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Abstract

The placenta is a tissue mass formed in the uterus. It is an indispensable organ that is responsible for the transportation of blood required for fetal growth. Horse
placenta has been used in the health food and cosmetic fields in recent years. We enzymatically treated horse placenta and obtained placental peptides with
molecular weights < 3,000 Da. We mainly performed the in vitro experiments using human fibroblasts. We confirmed that placental peptides primarily activate the
mitochondria of human fibroblasts and promote the production of type I collagen. Therefore, we suggest the use of placental peptides as materials that contribute to
the improvement of skin elasticity and reduction of wrinkles in the cosmetic field.

Introduction

Historically, “Shikasya,” the human placenta, has been introduced
as a traditional Chinese medicine with nourishing tonic effects.
Under the initiative of the Japanese government, the development of
“advanced nutrients” began in the 1940s in Japan. A group of obstetrics
and gynecologists at Kyoto University School of Medicine have
developed oral nutrients and injections from the human placenta that
are still considered as pharmaceuticals [1-4]. Additionally, the placenta
of some animals, including pigs, sheep, and horses, have been used as
health foods and cosmetic ingredients in Japan and in other countries
[5-9]. In the present study, we used placenta from thoroughbred
horses that are popularly bred and reared in Hokkaido, Japan to
obtain materials that could be applied in the cosmetic field. Presently,
the methods mainly available in the market for processing placenta
are enzymatic decomposition and high-pressure extraction methods.
Our analysis has shown hydrolysis of proteins to amino acids in the
placentas developed by many companies. In this study, we decomposed
horse-derived placenta using multiple proteolytic enzymes and
succeeded in obtaining peptides with approximate average molecular
weights < 3,000 Da. Unlike amino acids alone, peptides having multiple
amino acids can be expected to exhibit a wide variety of physiological
activities; therefore, we performed basic in vitro tests using human
fibroblasts and three-dimensional human epidermal culture system to
determine the applicability of these placental peptides to health foods
and particularly cosmetics.

Methods

Preparation and analysis of placental peptides

Placenta was collected from thoroughbred horse, washed, and
pulverized followed by enzymatic degradation using several peptidases.
Next, the placental peptides were filtered and lyophilized. The
molecular weight distribution of the resulting powder was measured by
high performance liquid chromatography (HPLC, performed by Japan
Food Research Laboratories, Japan). In addition, metabolic analysis of
structural components was performed by capillary electrophoresis time-
of-flight mass spectrometry (CE-TOFMS) and liquid chromatography
time-of-flight mass spectrometry (LC-TOEMS, performed by Human
Metabolome Technologies Inc., Japan).
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Analysis of the DPPH radical scavenging activity of placental
peptides

After 200 pL of an analytical sample solution containing horse
placental peptides and 800 uL of 0.1 M Tris-HCl buffer (pH 7.4) were
added into a test tube, 1 mL of the 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) (Wako Pure Chemical Industries, Japan) solution was added
and left at room temperature in the dark for 30 min. Exactly 30 min
after the addition of the DPPH solution, the absorbance of the solution
was measured at 517 nm. A solution mixture of 1.2 mL of ethanol
and 800 pL of Tris—HCI buffer was used as the blank control. The
absorbance at the addition of the analytical sample was termed A, and
the absorbance at the time of ethanol addition instead of the sample
was termed A,. The residual ratio of DPPH (%) was obtained using the
following equation:

DPPH residual ratio (%) = (A /A,) x 100.

Measurement of the DPPH radical scavenging activity for
the analytical sample solution was repeated three times at each
concentration. Final concentrations of the analytical samples were 75
pg/mL and 150 pg/ml.

Analysis of the effect of placental peptides on the mitochondria
of human fibroblasts

Normal human fibroblasts were purchased from Kurabo Industries
Ltd. (Japan). Cells were grown to 80-90% confluence in Dulbecco's
Modified Eagle Medium (DMEM) (Thermo Fisher Scientific, USA)
containing 10% fetal bovine serum (FBS) (Thermo Fisher Scientific,
USA), 1% penicillin and streptomycin at 37°C in a humidified
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atmosphere of 5% CO, and 95% air. Before treating the cells with
placental peptides (20-500 ug/mL), the culture medium was replaced
with DMEM containing 1% FBS. Peptides having average molecular
weights of 8,000 Da (Nippi high grade gelatin type AP, Nippi, Japan)
and 60,000 Da (Nippi high grade gelatin APAT, Nippi, Japan) were
used as controls.

