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Abstract

The aim of our study was to evaluate the potential benefits of an oral supplement containing porcine placenta extract (PPE) on skin

parameters related to cutaneous physiology and aging. PPEs were administered orally to hairless mice for 12 wk. The effects of oral PPE

administration on skin water-holding capacity and Transepidermal Water Loss (TEWL) were similar to those of oral collagen (HYCP-

U2) administered as a positive control. Magnified photographs and replica images showed a reduction in UVB-induced wrinkle forma-

tion after collagen and PPE treatments. PPE treatments ameliorated the thicker skin surface that results from UVB exposure, based on a

histological examination of skin tissue. The groups that were orally administered PPE (0.05%, OL; 0.1%, OH group) showed signifi-

cantly reduced Matrix Metaloproteinase-2 (MMP-2)  mRNA expression levels compared with the UVB control (Con), by 33.5% and

35.2%, respectively. The mRNA expression of another collagen-degrading protein, MMP-9, was also significantly lower in the groups

that received oral administration of PPE (especially in the OH group) than in the control group. Additionally, oral administration of PPE

significantly upregulated tissue inhibitor of metalloproteinase-1 (TIMP-1) and -2 mRNA expression levels compared with expression

levels in the control group (p<0.05). This indicates that orally administered PPE activated the expression of Timp-1 and -2, inhibitors of

MMP, which is responsible for collagen degradation in skin. Taken together, we propose that long-term oral administration of PPE might

have a beneficial effect with respect to skin photo-aging.
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Introduction

In recent years, functional foods claiming health bene-

fits have increased remarkably. The relationship between

food and skin has drawn considerable attention due to the

physiological effects of some dietary compounds on the

skin aging process. Corresponding to this trend, an inc-

reasing number of products claim to aid this pursuit (Za-

gue, 2008).

An important trend in skin care is the use of diet and

oral supplements to improve the skin’s appearance and

structure. Healthy skin reflects general health status and

accordingly the skin is influenced by the consumption of

dietary substances, including vitamins, antioxidants, fatty

acids, and hydrolyzed proteins (Draelos, 2010). Therefore,

the effects of nutritional factors on the skin have received

increasing attention, and a number of clinical studies have

indicated that dietary supplementation can modulate skin

functions (Zague, 2008). Cosgrove et al. (2007) evaluated

the associations between nutrient intake and skin aging

parameters (wrinkled appearance, senile dryness, and

skin atrophy) and concluded that higher vitamin C and

linoleic acid intake and lower fat and carbohydrate intake

are associated with better skin appearance.

Placenta extract (PE) is widely used in the clinical and

cosmetic fields, and possesses marked antioxidant activ-

ity (Togashi et al., 2002). The placenta is as a natural

storehouse of biologically active compounds including

hormones, proteins, peptides, growth factors, nucleic acids,

glycosaminoglycans, and polydeoxyribonucleotides cru-

cial for fetal growth and development (Zague, 2008). PE

contains enzymes such as alkaline acid phosphatase and

glutamic oxaloacetic transaminase, as well as nucleic
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acids, vitamins, amino acids, steroids, fatty acids, and

minerals (Ansari et al., 1994). It is a traditional medicine

used for wound healing owing to its immunotropic and

anti-inflammatory properties, and is used as a cosmetic

supplement in many Asian countries (Tonello et al., 1996).

Various placental products are manufactured in various

countries. Many are used for therapeutic purposes and the

remainder are mainly used as skin creams and lotions

(Chakraborty et al., 2009). The therapeutic products are

mostly injectable, although a few can be taken orally. Re-

cently, porcine PE (PPE) was developed as an oral sup-

plement (Koike et al., 2012; Wu et al., 2003). Because PPE

is relatively safe and its effect is similar to that of human

PE (HPE), it is widely used as a cosmetic supplement.

PPE has great potential for the treatment of skin wrinkles.

No abnormal clinical signs or toxicity of swine placenta

extract were detected and placenta extract frequently used

as a composition of ointments for skin (Mitsui et al.,

2015). However, its anti-wrinkle effects and mechanism

of action have not yet been examined in detail. Further-

more, its effects on ultraviolet B (UVB) irradiation-indu-

ced skin damage have not been investigated.

