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Abstract

Purpose : In this study, we intended to observe the anti-wrinkle and moisturizing effects of dried pomegranate 
juice concentration powder (PCP) using in vitro test.

Materials and methods : Antioxidant effects of PCP were determined by free radical scavenging capacity 
(DPPH assay) and the cytotoxicity of PCP was examined in human keratinocyte (HaCaT) and human 
primary dermal fibroblast-neonatal (HDF) cells. To investigate the moisturizing effect of PCP, hyaluronan 
synthesis was examined in HaCaT cells. Activity of procollagen production were assessed in HDF cells and 
elastase inhibition properties of PCP were evaluated in cell free condition, to determine their anti-wrinkle 
effects. Metalloproteinase 1 (MMP-1) activity was also assessed following UVB irradiation, in the current 
in vitro experiment.

Results : No PCP treatment related significant cytotoxic effects were demonstrated against to the both 
HDF and HaCaT cells. PCP showed favorable free radical scavenging activities in dose-dependent manner. 
In PCP-treated HaCaT cells, hyaluronan synthesis was non-significantly but markedly increased, and 
pro-collagen productions were significantly increased in HDF cells, at all three different concentrations 
(0.25, 0.75 and 1 mg/ml), and elastase inhibitory activities were observed by PCP treatment. A significant 
decrease in UVB-induced MMP-1 activity was also observed in 1 mg/ml PCP-treated HDF cells as compared 
to those of UVB-exposed cells.

Conclusions : Taken together, these results suggest that PCP has favorable antioxidant, anti-wrinkle and 
moisturizing effects without meaningful cytotoxicity on HDF and HaCaT cell lines.

Key words : Dried pomegranate juice concentration powder, Antioxidant, Anti-wrinkle, Moisturizing 
effects, In vitro
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I. Introduction

Skin aging is characterized by clinical signs 

including wrinkles, irregular dryness, dyspig- 

mentation, sallowness, deep furrows or severe 

atrophy, dehydration, telangiectases, premalignant 

lesions, laxity and a leathery appearance of 

skin1). Skin aging is a complex biological process 

involving intrinsic factors (genetic factors, 

hormonal status and metabolic reactions, such 

as oxidative stress) and extrinsic factors (chronic 

light exposure, pollution, ionizing radiation, 

chemicals and toxins). A combination of these 

factors causes physiological alterations and 

progressive changes in each skin layer, and con- 

comitant changes in skin appearance2). Oxidative 

stress caused by reactive oxygen species (ROS) 

plays a pivotal role in the process of skin aging 

at the cellular level3,4). ROS can block the for- 

mation of collagen, disrupt cellular renewal cycles, 

damage DNA and stimulate the release of pro- 

inflammatory mediators (cytokines), which cause 

inflammatory skin diseases5-8). Additionally, ROS 

cause the depletion of antioxidant enzymes and 

destroy the cytoprotective defense mechanism 

by weakening antioxidant systems, thus rendering 

the skin susceptible to oxidative injury9-11). Native 

human melanin consists of eumelanin and pheon- 

lelanin, and eumelanin is found in almost every 

type of human skin12,13). In the skin, melanin 

synthesized in melanocytes, which are located in 

the basal layer and hair bulbs, transfers to 

keratinocytes. Melanin in keratinocytes acts as 

a photoprotector through body coloration and 

scavenging reactive oxygen species such as 

superoxide anion and singlet oxygen14-19). Despite 

the photoprotective role of melanin, many 

cosmetics have been developed to prevent melanin 

formation in the skin because of aesthetic satis- 

faction by whitening ability. Of these, inhibitor 

of tyrosinase, which is a pivotal enzyme for 

melanin synthesis20), has been used as a major 

ingredient of cosmetics21-25). Tyrosinase, an enzyme 

which contains dinuclear copper ions at the active 

site26-28), catalyzes two distinct reactions of 

melanin synthesis29), the hydroxylation of a 

monophenol and the conversion of an o-diphenol 

to the corresponding o-quinone, indicating that 

L-tyrosine is hydroxylated to L-DOPA, which is 

in turn converted to dopaquinone. 