Mito Tracker (Invitrogen, USA) staining was used to measure
the number of mitochondria, whereas Rhodamine 123 (Funakoshi,
Japan) and Hoechst 33342 (Dojindo, Japan) staining were used to
measure mitochondrial activity. Hoechst 33342 (Ex: 340 nm, Em:
461 nm), Mito Tracker (Ex: 579 nm, Em: 599 nm), and Rhodamine
123 (Ex: 505 nm, Em: 534 nm) stains were performed on days 3, 7,
14, and 21 after the initiation of cell culture. The fluorescence was
measured using a microplate reader (Varioskan Flash, Thermo Fisher
Scientific, USA). Fluorescence intensity values were normalized to the
fluorescence intensity value of Hoechst stain to calculate the relative
fluorescence value (n=3). Quantity of mitochondrial analyses in cells
were performed by BZ-X700 fluorescence microscope (Keyence, UK).

Effect of horse placental peptides on type I collagen
production of human fibroblasts

Similar to mitochondrial activity experiments, normal human
fibroblasts were cultured in 96-well plates in DMEM culture medium.
Culture supernatants were collected on days 3, 7, 14, and 21 after the
initiation of cell culture and stored at -80°C. Human type I collagen
production was quantified using the Human Collagen type I, ELISA Kit
(ACEL, Japan). The collagen concentration in the sample was calculated
(n=3) based on the standard curve obtained from the collagen standard
stock solution, according to the manufacturer’s instructions.

Wound healing assay using human fibroblasts

Normal human fibroblasts were seeded on 6-well plates and
cultured as cell monolayers until they reached 80% confluency. A single
cell layer was scratched using a 200 uL pipette tip. Next, fibroblasts
were cultured with placental peptides at a final concentration of 100
pg/mL (n=3). Digital photography was performed using an inverted
microscope (CKX-41, Olympus, Japan) and a digital CCD camera (DP
72, Olympus, Japan) after culturing for 24 hours. The total migration
distance of the cells across the scratched section was measured using
the microscopy images.

Influence of placental peptides on the three-dimensional
human epidermal culture system

Placental peptides were prepared at a concentration of 15% (W/V)
and 50% (W/V) of that was added to a three-dimensional human
epidermal culture system (Lab Cyte EPI-MODEL 24, J-TEC, Japan
tissue engineering, Japan). As a cytotoxic substance control, 5% (W/V)
sodium lauryl sulfate (SLS) (Wako Pure Chemical Industries, Japan)
was added to the same system (n=3).

After 5 days in culture, cell viability was measured using the
3-(4,5-dimethylthial-2-yl)-2, 5-diphenyltetrazalium bromide (MTT,
Wako Pure Chemical Industries, Japan) assay. The cells were then
incubated with MTT, and the absorbance was measured at OD 540
nm. After fixation in 10% formalin, hematoxylin and eosin staining was
performed to observe the morphological changes of tissue structure
in the three-dimensional human epidermal culture system using an
optical microscope (Motic BA 300, Shimazu, Japan).
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Statistical analyses

All results are expressed as means * standard error (S.E.) of the
mean. Statistical significance was determined using the Dunnett’s and
Student’s t-tests. All *p < 0.05, **p < 0.01, or ***p < 0.001was considered
statistically significant.

Results
Analysis of placental peptides

Molecular weight analysis using HPLC showed that 72% of the
placental peptides had approximate molecular weights of <3,000 Da.
Among them, 33% of peptides had molecular weights in the range
1,000-3,000 Da (Table 1). Metabolomic analysis of the structural
components of these peptides using CE-TOFMS and LC-TOFMS
showed 504 compounds, of which 320 were peptides, 70 were lipids,
and approximately 40 were amino acid related compounds (Figures 1
and 2).

Table 1. Molecular weight distribution of horse-derived placental peptides. The
molecular weight distribution of this powder was measured by high performance liquid
chromatography (HPLC). Proteins are reduced into molecules by enzymatic reaction to
give peptides, and the peptides are most frequently distributed between 1,000 and 3,000.

Molecular weight Peak area ratio (%)

< 6,000 11
3,000 - 6,000 17
1,000 - 3,000 33

500 - 1,000 11
<500 28
Total 100

® Peptide * Amino acid(339)

Lipid(34)

Organic acid = Nucleic acid(131)

Figure 1. Nutritional analysis in planta peptides by metabolome analysis. Nutritional analy-
sis of the placenta peptide confirmed peptides, lipids, organic acids and nucleic acids etc.
Of the 339 peptides and amino acids, the number of peptides is 320, excluding the amount
of amino acids.