Dietary consumption of food supplements has been

found to modulate skin functions and can therefore be

useful in the treatment of skin aging. Although there is

convincing preclinical evidence that PPE ingestion imp-

roves skin conditions and even protects skin from UV

damage, little is known about the clinical effects of PPE

on skin parameters and health. The aim of our study was

to evaluate the potential benefits of an oral supplement

containing PPE on skin parameters related to cutaneous

physiology and aging, including skin elasticity, hydration,

roughness, and transepidermal water loss (TEWL).

Materials and Methods

Preparation of PPE

PPE was obtained from Neo Cremar Co. Ltd. (Korea).

In brief, porcine placenta obtained after normal delivery

was washed thoroughly with water. The washed placenta

was minced, and then hydrolyzed with protease at neutral

pH. The protease which had been used for hydrolysis was

inactivated by elevating the temperature of the solution to

90ºC. Insoluble materials remained in the placental solu-

tion after hydrolysis was removed by filtration at acidic

pH. The filtrate was concentrated with evaporator, and

the resulting concentrate was sterilized by heating the

temperature of the solution up to 90ºC. Finally, PPE pow-

der was prepared by spray-drying of the concentrated pla-

cental extract solution and used for the experiments.

Animals and treatment

The experimental protocol was reviewed and approved

by the Korea University Animal Care Committee (KUI-

ACUC-20130430-2). Male SKH-1 hairless mice were ob-

tained at 6 wk of age (24±1 g) from commercial stock

(Central Laboratory Animal Inc., Korea). The mice were

individually housed in plastic cages with grated stainless

steel covers. The room was maintained at 23±1°C with 60

±5% atmospheric humidity on a 12-h light/12-h dark cycle.

The mice had ad libitum access to water and a commer-

cial diet (Samyang Co., Korea). After a 1-wk acclimation

period, the mice were randomly divided into 5 groups (6

mice/group): (1) Normal group (NC; untreated water intake

without UBV irradiation), (2) UV control group (Con;

untreated water intake with UVB irradiation), (3) positive

control [PO; 0.1% hydrolyzed collagen (HACP-U2, Jel-

lice Co., Sendai, Japan) in drinking water with UVB irra-

diation], (4) 0.05% PPE administration group (OL; 0.05%

PPE in drinking water with UVB irradiation), and (5)

0.1% PPE administration group (OH; 0.1% PPE in drink-

ing water with UVB). Treatment was carried out for 12

wk. For oral administration, PPE was administered via

drinking water once daily (0.05% and 0.1% PPE in drink-

ing water, equivalent to a dose of 0.1 and 0.2 g/kg body

weight, respectively, based on daily water consumption).

UVB irradiation was performed according to a previ-

ously described method (Gueniche et al., 2006). Briefly,

dorsal skin was exposed to UVB light (FLB20SBL, San-

kyo Denki, Japan). This source emits light in the wave-

length range of 270-400 nm with an output peak at 313

nm. The hairless mice were exposed to UVB irradiation

for four consecutive days with a total daily dose of UVB

set at 84 mJ/cm2 measured by a UV 1700 Radiometer (In-

ternational Light Inc., Shimadzu, Japan). The animals were

irradiated within their cages. Changes in skin properties

and gene expression were measured 24 h later.

Histopathological study

After 12 wk, animals were sacrificed using sodium

pentobarbital. The portion of cutaneous tissue exposed to

UVB was quickly removed and fixed in 10% buffered

formalin, embedded in paraffin, and sectioned at 6 µm.

Sections were stained with hematoxylin and eosin dyes

(H&E staining). Histopathological examination was per-

formed. The skin thickness were illuminated under the

light (flexible light guide 1500, CarlZeiss, Germany) at

an angle of 20° and analyzed under a stereoscopic micro-
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scope at 7X magnification (Axio Zoom. V16, CarZeiss,

Germany) analysis program.

Measurement of skin hydration, transepidermal

water loss, and erythema level

Skin water content was measured using a Corneometer

CM 825 with the multi-probe adapter MPA 5 (Courage

and Khazaka Electronics GmbH, Germany). The capaci-

tance method, which utilizes the relatively high dielectric

constant of water relative to other substances in the skin,

was used to measure skin hydration. The measuring probe

was pressed onto the skin for 1 s. A change in capaci-

tance is converted into a digital value (arbitrary units),

and this value is proportional to the hydration level of the

skin. Measurement errors due to skin deformations or

evaporation build up can be excluded on the basis of the

short measurement time.

