since it was 

recently shown that this ratio is positively associated with the 

metabolic syndrome [27]. Analyses of human plasma showed 

that the effect of Rooibos on the cortisol:DHEA-S ratio did not 

reach statistical significance, even though the subjects were at 

risk for CVD, with negligible differences being observed after 

the intervention period (Fig. 3C). The lack of statistical power 

to detect significance in steroid levels in human plasma could 

be attributed to the small number of participants in the study. 

It is also possible that the interindividual variation among 

the participants regarding steroid levels and age contributed 

toward lowering the statistical power. Interestingly, under 

stimulated conditions in H295R cells, both Rooibos and rutin 

decreased the levels of the adrenal androgens, androstene- 

dione (A4), 11 -hydroxyandrostenedione (11 OHA4), and 

testosterone significantly (p  <  0.001),  and,  in  contrast 

to Rooibos, rutin also significantly decreased DHEA-S 

levels (p < 0.001; Table 2). DHEA-S, which is syn- 

thesized primarily in  the  adrenal,  is  the  major  source 

of  testosterone  in   women,   while   in   men,   about   half 

of the total androgen pool is synthesized from these 

steroids [28]. Under basal conditions in  H295R  cells, 

Rooibos also reduced  the  levels  of  the  androgens,  A4 

(p < 0.01), 11 OHA4 (p < 0.01), and testosterone (p < 

0.001), however, the levels of DHEA-S increased significantly 
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(p < 0.01). Rutin had no influence on basal androgen produc- 

tion in H295R cells. 

From our data it is clear that rutin did not in all cases result 

in the same inhibitory effects brought about by Rooibos in the 

adrenal cell model, indicating that the flavonoid composition 

of Rooibos results in markedly different inhibitory effects 

on adrenal steroidogenic enzymes. The H295R cells were, 

however, exposed to higher levels of flavonoid compounds 

(Table  1),  with  aspalathin   being   present   at   330   M 

and nothofagin at 71 M. We previously assayed both 

compounds, and at 10 M, both aspalathin and nothofagin 

decreased 17OHPROG and 11 OHA4 levels, while Rooibos 

increased basal production of these steroids. We have also 

determined that aspalathin, nothofagin, rutin, and vitexin, at 

10 M, inhibit CYP17A1 and 3 HSD significantly. Interest- 

ingly, the activity of CYP11B1 was inhibited significantly by 

rutin when deoxycortisol was used as substrate, while vitexin 

had no influence on the conversion. In contrast, when DOC 

was added as substrate, vitexin’s inhibition was significant 

while rutin did not affect the reaction (unpublished data). It is 

evident that the phenolic compounds in Rooibos interact dif- 

ferently with the enzymes catalyzing steroid hormone biosyn- 

thesis, and while some may inhibit specific enzymes, others 

may have no influence, with the effects observed also being 

substrate dependent. In a recent study by Hasegawa et al. [29], 

a range of  flavone, flavanone, and isoflavone compounds 

were assayed in H295R cells. Catechin, a monomeric flavanol 

also present in Rooibos, had no effect on any of the steroid 

levels assayed, while apigenin increased CYP17A1 products, 

PREG, DHEA, and 17OHPROG, and inhibited DOC and A4 

production. In addition, the compound also decreased 

CYP17A1, CYP21A2 and 3 HSD mRNA expression in 

forskolin stimulated H295R cells—effects that were not ob- 

served in unstimulated cells [29].  Although  this  aglycone 

has not been identified in Rooibos, its glycosylated deriva- 

tives, apigenin-6-C-glucoside (isovitexin), and apigenin-8-C- 

glucoside (vitexin) have been identified [12]. Both vitexin and 

isovitexin may be converted to apigenin by intestinal mi- 

crobacteria, with vitexin having been identified in human 

plasma [22]. It should be noted that, in our assays in H295R 

cells, in which the cells were exposed to extracts or com- 

pounds, the bioavailability and metabolism of the flavonoid 

compounds were not taken into account, and data obtained 

as such, may not reflect the effect on the system in vivo. Al- 

though the influence of Rooibos on steroidogenesis cannot 

be attributed to a single flavonoid compound, we showed 

that aspalathin, nothofagin [8] and rutin are able to influ- 

ence steroid production in H295R cells. Both rutin and as- 

palathin have been shown to be present in human plasma 

in their unchanged forms following Rooibos consumption. 