To prevent and reduce skin aging, many people 

have used functional cosmetics that have a potent 

skin protective pharmacological effect (anti-aging, 

whitening, anti-wrinkle, moisturizing and skin- 

protective effects)30). Currently, there are various 

available ingredients for functional cosmetics in 

the market. However, they have a number of 

limitations; they are too expensive and have 

side effects, and their exact pharmacological 

mechanisms are not fully understood31). Due to 

these factors, various investigations have con- 

tinuously attempted to search for affordable and 

effective functional ingredients, with fewer side 

effects, especially from natural sources30, 32).

Pomegranate is a rich source of crude fibers, 

pectin, sugars, and several tannins33). In addition, 

it has been reported that pomegranate contains 

some species of flavonoids and anthocyanidins 

in their seed oil and juice, and shows an anti- 

oxidant activity three times more potently than 

red wine and green tea extract34, 35). Furthermore, 

the chemopreventive and adjuvant therapeutic 

applications of pomegranate to human breast 

cancer have been warranted recently36). Owing 

to these significant biological activities, pome- 

granate juice is being increasingly popularized 

in world wide. Therefore, it also considered that 

pomegranate extracts will be showed favorable 

effects on the skin aging, because several 

scientific evidences on skin aging highlight the 

ROS32), degradation of extracellular matrix (ECM)37) 

and melanin pigmentations38), decrease of moisture 

in keratin layers39,40). Especially, we recently 
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reported that pomegranate juice concentrated 

solution (PCS) made by HL Science Co. (Uiwang, 

Korea) showed favorable in vivo and in vitro 

skin protective effects including UVB-induced 

photoaging41,42), and dried pomegranate juice 

concentrated powder (PCP) also made by HL 

Science Co. (Uiwang, Korea) showed favorable 

skin whitening effects, in vitro43) and in vivo 

skin protective activities against UVB-induced 

photoaging44) and skin moisturizing effects 

through collagen and hyaluronan synthesis45,46).

In the present study, therefore, we intended 

to observe the anti-wrinkle (elastase and matrix 

metalloproteinase (MMP)-1 inhibition, procollagen 

contents) and moisturizing (hyaluronan production) 

effects of PCP in in vitro test using human 

primary dermal fibroblast-neonatal (HDF) and 

human keratinocyte (HaCaT) cells with possible 

cytotoxicity on HDF and HaCaT cells, as a 

process for developing the potent alternative 

anti-skin aging agent.

II. Materials and methods

1. Test materials and chemicals 

PCP was provided by HL Science Co. Ltd. 

(Uiwang, Korea). All test materials were main- 

tained at 4°C until use. PCP contains 1.15 mg/g 

of Ellagic acid. The concentrations ranges of 

PCP were used from 0.25 to 8 mg/ml. 3-(4,5- 

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT), 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH), retinoic acid (RA), L-Ascorbic acid (Vit 

C), and (+)-α-Tocopherol (Vit E) were purchased 

from Sigma-Aldrich (St. Louise, MO, USA). 

TGF-β was obtained from R&D Systems (Minnea- 

polis, MN, USA). Fibroblast basal medium (FBM), 

FBM low serum kit, and FBM serum free kit for 

HDF cell lines were purchased from American 

Type Culture Collection (ATCC, Manassas, VA, 

USA).

2. Cell cultures

HaCaT cells were purchased from ATCC and 

cultured according to the manufacturer’s protocols. 

Cells were maintained in Dulbecco’s modified 

Eagle’s medium (DMEM; Sigma-Aldrich, St. Louis, 

MO, USA) with 10% fetal bovine serum (FBS; 

Lonza, Walkersville, MD, USA), 100 µg/mL strep- 

tomycin (Sigma-Aldrich, St. Louis, MO, USA), 

and 100 U/ml penicillin (Sigma-Aldrich, St. Louis, 

MO, USA). HDF cell lines were obtained from 

ATCC and were cultured in fibroblast basal medium 

(FBM; ATCC, Manassas, VA, USA, PCS-201-030) 

supplemented with FBM low serum kit (ATCC, 

Manassas, VA, USA, PCS-201-041) and were 

used for the treatment with FBM serum free kit 

(ATCC, Manassas, VA, USA, PCS-201-040). 