TEWL was measured using the Tewameter TM 300

(Courage and Khazaka Electronic GmbH) according to

the manufacturer’s guidelines. The relative humidity was

maintained at 40-60% and the room temperature at 20-

25°C during the measurements.

A Mexameter MX 18 (Courage and Khazaka Electro-

nic GmbH) was used to quantify the change in erythema

levels. Erythema was measured at 660 nm (the spectral

absorption peak of hemoglobin) and 568 nm. The values

are indicated as an index (erythema). The accuracy for

estimating the erythema contents was ±5%.

Quantitation of mRNA level

Total RNA was isolated from skin samples using Tri-

zol® Reagent (Invitrogen, USA) according to the manu-

facturer’s protocol. Complementary DNA was synthesized

by reverse transcription of 1 µg of total RNA using the

RevertAid™ First Strand cDNA Synthesis Kit (Thermo

Scientific Fisher, Waltham, USA). Each sample was trea-

ted with RQ1 RNase-free DNase I (Promega, USA) ac-

cording to the manufacturer’s protocol. The data were

analyzed using the comparative C
T
 (2-∆∆CT)

 
method (Sch-

mittgen and Livak, 2008). Quantitative real-time PCR

(StepOne Plus Real-Time PCR System, Applied Biosys-

tems, USA) was conducted with TaqMan gene expression

assays (Applied Biosystems, USA) and normalized to the

endogenous control glyceraldehyde 3-phosphate dehydro-

genase.

Statistical analyses

All statistical analyses were performed using Statistical

Package for Social Sciences version 12.0 (SPSS, USA).

All data are reported as means±standard error of the mean

(SEM). Significant differences in all parameters between

the UVB irradiation control group (Con) and the other

groups were analyzed using t-tests.

Results

Physical characteristics of the skin

The water-holding capacity and TEWL of the skin sam-

ples are summarized in Fig. 1. UVB irradiation signifi-

cantly reduced the skin water-holding capacity of the mice

(NC 66.52% vs. Con 40.60%, p<0.05). The water-hold-

ing capacity of the UVB-irradiated skin was significantly

higher in the groups that received oral administration of

PO and PPE (OH groups) than in the control mice (p<

0.05). Figure 1B presents the effects of PPE treatment on

TEWL in the UVB-irradiated mice. TEWL was signifi-

cantly higher for mice treated with UVB irradiation than

for control mice (NC 6.19 g/h/m2 vs. Con 21.09 g/h/m2, p

<0.01). When the mice were administered PPE and PO,

the UVB-induced increase in TEWL relative to the UVB

control was significantly suppressed (p<0.05). The effects

of oral PPE administration on the skin water-holding

capacity and TEWL were similar to those of hydrolyzed

collagen administration, which was considered a positive

control.

Erythema and melanin values

The effects of PPE treatment on erythema and melanin

values in the UVB-irradiated hairless mice are shown in

Fig. 2. Erythema values were significantly higher for UVB-

Fig. 1. Effect of PPE on skin water-holding capacity (A) and

transepidermal water loss (B) in UVB-irradiated hair-

less mice. NC: Drinking water intake without UVB irra-

diation; Con: Drinking water intake with UVB irradia-

tion; PO: 0.1% hydrolyzed collagen (HACP-U2) intake in

drinking water with UVB irradiation; OL: 0.05% PPE

intake in drinking water with UVB irradiation; OH: 0.1%

PPE intake in drinking water with UVB. Values are mean

±SEM (n=6). Means with different letters indicate signifi-

cant differences at p<0.05.
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irradiated mice than control mice (NC 132.46 vs. Con

176.24, p<0.05). PO and PPE treatments did not suppress

the UVB-induced increase in erythema values. However,

PPE treatment showed a tendency toward decreased ery-

thema values. UVB irradiation did not significantly inc-

rease melanin values in the mice. Furthermore, PO and

PPE treatments did not suppress the UVB-induced inc-

rease in melanin values. Erythema value also was not sig-

nificantly influence by the treatments (Fig. 2B).

