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The possible mechanism of photoprotection by polyphenolic extracts of honeybush and the two most 

abundant polyphenols found in honeybush, hesperidin and mangiferin were determined using a mouse 

model. Ethanol: acetone soluble extracts and pure honeybush compounds were applied topically to the 

skin of SKH-1 mice before daily exposures to ultraviolet B (UVB) (180 mJ/cm2) for 10 days. The honey- 

bush extracts reduced signs of sunburn, such as erythema, peeling and hardening of the skin and also sig- 

nificantly (P < 0.05) reduced edema, epidermal hyperplasia and the induction of cyclooxygenase-2 (COX- 

2), ornithine decarboxylase (ODC), GADD45 and OGG1/2 expression. The fermented honeybush extract 

significantly (P < 0.05) reduced lipid peroxidation and depletion of the antioxidant enzymes catalase 

and superoxide dismutase. Hesperidin and mangiferin were less effective. These results show that 

extracts of honeybush and to some extent, hesperidin and mangiferin, renders protection against UVB- 

induced skin damage. The mechanisms investigated suggest that honeybush extracts protected the skin 

via modulation of induced-oxidative damage, inflammation and cell proliferation. Other specific biolog- 

ical properties such as modulation of signaling pathways could also be involved. 

  
 

  

 

 

1. Introduction 

 
Acute exposure of the skin to ultraviolet B (UVB) irradiation not 

only causes tanning due to increased melanogenesis, but also sun- 

burn [1]. The skin reddens due to an inflammatory response called 

erythema , which occurs immediately after exposure, and peaks 

within minutes to hours afterwards [2]. Associated histological 

changes such as cutaneous edema and hyperplasia occur after irra- 

diation and peak within 24–48 h. UVB irradiation also generates 

reactive oxygen species (ROS) within the skin by reacting with 

photosensitive molecules, and via the inflammatory response. This 

increase in oxidative stress results in an imbalance between ROS 

and the skin s endogenous antioxidant defense system resulting 

in damage to important molecular structures in the cells of the 

skin, such as DNA, proteins and lipids [3]. When epidermal cells 

are irreversibly damaged, apoptosis occurs, resulting in the pro- 

duction of sunburn cells, which manifests as peeling of the skin. 

Chronic or repeated exposure to UVB irradiation therefore causes 

skin photoaging and both the initiation and promotion of photo- 

carcinogenesis [4]. 

Polyphenols, such as resveratrol from grapes and  silymarin 

from the milk thistle plant, that scavenge UVB-generated ROS in 
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the skin have been shown to prevent other damaging effects of 

UVB such as edema, hyperplasia, inflammation, lipid peroxidation 

and carcinogenesis [5,6]. Honeybush (Cyclopia spp.) is a fynbos 

plant species that only grows in South Africa. The leaves and stems 

of honeybush are traditionally used to make an herbal tea. The 

unprocessed or green  plant material is oxidized to produce a fer- 

mented honeybush herbal tea. Honeybush is rich in antioxidant 

polyphenols and has previously been shown to have chemopreven- 

tive properties such as reducing oxidative stress, inhibiting both 

mutagenesis and tumourigenesis [7–9]. In a study by Marnewick 

and co-workers [9], extracts of honeybush significantly reduced 

the promotion of tumors  by  12-O-tetradecanoylphorbol-13-ace- 

tate (TPA) in 7,12 dimethylbenz[a]anthracene (DMBA)-initiated 

mice skin. This study proposes that honeybush may protect the 

skin against UVB, which would contribute towards reducing the 

damaging effects of acute UVB irradiation, and ultimately prevent 

carcinogenesis and aging due to chronic exposure. Furthermore, 

it examines the mechanisms by which honeybush may show 

photoprotective effects. The two most abundant polyphenols in 

honeybush are the flavanone hesperidin and the xanthone mangif- 

erin [10]. Both of these have been shown to exhibit antioxidant, 

anti-inflammatory and  antitumourigenic  activities  [11–14].  Due 

to the known properties of these two polyphenols, the possibility 

exists that they may be the active compounds responsible for the 

previously shown chemoprotective effects of honeybush. 
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Overall, the aim of this study is to investigate the modulation of 

green  and fermented honeybush extracts, and the polyphenols 

hesperidin and mangiferin on the damaging effects of acute UVB 

exposure to mice skin. 

 

2. Materials and methods 

 
2.1. Chemicals 

 

The chemicals L-ascorbic acid, 2,20 -azobis (2-methylpropionam- 

idine) dihydrochloride (AAPH), 2,2-azino-di-3-ethylbenzthiazoline 

sulfonate (ABTS), 2,6-di-tert-butyl-4-methylphenol (BHT), (+)-cat- 

echin hydrate, 5,50 dithiobis-2-nitrobenzoic acid (DTNB), fluores- 

cein sodium salt, formaldehyde, Folin Ciocalteu s phenol reagent, 

gallic acid, glutathione reductase, hesperidin, histological grade 

formaldehyde, 6-hydroxydopamine, mangiferin, 1-methyl-2-vinyl- 

pyridinium trifluoromethanesulfonate (M2VP), b-nicotinamide 

adenine dinucleotide phosphate reduced tetrasodium salt 

(NADPH), quercetin dihydrate, 6-hydroxy-2,5,7,8-tetramethylch- 

roman-2-carboxylic acid (trolox), 2-thiobarbituric acid (TBA) and 

2,4,6-tri[2-pyridyl]-s-triazine (TPTZ) was obtained from Sigma– 

Aldrich (Steinheim, Germany). Diethylenetriaminepentaacetic acid 

(DETAPAC), 4-(dimethylamino)-cinnamaldehyde (DMACA) and 

malondialdehyde bis (diethyl acetal) (MDA) were purchased from 

Merck (Hohenbrunn, Germany). The primary antibodies cyclooxy- 

genase-2 (COX-2) (M-19 goat polyclonal), ornithine decarboxylase 

(ODC) (D-15 goat polyclonal), 8-oxoguanine DNA gylcosylase 

(OGG1/2) (L-19 goat polyclonal) and growth arrest and DNA dam- 

age inducible protein 45 (GADD45a) (C-4 mouse monoclonal) were 

purchased from Santa Cruz Biotechnology (CA, USA), the histobond 

microscope slides from Marienfeld Laboratory Glassware (Lauda- 

Kö , Germany) and the diaminobenzidine (DAB+) liquid 

substrate chromagen system was purchased from Dako (South 

Africa). Green  and fermented honeybush (Cyclopia intermedia) 

was kindly donated by Mr. Arend Redelinghys (Rooibos Limited, 

Clanwilliam, South Africa). 