Cells were cultured at 37°C in a fully humidified 

atmosphere of 5% CO2 using a commercial CO2 

incubator (Model 311, Thermo Forma, Marietta, 

OH, USA) and were passaged approximately 

every other day.

3. Cell viability assay

HaCaT and HDF cells were plated at a density 

of 5×104 and 6×103 cells/well in a 96-well plates, 

respectively. The HaCaT and HDF cells were 

exposed to various concentrations of PCP (0.75, 

1, 1.5, 2 and 4 mg/ml) for 48 hrs and then cell 

proliferation reagent MTT (Sigma-Aldrich, St. 

Louis, MO, USA) was added to each well and 

incubated at a incubator for 2 hrs. The absorbance 

of the wells at 450 nm was read using a micro- 

plate reader (Sunrise, TECAN, Männedorf, Swit- 

zerland). The results were expressed in terms of 

IC50 (the concentration reach the cell viability 

as 50% of control).
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4. DPPH radical scavenging activity test

DPPH radical scavenging assay was performed 

according to the method of Blois et al.47). Briefly, 

0.2 mM solution of DPPH (Sigma-Aldrich, St. 

Louis, MO, USA) in methanol was prepared and 

used immediately. Each sample solution was 

diluted with distilled water to final PCP concen- 

trations of 0.25, 0.5, 1, 1.5, 2, 4 and 8 mg/ml 

or final Vit C and E (1 mg/ml). The optical 

density (OD) at 517 nm was measured after 10 

min with a UV/Vis spectrophotometer (Optizen 

Pop, Mecasys, Daejeon, Korea). The free radical 

scavenging activity was calculated as follows: 

DPPH radical scavenging activity (%) = 100 - [(ODs 

/ ODc)×100]. ODs is the absorbance of sample at 

517 nm and ODc is the absorbance of the vehicle- 

treated control at 517 nm. The results are reported 

in terms of IC50 (the concentration needed to 

reduce 50% of DPPH). Vit C and E were used as 

positive controls. 

5. Hyaluronan production assay

To determine the activity of hyaluronan 

synthesis, HaCaT cells were treated with 0.25, 

0.5, and 1 mg/ml PCP or 20 mM N-Acetyl-D- 

glucosamine (NAG; Sigma-Aldrich, St. Louis, MO, 

USA) for 24 hrs, and then cells were trypsinized 

and counted for normalization. Hyaluronan 

concentration in the samples was quantified using 

an enzyme-linked hyaluronan-binding protein 

sandwich assay (Cat# DY3614, R&D Systems, 

Minneapolis, MN, USA) based on manufacturer’s 

methods48).

6. Procollagen contents test

HDF cell (ATCC, Manassas, VA, USA, PCS-201- 

010) was seeded in 24 well at 2×104 cells/well 

and then cultured under cell culture conditions 

for 24 hrs. After incubation, the medium was 

replaced with 50 μg/ml medium containing the 

various concentration of PCP (0.25, 0.75 and 1 

mg/ml) or TGF-β (R&D Systems, Minneapolis, 

MN, USA) 10 ng/ml mixed with serum-free kit 

and the cells were cultured for 24 hrs. The 

procollagen contents in culture supernatant were 

measured using Procollagen type I-c-peptodie 

(PIP) ELASA kit (MK101, Takara Bio, Tokyo, 

Japan) according to manufacturer’s manual. 

Results were normalized on total protein content 

of the supernatant.

7. Elastase inhibition assay

The elastase inhibition assay was performed 

by measuring the release of p-nitroaniline due 

to proteolysis of N-succinyl-(Ala)3-p-nitroanilide 

by human leucocyte elastase (Sigma-Aldrich, St. 