Dipeptide(116)
Tripeptide(41)

Peptide of tetramer or higher(163)

Figure 2. Low molecular peptides identification in placenta peptides by metabolome
analysis.
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DPPH radical scavenging activity of the placental peptides

The results of the DPPH radical scavenging activity of the placental
peptides are summarized in figure 3. The DPPH residual ratio was
significantly reduced by placental peptides at final concentrations of 75
pg/mL and 150 pg/mL.

Effect of placental peptides on the mitochondria of human
fibroblasts

The results of mitochondrial number evaluation using the Mito
Tracker assay have been summarized in figures 4 and 5. Addition of
placental peptides significantly increased the number of mitochondria
on day 3 of cell culture. Conversely, no activity was observed in the
control group. Analysis of mitochondrial activity using Rhodamine
and Hoechst staining of the fibroblasts on days 3, 7, 14, and 21 after
the addition of placental peptides showed significantly enhanced
mitochondrial activity in cells cultured for 7 days and above (Figure 6).
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Figure 3. DPPH scavenging activity of placental peptides.

When Placenta peptides was added to the DPPH solution, the DPPH scavenging action was
significant confirmed at a concentration of 75 pg / mL and 150 pg / mL. n = 3, mean + s.d.,
Dunnett test, ***P < 0.001

Control 20 pg/mL
100 pg/mL 500 pg/mL

Figure 4. Photograph of mitochondrial amount in human fibroblasts by MitoTracker
staining on 3 days culture.
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Effect of placental peptides on type I collagen production in
human fibroblasts

The results of type I collagen production are summarized in
figure 7. Addition of placental peptides significantly elevated collagen
production on days 14 and 21 of cell culture. On the other hand, no
activity was observed in the control group. In order to eliminate the
possibility of the presence of type I collagen in each test substance, we
measured the level of type I collagen in the test medium containing
the test substance in advance and did not detect type I collagen in any
medium containing the test substance.

Assessment of the effect of placental peptides on the wound
healing ability of human fibroblasts

In the wound healing test, the migration activity of fibroblasts
was significantly enhanced by the addition of placental peptides (100
pg/mL). In comparison to the control group, an approximately 45%
increase was observed in the migration ability of fibroblasts that were
exposed to placental peptides (Figures 8 and 9).

Assessment of the effect of placental peptides on the three-
dimensional human epidermal culture system

MTT assay showed cell proliferation in the three-dimensional
human epidermal culture system exposed to a placental peptide
concentration of 15% (W/V) and 50% (W/V). In addition, 5% SLS
treatment reduced the number of cells by approximately 65% (Figures
10 and 11).

Discussion

In the present study, we investigated the possible application of
horse placental peptides in cosmetics. Among the placental peptides
obtained by enzymatic digestion, 33% had molecular weights in the
range 1,000-3,000 Da. Assuming that the average molecular weight
of an amino acid is approximately 120 Da, it can be estimated that
placental peptides are bound to 8-25 amino acids measured by
metabolic analysis [10,11]. The presence of growth factors, such as
the epidermal growth factor (EGF, molecular weight ~6,200 Da) and
fibroblast growth factor (FGF, molecular weight ~ 17,000 Da), has been
reported in the placenta. These growth factors are called oligopeptides
[12,13].

The development of functional peptides is a remarkable process.
Octapeptide-24, acetyl decapeptide-3, and oligopeptide-20 are some of
the peptides that have been developed based on EGF, FGF [14,15], and
insulin-like growth factor 1 (IGF-1), and they are expected to influence
the growth of fibroblasts [12,13]. Conversely, owing to the species
differences between horse-derived growth factors and human derived
growth factors and the possibility of denaturation, degradation, and
inactivation during the manufacturing process, it is unlikely that the
remaining growth factors would have cosmetic effects. Our findings
suggest that placenta peptides have more diverse physiological
activities as a mixture of peptide bodies, even compared to proteins,
high molecular weight peptides, and amino acids.

Mitochondria, an intracellular organelle of all human cells
including fibroblasts, produce ATP, which provides the energy
required for living organisms. Mitochondrial numbers and function
have been reported to decrease with increasing age in humans [16].
Our findings show that addition of placental peptides to human
fibroblasts increased the quantity and activity of mitochondria in the
cell [17]. In addition, we show that placental peptides having unique
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Figure 5. Effects of evaluation for mitochondrial quantity by placenta peptides on 3 days culture.
In placental peptides, mitochondrial abundance increased significantly at all concentrations. On the other hand, no activity was observed in AP (MW; 8,000) and APAT (MW; 60,000) treatment
n =3, mean + s.d., Dunnett test, *P < 0.05, **P <0.01
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Figure 6. Effects of evaluation for mitochondrial activity by placenta peptides on 7 days culture.