 
2.2. Preparation of honeybush extracts and pure compounds 

 

Ethanol soluble polyphenolic-rich extracts of fermented and 

green  honeybush were prepared as described by Marnewick 

et al. [9]. Plant material 10% (m/v) was extracted three times with 

chloroform for 12 h each time on a stirrer and filtered through 

Whatman No. 1 paper to remove chlorophyll and lipophilic com- 

pounds. The retained plant material was further extracted  three 

times with absolute ethanol for 12 h each time on a stirrer. The 

plant material was filtered  through  Whatman  No.  1  paper  and 

the filtrate retained. The filtrate  was  then  evaporated  at  45  C 

and 150 rpm under reduced pressure in a rotary evaporator (Labo- 

rota 4000, Heidolph Instruments Germany) and the remaining sol- 

ids weighed and stored in the dark at room temperature in a 

desiccator. The dried extracts were prepared as a 1% (w/v) solution 

in ethanol: acetone (1:1, v/v) for the determination of total poly- 

phenol, flavonol and flavanol content and  antioxidant  capacity. 

The solid content of the honeybush extracts and pure compounds 

dissolved in ethanol: acetone (1:1, v/v) was determined gravimet- 

rically after drying aliquots at 50 C for 48 h. The analysis of each 

extract was done in triplicate and each assay was repeated at least 

three times for reproducibility. 

 
2.3. Determination of total polyphenol content 

 

The total polyphenol content of the ethanol extracts was deter- 

mined using the Folin Ciocalteu s phenol reagent according to the 

method described by Singleton et al. [15]. The total polyphenols 

 

were expressed as mg gallic acid standard equivalents per gram 

extract. The flavanol/proanthocyanidin content of the ethanol ex- 

tracts was determined colorimetrically at 640 nm using the alde- 

hyde DMACA and expressed as mg catechin standard equivalents 

per gram extract [16,17]. The flavonol/flavone content of the etha- 

nol extracts was determined spectrophotometrically at 360 nm 

and expressed as mg quercetin standard equivalents per gram ex- 

tract [18]. 

 

2.4. HPLC quantification of hesperidin and mangiferin 

 

The concentration of hesperidin and mangiferin in the 

honeybush extracts was determined by high performance liquid 

chromatography (HPLC) analysis according to an adapted method 

described by Bramati et al. [19], where the elution gradient was ad- 

justed. The HPLC analysis was done on a Finnigan Spectra SCM1000 

system, which consisted of an AS3000 auto sampler, P2000 pump 

and  UV1000  UV  detector.  A  YMC-Pac  Pro  C18  (5 lm,  150   

4.6 mm I.D.) column was used at a flow rate of 0.8 ml per min, with 

a 20 ll sample volume, and a 95–5% linear gradient of 1% acetic 

acid–acetonitrile over 30 min. Detection was at 280 nm and data 

was interpreted using the ChromQuest 4.2 system manager. For 

the honeybush extracts,  peak  identity  was  confirmed  by  means 

of retention time and UV spectra for hesperidin and mangiferin 

that were recorded for in the range 200–400 nm. 

 

2.5. Determination of absorption spectra 

 

The honeybush extracts and pure compounds, hesperidin and 

mangiferin were dissolved in methanol and the UV–VIS absorption 

spectra determined using the Nicolet Evolution 300 spectropho- 

tometer (Thermo electron Corporation). 

 

2.6. Determination of antioxidant capacity 

 

The oxygen radical absorbance capacity (ORAC) of the ethanol 

extracts was determined according to the fluorometric method de- 

scribed by Ou et al. [20] using the fluorophore fluorescein and the 

peroxyl radical AAPH. The ORAC value was expressed as lmol trol- 

ox standard equivalents per gram extract. The ferric reducing 

antioxidant power (FRAP) was determined according to the spec- 

trophotometric method described by Benzie and Strain [21] using 

the reaction of TPTZ with Fe(II) generated by the  donation of 

hydrogen to iron (III) chloride hexahydrate by antioxidants. The 

trolox equivalent antioxidant capacity (TEAC) was determined 

according to the spectrophotometric method described by Pelleg- 

rini et al. [22] using the ABTS radical generated by potassium per- 

oxodisulfate. The FRAP value was expressed as lmol ascorbic acid 

standard equivalents per gram extract while the TEAC value was 

expressed as lmol trolox standard equivalents per gram extract. 

 

2.7. Animals and UV source 

 

Breeding pairs of SKH-1 mice were obtained from Charles River 

Laboratories (Kent, United Kingdom). The mice were quarantined 

according to the standard procedures of the Animal Unit at the 

University of Cape Town (Cape Town, South Africa) and bred. Four 

to six week old female offspring were selected for the study. The 

mice had free access to rodent diet cubes (protein 160 g/kg, mois- 

ture 120 g/kg, lipid 25 g/kg, fiber 60 g/kg, phosphorous 7 g/kg, cal- 

cium 18 g/kg) and water and were kept at 20–23 C on a 12 h dark- 

light cycle in a room that was ventilated with approximately 16– 

20 total air changes per h. The UVIlink UV crosslinker (UVItec Lim- 

ited, UK) was fitted with six 8-W T-8 M 312 nm tubes (Vilber Lour- 

mat, France) at a distance of 18 cm from the base with the UV 

energy output  monitored  by  the  built-in radiometer.  Ethical  ap- 
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proval for the study was obtained from the University of Cape 

Town Research Ethics Committee before commencement of the 

study (REC REF: 005/025). 

 

2.8. Animal study protocol 
 

The short term UVB exposure study was performed according 

to the protocol described by Vayalil et al. [23]. The SKH-1 mice 

were randomly divided into seven groups of ten mice each; posi- 

tive, negative and vehicle control groups, green  and fermented 

honeybush treated groups, and hesperidin and mangiferin treated 

groups. The honeybush extracts were prepared  in  ethanol:  ace- 

tone (1:1, v/v) at a concentration of 30 mg/ml according to the 

method of Marnewick et al. [9], while hesperidin was prepared 

at a concentration of 3 mg/ml and mangiferin at 4 mg/ml in etha- 

nol: acetone (1:1, v/v). These were the maximum concentrations 

measured in the green  honeybush extract by HPLC analysis. 