Louis, MO, USA)49) in the presence or absence 

of PCP 0.5, 0.75 and 1 mg/ml or PPR (Sigma- 

Aldrich, St. Louis, MO, USA) 10 μM and Vit C 

(Sigma-Aldrich, St. Louis, MO, USA) 50 μM as 

a standard under exactly the same experimental 

conditions. The absorbance was measured at 410 

nm with a 96-well microplate reader and the 

elastase inhibitory activity of each sample was 

calculated using equation as follows: Elastase 

inhibitory activity (%) = 100 - [(ODs / ODc)×100], 

where ODs is the absorbance of the experimental 

sample at 410 nm and ODc is the absorbance of 

the vehicle-treated control at 410 nm. The results 

are reported in terms of IC50 (the concentration 

at which the percentage inhibition of elastase 

activity was 50%).

8. MMP-1 inhibition test

The assay was carried out using a fluorescence 

microplate with modified methods of Losso et 

al.50). HDF cells were incubated with PCP (0.5, 

0.75, and 1 mg/ml) or 1 μM of RA in the absence 

or presence of UVB (5 mJ/cm2) for 2 min, and 
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(A) (B)

Figure 1. Cytotoxicity of PCP on HaCaT and HDF cells.

(A) HaCaT and (B) HDF cells were treated with various concentrations of PCP (0.75, 1, 1.5, 2, and 4 mg/ml) 
for 48 hrs. Values are expressed as means ± SD from six experiments. PCP = Pomegranate juice concen- 
tration powder; HDF = Human primary dermal fibroblast-neonatal cells; HaCaT = Human keratinocytes.

then cultured for 24 hrs. The UVB source was a 

UV irradiation crosslinker (Model CL-1000, UVP, 

Upland, CA, USA). Total MMP-1 protein levels 

in cell culture supernatants, which includes pro, 

active and inhibitor bound MMP-1, were quan- 

tified by ELISA (Human Total MMP-1 DuoSet; 

DY901; R&D Systems, Minneapolis, MN, USA) 

according to manufacturer’s instructions.

9. Statistical analyses

All in vitro data were expressed as means ± 

standard deviation (SD) in three, four or six 

independent experiments, respectively. Multiple 

comparison tests for different dose groups were 

conducted. Variance homogeneity was examined 

using the Levene test. If the Levene test indicates 

no significant deviations, the obtained data was 

analyzed by one way ANOVA test followed by 

Tukey’s multi-comparison test to determine which 

pairs of group are significantly different. In case 

of significant deviations at Levene test, a non- 

parametric comparison test, Kruskal-Wallis H 

test was conducted. When a significant difference 

is observed in the Kruskal-Wallis H test, the 

Mann-Whitney U (MW) test with Bonferroni’s 

correction was conducted to determine the specific 

pairs of group. IC50 values in each in vitro assay 

were calculated by Probit methods, and statistical 

analyses were conducted using SPSS for Windows 

(Release 14.0K, SPSS Inc., Chicago, IL, USA).

III. Results

1. Cytotoxicity of PCP in HaCaT and 

HDF cells

To investigate the cytotoxic effects of PCP 

and define an appropriate concentration for 

subsequent cell base assays, we performed MTT 

assays on HaCaT and HDF cell lines. Cell survival 

percentages, viability were calculated to determine 

the cytotoxic effects of various concentrations of 

PCP in HDF and HaCaT cells. PCP concentrations 

that did not affect cell viability were selected. 

In HaCaT cells, slight decreases of cell viabilities 

were detected in PCP 2 and 4 mg/ml treated 

groups as compared to those of non-treated 

control, but no significant changes on cell 

viabilities were observed at concentrations ranging 

from 0.75 to 4 mg/ml, the lowest to the highest 
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concentrations, tested in this MTT assay (Fig 

1A). Although slight decreases of cell viabilities 

were detected in PCP 4 mg/ml treated groups as 

compared to those of non-treated control, no 

significant decreases of cell viabilities were also 

observed at concentrations ranging from 0.75 to 

4 mg/ml, the lowest to the highest concentrations 

tested in this MTT assay, in HDF cells (Fig 1B). 

