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                     Abstract 
 Our previous study evaluated the in vitro and in vivo antioxidant activities of sulfated polysaccharides from a Celluclast-

assisted extract of  Hizikia fusiforme  (HFPS). The results indicate that HFPS possesses potent antioxidant activity and suggest 

the potential use of HFPS to combat photoaging. In this study, we investigated the ultraviolet (UV) protective eff ect of HFPS 

in vitro in keratinocytes (HaCaT cells) and in vivo in zebrafi sh. The results indicate that HFPS signifi cantly reduced the 

level of intracellular reactive oxygen species (ROS) and improved the viability of UVB-irradiated HaCaT cells. In addition, 

HFPS remarkably decreased apoptosis formation in UVB-irradiated HaCaT cells in a dose-dependent manner. The in vivo 

test results also demonstrate that HFPS signifi cantly reduced intracellular ROS levels, cell death, NO production, and lipid 

peroxidation levels in UVB-irradiated zebrafi sh in a dose-dependent manner. These results suggest that HFPS possesses 

strong in vitro and in vivo UV-protective eff ects, making it a potential ingredient in the cosmeceutical industry. 
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      Introduction 

 Human skin covers the body surface and is exposed to vari-

ous environmental factors, such as temperature and ultravio-

let (UV) irradiation. UV irradiation can impair the ability of 

basal keratinocytes to maintain skin homeostasis. UV can 

be classifi ed into three subtypes: UVA, UVB, and UVC, 

based on its wavelength. UVB has a medium wavelength 

(280–320 nm) that has various adverse eff ects on human 

skin including sunburn, edema, erythema, hyperpigmenta-

tion, immune suppression, photoaging, and cancer (Park 

et al.  2010 ). These adverse eff ects are frequently mediated by 

increased levels of reactive oxygen species (ROS). Dysfunc-

tional skin loses the ability to protect itself against oxidative 

stress induced by ROS, with consequent damage to the cuta-

neous tissues, a process commonly known as ‘‘photoaging’’ 

(Zaid et al.  2007 ). Therefore, an ideal ROS scavenger or an 

agent that reduces ROS production may be eff ective against 

photoaging and could be a promising compound for use in 

the pharmaceutical and cosmeceutical industries. 

 Marine algae are rich in bioactive compounds, such as 

polyphenols, sterol, peptides, and polysaccharides, which 

possess various bioactivities including anticancer, anti-

infl ammatory, anti-obesity, anti-hypertensive, antioxidant, 

and UV-protective activities (Ariede et al.  2017 ; Wang et al. 

 2018c ). Marine algae are especially rich in sulfated polysac-

charides, possessing numerous health benefi ts (Wijesekara 

et al.  2011 ; Ruocco et al.  2016 ). Recently, marine algae-

derived sulfated polysaccharides have been reported in many 

studies to possess cosmeceutical eff ects. Ji et al. evaluated 

the UV-protective eff ects of a sulfated polysaccharide frac-

tion from  Sargassum fusiforme  (SFP-P1) in human keratino-

cytes (HaCaT cells) and found that SFP-P1 reduced oxida-

tive stress and suppressed matrix metalloproteinase (MMP) 

expression (Ji et  al.  2017 ). Kim et  al. investigated the 

anti-photoaging eff ects of low molecular-weight fucoidan 

(LMF) isolated from  Ecklonia cava  on UVB-irradiated mice 

and found that LMF reduced oxidative stress, suppressed 
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infl ammation, and inhibited the expression of MMPs in 

UVB-irradiated mice (Kim et al.  2018 ). 

  Hizikia fusiforme  ( H. fusiforme ) is one of most popu-

lar edible algae, mainly cultured in the Northwest Pacifi c, 

including China, Korea, and Japan. It has been used as a 

food ingredient and herbal medicine for hundreds of years 

(Li et al.  2006 ).  H. fusiforme  contains a particular high 

amount of polysaccharides that possess various bioactivities 

(Wang et al.  2018a ). In a previous study, we suggested that 

sulfated polysaccharides isolated from a Celluclast-assisted 

extract of  H. fusiforme  (HFPS) possess strong antioxidant 

activities in vitro and in vivo (Wang et al.  2018b ). These 

results suggest that HFPS possesses photo-protective poten-

tial. Until now, the anti-photoaging eff ects of HFPS had not 

been investigated. Therefore, in this study, we investigated 

the protective eff ect of HFPS against UVB-induced photoag-

ing in vitro in HaCaT cells and in vivo in zebrafi sh. 