On the first day, the mice in the solvent control group and the po- 

sitive control group were treated topically on the dorsal skin with 

100 ll of ethanol: acetone (1:1, v/v), while the negative control 

group was left untreated. The green  and fermented honeybush 

groups were treated topically on the dorsal skin with 100 ll of 

the respective honeybush extracts. The hesperidin and mangiferin 

groups received a 100 ll application of the respective polyphenol 

on the dorsal skin. Thirty minutes later, all groups accept the neg- 

ative control and solvent control  groups  were  irradiated  with 

180 mJ/cm2 UVB. This treatment was repeated daily for ten con- 

secutive days. Mice were monitored daily for any possible harmful 

effects. The mice were then terminated by carbon dioxide asphyx- 

iation 24 h after the last treatment and the dorsal skin harvested. 

The weight of the mice was noted before and after the study to 

serve as a health indicator. Harvested skin tissue samples were 

snap frozen in liquid nitrogen and then homogenized with a poly- 

tron homogenizer in phosphate buffered saline with or without 

M2VP. The homogenate was then centrifuged at 10,000g at 4 C 

for 15 min and the skin cytosolic preparation collected and stored 

at 80 C until further analysis. The sunburn response of the skin 

was monitored every day and recorded. Skin erythema, thickening 

and peeling was estimated visually and recorded on a scale of de- 

gree of damage in a similar manner as described by Zhaorigetu 

et al. [24]. The term erythema  was used to describe the redden- 

ing of the skin. The term thickening  was used to describe scaling 

and plaque-like lesions on the skin. Peeling  referred to the flak- 

ing of skin from the surface. The increase in bi-fold skin thickness, 

which is an indicator of edema and hyperplasia, was measured 

using a Digi-Max slide calliper (Sigma, USA) before the first treat- 

ment on day one and before termination. Measurements were ta- 

ken on three random areas of the dorsal skin and the average 

thickness  determined. 

 

2.9. Histology and immunohistochemistry 

 

Skin samples harvested from the mice were immediately fixed 

in 37% histological grade formaldehyde, processed and embedded 

in H c™ paraffin wax (Merck, Germany). The samples were 

then sectioned (5 lm) and mounted onto microscope slides and 

stained with hematoxylin and eosin according to standard histol- 

ogy procedure. The average number of epidermal cell layers and 

the thickness of the epidermis from the stratum basale to the stra- 

tum corneum was determined from approximately 10 random 

fields of three representative samples from each group at 200 

magnification using a Zeiss Axioskop 2 light microscope (Carl Zeiss, 

Germany) and Photoshop CS3 v10.0 software. A graticule was used 

to determine the scale. Paraffin embedded tissue was sectioned 

(5 lm)  and collected onto  silane-treated microscope slides for 

immunohistochemical staining according to standard procedure 

in the laboratory. The paraffin embedded sections were dewaxed 

with xylene and rehydrated through graded alcohols, permeabili- 

zed using 0.2% Triton X100 in phosphate buffered saline (PBS) 

and boiled in 10 mM sodium citrate, pH 6.0 for 10 min. For immu- 

nohistochemistry, the sections were treated with 3% hydrogen per- 

oxide in methanol for 10 min to quench endogenous peroxidases 

and blocked for 1 h with 1% bovine serum albumin (BSA) in PBS. 

Primary antibodies (Santa Cruz Biotechnology, USA) for COX-2 

(marker of inflammation), ODC (marker for cell proliferation), 

OGG1/2 and GADD45a (markers for DNA damage) were incubated 

on separate sections at 4 C overnight and then with the appropri- 

ate secondary horseradish peroxidase-conjugated antibodies for 

1 h at room temperature. The slides were stained with DAB and 

the nuclei counterstained with hematoxylin. Slides were viewed 

using a Zeiss Axioskop 2 light microscope (Carl Zeiss, Germany). 

Stained cells were counted using Photoshop CS3 v10.0 software 

in approximately ten random fields of three representative sam- 

ples from each group at 400 magnification, and expressed as 

the number of cells per 100 lm in that field. A graticule was used 

to determine the scale. 

 
2.10. Catalase and superoxide dismutase activity 

 

Catalase activity in the skin preparations was determined using 

the method described by Aebi [25]. In a quartz cuvette, 170 ll 

50 mM potassium phosphate, pH 7.0 and 75 ll 0.1% hydrogen per- 

oxide in 50 mM potassium phosphate, pH 7.0 was added, followed 

by 5 ll skin preparation. The reaction was measured at 240 nm 

with a spectrophotometer (Nicolet Evolution 300, Thermo Electron 

Corporation, Finland) and the decrease in hydrogen peroxide re- 

corded for 2 min in 15 s intervals. Catalase activity (lmole/min/ 

mg) was determined using the millimolar extinction coefficient 

of 0.00394. The activity of superoxide dismutase (SOD) was deter- 

mined spectrophotometrically [26]. In  a 96  well plate, 170 ll 

0.1 mM DETAPAC in 50 mM sodium phosphate buffer, pH 7.4 and 

15 ll crude extract was added followed by 15 ll 1.6 mM 6- 

hydroxydopamine.  The  reaction  was  measured  at  490 nm  for 

4 min at 30 s intervals and SOD activity expressed as U/mg of pro- 

tein. Protein concentration was determined using the BCA protein 

assay kit supplied by Pierce (Illinois, USA). 

 
2.11. Determination of glutathione content 

 

The ratio of reduced (GSH) and oxidized (GSSG) glutathione was 

determined according to the method described by Asensi et al. 

[27]. In a clear 96-well flat bottom plate, 1U glutathione reductase, 

50 ll 0.3 mM DTNB and 50 ll skin preparation for GSH or 50 ll 

skin preparation treated with M2VP for GSSG was incubated at 

25 C for 5 min. The reaction was then initiated with 50 ll  1 mM 

NADPH and measured at 412 nm for 5 min at 30 s intervals and 

the concentration of total glutathione, GSH and GSSG determined 

with GSH as standard. 

 
2.12. Determination of lipid peroxidation 

 

Thiobarbituric acid reacting substances (TBARS) content in the 

skin preparations was assessed as an indicator of lipid peroxida- 

tion. For the determination of TBARS, a volume of 300 ll sample 

was mixed with  6.25 mM BHT on  ice and then  centrifuged  at 

2000 rpm, 4 C for 15 min. A volume of 350 ll supernatant was 

added to 0.25% TBA and incubated at 90 C for 20 min. The sample 

was then transferred to a clear 96-well flat bottom plate and the 

absorbance measured at 532 nm. The concentration of TBARS per 

sample was determined using  the  standard  malondialdehyde 

(MDA) and expressed as nmole per mg protein. 
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2.13. Statistical analysis 

 

The herbal tea extracts and pure compounds data was analyzed 

using one-way ANOVA with MedCalc v 9.4.2.0 software. All other 

data was analyzed using the Kruskal–Wallis one-way ANOVA on 

ranks hypotheses with NCSS v 07.1.14 software. To determine sta- 

tistically significant differences, the Tukey–Kramer Multiple-com- 

parison test was used. Data not normally distributed was log 

transformed. A P value of 0.05 was considered statistically signifi- 

cant. Correlations were calculated using Microsoft Excel 2008 for 

Mac v 12.0 software. A r value of 0.8 was considered a good 

correlation. 

