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Abstract
Owing to increasing concern regarding human well-being and quality of life, the demand for natural products is increased,
leading to the development of a market for biological and natural products. This study aimed to investigate the depigmentation
and anti-ageing properties of red seaweed (Pyropia yezoensis) extracts for skin care applications. Within the tested range of
concentrations (100, 200, 400, and 800 μg mL−1), P. yezoensis extracts did not exert cytotoxic effects on the three skin cell lines
tested: mouse melanocytes (Melan-A), human dermal fibroblasts (1064 SK), and human dermal keratinocytes (HaCaT cells). No
significant statistical difference (p = 0.05) was detected in the melanin content between cells exposed to 100 μg mL−1 of arbutin
and 800μgmL−1 ofP. yezoensis extracts, indicating thatP. yezoensis extracts had an potent inhibitory effect onmelanogenesis as
arbutin. There was a significant decrease in tyrosinase activity by 59.3% and 35.5% after treatment with arbutin and P. yezoensis
extracts, respectively. These results indicated that P. yezoensis extracts had strong tyrosinase inhibitory properties but were not as
effective as arbutin. P. yezoensis extracts also promoted collagen production by inhibiting collagen-degrading enzymes (matrix
metalloproteinase (MMP)-2 andMMP-9) and promoting procollagen synthesis enzymes (tyrosinase-related protein (TRP)-1 and
TRP-2). Evaluation of skin brightness and melanin content and dermatological assessment showed that P. yezoensis extracts
enhanced skin brightness and reduced melanin content in 23 volunteers. Our results suggest that P. yezoensis extracts can be used
as functional cosmetic agents to prevent, or remediate skin ageing and pigmentation.
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Introduction

The global cosmetic product market is highly competitive and
is projected to reach $69 billion by 2025 (Wise Guy Reports
2018). Cosmetic producers worldwide are increasingly using
organic, herbal, and ayurvedic ingredients in their formula-
tions. This trend is primarily a result of increasing interest in
health and well-being (Pimentel et al. 2018). As the consumer

perceptions of their appearance have increased, the skin whit-
ening products market has grown prominently. According to
Zion Market Research (2019) the global market for skin whit-
ening products in 2017 had reached approximately US$ 4075
million and is expected to reach approximately US$ 8895
million by 2024. The global markets for skin whitening prod-
ucts include Europe, North America, Asia-Pacific, Latin
America, theMiddle East, and Africa. The Asia-Pacific region
occupied the largest share of the market for whitening prod-
ucts in 2017, as the usage of these products increased in coun-
tries such as China, India, Japan, and Korea.

Melanin is the brown or black pigment derived from the en-
zymatic oxidation of phenols and is known to play a critical role
in protecting the skin from harmful ultraviolet (UV) rays and
toxic drugs (Solano et al. 2006). Melanin is produced by mela-
nocytes in the basal layer of the epidermis, and its production can
be enhanced by external and internal factors, such as UV-rays
and hormonal changes, respectively. Hyperpigmentation is
caused by abnormal melanin accumulation in the skin, leading
to major skin pigment disorders including melasma, freckles,
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lentigo, moles, and leucoplakia (Kim et al. 2014; Han et al.
2015). To treat these disorders, the demand for various skin
whitening cosmetics containing commercial depigmentation
agents is increasing (Azam et al. 2017).

Several synthetic chemical substances have already proven to
be effective skin whiteners, but others have recently raised safety
concerns that have resulted on the prohibition of their use in some
countries. Therefore, given the potential health risks that synthet-
ic ingredients may pose for humans, the search for non-cytotoxic
natural depigmentation agents benefits from the increasing inter-
est of consumers on natural ingredients that can be used in cos-
metic formulations (Burger et al. 2016).