    Results and discussion 

 Over the past three decades, the use of marine algae-derived 

polysaccharides for biological, biomedical, nutriceutical, 

and cosmeceutical applications has been reported by many 

investigators. Sulfated polysaccharides are one of the major 

constituents of marine brown algae (Li et al.  2006 ). The 

edible brown alga,  H. fusiforme,  contains various bioactive 

compounds and has a long history as a food and medical 

ingredient.  H. fusiforme  is especially rich in sulfated pol-

ysaccharides, which have various health benefi ts (Wang 

et al.  2012 ). Dobashi et al. isolated sulfated polysaccharides 

from  H. fusiforme  and evaluated their anticoagulant activity 

(Dobashi et al.  1989 ). Jeong et al. reported the immune-mod-

ulating activities of sulfated polysaccharides extracted from 

 H. fusiforme  (Jeong et al.  2015 ). In our previous study, we 

isolated sulfated polysaccharides from a Celluclast-assisted 

extract of  H. fusiforme  (HFPS) and evaluated its antioxidant 

activity. The results indicated that Celluclast-assisted extract 

(HF) showed a high extraction yield (44.00%) and polysac-

charide content (48.05%). HFPS was isolated from HF by 

ethanol precipitation and the yield was 29.35%. HFPS is 

sulfated polysaccharides that contains 55.05% polysaccha-

rides and 7.78% sulfate content. HFPS was comprised of 

fucose (53.53%), glucose (5.95%), galactose (23.15%), and 

xylose (17.37%). In addition, HFPS possesses strong ROS 

scavenging eff ects as well as cytoprotective eff ects against 

hydrogen peroxide-induced cell death in vitro in Vero cells 

and in vivo in zebrafi sh (Wang et al.  2018b ). These results 

suggest that HFPS possesses photo-protective potential. 

Thus, in this study, we investigated the protective eff ect of 

HFPS against UVB-induced photoaging in vitro in HaCaT 

cells and in vivo in zebrafi sh. 

 As shown in Fig.  1 a, there was no signifi cant decrease in 

the viability of HaCaT cells treated with diff erent concentra-

tions of HFPS, suggesting that HFPS is not toxic to HaCaT 

cells at concentrations ranging from 6.25 to 100 μg/mL. 

Thus, 100 μg/mL was considered a safe concentration and 

used in the rest of the study. The protective eff ect of HFPS 

against UVB-induced HaCaT cell damage was evaluated 

  Fig. 1       Protective eff ect of HFPS against UVB-induced HaCaT cell 

damage.  a  Cytotoxicity of HFPS on HaCaT cells;  b  intracellular ROS 

levels in UVB-irradiated HaCaT cells;  c  viability of UVB-irradiated 

HaCaT cells. Cell viability was measured by an MTT assay and intra-

cellular ROS levels were determined by a DCF-DA assay. The experi-

ments were conducted in triplicate, and the data are expressed as the 

mean ± standard error (SE). * P  < 0.05, ** P  < 0.01 when compared to 

the UVB-treated group and  ##  P  < 0.01 when compared to the control 

group  
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by measuring intracellular ROS levels and the viability of 

UVB-irradiated HaCaT cells. As shown in Fig.  1 b, UVB 

signifi cantly increased intracellular ROS levels; however, the 

intracellular ROS levels of HFPS-treated HaCaT cells were 

dose-dependently decreased. As shown in Fig.  1 c, the viabil-

ity of UVB-irradiated HaCaT was 52.45%, whereas the via-

bilities of HFPS-treated HaCaT cells were 56.54%, 61.85%, 

and 86.37% at concentrations of 25, 50, and 100 μg/mL, 

respectively. In addition, an investigation of UVB-induced 

apoptosis showed that the apoptosis body formation and the 

number of apoptosis bodies in the cells irradiated with UVB 

were signifi cantly decreased in a dose-dependent manner 

(Fig.  2 ). These results indicated that HFPS possesses potent 

UV-protective eff ects owing to the scavenging of intracel-

lular ROS, improving cell viability, and reducing apoptotic 

body formation in UVB-irradiated HaCaT cells.                 