In placental peptides, mitochondrial activity increased significantly at 500 pg/ml concentrations. On the other hand, no activity was observed in AP (MW; 8,000) and APAT (MW; 60,000) treatment.
n =3, mean + s.d., Dunnett test, **P < (.01
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Figure 7. Effects of evaluation for Typelcollagen production activity by placenta peptides on 14 days culture.

In placental peptides, Typelcollergen production increased significantly at 500 pg/mL concentrations. On the other hand, no activity was observed in AP (MW; 8,000) and APAT (MW;
60,000) treatment. n = 3, mean = s.d., Dunnett test, **P < 0.01
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amino acid sequences with average molecular weights of 3,000 Da
stimulate cells using a yet unelucidated mechanism and activate the
mitochondria. Mitochondrial proliferation and activation induced by
placental peptides may indirectly induce type I collagen production
in fibroblasts. Type I collagen produced by fibroblasts is useful for
firm bonding between skin cells, thus affecting the firmness of the
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Figure 8. Photographs of wound healing test using human fibroblasts.

This image photos show the migration distance of human fibroblasts stimulated with
placental peptides for 96 hours.
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Figure 9. Wound healing test using human fibroblasts.

The migration distance (mm) of when human fibroblasts cells are stimulated with placental
peptides (100 pg / mL for 96 hours. n = 3, mean + s.d., Student’s test, ***P < 0.001
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Figure 10. Influence test on three-dimensional human cultured epidermis model.

Placenta peptides prepared to a concentration of 5% (W/V) and 50% (W / V) was added to
a human three-dimensional culture epidermis model. As a control of cytotoxic substance,
5% (W/V) sodium lauryl sulfate (SLS) was added. After 5 days of culture, cell viability was
measured by MTT assay. The cells were then incubated with MTT, and the absorbance (OD
540 nm) was measured. n = 3, mean + s.d., Dunnett test, **P < 0.01
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Figure 11. Influence test on three-dimensional human cultured epidermis model.

Placenta peptides prepared to a concentration of 15% (W/V) and 50% (W/ V) was added to a
human three-dimensional culture epidermis model. As a control of cytotoxic substance, 5%
(W/V) sodium lauryl sulfate (SLS) was added. After 5 days of culture, these photographs
are HE staining of tissue and microscopic observation.

skin. Therefore, compounds that induce type I collage production are
expected to have an antiwrinkle effect [18-20].

The wound healing assay is an important model for showing early
skin repair. A decrease in the migration activity of fibroblasts has been
associated with delayed wound healing, and diabetes and aging have
been reported to cause a decrease in fibroblast function. Our finding
that placental peptides promote the migration of human fibroblasts
suggested stimulation of fibroblasts where several factors induce
functional degradation and promotion of wound healing effect (barrier
effect) on the skin surface [21-25].

The three-dimensional human epidermal culture system,
comprising a stratum corneum, granular layer, spinous layer, and
a basal layer, is an appropriate model for human skin owing to its
similarity to the human skin structure through its highly differentiated
and stratified three-dimensional structure, and it is generally used for
the evaluation of cosmetic safety (stimulation test) [26].

In this study, addition of placental peptides to the three-dimensional
epidermal cultures resulted in cell growth. Therefore, we confirmed
the safety and proliferative effect of placental peptides on three-
dimensional human epidermal cultures, suggesting that application
of placental peptides to the skin may result in skin penetration and
promotion of skin cell proliferation.

Finally, elimination of reactive oxygen species has been reported
to have an antioxidant activity. In the present study, we show that
placental peptides have strong antioxidant activities. In addition, they
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are expected to confer UV protective and anti-inflammatory effects
when applied in combination with external preparations as cosmetics,
thus protecting the skin from damage [27-30].

Conclusion

We successfully extracted horse placental peptides with unique
functions using enzymatic digestion. Particularly, these peptides are
expected to function similar to growth factors concerning safety and
activation of human fibroblasts. Because peptides are composed of a
large number of amino acids, it is extremely challenging to elucidate
their entire structure; however, we plan to conduct future studies
that investigate the active substance of the horse placental peptides.
In conclusion, the placental peptides we obtained through enzymatic
digestion are expected to have cosmetic applications.
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