Wrinkle formation and histopathology of the skin

Fig. 3 shows photographs and replica images of the

dorsal skin of the UVB-irradiated hairless mice treated

with PPE. Male hairless mice chronically exposed to UVB

radiation showed deep, irregular wrinkles on the dorsal

skin. Wrinkle formation in the UVB-control group (Con)

was greater than that in the Normal group (NC). Wrinkle

formation due to intrinsic aging was also observed in

non-UVB-irradiated hairless mice. The magnified photo-

graphs and replica images show a reduction in UVB-

induced wrinkle formation after PO and PPE treatments.

No significant difference in wrinkle formation in the

UVB-irradiated dorsal skin was observed between the PO

and PPE treatment groups.

To evaluate the histological status of skin tissue after

PPE treatment, H&E staining was performed on dorsal

skin tissue samples (Fig. 4A). UVB treatment resulted in

a hyperplasia phenotype based on H&E staining of skin

tissue; this presents a thicker epidermal surface than that

of mice in the control group (Fig. 4). This result indicates

that UVB induced photo-ageing on the skin surface. PPE

treatments ameliorate the thicker skin surface caused by

UVB exposure. Compared with the control group, the

groups that received oral PPE treatment showed a signif-

icant decrease in epidermal thickness (p<0.05), but thick-

ness did not differ significantly from that of the UVB treat-

ment groups. These histological data indicate that PPE

treatment protects skin from UVB-induced hyperplasia,

consistent with the inhibition of wrinkle formation.

MMPs and TIMPs expression

The results of the experiments described above indi-

cated that PPE treatment results in the inhibition of UVB-

induced wrinkle formation, skin thickening, and water

loss. Wrinkle formation and skin dehydration are related

to a lack of collagen, an important structural skin compo-

nent. Therefore, we examined the effect of PPE on the

expression levels of genes related to collagen synthesis

and degradation.

Fig. 2. Effect of PPE on melanin (A) and erythema values (B)

in UVB-irradiated hairless mice. NC: Drinking water

intake without UVB irradiation; Con: Drinking water in-

take with UVB irradiation; PO: 0.1% hydrolyzed colla-

gen (HACP-U2) intake in drinking water with UVB irra-

diation; OL: 0.05% PPE intake in drinking water with

UVB irradiation; OH: 0.1% PPE intake in drinking water

with UVB. Values are mean±SEM (n=6). Means with dif-

ferent letters indicate significant differences at p<0.05.

Fig. 3. Effect of PPE on wrinkle formation (A) and ratio of

wrinkled area (B) of dorsal skin in hairless mice. NC:

Drinking water intake without UVB irradiation; Con: Drin-

king water intake with UVB irradiation; PO: 0.1% hydro-

lyzed collagen (HACP-U2) intake in drinking water with

UVB irradiation; OL: 0.05% PPE intake in drinking water

with UVB irradiation; OH: 0.1% PPE intake in drinking

water with UVB. Values are mean±SEM (n=6). Means with

different letters indicate significant differences at p<0.05.
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MMP-2 and -9 play important roles in the degradation

of collagen in tissues. Significantly lower MMP-2 mRNA

expression was observed in groups with oral administra-

tion of PPE (OL and OH groups) than in the control group

(Fig. 5A). There was no significant difference in MMP-2

expression between the OL and OH groups.

The mRNA expression of the gene encoding another

collagen-degrading protein, MMP-9, was also significantly

lower in the groups that received oral administration of

PPE (especially the OH group) than in the control group

(Fig. 5B). The 0.1% PPE administration group (OH) exhi-

bited down-regulated MMP-9 expression. However, there

were no significant differences in MMP-9 expression bet-

ween the treated group (OL) and the control group.

Since the regulation of matrix metalloproteinases is

coordinated by tissue inhibitors, including TIMP-1 and -

2, we investigated whether TIMP-1 and -2 mRNA expres-

sion levels were altered in UVB-treated mice. Groups that

were orally administered PPE showed significantly up-

regulated TIMP-1 and -2 mRNA expression levels com-

pared with those in the control group (p<0.05). There were

no significant differences in TIMP expression between the

OL and OH treatment groups. This indicates that orally

administered PPE activated the expression of TIMP-1

and -2, inhibitors of MMPs, which is responsible for col-

lagen degradation in the skin.