 Zebrafi sh ( Danio rerio ) are a popular in vivo model used 

to study human disease. Zebrafi sh irradiated with UVB were 

successfully used to evaluate the anti-photoaging eff ects of 

algae-derived compounds in our previously published studies 

(Cha et al.  2012 ; Ko et al.  2011 ). Therefore, zebrafi sh were 

used to investigate the in vivo photo-protective eff ect of HFPS 

in this study. In this study, ROS generation, cell death, nitric 

oxide (NO) production, and lipid peroxidation levels were 

measured using diff erent fl uorescence probes. As shown in 

Fig.  3 , the ROS levels in zebrafi sh irradiated with UVB were 

signifi cantly increased compared to non-irradiated zebrafi sh. 

However, the ROS levels in the HFPS-treated zebrafish 

decreased in a dose-dependent manner. In addition, the cell 

death level of UVB-induced zebrafi sh was 120.15% increased 

comparing to non-irradiated zebrafi sh (Fig.  4 ); however, the 

cell death levels in HFPS-treated zebrafi sh were 34.60%, 

65.28%, and 89.14% decreased at the concentration of 25, 50, 

and 100 μg/mL, respectively. As shown in Fig.  5 , NO genera-

tion in the zebrafi sh irradiated with UVB was signifi cantly 

increased compared to non-irradiated zebrafi sh. Whereas the 

NO generation of HFPS-treated zebrafi sh were dose-depend-

ently decreased. Furthermore, the lipid peroxidation level of 

UVB-irradiated zebrafi sh was 194.43% compared to the non-

irradiated group (100%). However, HFPS markedly reduced 

lipid peroxidation levels to 158.99%, 125.57%, and 115.04% 

at concentrations of 25, 50, and 100 μg/mL, respectively 

  Fig. 2       Apoptotic body formation levels in UVB-irradiated HaCaT 

cells.  a  Nuclear morphology of normal cells;  b  UVB-irradiated cells; 

 c ,  d ,  e  HFPS-treated cells;  f  the relative apoptotic body formation lev-

els of UVB-irradiated HaCaT Cells. The apoptotic body formation 

was observed under a fl uorescence microscope after Hoechst 33342 

staining. Relative apoptosis levels were measured using Image J soft-

ware. * P  < 0.05, ** P  < 0.01 as compared to the UVB-treated group 

and ## P  < 0.01 as compared to the control group  
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(Fig.  6 ). These results demonstrated that HFPS is eff ective 

against UVB-induced in vivo damage, reducing ROS levels, 

suppressing cell death, inhibiting NO production, and attenuat-

ing lipid peroxidation in zebrafi sh.                                 

    Conclusion 

 The in vitro and in vivo UV-protective eff ects of HFPS were 

investigated in the present study. The results indicated that 

HFPS possesses strong in vitro and in vivo UV-protective 

eff ects. In conclusion, the present study results suggest that 

HFPS could eff ectively attenuate skin damage induced by 

UVB irradiation, so could be considered for use as an ingre-

dient in the pharmaceutical and cosmeceutical industries. In 

addition, the pure fucoidans of HFPS need to be further puri-

fi ed and examined to determine their physicochemical char-

acteristics as well as their potential functions. 

    Materials and methods 

   Materials and reagents 

 The fl uorescent probe 2′,7′-dichlorodihydrofl urescin diac-

etate (DCFH-DA), acridine orange, diaminofl uorophore 

4-amino-5-methylamino-2′,7′-difl uorofl uorescein diacetate 

(DAF-FM DA), 1,3-Bis (diphenylphosphino), propane 

(DPPP), 3-(4-5-dimethyl-2yl)-2-5-diphynyltetrasolium 

bromide (MTT), and dimethyl sulfoxide (DMSO) were 

purchased from Sigma Co. (St. Louis, MO, USA). Dul-

becco’s modifi ed Eagle medium (DMEM), fetal bovine 

serum (FBS), and penicillin/streptomycin were purchased 

from Gibco BRL (Life Technologies, Burlington, ON, 

Canada). All other chemicals used in this study were of 

analytical grade. 

  Fig. 3       Protective eff ect of HFPS against UVB-induced ROS produc-

tion in zebrafi sh.  a  Zebrafi sh under fl uorescence microscope;  b  lev-

els of ROS. The relative fl uorescence intensities of zebrafi sh were 

determined using Image J software. The experiments were conducted 

in triplicate, and the data are expressed as the mean ± standard error 

(SE). ** P  < 0.01 when compared to the UVB-treated group and 

## P  < 0.01 when compared to the control group  
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 HFPS was prepared in our previous study, the separa-

tion, and analysis procedures were described by Wang et al. 