The IC50 values for the cytotoxicity of PCP were 

calculated as 8.95 mg/ml in HaCaT cells, but 

not applicable in HDF cells. The HaCaT cell 

viabilities were changed as 93.76±16.65, 96.75± 

11.48, 88.59±25.23, 74.12±11.35 and 74.42± 

10.36% in PCP 0.75, 1, 1.5, 2 and 4 mg/ml treated 

groups as compared to those of non-treated con- 

trol, respectively. In addition, HDF cell viabilities 

were changed as 109.56±10.78, 112.70±9.05, 

107.53±10.33, 102.68±10.56 and 89.66±7.34% 

in PCP 0.75, 1, 1.5, 2 and 4 mg/ml treated groups 

as compared to those of non-treated control, 

respectively.

2. Free radical scavenging activity of 

PCP

Significant increases in DPPH radical scaven- 

ging activities were detected in samples treated 

with Vit C (1 mg/ml) and E (1 mg/ml), and also 

in PCP at concentrations from 0.25 and 8 mg/ml, 

respectively. Vit C and E, and PCP significantly 

increased radical scavenging activity in a 

concentration dependent manner. In notice, PCP 

showed potent free radical scavenging activities 

as comparable to those of positive controls, Vit 

C and Vit E, at the concentration of over 1.5 

mg/ml, in the current experiment (Fig 2). The 

IC50 values for the effect of PCP on anti-oxidation 

was calculated as 0.614 mg/ml. The DPPH radical 

scavenging activities were changed as 21.31± 

12.52, 38.48±2.06, 63.03±4.06, 84.54±2.97, 

90.14±1.72, 89.47±1.46 and 87.06± 0.82% in 

PCP 0.25, 0.5, 1, 1.5, 2, 4 and 8 mg/ml treated 

samples, and as 91.83±1.41 and 91.67±1.43% in 

Vit A and C treated samples as compared to those 

of non-treated control, respectively.

Figure 2. The antioxidant characteristics of PCP.

Values are expressed as means ± SD of three 
independent experiments. PCP = Pomegranate 
juice concen- tration powder; Vit C = Vitamin 
C; Vit E = Vitamin E; DPPH = 1-Diphenyl-2- 
picrylhydrazyl radical, 2,2-Diphenyl-1-(2,4,6- 
trinitrophenyl) hydrazyl. a p<0.001 and b p<0.01 
as compared with control cells; c p<0.001 and d 
p<0.05 compared with Vit C treated cells; e 
p<0.001 and f p<0.05 compared with Vit E 
treated cells.

3. Moisturizing benefits of PCP 

Moisturizing benefits were examined in PCP- 

treated HaCaT cells, which showed non-significant 

but markedly increase in hyaluronan synthesis 

following treatment with 0.25, 0.5 and 1 mg/ml 

PCP. As compared with control cells, the hya- 

luronan content of PCP-treated cells showed 

increases of 130.66±3.00, 139.48±19.49 and 

128.69±21.47% on treatment with 0.25, 0.5 and 

1 mg/ml PCP, respectively. In addition, 20 mM 

NAG significantly increased hyaluronan synthesis 

to 202.67±5.61% as compared with control cells 

(Fig 3).
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Figure 4. The effects of PCP on collagen 
synthesis.

Values are expressed as means ± SD from four 
experiments. PCP = Pomegranate juice concen- 
tration powder; TGF-β = Tumor growth factor-
β; HDF= Human primary dermal fibroblast- 
neonatal cells. a p<0.01 and b p<0.05 as compared 
with control cells.

Figure 5. The effects of PCP on elastase 
inhibitory activity.

Values are expressed as the means ± SD from 
four independent experiments. PCP = Pomegranate 
juice concentration powder; PPR = Phospho- 
ramidon; Vit C = Vitamin C. a p<0.01 and b 
p<0.05 as compared with control cells.

Figure 3. The effects of PCP on hyaluronan 
synthesis.

Values are expressed as means ± SD from 
three experiments. PCP = Pomegranate juice 
concentration powder; NAG=N-Acetyl-D- 
glucosamine; HaCaT = Human keratinocytes. a 
p<0.05 as compared with control cells.