Discussion

PPE is likely to contain many specific and potent bioac-

tive substances from a nutritional perspective given their

competitive living conditions (Koike et al., 2012). Owing

to its various bioactive properties, PPE has gained inc-

Fig. 4. Epidermal thickness of hairless mice treated with

PPE. NC: Drinking water intake without UVB irradia-

tion; Con: Drinking water intake with UVB irradiation;

PO: 0.1% Hydrolyzed collagen (HACP-U2) intake in

drinking water with UVB irradiation; OL: 0.05% PPE

intake in drinking water with UVB irradiation; OH: 0.1%

PPE intake in drinking water with UVB. Values are mean

±SEM (n=6). Means with different letters indicate signifi-

cant differences at p<0.05.

Fig. 5. Effect of PPE on MMP-2 (A) and -9 (B) expression in

hairless mice. NC: Drinking water intake without UVB

irradiation; Con: Drinking water intake with UVB irradi-

ation; PO: 0.1% hydrolyzed collagen (HACP-U2) intake

in drinking water with UVB irradiation; OL: 0.05% PPE

intake in drinking water with UVB irradiation; OH: 0.1%

PPE intake in drinking water with UVB. Values are mean

±SEM (n=6). Means with different letters indicate signifi-

cant differences at p<0.05.

Fig. 6. Effect of PPE on TIMP-1 and TIMP-2 expression in

hairless mouse. NC: Drinking water intake without UVB

irradiation; Con: Drinking water intake with UVB irradi-

ation; PO: 0.1% hydrolyzed collagen (HACP-U2) intake

in drinking water with UVB irradiation; OL: 0.05% PPE

intake in drinking water with UVB irradiation; OH: 0.1%

PPE intake in drinking water with UVB. Values are mean

±SEM (n=6). Means with different letters indicate signifi-

cant differences at p<0.05.
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reasing popularity as an ingredient in functional foods

and pharmaceuticals (Han et al., 2013). To the best of our

knowledge, this is the first study revealing the effects of

long-term oral administration of PPE on UVB-induced

skin aging in vivo. Moreover, the effects of PPE and the

mechanism underlying increased water holding and anti-

wrinkle capacity were elucidated.

Effects of PE on the regulation of biological responses

and its potential as a therapeutic reagent for various dis-

eases have been implicated in numerous studies. Never-

theless, solid evidence demonstrating the biological me-

chanisms of these effects in a well-established experi-

mental system is still lacking. In this study, we demon-

strate that the administration of PE increases the water-

holding capacity and anti-wrinkle effect in UVB-induced

hairless mice.

The ability of the skin to hold water is related to the

lipid content within the stratum corneum, which plays a

predominant role in maintaining the skin barrier function

(Madison, 2003), and also to dermal glycosaminoglycans,

which have a high water-holding capacity (Oh et al., 2011).

In our study, oral PPE administration improved UVB-

induced hydration changes, the skin water-holding capac-

ity, and TEWL in the UVB-irradiated hairless mice (Fig. 1).

Placenta preparation involves several processes includ-

ing freeze-drying, boiling, and hydrolysis. An aqueous

extract of placenta contains amino acids, peptides, glyco-

saminoglycans, lipids, polynucleotides (mainly polydeox-

yribonucleotide fragments), vitamins, minerals, etc. Thus,

biologically active proteins or other large molecules in

the placenta can be degraded or inactivated, and small

molecules, such as estrogen, progesterone, and growth

factors, may remain as active components (Chakraborty

and Bhattacharyya, 2012). Of the substances used in cos-

metic products, freeze-dried PE seems to be the most ef-

fective in strengthening flaccid connective tissue (Bohn,

1985). PE improves the skin’s blood circulation and meta-

bolism, and increases the frequency of cell division in the

skin (Mittal, 1977). It is a rich source of bioactive pep-

tides and amino acids. Bioactive components in PPE might

affect the UVB-induced decrease in water holding capac-

ity and increase in TEWL.