 

 
3. Results 

 
3.1. Total polyphenol content 

 

The  fermented  honeybush   extract   contained   significantly 

(P < 0.05) less total polyphenols (69.916 mg/g) than the green  

honeybush   extract   (179.618 mg/g)   and   also   significantly   (P 

< 0.05) less flavonoids (Table 1). Of the flavonoids measured, the 

flavonols/flavones were most abundant contributing towards the 

total polyphenol content in both extracts. The green  honeybush 

extract contained 85.147 mg/g flavonols/flavones and the 

fermented honeybush extract 51.862 mg/g flavonols/flavones. 

Flavanols/proanthocyanidins were less abundant flavonoids con- 

tributing towards the total polyphenol content of the extracts. 

The green  honeybush extract contained 15.691 mg/g flavanols/ 

proanthocyanidins and the fermented honeybush extract con- 

tained 1.566 mg/g flavanols/proanthocyanidins. 

 

 

3.2. Hesperidin and mangiferin content 

 

The concentrations of both hesperidin and mangiferin were sig- 

nificantly (P < 0.05) higher in the green  honeybush extract 

(40.742 mg/g and 62.721 mg/g) than in the fermented honeybush 

extract (24.260 mg/g and 2.559 mg/g) respectively (Table 2). The 

concentration of mangiferin in green  honeybush extract was also 

significantly (P < 0.05) higher than the hesperidin content, while in 

the fermented honeybush extract, the concentration of mangiferin 

was significantly (P < 0.05) lower than the hesperidin content. 

 

3.3. UV–VIS absorption spectra 

 

The green  honeybush extract (Fig. 1a) absorbed maximally at 

258 nm, 318 nm and 366 nm, which correspond to the max peaks 

for mangiferin (Fig. 1d), and at 285 nm, which corresponds to the 

max peak for hesperidin (Fig. 1c). The fermented honeybush ex- 

tract (Fig. 1b) absorbed maximally at 285 nm, also the max peak 

for hesperidin. 

 

3.4. Antioxidant capacity 

 

Using the FRAP, TEAC and ORAC methods for determining anti- 

oxidant capacity, the green  honeybush extract exhibited a sig- 

nificantly (P < 0.05) higher antioxidant capacity  (8.14 lmol/ 

100 ll, 3.01 lmol/100 ll; 14.40 lmol/100 ll) when compared to 

the fermented honeybush extract (2.47 lmol/100 ll, 0.75 lmol/ 

100 ll; 8.46 lmol/100 ll) (Table 3). The antioxidant capacity of 

hesperidin and mangiferin used at the concentrations applied, 

were greatly reduced compared to the honeybush extracts, with 

mangiferin  exhibiting  a  higher  capacity  (0.13 lmol/100 ll; 

0.05 lmol/100 ll; 0.24 lmol/100 ll) than hesperidin (0.02 lmol/ 

100 ll; 0.02 lmol/100 ll; 0.28 lmol/100 ll).  All three methods 

for determining antioxidant capacity correlated well with each 

other (FRAP/TEAC r = 0.998, FRAP/ORAC r = 0.938, TEAC/ORAC 

r = 0.916). 

There was a significant (P < 0.05) difference in the soluble solid 

content of the green  (2.67 mg/100 ll) and fermented honeybush 

(1.97 mg/100 ll) extracts. There were significantly (P < 0.05) less 

soluble solids in hesperidin (0.04 mg/100 ll) and mangiferin 

(0.03 mg/100 ll) compared to the herbal tea extracts, as expected. 

 

3.5. Sunburn 

 

Daily UVB irradiation of the dorsal skin of SKH-1 mice resulted 

in a sunburn response, which included erythema, peeling, thicken- 

ing of the skin and edema (Fig. 2). Mice in the positive control 

group responded with strong erythema, hardening and peeling of 

the skin at days four and five, which gradually subsided towards 

the end of the study (day 10). Neither the negative control, nor 

the solvent control group mice showed any changes in dorsal skin 

appearances. The application of green  and fermented honeybush 

extracts markedly reduced the sunburn effects of UVB irradiation 

as mice from these groups showed only mild hardening and ery- 

 
 

Table 1 

Total polyphenol and flavonoid content of honeybush extracts topically applied to the skin of SKH-1 mice. 
 

 

Extract Total polyphenol content Flavonol/flavone content Flavanol/proanthocyanidin content 
 

(Ethanol: acetone) (mg GAE/g) (mg GAE/100 ll)  (mg CE/g) (mg CE/100 ll)  (mg QE/g) (mg QE/100 ll)  

Green   honeybush 179.618 ± 5.018
Hf

 0.539 ± 0.015  15.691 ± 1.597
Hf

 0.047 ± 0.005  85.147 ± 7.238
Hf

 0.255 ± 0.022  
Fermented honeybush 69.916 ± 2.708

Hg
 0.210 ± 0.008 

 
1.566 ± 2.144

Hg
 0.005 ± 0.006 

 
51.862 ± 3.874

Hg
 0.156 ± 0.012 

 

Values in columns are means ± SD of three determinations (n = 3). Superscripts indicate significant differences (P < 0.05). Abbreviations: GAE, gallic acid equivalents; CE, 

catechin equivalents; QE, quercetin equivalents; Hg, green  honeybush; Hf, fermented honeybush. 

 

 
 

Table 2 

Concentration of hesperidin and mangiferin in honeybush extracts. 
 

Extract Hesperidin   Mangiferin 

(Ethanol: acetone) (mg/g) (mg/100 ll)  (mg/g) (mg/100 ll)  

Green   honeybush 40.742 ± 5.268
HgM,HfH,HfM

 0.122 ± 0.016  62.721 ± 3.253
HgH,HfH,HfM

 0.188 ± 0.010  
Fermented  honeybush 24.260 ± 2.156

HgH,HgM,HfM 
0.073 ± 0.006 2.559 ± 1.019

HgH,HfH,HgM 
0.008 ± 0.003 

 
 

Values in columns are means ± SD of three determinations (n = 3). Superscripts indicate significant differences (P < 0.05). Abbreviations: HgH, green honeybush hesperidin; 

HgM, green honeybush mangiferin; HfH, fermented honeybush hesperidin; HfM, fermented honeybush mangiferin. 
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Fig. 1. UV–VIS absorption spectra of (a) green  honeybush extract (b) fermented honeybush extract (c) hesperidin and (d) mangiferin. 