(Wang et al.  2018b ). In brief,  H. fusiforme  was hydrolyzed 

by Celluclast and the Celluclast-assisted extract of  H. fusi-
forme  (HF) was obtained. HF was precipitated by ethanol 

and the crude polysaccharides from HF were obtained and 

named as HFPS. The polysaccharide content, sulfate con-

tent, and the monosaccharide constituents of HFPS were 

then determined. 

    Cell culture and UVB irradiation 

 The HaCaT cell line was purchased from Korean Cell Line 

Bank. The HaCaT cells were maintained in DMEM sup-

plemented with 10% heat-inactivated FBS, penicillin (100 

units/mL) and streptomycin (100 μg/mL) at 37 °C under 

a humidifi ed atmosphere containing 5%  CO 2 . HaCaT cells 

were subcultured every 3 days and seeded at a density of 

1.0 × 10 5  cells/mL in a 24-well plate. UVB irradiation was 

imposed using a UVB meter (UV Lamp, VL-6LM, Vil-

ber Lourmat, France) with a fl uorescent bulb emitting at 

280–320 nm with a peak at 313 nm. HaCaT cells were irra-

diated at a dose of 30 mJ/cm 2  of UVB in PBS (Wang et al. 

 2017 ). After UVB irradiation, cells were incubated with 

serum-free DMEM media until analysis. 

    Evaluation of cytotoxicity of HFPS on HaCaT cells 

 The cytotoxicity of HFPS on HaCaT cells was evaluated 

with an MTT assay. HaCaT cells were seeded and incubated 

for 24 h. The cells were treated with HFPS at a fi nal con-

centration of 6.25 μg/mL, 12.5 μg/mL, 25 μg/mL, 50 μg/

mL, and 100 μg/mL. After 24 h of incubation, MTT stock 

solution (2 mg/mL) was added to each well. After 3 h, the 

supernatant was aspirated, the formazan crystals were dis-

solved in DMSO, and the absorbance was measured by a 

microplate reader at 540 nm. 

    Measurement of the eff ect of HFPS 
on UVB-irradiated HaCaT cells 

 To determine the eff ect of HFPS on UVB-irradiated HaCaT 

cells, intracellular ROS levels, cell viability, and apoptosis 

body formation were measured. The intracellular ROS levels 

of UVB-irradiated HaCaT cells were determined using a 

DCF-DA assay and cell viability was measured by an MTT 

assay following the protocols described in a previous study 

  Fig. 4       Protective eff ect of HFPS against UVB-induced cell death in 

zebrafi sh.  a  Zebrafi sh under fl uorescence microscope;  b  measured 

levels of cell death. The relative fl uorescence intensities of zebrafi sh 

were determined using Image J software. The experiments were con-

ducted in triplicate, and the data are expressed as the mean ± standard 

error (SE). ** P  < 0.01 when compared to the UVB-treated group and 

## P  < 0.01 when compared to the control group  
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(Wang et al.  2017 ). Apoptosis body formation in UVB-

irradiated HaCaT cells was determined by Hoechst 33342 

nuclear staining according to the method described by 

Wijesinghe et al. (Wijesinghe et al.  2013 ). The stained cells 

were observed using a fl uorescence microscope equipped 

with a Cool SNAP-Pro color digital camera (Olympus, 

Japan). Apoptosis prevalence was determined using Image 

J software. 

    Determination of the eff ects of HFPS 
on UVB-irradiated zebrafi sh 

 Adult zebrafi sh were purchased from a commercial market 

(Seoul Aquarium, Korea) and maintained per the manufac-

turer’s protocol (Cha et al.  2011 ). The embryos were col-

lected after natural spawning induced by light. 

