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Abstract

Placental Extract (PE) has been used as a folk remedy in Asian countries. Human PE is clinically used for the
treatment of skin wrinkles because it promotes skin regeneration. In this study, we found that Porcine PE (PPE)
promoted collagen production in Normal Human Dermal Fibroblasts (NHDFs). Treatment of NHDFs with PPE
at concentrations of 12.5-100 pg/mL enhanced their proliferation and secretion of procollagen C peptide. We also
found that expression of intracellular Matrix Metalloproteinase-9 (MMP-9) in PPE-treated NHDFs was decreased in a
dose-dependent manner. These results indicate that PPE might affect facial wrinkling partly by enhancing fibroblast
proliferation and collagen secretion while inhibiting MMP-9 expression in NHDFs.
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Introduction

The placenta is a temporary organ present during gestation, which
supplies oxygen and nutrients to the developing fetus [1]. It is expelled
from the body after birth and the nutritional substances can be extracted
to prepare a Placental Extract (PE). Such PEs reportedly contained
enzymes such as alkaline acid phosphatase and glutamic oxalo acetic
transaminase, as well as nucleic acids, vitamins, amino acids, steroids,
fatty acids, and minerals [2]. PEs are a traditional medicine used for
wound healing, because of immune tropic and anti-inflammatory
activities, and as a cosmetic supplement in many Asian countries
[3]. In Asia, subcutaneous or intramuscular injection of Human PE
(HPE), a hydrolysate of the human placenta commercially named
Laennec (Japan Bio Products, Tokyo, Japan), has been recently used
for the treatment of various disorders including climacteric symptoms,
non-healing wounds and chronic varicose ulcers [4-7]. Furthermore,
HPE is clinically and cosmetically used for the treatment of skin
wrinkles because of its promotion of skin regeneration [8,9]. HPE is
also a component of various skin ointments because it promotes skin
revitalizing and melanocyte growth, and exhibits pigment-inducing
activities as well as for the treatment of skin hypersensitivity-like
dermatitis and psoriasis [10].

Recently, Porcine PE (PPE) has been developed as an orally
administered supplement for the same purposes as those of HPE. In
a previous study, PPE was found to promote wound healing in rats
with thermal injury [11]. PPE treatment also inhibits the activation
of antigen-presenting cells including macrophages, which leads to
down-regulation of pro inflammatory cytokines, suggesting a potential
therapeutic application of PPE in the modulation of skin inflammation
[12]. Our previous studies demonstrate that oral administration of PPE
to human subjects is significantly effective for the reduction of knee
pain in post-menopausal women and improvement of climacteric
symptoms in pre and post-menopausal women [13,14].

Wrinkles are caused by aging, genetics, and environmental factors
such as ultraviolet radiation, as well as smoking and estrogen deficiency
[15-19]. Among these factors, the severity of wrinkles correlates
strongly with age. As human skin ages, it becomes thin and shows a

decrease in elasticity, glycosamino glycans, and collagen [18,20-23].

Collagen is the predominant fibrous protein of the extracellular
matrix and is a major constituent of connective tissue in the human
body. About 3-6% of total tissue protein in the body is collagen, and
the functional properties of skin depend on the integrity of collagen
in the dermis. Changes in collagen expression occur during wound
healing, new bone development, and aging [24]. Therefore, the control
of collagen metabolism might be useful for a variety of therapeutic and
cosmetic applications.

We have found that oral administration of PPE to pre and post-
menopausal women leads to a reduction in the width of wrinkles below
the eye. However, the mechanism regulating collagen production in
human fibroblasts by PPE has not been elucidated in detail. In this
study, we found that PPE stimulated collagen production and inhibited
secretion of a collagen-degrading enzyme, Metalloproteinase (MMP)-
9, in Normal Human Dermal Fibroblasts (NHDFs).