 
Table 3 

Antioxidant capacity of extracts and pure compounds. 
 

Extract/pure 

compound 

Soluble solids FRAP  TEAC  ORAC  

Ethanol: acetone (mg/100 ll) (lmol AAE/g) (lmol AAE/100 ll) (lmol TE/g) (lmol TE/100 ll) (lmol TE/g) (lmol TE/100 ll) 

Green   honeybush 2.67 ± 0.03
Hf,H,M

 2714.31 ± 239.79 8.14 ± 0.72
Hf,H,M

 1003.13 ± 284.03 3.01 ± 0.85
Hf,H,M

 4798.55 ± 315.16 14.40 ± 0.95
Hf,H,M

 

Fermented honeybush 1.97 ± 0.13
Hg,H,M

 823.54 ± 52.91 2.47 ± 0.16
Hg,H,M

 248.27 ± 12.88 0.75 ± 0.04
Hg,H,M

 2818.38 ± 79.07 8.46 ± 0.24
Hg,H,M

 

Hesperidin 0.04 ± 0.01
Hg,Hf

 61.01 ± 3.42 0.02 ± 0.001
Hg,Hf,M

 51.77 ± 0.80 0.02 ± 0.0002
Hg,Hf,M

 923.46 ± 1.77 0.28 ± 0.001
Hg,Hf

 

Mangiferin 0.03 ± 0.01
Hg,Hf

 320.67 ± 5.99 0.13 ± 0.002
Hg,Hf,H

 133.07 ± 3.36 0.05 ± 0.001
Hg,Hf,H

 603.72 ± 18.53 0.24 ± 0.01
Hg,Hf

 

Values in columns are means ± SD of three determinations (n = 3). Superscripts indicate significant differences (P < 0.05). Abbreviations: ORAC, oxygen radical absorbance 

capacity; FRAP, ferric reducing antioxidant power; TEAC, trolox equivalent antioxidant capacity; AAE, ascorbic acid equivalents; TE, trolox equivalents; Hg, green  hon- 

eybush; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 
 

thema from day five, while no peeling occurred. The pure com- 

pounds hesperidin and mangiferin did not reduce the sunburn ef- 

fects of UVB irradiation and showed a similar sunburn response as 

the positive control group. 

Edema was determined by measuring the increase in bi-fold 

skin thickness compared to the normal increase in skin thickness 

due to growth of the mice. UVB irradiation of mice skin resulted 

in a significant increase in bi-fold skin thickness in the positive 

control group (0.77 mm, P < 0.05) compared to the increase ob- 

served in the unirradiated negative control (0.32 mm) and the sol- 

vent control group (0.14 mm) (Fig. 3a). Topical application of the 

green  honeybush and fermented honeybush extracts signifi- 

cantly inhibited UVB-induced edema, showing a bi-fold skin thick- 

ness  of  0.30 mm  (104.44% inhibition,  P < 0.05)  and  0.46 mm 

(68.89% inhibition, P < 0.05), respectively. Topical application of 

mangiferin also significantly inhibited UVB-induced edema, with 

an increase in bi-fold skin thickness 0.44 mm (73.33% inhibition, 

P < 0.05). Hesperidin only moderately inhibited UVB-induced ede- 

ma, with an increase in bi-fold skin thickness of 0.56 mm (46.67% 

inhibition). There was no significant weight loss observed (data not 

shown). 

 

3.6. Hyperplasia 

 

Daily UVB irradiation of mice skin in the positive control group 

resulted in epidermal hyperplasia showing a significant 2.5–3-fold 

increase in the thickness of the epidermis (62.1 lm, P < 0.05) and 

the number  of  cell  layers  (5.15,  P < 0.05)  when  compared  to  the 
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Fig. 2. The sunburn response in mouse skin after five consecutive days of UVB irradiation. Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green 

honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 
 

negative control (24.9 lm, 1.96 cell layers) and the solvent control 

(19.8 lm, 1.74 cell layers) groups (Fig. 3b and c). Topical applica- 

tion of green  honeybush extract inhibited UVB-induced hyper- 

plasia showing an epidermal  thickness of 43.4 lm (50.27% 

inhibition), and 3.08 cell layers (64.89% inhibition, P < 0.05). Topi- 

cal application of fermented honeybush extract also inhibited 

UVB-induced  hyperplasia  showing  an  epidermal  thickness  of 

41.5 lm (55.38% inhibition, P < 0.05), and 2.96 cell layers (68.65% 

inhibition, P < 0.05). Topical application of hesperidin moderately 

reduced the epidermal thickness (42.1 lm,  53.76%  inhibition) 

and significantly reduced the number of cell layers (3.07, 65.20% 

inhibition, P < 0.05). Topical application of mangiferin did not have 

any effect in reducing the epidermal thickness (72.4 lm, 27.69% in- 

crease) nor the number of cell layers (5.19, 0.78% increase). 

 

3.7. Catalase and superoxide dismutase activity 

 

Ultraviolet B irradiation of the mice skin resulted in a significant 

(P < 0.05) decrease in catalase activity (1.99 lmole/min/mg) and 

SOD activity (2.32 U/mg) in the positive control group when com- 

pared to the negative control (2.34 lmole/min/mg catalase, 3.43 U/ 

mg SOD) and solvent control (2.51 lmole/min/mg catalase, 3.15 U/ 

mg SOD) groups, indicating depletion in enzyme activity (Fig. 4a). 

Topical application of the green  honeybush extract resulted in a 

marked protection against the decrease in catalase activity 

(2.36 lmole/min/mg, 105.71%  inhibition)  and  SOD  activity 

(3.01 U/mg, 62.16% inhibition) when compared to the positive con- 

trol group. Topical application of the fermented honeybush extract 

resulted in a significant (P < 0.05) protection against the decrease 

in catalase activity (2.39 lmole/min/mg, 142.86% inhibition) and 

SOD activity (3.92 U/mg, 144.14% inhibition). Hesperidin showed 

a moderate protection against the decrease in catalase activity 

(2.21 lmole/min/mg, 62.86% inhibition) and SOD activity (2.82 

U/mg, 45.05% inhibition). Mangiferin did not show any protection 

against the decrease in catalase activity (2.05 lmole/min/mg, 

17.14% inhibition) but did significantly (P < 0.05) increase SOD 

activity (3.92 U/mg, 144.14% inhibition). Oxidized glutathione 

(GSSG) could not be detected in the skin samples because of the 

detection limit of the assay therefore, total glutathione (GSHt) lev- 

els were determined. Ultraviolet B irradiation of the skin did not 

have any effect on the levels of GSHt in the skin (Fig. 4b). The appli- 

cation of hesperidin did however cause a significant (P < 0.05) de- 

crease in the levels of GSHt in the skin, when compared to all the 

other groups. 