Furthermore, HPE is clinically and cosmetically used

for wrinkles because it promotes skin regeneration (Pal et

al., 1995). HPE is also a component of various skin oint-

ments owing to its effects related to skin revitalization

and melanocyte growth, and its pigment-inducing activi-

ties; it is also used to treat skin hypersensitivity-like der-

matitis and psoriasis (Pal et al., 2002). Oral intake of PPE

also showed an anti-wrinkle effect in UVB-induced hair-

less mice (Fig. 3 and 4). Wrinkles are caused by aging,

genetic background, and environmental factors such as

UVB irradiation. PPE was recently developed as an oral

supplement for the same purposes as HPE, i.e., skin rege-

neration, and is now clinically used as an anti-wrinkle

treatment (Pal et al., 2002; Pal et al., 1995). Yoshikawa et

al. (Yoshikawa et al., 2013) demonstrated that oral PPE

treatment may be used to improve skin wrinkles. Oral PPE

treatment in postmenopausal women leads to a decrease

in the width of wrinkles. In our study, oral PPE treatment

reduced UVB-induced wrinkle formation (Fig. 3). Skin

fibroblasts express extracellular matrix proteins including

collagen and play a critical role in skin regeneration. Col-

lagen precursor molecules (procollagen) are synthesized

in fibroblasts (Pinnell, 1982). PPE increases fibroblast

proliferation (Pal et al., 2002). A recent study has shown

that PPE drives skin fibroblasts into the S phase and

increases the basic fibroblast growth factor level (Pal et

al., 2002). It significantly increases collagen production

in dermal fibroblasts, suggesting that it has a stimulatory

effect on collagen production (Yoshikawa et al., 2013).

Skin collagen has a central role in the mechanical strength

of skin, as a component of the extracellular matrix. A

decline in the dermal collagen content is a major factor in

wrinkle formation (Calleja-Agius et al., 2007). The reduc-

tion in wrinkles caused by PPE treatment may be related

to its effects on the skin water-holding capacity and TEWL;

PPE may have an anti-wrinkle effect by preventing mois-

ture loss.

UV exposure is a leading cause of elevated MMP exp-

ression. High levels of MMPs are known to cause dam-

age to skin connective tissue via collagen degradation and

collagen synthesis reduction (Kong et al., 2010). Type IV

collagenases, MMP-2 and MMP-9, are UV-inducible

MMPs. MMP-9 plays an important role in apoptosis and

the fibrillar collagens after initial cleavage by collagenase

(Anggakusuma et al., 2010; Onoue et al., 2003). There-

fore, the inhibitory effect of PPE against UVB damage

was further confirmed based on its ability to block MMP-

2 and MMP-9 expression. UVB-exposure also affects the

expression of genes encoding TIMPs (Onoue et al., 2003).

TIMP-1 and TIMP-2 are the major endogenous inhibitors,

and regulate the activity of MMP-2 and MMP-9 (Corbel

et al., 2000; Kong et al., 2010). The presence of PPE

essentially inhibited the UVB effect by suppressing the

expression of MMPs and inhibiting the decreased expres-

sion of TIMPs genes.

The long-term administration of marine collagen hydro-
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lysate (MCH) from Chum Salmon skin at a 4.5% concen-

tration can also significantly inhibit the expression of

MMP-1 and increase TIMP-1 expression in chronologi-

cally aged skin. Therefore, the increased MMP-1 protein

and reduced TIMP-1 protein levels together contributed

to the inhibitory effect of MCH on the degradation of col-

lagen fibers in aged skin (Liang et al., 2010).

Several clinical studies have indicated a broader range

of skin-related benefits of orally ingested antioxidants.

The daily oral ingestion of a mixture of antioxidants con-

taining lutein (6 mg) and zeaxanthin (0.3 mg) induces an

increase in skin surface lipids and skin hydration, while

simultaneously reducing the amount of oxidized skin lip-

ids following UV light exposure (lipid peroxidation) (Mor-

ganti et al., 2002). The delivery rate of orally adminis-

tered PPE to the skin surface influences its effects. Orally

administered PPE might be delivered to cells at the der-

mal-epidermal junction via the bloodstream or via the

sebaceous gland route (Darvin et al., 2006; Palombo et

al., 2007). We hypothesized that oral intake of PPE might

show greater effects than topical application. Sebaceous

delivery could result in greater amounts of PPE at or near

the skin surface than might be achieved from a topical

route.

We have a limitation in this study is that we have not

identified the active proteinous component from PPE.

Further investigation is required to identify the actual

active component from enzyme treated PPE. The active

components will be small molecular compounds since the

active component from such products are usually small

peptides (tripeptides and tetrapeptides).

In this study, long-term oral ingestion of PPE had ben-

eficial effects on age-related phenomena, including effects

on water holding capacity, trans-epidermal water, wrinkles,

as well as MMP and TIMP-1 expression. Based on these

results, we inferred that long-term oral administration of

PPE might be an effective method to slow skin photo-

aging.
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