Seaweeds are widely used as a food product; however they
also are gaining attention for applications in the pharmaceuti-
cal and chemical industries. They are rich in various biochem-
ical compounds such as minerals, proteins, vitamins, and car-
bohydrates, which are essential for the human body (Rupérez
2002; Dawczynski et al. 2007; Nova et al. 2020). Seaweeds
are also known to be beneficial to the skin, as their ingredients
are similar to that of human plasma, and its nutrients can be
easily absorbed by the skin (Chapman and Chapman 1980).
Owing to its high mineral content, seaweed extract is often
used in skin care products, such as moisturizers, facial cleans-
ing products, masks, makeup removers, and bath additives
(Quah et al. 2014). A previous study reported that seaweed
extract can improve skin elasticity, as well as tone, prevent
cellulite, soothe damaged or irritated skin, and increase dermal
immunity to cope with external stress (Quah et al. 2014).
Considering these benefits, identifying new compounds in
seaweeds to reduce pigmentation is important for the devel-
opment of new cosmetic products to combat skin hyperpig-
mentation conditions.

The red seaweed Pyropia (formerly,Porphyra), commonly
named ‘Kim’ in Korea, ‘Laver’ in the UK and the USA, ‘Nori’
in Japan, and ‘Zicai’ in China, is primarily consumed as food.
Pyropia has been cultivated in Korea since the seventeenth
century and accounts for one of the most important marine
vegetables and aquaculture product in China, Japan, and
Korea (Hwang and Park 2020), due to its economic impor-
tance and health benefits. Furthermore, owing to its high min-
eral (e.g., iron), vitamin (e.g., vitamins B and C), and protein
content, the demand for Pyropia as a food product is increas-
ing worldwide (Wells et al. 2017; Cho and Rhee 2020).

Regarding cosmetic properties, Pyropia extract (4% in sun-
screen formulations) has been reported as an excellent active
ingredient in sunscreen formulations as it enhances the pro-
tective effect of melanin against UV-induced DNA damage
(Mercurio et al. 2015). Three sulphated polysaccharide frac-
tions isolated from Pyropia have shown antioxidant activities
with IC50 values of 0.06–1.6 mgmL−1, > 1mgmL−1, and 0.8–
1.8 mg mL−1 for superoxide radical activity, hydroxyl radical
activity, and lipid peroxidase activity, respectively (Zhang
et al. 2003). Enzymatic extracts from Pyropia have also been

found to possess high phenolic content and strong antioxidant
activities against acetylcholinesterase (Mooberry et al. 2003).
Mycosporine-like amino acids (MAAs) are known to be high-
ly active photoprotective candidates for preventing the harm-
ful effects of UV radiation on human skin. Thus, MAAs ex-
tracted from Pyropia have been assessed as potential topical
sunscreens (Schmid et al. 2006). The content range of MAAs
in Pyropia species is between 4.2 and 10.6 mg g−1 (Lawrence
et al. 2018). Furthermore, the sunscreen effect of Pyropia
extract on HaCaT human keratinocytes has been demonstrat-
ed to improve viability with increasing extract concentration
(Kim et al. 2014). The Pyropia peptide, PYP1-5, has also been
shown to promote collagen synthesis in human dermal fibro-
blasts, demonstrating its anti-ageing effects (Kim et al. 2017).

Despite of previous reports on the positive effects of
Pyropia extracts and its components on the skin, their impact
on melanogenesis and skin pigmentation has not been studied
yet. In this study we examined the impact of P. yezoensis
extracts on skin hypopigmentation and collagen synthesis
using both in vitro experiments and clinical studies.

Materials and methods

Seaweed materials

Pyropia yezoensiswas collected from Jangbong Island, on the
west coast of Korea. The seaweed was washed to remove salt,
epiphytes, and sand, and was air-dried in the shade before
being coarsely powdered. Pyropia yezoensis was dried and
5 g portions were cut into pieces, suspended in 62.5 mL dis-
tilled water, and kept at 4 °C for 16 h. The mixture was cen-
trifuged at 1735×g for 20 min and the supernatant was heated
at 95 °C for 20 h. The resultant extract was centrifuged at
1735×g for 10 min and further concentrated using a rotary
vacuum evaporator (HS-2005S-N, Hanshin, Korea) at 45 °C.