 

 

3.8. Lipid peroxidation 

 

Malondialdehyde was assessed as an indicator of lipid peroxida- 

tion. Daily UVB irradiation of the mice skin for 10 days resulted in a 

significant (P < 0.05) increase in lipid peroxidation (Fig. 4c) in the 

positive control group (8.254 nmole/mg) when compared with 

the negative control group (3.857 nmole/mg) and solvent control 

group (5.445 nmole/mg). Topical application of the green  honey- 

bush extract resulted in a marked protection against UVB-induced 

increase in lipid peroxidation (6.405 nmole/mg, 42.05% inhibition) 

when compared to the positive control group. Topical application 

of the fermented  honeybush  extract  resulted  in  a  significant 

(P < 0.05) decrease in lipid peroxidation (5.200 nmole/mg, 69.46% 

inhibition) when compared to the positive control group. Topical 

application of hesperidin (6.881 nmole/mg, 31.23%  inhibition) 

and mangiferin (6.542 nmole/mg, 38.94% inhibition) resulted in a 

moderate protection against the UVB-induced increase in lipid 

peroxidation. 
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Fig. 3. (a) Edema measured as the average increase in bi-fold skin thickness in response to UVB irradiation. (b) Epidermal hyperplasia in response to UVB irradiation is 

evident by the increase in the thickness (dark bars) and the number of cell layers (light bars) in the epidermis of (c) hematoxylin and eosin stained skin samples. Micrographs 

are representative of each group. Scale bar 50 lm. Error bars indicate standard deviation. P < 0.05 vs positive control. Abbreviations: P, positive control; N, negative control; S, 

solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 
3.9. Inflammation 

 

Irradiation of mice skin daily for 10 days with UVB resulted in a 

significant (P < 0.05) increase in the expression of COX-2 in the epi- 

dermis of the positive control (15.92 cells/100 lm) group skin 

when compared to the negative control (1.01 cells/100 lm) and sol- 

vent control (1.44 cells/100 lm) groups (Fig. 5). Topical application 

of the green  honeybush extract (3.49 cells/100 lm, 83.38% inhibi- 

tion) and the fermented honeybush extract (3.56 cells/100 lm, 

82.91% inhibition) showed significant (P < 0.05) protection against 

UVB-induced COX-2 expression. Topical application of hesperidin 

(12.26 cells/100 lm, 24.60% inhibition) resulted in moderate pro- 

tection but mangiferin (15.84 cells/100 lm, 0.60% inhibition) did 

not protect against the increase in COX-2 expression. 

 

3.10. Cell proliferation 

 

Ornithine decarboxylase (ODC) expression was used as marker 

for cell proliferation. There was a significant increase in the expres- 

sion of ODC in the skin of the UVB-exposed positive control (13.09 

cells/100 lm, P < 0.05) group when compared to the negative (0.54 

cells/100 lm) and solvent (0.85 cells/100 lm) control  groups 

(Fig. 6a and b). Topical application of green  honeybush (4.78 

cells/100 lm) and fermented honeybush (2.72 cells/100 lm) ex- 

tracts significantly (P < 0.05) reduced cell proliferation. Quantita- 

tively, the rate of cell proliferation was reduced to 33.78% and 

17.37% by the green  and fermented honeybush extracts, respec- 

tively. Topical application of hesperidin was only moderately effec- 

tive in reducing the UVB-induced cell proliferation in the skin 

epidermis (7.60 cells/100 lm), while mangiferin caused a signifi- 

cant (P < 0.05) reduction (4.50 cells/100 lm) (Fig. 6b). 

 
 

3.11. DNA damage 

 

A significant (P < 0.05) increase in the expression of GADD45 

(15.89 cells/100 lm) (Fig. 7), a marker of DNA damage, and 

OGG1/2 (13.71 cells/100 lm) (Fig. 8), a marker of oxidative DNA 

damage, was noted in the positive control group skin when com- 

pared to the negative (0.48 cells/100 lm GADD45 and 0.38 cells/ 

100 lm OGG1/2)  and  solvent  (0.20  cells/100 lm GADD45  and 

1.17 cells/100 lm OGG1/2) control groups. Application of the 

green  honeybush extract significantly (P < 0.05) protected 

against the increase in expression of GADD45 (1.53 cells/100 lm, 

93.19% inhibition) and OGG1/2 (0.05 cells/100 lm, 102.47% inhibi- 

tion). Topical application of the fermented honeybush extract also 

significantly (P < 0.05) protected against the increase in expression 

of GADD45 (1.12 cells/100 lm, 95.85% inhibition) and OGG1/2 

(3.19 cells/100 lm, 79.00% inhibition). Topical application of hes- 

peridin was effective in significantly (P < 0.05) protecting against 

the increase in expression of GADD45 (2.40 cells/100 lm, 87.54% 

inhibition) and OGG1/2 (3.39 cells/100 lm, 77.50% inhibition). 

Topical application of mangiferin showed a significant (P < 0.05) 

protection against the increase in expression of GADD45 (9.98 
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Fig. 4. (a) Depletion of antioxidant enzymes in response to UVB irradiation indicated by the decrease in catalase (dark bars) and SOD (light bars) activity. (b) Total glutathione 

content and (c) the increase in lipid peroxidation measured as TBARS in response to UVB irradiation. Error bars indicate standard deviation. P < 0.05 vs positive control. 

Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 

cells/100 lm, 38.35% inhibition) but not on OGG1/2 expression 

(17.32 cells/100 lm, 26.61% increase). 

 
 

4. Discussion 

 
Photochemoprevention is the means of (skin) cancer control in 

which the occurrence of photodamage can be entirely prevented, 

slowed or reversed by topical or oral administration of naturally 

occurring or synthetic compounds  [28]. Numerous publications 

have shown  that  botanical  polyphenolic  antioxidants  are  effective 

in reducing skin carcinogenesis and also the damaging effects of short-

term exposure to UVB. Examples include Vayalil et al. [23] who 

showed that green tea catechins applied to the skin of mice showed 

photoprotective  mechanisms  against  UVB  irradiation  such as 

preventing the depletion of antioxidant defense system en- zymes 

glutathione peroxidase, catalase and glutathione, oxidative damage 

such as  lipid  peroxidation  and  protein  oxidation  and changes in 

MAPK signal transduction pathways. Resveratrol, a stil- bene found 

in grapes,  prevented  UVB  irradiation-induced  edema and 

hyperplasia, induction of COX-2 and ODC, and lipid peroxida- tion 

when applied topically to the skin of mice [5]. Lycopene re- 

duced DNA damage and the induction of ODC and inflammation 

[29]. Also, the soybean genistein reduced sunburn erythema, 

hyperplasia and DNA damage [30].  Polyphenols  in  combinations 

can  show  synergism  and  be  more  active  than  individual  com- 

pounds [31]. For example, the flavonols and flavones identified in 

propolis are more active in combination than individually [32]. 