However, recovery rates were low and marked interindivid- 

ual variation in absorption patterns of the human subjects in 

the study was evident [22]. Rutin has been shown to be me- 

tabolized through the action of intestinal bacterial enzymes 

to quercetin, which may be further metabolized to yield phe- 

nolic  acids  [30]  as  well  as  methylated  and  glucuronidated 

 

metabolites [31]. Quercetin may contribute toward the ef- 

fect of Rooibos on steroid plasma levels, as it has been 

shown to inhibit 3  HSD activity significantly at 10 M [7]. 

While it was subsequently shown to have no significant in- 

fluence on cortisol production in H295R cells [32], it was 

shown to increase intracellular cAMP concentrations and to 

induce aromatase activity [33]. While nothofagin was not de- 

tected in plasma samples, it was detected in urine samples, 

together with aspalathin, as conjugated and as unchanged 

metabolites [21]. Whether these phenolic compounds reach 

target tissues in their intact form, at physiologically relevant 

concentrations, and whether effects are due to their native 

structure, is perhaps questionable. However, more than 50 

phenolic compounds have, to date, been identified in Rooi- 

bos [6, 12]. These dietary polyphenols, and their conjugated 

pool of flavonoids produced by intestinal and colonic micro- 

biota, which may contribute to their bioavailability, as well 

as postabsorption metabolism by hepatic enzymes, suggest 

a key role for Rooibos flavonoids in the observed effects on 

steroidogenesis. 

Although the data obtained in this study does place Rooi- 

bos in a favorable position in terms of health benefits, not all 

the polyphenol compounds present in Rooibos are necessar- 

ily beneficial. Plant polyphenols are ingested daily not only as 

part of a normal diet, but also, in many instances, as dietary 

supplements. Tea flavonoids have gained popularity as added 

value products in the food supplement and health industries 

and, being regarded as nutraceuticals, are used to promote 

polyphenol-rich products. However, increasing the dosage 

does not necessarily mean that the increase may be beneficial 

or that more compounds, if any, will reach specific target tis- 

sues. Health benefits regarding the ingestion of concentrated 

polyphenols are being questioned, as limited in vivo data is 

available on the metabolism and absorption thereof. Papers 

reporting the beneficial effects of polyphenols, however, far 

outweigh those reporting on the antinutritional and toxicity 

aspects of polyphenols. Polyphenols taken in high dosages 

have been linked to hepatotoxic effects, toxicity, drug interac- 

tion as well as estrogenic effects [34], however, these effects 

have only been reported when high dosages of concentrated 

dietary supplements or purified tea preparations were taken, 

which is not the case for the consumption of daily teas or 

herbal  infusions. 

Taken together, our data shows that although the sub- 

jects in the human study received a lower dose of flavonoid 

compounds (per kg body mass) due to the consumption of 

fermented tea, a significant effect on cortisol:cortisone ratios 

was nevertheless achieved, indicating that the Rooibos con- 

sumed resulted in changes in these steroid levels. This effect 

was also observed in CHO-K1 cells when cortisol:cortisone 

ratios were analyzed by assaying 11 HSD activity in the pres- 

ence of unfermented Rooibos. Interestingly, the significant 

decrease in cortisol levels obtained with unfermented Rooi- 

bos in the adrenal cell model was not observed in humans, 

possibly due to the lower flavonoid intake. In the rats, how- 

ever, there was a reduction in plasma glucocorticoids, with 
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CORT and DOC levels being reduced significantly, which was 

also reflected in the data obtained in stimulated H295R cells 

in the presence of unfermented Rooibos. While testosterone 

levels were decreased significantly in H295R cells, these levels 

remained unchanged in rats, however, a significant decrease 

was detected in the CORT:testosterone ratio. 

From our data it would appear that Rooibos affects gluco- 

corticoid biosynthesis by reducing glucocorticoid production 

in the adrenal and/or by favoring the inactivation of glu- 

cocorticoids to their inactive keto-metabolites by 11 HSD. 

Although a degree of uncertainty exists with regards to the 

absorption and bioavailability of the compounds present in 

Rooibos, the daily consumption of Rooibos is not associated 

with the ingestion of concentrated doses of polyphenols, and 

has not been linked to toxic effects. Our in vivo and in vitro 

studies suggest a role for Rooibos in the maintenance of nor- 

mal glucocorticoid  levels,  which could  suggest  therapeutic 

applications for Rooibos in the management of stress-related 

conditions and metabolic diseases. 
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