Materials and Methods
PPE

The PPE (JBP porcine 100, Tokyo, Japan) used in this study was
provided from Japan Bio Products. The porcine placenta was collected
in Japan and treated with a protease and heat sterilization prior to
freeze drying, grinding, and transfer into capsules. The contents of
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these capsules were dissolved in distilled water for use in experiments.
Cell culture

NHDFs were obtained from neonatal foreskin and purchased
form Takara Bio (Shiga, Japan). The cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; Sigma-Aldrich, St. Louis, USA)
supplemented with 10% Fetal Bovine Serum (FBS) at 37°C with 5%
CO,. NHDFs were used for all experiments after 3 passages.

Cell proliferation assay

Cell proliferation was assessed by a MTT assay [25]. NHDFs (1x10*
cells/mL) were cultured in 96-well plates with DMEM containing 10%
FBS for 2 h. PPE was added to the medium at various concentrations,
and then the cells were incubated for 48 h. The medium was aspirated
and replaced with 100 uL of fresh medium and 20 pL of a MTT solution
(0.5% (w/v) in Ca**/Mg**-free Phosphate-Buffered Saline [PBS]; Nacarai
Tesque, Kyoto, Japan) per well followed by 4h of incubation. Then, 150
uL of a SDS solution per well was added, followed by incubation for
18 h. The plates were then shaken for 15 min and read at a 570-nm
wavelength to obtain the absorbance values.

Measurement of procollagen type I C-Peptide (PIP) by an
Enzyme Immune Assay (EIA)

PIP was used as a marker for procollagen secretion. NHDFs (1x10*
cellsyrmL) were cultured in 24-well plates with DMEM containing
10% FBS. At 80% confluence, the medium was replaced with DMEM
containing 0.5% FBS, and the cells were cultured overnight. Then, the
cells were stimulated with various concentrations of PPE. Culture
supernatants were harvested after 24-72 h and frozen at -80°C
until use. The level of PIP in the supernatants was measured by a
commercially available EIA kit (Takara Bio, Shiga, Japan) according to
the manufacturer’s instructions.

Western blot analysis

NHDFs were cultured in 60-mm dishes with DMEM containing
10% FBS. The method for culturing the cells was similar to that
described for determination of PIP levels.

In brief, after 72 h of culture, the cells were lysed with a modified
radio immune precipitation assay buffer containing protease and
phosphatase inhibitors (1 ug/mL aprotinin, 1 pug/mL leupeptin, 1 ug/
mL pepstatinA, 100 mM PMSF, 200 mM NaVO3, 100 mMNaF, and
2xcomplete Mini; (Roche applied science, Mannheim, Germany)).
Lysates were centrifuged to remove cellular debris, and the super
natants were collected as the protein extract. Protein concentrations
were measured using a BCA protein assay kit (Thermo Fisher Scientific,
USA). Each protein sample (10 pg) was size fractionated by SDS-
polyacrylamide gel electrophoresis using 12% mini protean TGX gels
(Bio-Rad Laboratories, CA, USA). Separated proteins were transferred
to poly vinylidene fluoride membranes (GE Healthcare, England, UK).
The membranes were then blocked for 1 h at room temperature with
5% skim milk powder in PBS containing 0.05% Tween 20 (PBS-T) and
then incubated with primary antibodies diluted in PBS-T at 4°C. The
primary antibodies were rabbit anti MMP-9 (1:1000) and mouse anti
B-actin (1:5000) (Santa Cruz Biotechnology, TX, USA).

The membranes were washed several times with PBS-T and then
incubated with secondary antibodies diluted in PBS-T for 1 h at
room temperature. Secondary antibodies were goat anti-rabbit IgG-
Horseradish Peroxidase (HRP) (1:2000) and donkey anti-mouse
IgG-HRP (1:5000) purchased from Santa Cruz Biotechnology. The
membranes were washed several times with PBS-T and Milli-Q water.

Reactive proteins were visualized with ECL detection reagents and
autoradiography using high-performance auto radiographic film (GE
Healthcare UK Ltd, Buckinghamshire, England).

