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INTRODUCTION 

Exposure of cells to UV radiation results in DNA damage by direct 

excitation of DNA or involves excitation of cellular chromophores 1. The 

most common direct excitation of DNA generates cyclobutane pyrimidin 

dimer (CPD) and 6-4 pyrimidin-pyrimidon photoproducts which are 

responsible for cytotoxic, mutagenic and carcinogenic activity of short-wave 

UVC and UVB radiation 1. Both UVC and UVB are primarily absorbed 

by epidermal layer causing sunburn and basal cell carcinoma 2. Studies 

showed that Echinacea purpurea extracts exert anti-genotoxic, anti-

oxidative, immunomodulatory and anti-inflammatory effects which could be 

attributed to phenolic acids, alkylamides and acetylamides 3-6.  

Our previous study showed that Echinacea purpurea (L.) Moench 

(EH) extract, rich in phenolic acids, has protective effect on human blood 

lymphocytes exposed to UVC radiation 7. In this study we checked 

whether the pre-treatment of human keratinocyte HaCaT cells with 

lyophilisate of EH could reduce or prevent primary DNA damage induced 

by UVC radiation (253.7 nm) in laboratory conditions. 

 

MATERIALS AND METHODS 

Plant material was prepared as previously described 7. Composition 

of plant extract (3.47 % of total phenolic acids, cichoric acid 3.65 %, 

flavonoids 0.13 %, tannins 0.86 % and proanthocynidins 0.26 %) was 

reported in the same study 7. Concentrations of 1 mg/mL and 10 mg/mL 
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used in experiment were prepared by dissolving ethanolic extract 

liophilisate in ultrapure water. 

Human keratinocyte HaCaT cells were kept in 75 cm
2
 flasks with 

DMEM, supplemented with 10 % heat-inactivated FBS, 100 IU/mL 

penicillin and 100 g/mL streptomycin at 37 C in a 5 % CO2 atmosphere.  

Experimental groups were as it follows: control-untreated cells, cells 

treated with EH 1 mg/mL (EH1) and 10 mg/mL (EH2) for 2 h, cells exposed 

to UVC for 30 min (UV1) and 60 min (UV2), cells 1 h pre-treated with EH1 

or EH2 and afterwards exposed to UVC 30 min or 60 min (EH1+UV1; 

EH2+UV1; EH1+UV2; EH2+UV2). Source of UVC radiation (253.7 nm) 

was germicide lamp (15 W; 57415P/40 Philips, USA). During treatment, 

plates with cells were incubated at 37 C, at 10 cm distance from the source 

of UVC radiation. 

For MTT test and alkaline comet assay HaCaT cells were seeded at 

plating density 10
5
/mL, in a 96-well and 12-well flat-bottomed microplate, 

respectively. After 24 h of incubation cells were exposed to EH and UVC as 

it was previously described. For MTT reduction assay at the end of the 

treatment, the medium was removed and 100 L of MTT reagent diluted in 

growth medium (0.5 mg/mL) without fetal bovine serum was added in each 

well. Viable cells have active mitochondrial dehydrogenase enzymes which 

metabolize MTT-tetrazolium salt into purple formazan. After 3.5 h of 

incubation MTT reagent was replaced with 200 L of 0.04 M HCl diluted in 

isopropanol to dissolve formazan and cells were incubated at room 

temperature on rotary shaker for 15 min. The absorbance was measured on a 

microplate reader at wavelength of 600 nm 8. 

The alkaline comet assay was carried out according to standard 

protocol 9. Slides were scored using an image analysis system (Comet 

assay II, Perceptive instruments Ltd., UK) connected to a fluorescence 

microscope (Zeiss, Germany). All experiments were performed in duplicate, 

and in each experiment images of 150 randomly selected cells were 

measured. Only comets with a defined head were scored. Comet parameters 

considered in this study were the tail length, the proportion of DNA in the 

comet tail (tail intensity), and tail moment, which was calculated as the 

product of the fraction of DNA in the comet tail and the tail length. The 

results of MTT test and alkaline comet assay are represented as mean ± SD 

(standard deviation) and were statistically analyzed by one-way analysis of 

variance (ANOVA) followed by a multiple comparison procedure (Tukey 

test). The Kolmogorov–Smirnov test was used to verify whether the results 
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of comet parameters were normally distributed. Data were logarithmically 

transformed to normalize distribution. The level of P < 0.05 was considered 

statistically significant. 