The effect of UVB in the skin is widespread. UVB is absorbed by 

DNA, and results in cyclobutane pyrimidine dimers (CPDs) and 6–4 

pyrimidine–pyrimidone (6–4 PP) adducts, which contribute to- 

wards mutagenesis [33]. In response to UVB irradiation, increased 

proliferation occurs in the epidermis resulting in epidermal hyper- 

plasia [34]. Moreover, UVB stimulates the skin s inflammatory re- 

sponse, causing erythema, edema and an influx of inflammatory 

cells [35]. In addition, cyclooxygenase-2 (COX-2] is induced, caus- 

ing an increase in the production of prostaglandins, which are in- 

volved in further proliferation, inflammation and promotion of 

carcinogenesis [36]. Ornithine decarboxylase (ODC) is shown to 

be induced to generate polyamines and encourage further prolifer- 

ation in the epidermis [37]. Ultraviolet B also produces ROS, di- 

rectly and via the inflammatory response, causing the depletion 

of the cellular antioxidant defense system and an increase in oxida- 

tive damage [38,39]. 

In this study, polyphenol-rich extracts of honeybush (Cyclopia 

intermedia) plant material and the most abundant polyphenols 

found in honeybush, hesperidin and mangiferin, were investigated 

to determine their possible modulation of the harmful effects of 

UVB. It was noted that processing of green  honeybush to produce 

fermented honeybush caused a decrease in the total polyphenol, 

flavanol and flavonol content, which is in accordance with previ- 

ously published studies [9,40,41]. The antioxidant capacity of fer- 
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Fig. 5. (a) Increase in COX-2 expression as an indication of inflammation in response to UVB irradiation (b), measured by immunohistochemical detection of cells in the 

epidermis expressing COX-2. Micrographs are representative from each group. Scale bar 50 lm. Error bars indicate standard deviation. P < 0.05 vs positive control. 

Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 

 

mented honeybush was also decreased. High performance liquid 

chromatography quantification of the polyphenols  mangiferin 

and hesperidin showed that processing of honeybush reduced hes- 

peridin and mangiferin levels, with mangiferin significantly more 

reduced than hesperidin.  Pure hesperidin and mangiferin also 

had much lower antioxidant capacities than the honeybush ex- 

tracts. Polyphenolic compounds contributed only a portion of the 

extract composition. The other components in our honeybush ex- 

tracts are not known. However, it is known that volatile com- 

pounds are present in honeybush which are responsible for the 

aroma. As these extracts had the characteristic odors of the plant 

material, these volatile compounds are likely to be present. These 

include saturated and unsaturated alcohols, aldehydes, methyl ke- 

tones and terpenoids. The major volatile constituent of green  

honeybush is 6-methyl-5-hepten-2-one which gives a grassy odor. 

Linalool constitutes the major volatile found in fermented honey- 
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Fig. 6. (a) Increase in ODC expression as an indication of increased proliferation in response to UVB irradiation (b), measured by immunohistochemical detection of cells in 

the epidermis expressing ODC. Micrographs are representative from each group. Scale bar 50 lm. Error bars indicate standard deviation. P < 0.05 vs positive control. 

Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 
bush, which gives a floral odor [42]. However, it is unlikely that 

these compounds contribute towards photoprotection, as both lin- 

alool and 6-methyl-5-hepten-2-one are susceptible to oxidation in 

the presence of air [43,44]. Other compounds present in small 

amounts in honeybush include the sugar alcohol (+)-pinitol and 

sugars such as sucrose, glucose and fructose, but are found in the 

nectar [45]. 

Daily UVB irradiation of SKH-1 hairless mice resulted in sun- 

burn, which included erythema, peeling and hardening or scaling 

of the skin. Edema and hyperplasia was also evident. This response 

is in line with other studies that show similar effects in SKH-1 mice 

[5,6,46]. This study however showed that topical application of 

both green  and fermented honeybush extracts reduced sunburn, 

edema and hyperplasia of the skin. The lack of peeling of the skin in 

the extract-treated mice showed that the extracts prevented the 

development of sunburn cells undergoing apoptosis. Compara- 

tively, the green  honeybush extract was more effective than 

the fermented honeybush extract. With respect to the specific 

polyphenols, mangiferin and hesperidin, topical application of both 

showed some protective effects against hyperplasia and edema, 
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Fig. 7. (a) Increase in GADD45 expression as an indication of DNA damage in response to UVB irradiation (b), measured by immunohistochemical detection of cells in the 

epidermis expressing GADD45. Micrographs are representative from each group. Scale bar 50 lm. Error bars indicate standard deviation. P < 0.05 vs positive control. 

Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 
 

although not as effective as the honeybush extracts. These results 

suggest that the extracts and pure compounds either prevented 

the penetration of UVB into the skin by acting as a sunscreen, 

and/or modulated the inflammatory and proliferative response to 

UVB. 

The UV–visible absorption spectrums determined, indicates 

that both the extracts and pure compounds absorb in the UVB 

wavelength range (280–320 nm). This shows that prevention of 

UVB penetration into the skin may be a contributing mechanism 

of protection. However, honeybush showed chemoprotection in 

other studies in which skin carcinogenesis was induced in mice 

using chemical promoters such as TPA instead of ultraviolet 

radiation [9]. Therefore, it cannot  be  concluded  in  this  study, 

that a sunscreen effect  is the only mechanism of protection. 

The roles of a sunscreen effect  and other mechanisms need 

to be determined in a new study in which the extracts and 

polyphenols are applied immediately after (instead of  before) 

UVB irradiation. 
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Fig. 8. (a) Increase in OGG1/2 expression as an indication of oxidative DNA damage in response to UVB irradiation (b), measured by immunohistochemical detection of cells 

in the epidermis expressing OGG1/2. Micrographs are representative from each group. Scale bar 50 lm. Error bars indicate standard deviation. P < 0.05 vs positive control. 

Abbreviations: P, positive control; N, negative control; S, solvent control; Hg, green honeybush ; Hf, fermented honeybush; H, hesperidin; M, mangiferin. 