 At 2 day post-fertilization (dpf), the zebrafi sh larvae 

(15/group) were incubated with HFPS (25 μg/mL, 50 μg/

mL, and 100 μg/mL) for 1 h. They were then washed with 

embryo media and exposed to UVB (50  mJ/cm 2 ) (Heo 

and Jeon  2009 ). After 6 h, the zebrafi sh were stained with 

DCFH-DA (20 μg/mL, 1 h), acridine orange (10 μg/mL, 

30 min), DAF-FM-DA (10 μM, 3 h), and DPPP (3 μM, 

1 h) to measure ROS, cell death, NO production, and lipid 

peroxidation, respectively. The zebrafi sh were anesthetized 

and photographed under the microscope with a Cool SNAP-

Procolor digital camera (Olympus, Japan). The fl uorescence 

intensity of the individual zebrafi sh was quantifi ed using 

image J software. 

    Statistical analysis 

 All experiments were conducted in triplicate. The data 

are expressed as the mean ± standard error (SE). One-way 

ANOVA was used to compare the mean values of each treat-

ment using SPSS 12.0. Signifi cant diff erences between the 

means were identifi ed by Tukey’s test. Signifi cance was 

established as * P  < 0.05 or ** P  < 0.01 as compared to the 

UVB-treated group, and  ##  P  < 0.01 as compared to the con-

trol group. 

      

  Fig. 5       Protective eff ect of HFPS against UVB-induced NO produc-

tion in zebrafi sh.  a  Zebrafi sh under fl uorescence microscope;  b  levels 

of NO. The relative fl uorescence intensities of zebrafi sh were deter-

mined using Image J software. The experiments were conducted in 

triplicate, and the data are expressed as the mean ± standard error 

(SE). ** P  < 0.01 when compared to the UVB-treated group and 

## P  < 0.01 when compared to the control group  



110 Marine Life Science & Technology (2019) 1:104–111

1 3

  Acknowledgements     This research was supported by Basic Sci-

ence Research Program through the National Research Foun-

dation of Korea (NRF) funded by the Ministry of Education 

(2019R1A6A1A03033553).  

  Author contributions     Lei Wang and You-Jin Jeon conceived and 

designed the experiments; Lei Wang, Jae Young Oh, Hye-Won Yang, 

Hyun Soo Kim performed experiments and analyzed data; Lei Wang 

and You-Jin Jeon wrote the paper.  

  Compliance with ethical standards    

   Conflict of interest     The authors declare that they have no confl ict of 

interest. 

    Ethics statements     We declare that all applicable international, national, 

and/or institutional guidelines for sampling, care, and experimental 

use of organisms for the study have been followed and all necessary 

approvals have been obtained.   

  References 

                                                                          Ariede MB, Candido TM, Jacome ALM, Velasco MVR, De Carvalho 

JCM, Baby AR (2017) Cosmetic attributes of algae—a review. 

Algal Res 25:483–487  

                                                       Cha S-H, Ko S-C, Kim D, Jeon Y-J (2011) Screening of marine algae 

for potential tyrosinase inhibitor: those inhibitors reduced tyrosi-

nase activity and melanin synthesis in zebrafi sh. J Dermatol 

38:354–363  

                                                       Cha S-H, Ko C-I, Kim D, Jeon Y-J (2012) Protective eff ects of phloro-

tannins against ultraviolet B radiation in zebrafi sh ( Danio rerio ). 
Vet Dermatol 23:51–62  

                                                       Dobashi K, Nishino T, Fujihara M, Nagumo T (1989) Isolation and 

preliminary characterization of fucose-containing sulfated poly-

saccharides with blood-anticoagulant activity from the brown 

seaweed  Hizikia fusiforme . Carbohydr Res 194:315–320  

                                       Heo S-J, Jeon Y-J (2009) Protective eff ect of fucoxanthin isolated 

from  Sargassum siliquastrum  on UV-B induced cell damage. J 

Photochem Photobiol B Biol 95:101–107  

                                                       Jeong SC, Jeong YT, Lee SM, Kim JH (2015) Immune-modulating 

activities of polysaccharides extracted from brown algae  Hizikia 
fusiforme . Biosci Biotechnol Biochem 79:1362–1365  

                                                                       Ji D, You L, Ren Y, Wen L, Zheng G, Li C (2017) Protective eff ect 

of polysaccharides from  Sargassum fusiforme  against UVB-

induced oxidative stress in HaCaT human keratinocytes. J Funct 

Foods 36:332–340  

                                                                                            Kim Y-I, Oh W-S, Song PH, Yun S, Kwon Y-S, Lee YJ, Ku S-K, 

Song C-H, Oh T-H (2018) Anti-photoaging effects of low 

molecular-weight fucoidan on ultraviolet B-irradiated mice. 