4. Anti-wrinkle benefits of PCP

1) Procollagen synthesis: Procollagen synthesis was 

significantly increased by treatment of TGF-

β and 0.5, 0.75, and 1 mg/ml PCP compared 

with control cells. TGF-β (10 ng/ml) altered 

the procollagen synthesis by 269.43±42.00%. 

In addition, procollagen synthesis was inc- 

reased by 179.00±74.27, 139.10± 34.97 and 

118.58±54.44% following treatment with 0.5, 

0.75 and 1 mg/ml PCP, respectively (Fig 4).

2) Elastase inhibition: Significant inhibitions of 

elastase activity were observed in 1, 1.5 and 

2 mg/ml PCP treatment as compared with 

vehicle treatment. Elastase inhibition activities 

were also increased by the addition of PPR 

(10 μM) and Vit C (50 μM), and also by PCP 

at 0.25, 0.5 and 4 mg/ml, but statistical signi- 

ficant was not observed in these treatment. 

PPR (10 μM) and Vit C (50 μ) decreased 

elastase activity by 39.03±13.13, 38.61±16.94 

% compared with vehicle-treated cells. Elastase 

inhibition activity showed by 18.61±11.30, 

24.46±10.65, 19.56±3.24, 13.34±3.03, 15.08± 

3.14 and 6.05±5.36% following the addition 

of 0.25, 0.5, 1, 1.5, 2 and 4 mg/m PCP as 

compared with vehicle-treated cells, respec- 

tively (Fig 5).
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3) MMP-1 inhibition: UVB irradiation (50 mJ/cm2) 

resulted in an increase as 149.82±11.63% in 

MMP-1 activity compared with control cells. 

However, UVB induced increase of MMP-1 

activity was significantly reduced in 1 mg/ml 

PCP-treated cells. Compared with UV-exposed 

cells, MMP-1 activities were decreased by 21.24 

±15.85, 19.39±14.59 and 42.88±3.81% upon 

treatment with 0.5, 0.75, and 1 mg/ml PCP, 

respectively. In addition, RA 1 μM showed 

9.35±8.86% decreases of MMP-1 activities as 

compared to UV-exposed cells, in the current 

analysis (Fig 6).

Figure 6. The effects of PCP on MMP-1 activity.

Values are expressed as means ± SD from 
three experiments. PCP = Pomegranate juice 
concentration powder; MMP-1 = Matrix meta- 
lloprotease 1; UVB = Ultraviolet irradiation B; 
RA = Retinoic acid; HDF = normal human 
primary dermal fibroblast-neonatal cells. a 
p<0.05 as compared with UVB exposed cells.

IV. Discussion

Various functional cosmetics or ingredients 

have been developed for anti-aging, whitening, 

wrinkle free, moisturizing and skin protective 

purposes in market41-43). Currently available 

ingredients for functional cosmetics, however, 

have a number of limitations, such as economical 

problems, too expensive and exact or detail 

pharmacological and side effects are not fully 

understand31). Due to these factors, various efforts 

continuously attempt to search for affordable 

and effective functional ingredients with fewer 

side effects, especially on natural antioxidants30,41-43). 

In the present study, we intended to observe the 

anti-wrinkle (elastase and matrix metallopro- 

teinase (MMP)-1 inhibition, and procollagen 

contents) and moisturizing (hyaluronan production) 

effects of PCP in in vitro test using HDF and 

HaCaT cells with possible cytotoxicity on HDF 

and HaCaT cells, as a process for developing the 

potent alternative anti-skin aging agent.

As results, no PCP treatment related significant 

cytotoxic effects were demonstrated against to 

the both HDF and HaCaT cells, from 0.75 to 4 

mg/ml concentrations, the lowest to the highest 

concentrations tested in this experiment. PCP 

showed favorable free radical scavenging activities 

in dose-dependent manner. In PCP-treated HaCaT 

cells, hyaluronan synthesis was non-significantly 

but markedly increased, and pro-collagen pro- 

ductions were significantly increased in HDF cells, 

at all three different concentrations (0.25, 0.75 

and 1 mg/ml), and elastase inhibitory activities 

were observed by PCP treatment. A significant 

decrease in UVB-induced MMP-1 activity was 

also observed in 1 mg/ml PCP-treated HDF cells 

as compared to those of UVB-exposed cells. 