 

The expression of UVB-induced COX-2 expression in the epider- 

mis is often used as a marker of inflammation and proliferation 

resulting in an increase in prostaglandin release, which could con- 

tribute towards the promotion of carcinogenesis [36]. In addition, 

Fischer et al. [36] demonstrated in COX-2 transgenic and knockout 

mice that it plays a crucial role in UVB-induced skin carcinogene- 

sis. In this study, the green  and fermented honeybush extracts 

significantly reduced UVB-induced COX-2 expression in the epi- 

dermis,  suggesting  that  they  exert  a  strong  anti-inflammatory 

and possibly antiproliferative activity. It will be worthwhile dem- 

onstrating through the use of KO mice whether the same effect is 

observed in vivo. Hesperidin only showed a weak inhibition in 

the increase in COX-2 expression, while mangiferin had no effect. 

Ornithine decarboxylase, the rate-limiting  enzyme  responsible 

for polyamine synthesis and normal cell proliferation and differen- 

tiation of the skin, has been shown to increase with UVB irradia- 

tion, suggesting that it plays a role in UVB-induced skin 

carcinogenesis [47,48]. In this study, there was an expected signif- 
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icant increase in ODC expression (i.e. cell proliferation) in the skin 

epidermis after UVB irradiation, but topically applied green  and 
5. Abbreviations 

fermented honeybush extracts significantly reduced this effect.    
Both mangiferin and hesperidin also reduced the levels of ODC, 

however not as effectively as the honeybush extracts. These results 

indicate the anti-inflammatory and antiproliferative effects of hon- 

eybush, and may be important not only in the chemoprevention, 

but also in hyperproliferative skin disorders. 

Ultraviolet B irradiation of the skin results in the depletion of the 

antioxidant defense system enzymes such as catalase, glutathione 

peroxidase, SOD and the ratio of oxidized and reduced glutathione 

due to quenching the increased levels of ROS that are produced 

[6,23]. In this study we showed that both catalase and SOD activi- 

ties decreased after daily UVB irradiation to mice skin suggesting 

a depletion of enzyme levels. Interestingly, no change in total gluta- 

thione was observed. Both the green  and fermented honeybush 

extracts protected against the decrease  in  activities  of  catalase 

and SOD when applied topically with slightly less protection con- 

ferred by hesperidin. Mangiferin, in contrast caused an unexpected 

increase in SOD activity. These results suggest that the honeybush 

extracts and to a certain extent, the pure compounds assisted the 

cellular antioxidant defense system by quenching ROS, preventing 

the production of ROS, or increasing the expression of endogenous 

antioxidant enzymes to prevent further depletion. Further studies 

on the direct effect of these compounds on cellular antioxidant 

induction are needed. 

UVB-induced ROS production damages lipids, producing lipid 

peroxides that are converted to products such as MDA and conju- 

gated dienes [49,50]. In this study, the green  and fermented hon- 

eybush extracts, as well as hesperidin and mangiferin protected 

against UVB-induced increase in MDA levels in the skin, providing 

further proof of their role as effective antioxidants. Moreover, 

exposure to the extracts significantly reduced the expression of 

the DNA damage markers, OGG1/2 and GADD45 further suggesting 

that these extracts are playing vital roles as antioxidants in pro- 

tecting the skin against lesions that potentially may result in 

photocarcinogenesis. 

In conclusion, the overall results of this study suggest that the 

photoprotective activity of the honeybush extracts is multifactorial 

and includes (1) the prevention of UVB penetration into the skin as 

shown by the maximum UV absorption wavelength of the extracts 

and the reduced sunburn effect, (2) the reduction of oxidative 

stress and/or protection against the depletion of the endogenous 

antioxidant defense system as shown by the reduced level of lipid 

peroxidation and oxidative DNA damage and protection against 

decreases in SOD, CAT and GSHt and (3) the inhibition of UVB-in- 

duced erythema, edema and hyperplasia (all biomarkers of inflam- 

mation) and reduced expression of COX-2 and ODC, markers of 

inflammation and cell proliferation, respectively. The results also 

demonstrate that the application of the whole herbal extract is 

more efficient than the application of individual honeybush com- 

pounds, hesperidin and mangiferin, probably because of a syner- 

gistic effect between the honeybush phenolic compounds. Similar 

findings have been suggested for green tea and the main green 

tea catechin, EGCG [51]. 

This short-term study provides the first evidence that phenolic- 

rich honeybush extracts, and to a certain extent the purified hon- 

eybush compounds, hesperidin and mangiferin can modulate 

UVB-induced damage. The photoprotective effect of the honeybush 

extracts may be suggestive of including the extracts into sunsc- 

reens, cosmetic and skin care products for the prevention/reduc- 

tion of UV-induced skin damage and skin diseases where 

inflammation plays an important role, i.e. melanoma and non-mel- 

anoma skin cancers. Further elucidation of molecular mechanisms 

and clinical validation will support these claims. 

AAPH 2,20 -azobis  (2-methylpropionamidine) 

dihydrochloride 

ABTS 2,2-azino-di-3-ethylbenzthiazoline    sulfonate 

BHT 2,6-di-tert-butyl-4-methylphenol 

BSA bovine serum albumin 

COX-2 cyclooxygenase-2 

DAB diaminobenzidine 

DETAPAC diethylenetriaminepentaacetic    acid 

DMACA 4-(dimethylamino)-cinnamaldehyde 

DMBA 7,12   dimethylbenz[a]anthracene 

DTNB 5,50 dithiobis-2-nitrobenzoic  acid 

FRAP ferric reducing antioxidant power 

GADD45a   growth arrest and DNA damage inducible protein 

45a 

M2VP 1-methyl-2-vinylpyridinium 

trifluoromethanesulfonate 

MDA malondialdehyde 

NADPH b-nicotinamide adenine dinucleotide phosphate 

reduced 

ODC ornithine  decarboxylase 

OGG1/2 8-oxoguanine DNA gylcosylase 

ORAC oxygen radical absorbance capacity 

PBS phosphate  buffered  saline 

ROS reactive oxygen species 

SOD superoxide  dismutase 

TBA 2-thiobarbituric  acid 

TBARS thiobarbituric acid reacting substances 

TEAC trolox equivalent antioxidant capacity 

TPA 12-O-tetradecanoylphorbol-13-acetate 

TPTZ 2,4,6-tri[2-pyridyl]-s-triazine 

trolox 6-hydroxy-2,5,7,8-tetramethylchroman-2- 

carboxylic acid 

UVB ultraviolet   B 
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