Mar Drugs 16:286  

                                                                       Ko S-C, Cha S-H, Heo S-J, Lee S-H, Kang S-M, Jeon Y-J (2011) 

Protective eff ect of  Ecklonia cava  on UVB-induced oxidative 

stress: in vitro and in vivo zebrafi sh model. J Appl Phycol 

23:697–708  

  Fig. 6       Protective eff ect of HFPS against UVB-induced lipid per-

oxidation in zebrafi sh.  a  Zebrafi sh under fl uorescence microscope; 

 b  levels of lipid peroxidation. The relative fl uorescence intensities 

of zebrafi sh were determined using Image J software. The experi-

ments were conducted in triplicate, and the data are expressed as the 

mean ± standard error (SE). ** P  < 0.01 when compared to the UVB-

treated group and  ##  P  < 0.01 when compared to the control group  



111Marine Life Science & Technology (2019) 1:104–111 

1 3

                                                       Li B, Wei X-J, Sun J-L, Xu S-Y (2006) Structural investigation of a 

fucoidan containing a fucose-free core from the brown seaweed, 

 Hizikia fusiforme . Carbohydr Res 341:1135–1146  

                                                                                                       Park HM, Moon E, Kim A-J, Kim MH, Lee S, Lee JB, Park YK, 

Jung H-S, Kim Y-B, Kim SY (2010) Extract of  Punica grana-
tum  inhibits skin photoaging induced by UVB irradiation. Int J 

Dermatol 49:276–282  

                                                    Ruocco N, Costantini S, Guariniello S, Costantini M (2016) Polysac-

charides from the marine environment with pharmacological, cos-

meceutical and nutraceutical potential. Molecules 21:551  

                                                                                               Wang P, Zhao X, Lv Y, Liu Y, Lang Y, Wu J, Liu X, Li M, Yu G (2012) 

Analysis of structural heterogeneity of fucoidan from  Hizikia fusi-
forme  by ES-CID-MS/MS. Carbohydr Polym 90:602–607  

                                                                  Wang L, Ryu B, Kim W-S, Kim GH, Jeon Y-J (2017) Protective eff ect 

of gallic acid derivatives from the freshwater green alga  Spiro-
gyra  sp. against ultraviolet B-induced apoptosis through reactive 

oxygen species clearance in human keratinocytes and zebrafi sh. 

Algae 32:379–388  

                                                                    Wang L, Lee W, Oh JY, Cui YR, Ryu B, Jeon Y-J (2018a) Protective 

eff ect of sulfated polysaccharides from Celluclast-assisted extract 

of  Hizikia fusiforme  against ultraviolet B-induced skin damage by 

regulating NF-κB, AP-1, and MAPKs signaling pathways in vitro 

in human dermal fi broblasts. Mar Drugs 16:239  

                                                                                               Wang L, Oh JY, Kim HS, Lee W, Cui Y, Lee HG, Kim Y-T, Ko JY, Jeon 

Y-J (2018b) Protective eff ect of polysaccharides from Celluclast-

assisted extract of  Hizikia fusiforme  against hydrogen peroxide-

induced oxidative stress in vitro in Vero cells and in vivo in 

zebrafi sh. Int J Biol Macromol 112:483–489  

                                                       Wang L, Park Y-J, Jeon Y-J, Ryu B (2018c) Bioactivities of the edi-

ble brown seaweed,  Undaria pinnatifi da : a review. Aquaculture 

495:873–880  

                                               Wijesekara I, Pangestuti R, Kim S-K (2011) Biological activities and 

potential health benefi ts of sulfated polysaccharides derived from 

marine algae. Carbohydr Polym 84:14–21  

                                                               Wijesinghe WAJP, Jeon YJ, Ramasamy P, Wahid MEA, Vairappan CS 

(2013) Anticancer activity and mediation of apoptosis in human 

HL-60 leukaemia cells by edible sea cucumber ( Holothuria edu-
lis ) extract. Food Chem 139:326–331  

                                                               Zaid MA, Afaq F, Syed DN, Dreher M, Mukhtar H (2007) Inhibition 

of UVB-mediated oxidative stress and markers of photoaging in 

immortalized HaCaT keratinocytes by pomegranate polyphenol 

extract POMx. Photochem Photobiol 83:882–888    