Statistical analysis

Results are expressed as the mean + Standard Deviation (SD).
Differences between groups were assessed with the Wilcox on signed-
rank test. The Mann-Whitney nonparametric U test was used to
evaluate differences between two groups. P<0.05 was considered to be
statistically significant.

Results
PPE induces NHDF proliferation

It is well known that skin fibroblasts express extracellular matrix
proteins including collagen, and play a critical role in skin regeneration
[26]. We first investigated the effect of PPE on the proliferation of
cultured NHDFs. As indicated in Figure 1, NHDFs treated with 100 ug/
mL PPE showed a higher proliferation rate than control. The ability of
PPE to increase cell proliferation was dose dependent at concentrations
in the range of 6.25-100 ug/mL (Figure 1A). During 24-72 h of culture,
50 ug/mL PPE enhanced cell proliferation compared with that in the
control (Figure 1B).

Effect of PPE on PIP production

To investigate the effect of PPE on collagen synthesis and/or
secretion in NHDFs, we measured the amount of PIP in the culture
supernatants of NHDFs after stimulation with PPE. As illustrated in
Figure 2, cells treated with PPE produced PIP in a dose-dependent
manner. The PIP levels in the culture supernatants accumulated
significantly within 72 h following addition of 50 ug/mL PPE, where as
the PIP levels were decreased by 200 pg/mL PPE (Figures 2A and 2B).

Effect of PPE on intracellular expression of MMP-9 in NHDFs

MMP-9 is a member of the matrix metalloproteinase family that
normally remodels the extracellular matrix, and has been shown to
play an important role in collagen degradation [27]. We therefore
investigated the effect of PPE on MMP-9 expression in NHDFs.
After 72 h of cultivation, western blot analysis revealed that PPE at
concentrations in the range of 12.5-50 pg/mL significantly decreased
MMP-9 expression in a dose-dependent manner (Figure 3).
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Figure 1: Effects of PPE on the proliferation of cultured NHDFs. Cells were
treated with or without PPE at various concentrations. Cell proliferation was
measured by an MTT assay. A Proliferation of NHD Fstreated with PPE at
various concentrations. B.Timecourse of NHDF proliferation. Data are indicated
as the mean + SD of six independent experiments. *p<0.05 and **p<0.01 vs.
control culture, TTp<0.01 vs. control culture at 24 and 48 h.
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Figure 2: Effects of PPE on PIP production in cultured NHDFs. Cells were
treated with or without PPE at various concentrations. Culture supernatants
were collected to measure the levels of PIP by EIA. Data are indicated as the
mean + SD of four independent experiments. *p<0.05 and **p<0.01 vs. control
culture, T/p<0.01 vs. control culture at 24 and 48 h.
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Figure 3: Effects of PPE on PIP production in cultured NHDFs. Cells
were treated with or without the indicated concentrations of PPE for 72 h.
Intracellular MMP-9 protein was then measured by western blot analysis. The
protein expression levels of MMP-9 were normalized to B-actin levels. Data
are indicated as the mean * SD of three independent experiments. **p<0.01
vs. control culture.

Discussion

HPE is used as a cosmetic supplement for skin care and skin
pigmentation [9]. It has also been reported to play a role in skin
regeneration [8,9]. However, PPE applications have not included
improving the appearance of wrinkles. It is known that collagen
precursor (procollagen) molecules are synthesized in fibroblasts [26]. In
this study, we found that the proliferation of fibroblasts was enhanced
by PPE. A recent study has shown that PPE induces skin fibroblasts
into S phase and increases the protein level of basic fibroblast growth
factor, which is consistent with our results [11].