 

RESULTS AND DISSCUSION 

MTT test showed that exposure of cells to EH and UVC alone or EH 

in combination with UVC radiation did not significantly reduced cell 

viability (Figure 1A).  

UVC radiation (30 and 60 min) caused a significant increase in the 

level of primary DNA damage (P < 0.001) while EH alone was not 

genotoxic to HaCaT cells. Concentration of 1 mg/mL EH successfully 

protected the cells against the effects of 30 min exposure to UVC radiation. 

However, when cells were treated with EH2+UV1, EH1+UV2 and 

EH2+UV2 significant DNA damage was observed in respect to control as 

well as to single EH or UVC treatment (Figures 1B-D). Our previous study 

on human lymphocytes showed that both concentrations of EH significantly 

reduced comet tail length after 30 and 60 min of UV radiation. Pre-

treatment with 1 mg/mL significantly reduced the values of tail intensity and 

tail moment while 10 mg/mL also lowered these parameters but not 

significantly 7. Results obtained for HaCaT cells could be explained with 

a higher susceptibility of keratinocytes to direct genotoxic effect of UVC, 

which generates CPD and 6-4 photoproducts, in combination with pro-

oxidative activity of some EH compounds 1,10. The last might be 

influenced by concentration and oxidation potential of some phenolic acids 

in the EH 11. Nevertheless, these results calls for attention and further 

research on antigenotoxic activity of E. purpurea which will include 

spectrum of plant extract concentrations. 
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Figure 1. Cytotoxic and genotoxic activity of EH and UVC radiation on 

HaCaT cells obtained by MTT test (A) and alkaline comet assay (B-D).  

Control: untreated cells; EH1 and EH2: cells treated (2 h) with liophylisate 

of E. purpurea exstract dissolved in water (1 mg/mL and 10 mg/mL); UV1 

and UV2: cells exposed to UVC for 30 and 60 min; EH1+UV1, EH2+UV1, 

EH1+UV2, EH2+UV2: cells 1 h pre-treated with EH1 or EH2 and 

afterwards exposed to UVC 30 min and 60 min.  

Statistics: *- as compared to control (P<0.05); a-UV1 vs EH1+UV1 and 

EH2+UV1 (P<0,05); b-UV2 vs EH1+UV2  and EH2+UV2 

 

CONCLUSION 

Inhibition of genotoxic effect of UVC radiation on human 

keratinocytes is highly influenced by concentration of EH extract; lower 

concentration showed protective effect while high concentration potentiated 

genotoxicity of UVC. Taken together positive results obtained in 

experiments with both human keratinocytes and peripheral blood 

lymphocytes speak in favour of continuing the research on effectiveness of 

Echinacea purpurea extracts and their potential application in developing 

cosmetic products for skin protection. 
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Exposure of skin to ultraviolet (UV) radiation might provoke acute and 

chronic inflammation and oxidative stress which might cause DNA damage 

leading to skin photoaging and photocarcinogenesis. Previously we showed 

that Echinacea purpurea (L.) Moench (EH) extract, rich in phenolic acids, 

has protective effect on human blood lymphocytes exposed to UVC 

radiation. In this study we checked whether the pre-treatment of human 

keratinocyte HaCaT cells with lyophilisate of EH (1 and 10 mg/mL) could 

reduce or prevent primary DNA damage induced by UVC radiation 

(253.7 nm) in laboratory conditions. Prior to that experiment we examined 

cell viability using MTT test upon exposure to EH and UVC (30 and 

60 min) alone and in combination. Primary DNA damage in HaCaT cells 

was studied using the alkaline comet assay. Exposure of cells to EH and 

UVC alone or EH in combination with UV radiation did not reduce cell 

viability. Opposite to that UV radiation (30 and 60 min) caused a significant 

increase in the level of primary DNA damage (P < 0.001). Pre-treatment of 

cells with both concentrations of EH was not genotoxic to HaCaT cells. 

Only concentration of 1 mg/mL EH successfully protected the cells against 

the effects of 30 min exposure to UVC radiation. Positive results obtained in 

this study speak in favour of continuing the research on effectiveness of 

Echinacea purpurea preparations and their potential application in 

developing cosmetic products for skin protection. 
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