Standard references – Vit C and E, TGF-β1, PPR, 

NAG, RA also showed favorable antioxidant, 

anti-wrinkle or moisturizing effects, ranged in 

reference values, respectively. Several studies 

demonstrated that Vitamin C and Vitamin E 

have strong free radical scavenging effect41,51). 

TGF-β, which appears in high concentrations in 

fibrotic cardiac tissue, is a potent inductor of 

tissue collagen deposition and of the differen- 

tiation of fibroblasts to myofibroblasts52). These 

properties of TGF-β make it possible to use as a 
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reference drug. PPR, one of elastase and meta- 

lloprotease inhibitor, was used as a reference 

drug53). Vit C is used due to strong elastase 

inhibitory effects54). NAG, one type of glucosamine, 

is the precursor to hyaluronic acid. NAG enhances 

the rate that skin fibroblasts make hyaluronic 

acid and collagen and reduce inflammation in 

skin55,56). Considering of these evidence, NAG is 

sufficient as a reference drug. Effect of RA is 

on reduction of collagen-degrading MMPs and 

RA has an inhibitory effect on metalloproteinases 

and delays the photoaging57,58). These results are 

considered as reliable evidences that PCP has 

favorable antioxidant, anti-wrinkle and moisturizing 

effects without meaningful cytotoxicity on HDF 

and HaCaT cell lines, at appropriate concen- 

trations as serve as a predictable functional 

ingredient in the cosmetics, at least in a condition 

of the present in vitro assays.

Many studies have shown that pomegranates 

are rich in ellagic acid and polyphenols, which 

include flavonoids and hydrolyzable tannins59-61). 

Polyphenolics, contained in several plants, form 

the important part of the diet and exerts effective 

free radical scavenging and antioxidant activities. 

Studies have demonstrated that pomegranates 

exert strong anti-oxidant effects due to their 

free radical scavenging capacity and antioxidant 

properties62,63). These potent antioxidant properties 

may offer protection against skin aging. It is 

assumed that the combination of several poly- 

phenol forms of pomegranate may exert various 

functions against skin aging. PCP used in this 

study contains ellagic acid (1.15 mg/g), and showed 

potent free radical scavenging activity in DPPH 

assays as comparable to those of positive controls, 

Vit C and Vit E, at the concentration of over 1.5 

mg/ml, in the current experiment. Ellagic acid 

is a natural phenolic compound derived from 

many naturel sources and has been reported to 

show anti-carcinogenic64), anti-fibrotic65) and 

anti-oxidative effects66). It has been suggested 

that ellagic acid has a high affinity for copper 

at the active site of tyrosinase and inhibits its 

activity67). In addition, ellagic acid inhibited 

UV-induced skin pigmentation of guinea pigs67). 

Yoshimura et al.61) has reported that a pome- 

granate containing 90% ellagic acid has skin- 

whitening effect via inhibition of the proliferation 

of melanocyte and melanin synthesis. We already 

reported that PCP effectively inhibited melano- 

genesis in B16F10 melanoma cells through p38 

and PKA signaling pathways43). In addition, PCP 

also showed favorable in vivo skin protective 

activities against UVB-induced photoaging44), 

and in vivo skin moisturizing effects through 

collagen and hyaluronan synthesis45,46).

To evaluate the effects of PCP at cell based 

assays, we selected concentrations that did not 

affect cell viability as 1 mg/ml of highest levels. 