We also found that PPE significantly increased collagen production
in NHDFs at 72 h of culture, suggesting that PPE has a stimulatory
effect on collagen production. Skin collagen has a central role in

dermal mechanical strength as a component of the extracellular
matrix. Constitutive assemblies are principally initiated by growth
factors and hormones such as estrogen [28]. The decline of dermal
collagen content after menopause is a major factor in the appearance
of wrinkling [18]. Furthermore, there is a strong correlation between
skin collagen loss and estrogen deficiency during climacteric, which
also suggests that estrogen deficiency may be involved in the decrease
of skin collagen, leading to skin wrinkling in post-menopausal women
[18,19]. Our recent study demonstrated that women treated with
hormone replacement therapy show a significant decrease of the width
of wrinkles compared with that of untreated women [29]. PPE had no
effects on bone mineral density or the weight of the uterus in ovary
ectomized female mice and 24 weeks treatment with PPE did not change
the levels of serum estrogen or thyroid hormones in postmenopausal
women [14]. This suggests that estrogen and thyroid hormones are not
involved in PPE-mediated bioactive effects. Indeed, progesterone and
oestradiol have little effect on cell proliferation [11]. Therefore, it is
likely that the induction of cell proliferation and collagen production
by PPE was not caused by these hormones.

The amount of collagen in the dermis is the net result of its synthesis
and degradation. MMPs are a family of structurally related enzymes,
including collagenase-1 (MMP-1), collagenase-3 (MMP-13), gelatinase
A and B (MMP-2 and MMP-9), stromelysin (MMP-3), and membrane-
type MMPs, which are capable of degrading all components of the
extracellular matrix such as collagen, elastin, fibronectin, proteoglycans,
and laminin [27]. In particular, MMP-1 degrades type I and III fibrillar
collagen, MMP-9 further degrades the collagen fragments, and MMP-3
degrades type IV collagen and activates pro-MMP-1 [30,31].

In this study, PPE reduced the protein levels of MMP-9 in NHDFs.
Therefore, these results suggest that PPE prevents degradation of
collagen by decreasing MMP-9 protein expression. To investigate the
relation between mRNA and protein expression of MMP-9, real-time
reverse transcription-polymerase chain reaction was also performed.
The low level of MMP-9 mRNA was detectable, while the expression
value of MMP-9 varied widely in the RT-PCR method. We observed
the results, which PPE has a tendency to suppress the mRNA expression
(data not shown).

A limitation of this study is that we have not identified the
active constituents in PPE that affect collagen production. Further
investigation is needed to determine the active constituents in PPE.
However, such substances in PPE are likely to be small molecules
including tripeptides and dipeptides, because PPE has shown bioactivity
via oral administration for the treatment of wrinkles, climacteric
symptoms, and knee pain [13,14]. Collagen is characterized by a triple
helical structure with a repeating sequence of Glycine (G)-X-Y, where
amino acids X and Y are high-frequency proline and hydroxyl proline,
respectively [32]. Togashi et al., reported that HPE contains G-X-Y
tripeptides [32]. The G-X-Y tripeptide reportedly increases collagen
and hyaluronic acid contents in cultured fibroblasts [33]. We recently
found that PPE contains proline and hydroxyl proline by amino acid
analysis. We are currently analyzing the active constituents, particularly
the peptides, in PPE.

In the present study, we found that PPE stimulates the proliferation
of NHDFs as well as the production of collagen, and inhibits MMP-
9 production. The fibroblast reportedly produces collagen and bind
to collagen fibril through integrin, which modulates skin thickness
[34,35]. It is also reported that cell proliferation is regulated by
surrounding circumstance, especially related to density, and density
of dermis is linked to collagen production of fibroblast [36,37]. Thus,

Gynecol Obstet
ISSN: 2161-0932 Gynecology, an open access journal

Volume 3 ¢ Issue 6 + 1000186



Citation: Yoshikawa C, Takano F, Ishigaki Y, Okada M, KYO S, et al. (2013) Effect of Porcine Placental Extract on Collagen Production in Human Skin
Fibroblasts /n Vitro. Gynecol Obstet 3: 186 doi:10.4172/2161-0932.1000186

Page 4 of 4

we discussed that PPE have beneficial effect to wound healing or facial
wrinkling since proliferation cell may compensate the tissue spatially
and cells secrete collagen in sufficiently dense circumstance. Taken
together PPE may be useful supplement for the treatment of cosmetic
facial wrinkling same as HPE.
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