HDF cells and HaCaT cells were used for in vitro 

cell based experiments, since the skin comprises 

essentially three types of cells: Keratinocytes, 

melanocytes, and fibroblasts. Since hyaluronan, 

a major ECM component of the skin with collagen, 

plays important roles in skin physiology including 

water homeostasis41,68,69), we next examined the 

effect the PCP on hyaluronan synthesis in 

HaCaT cells. As a result, PCP non-significantly, 

but remarkably increased hyaluronan synthesis 

in HaCaT cells. Skin aging is closely associated 

with a loss of skin moisture. It, therefore, 

expected that PCP will be showed favorable skin 

moisturizing effects through increase or enhance 

the hyaluronan synthesis, at least partially in a 

condition of this HaCaT cell base analysis, enough 

to serve as a predictable functional skin mois- 

turizing cosmetic ingredient and inner beauty 

functional health food.

Type I collagen is the major structural protein 

in the skin. Collagen destruction is thought to 

underlie the appearance of aged skin and changes 

resulting from chronic sun exposure70). Skin 

wrinkle is a complex evitable process of human 
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life involves age-dependent decline of skin cell 

function. It causes harmful proteolytic degradation 

of ECM that leaves visible signs on the surface 

of the skin37). Several scientific evidences on 

skin wrinkle highlight the degradation of ECM, 

which is significantly associated with increased 

dermal enzymatic activities like hyaluronidase, 

collagenase, elastase and MMP-1 and formation 

of wrinkle37,50). Skin-care ingredients have the 

potential to synthesis of type I collagen and/or 

inhibit the activity of enzymes that involved in 

degradation of ECM in aged skin, can be used 

as anti-wrinkle agent1,71). In addition, UVB 

radiation exposure to the skin results in the 

production of ROS implicated in MMP-1 activity 

responsible for collagen damage and photo-aging. 

Indirect evidence suggests that O2 and H2O2 are 

major ROS related to UVB-mediated activation of 

MMP-1, MMP-2 and MMP-371-73). MMP-mediated 

ECM damage has been shown to be a major 

contributor of photo-aging in human skin41-43). 

In the current analysis, elastase inhibitory acti- 

vities were observed based on enzyme assay, and 

procollagen productions were examined in HDF 

cells. Moreover, characterized by alterations in the 

quantity of ECM, MMP-1 activity was evaluated 

in UVB-exposed HDF cells. Our data showed 

that UVB-induced MMP-1 activity was abrogated 

by appropriate concentrations of PCP, and pro- 

collagen synthesis were increased in HDF cells 

without significant cytotoxicity on HDF cells, upto 

reasonable concentrations of PCP. In addition, 

PCP effectively inhibited elastase activities at 

1-2 mg/ml concentrations. It, therefore, was 

expected that PCP will be showed favorable anti- 

wrinkle effects on skin tissues without significant 

cytotoxic effects, at least in a condition of the 

present in vitro assays, enough to serve as a 

predictable functional anti-wrinkle cosmetic 

ingredient and inner beauty functional health 

food.

V. Conclusion

Taken together, the results of the present 

study suggest that PCP has favorable antioxidant, 

anti-wrinkle and moisturizing effects without 

meaningful cytotoxicity on HDF and HaCaT cell 

lines, at appropriate concentrations as serve as 

a predictable functional ingredient in the cosmetics 

and inner beauty functional health food, at least 

in a condition of the present in vitro assays. No 

PCP treatment related significant cytotoxic effects 

were demonstrated against to the both HDF and 

HaCaT cells, from 0.75 to 4 mg/ml concentrations, 

the lowest to the highest concentrations tested 

in this experiment. PCP showed favorable free 

radical scavenging activities in dose-dependent 

manner. In PCP-treated HaCaT cells, hyaluronan 

synthesis was non-significantly but markedly 

increased, and pro-collagen productions were 

significantly increased in HDF cells, at all three 

different concentrations (0.25, 0.75 and 1 mg/ml), 

and elastase inhibitory activities were observed 

by PCP treatment. A significant decrease in 

UVB-induced MMP-1 activity was also observed 

in 1 mg/ml PCP-treated HDF cells as compared 

to those of UVB-exposed cells. Standard references 

– Vit C and E, TGF-β1, PPR, RA also showed 

favorable antioxidant, anti-wrinkle or moisturizing 

effects, ranged in reference values, respectively.
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