Cell culture and viability

Cell respiration, an indicator of cell viability, was assessed via
the MTT assay, which assess the mitochondrial dependent re-
duction of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide] to formazan. Melan-A melanocytes were
grown in an RPMI-1640 medium, supplemented with 10%
FBS (foetal bovine serum), 1% P/S (penicillin/streptomycin),
and 200 nM TPA (12-O-tetradecanoyl phorbol-13-acetate),
while human dermal fibroblasts (1064 SK) and human skin
keratinocytes (HaCaT cells) were cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM; Gibco BRL, USA) supplement-
ed with 10% FBS and 1% P/S and incubated at 37 °C and 5%
CO2 for 72 h. All cell lines used in this study were purchased
from Korea Cell Line Bank (KCLB, Seoul, Korea).
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Cells were seeded at the cell density of 2 × 104 cells in 96-well
plate and left overnight; subsequently, different concentrations
(100–800 μg mL−1) of Pyropia extracts were added, and the
cells were incubated for 72 h. MTT dye reagent (2 mg mL−1

PBS) was added to each well and cells were incubated at 37 °C
for 3 h. Following medium removal, 0.1% DMSOwas added to
each well and plates were gently shaken for 10 min. Optical
absorbance was determined at 540 nm using an ELISA micro-
plate reader (InfiniteM200PRO, Tecan, Austria). Cell viability
was calculated according to Eq. 1:

Cell viability %ð Þ ¼ Asample

Acontrol

� �
� 100 ð1Þ

where Asample is the absorbance from the mixture with Pyropia
extracts and Acontrol is the absorbance from the mixture without
the addition of the extract. All experiments were conducted in
triplicates.

Melanin content assay

Pyropia extracts were diluted with RPMI-1640 medium
(500 μL) to a range of concentrations (100, 200, 400, and
800 μg mL−1), added to 24-well plate containing Melan-A
melanocytes at a density of 5 × 104 cells per well and incubat-
ed at 37 °C and 5% CO2 for 72 h, before being washed twice.
Arbutin, a well-known tyrosinase inhibitor, was also added at
100 μg mL−1 (the IC50 value for tyrosinase inhibition was
112 μg mL−1 for arbutin according to Kang et al. (2004)) as
a positive control. Cell pellets were dissolved in 1 N NaOH
and incubated at 55 °C for 1 h.Melanin content was calculated
by comparison of the absorbance at 490 nm using a standard
curve of synthetic melanin.

Intra-cellular tyrosinase activity assay

Melan-A cells were treated with different concentrations of
Pyropia extracts for 72 h. The cells were then harvested by
trypsinisation and washed with phosphate-buffered saline
(PBS). Lysis buffer composed of 0.1 M sodium phosphate
buffer (pH 6.8), 0.1% Triton-X, and protease inhibitors was
prepared. The cells were then disrupted by sonication and
separated by centrifugation at 21,255×g for 20 min. After
quantifying the protein content using a protein assay kit
(Bio-Rad protein assay kit, USA), the cell lysates were adjust-
ed to the same concentration of protein with the lysis buffer.
The reaction mixtures, including cellular extracts,
2 mg mL−1 L-DOPA, and 0.1 M sodium phosphate buffer
(pH 6.8), were incubated in a 96-well plate at 37 °C for 2 h.
The change in absorbance at 450 nm was measured using an
ELISA (enzyme-linked immunosorbent assay) reader
(InfiniteM200PRO, Tecan, Austria). The percentage inhibi-
tion of tyrosinase activity was calculated using Eq. 2:

Inhibition %ð Þ ¼ A−B
A

� �
� 100 ð2Þ

where A is absorbance at 450 nm without P. yezoensis extract
and B is absorbance at the same wavelength with P. yezoensis
extract.

Western blotting

After treatment with different concentrations of Pyropia ex-
tracts for 72 h, Melan-A cells were washed twice with cold
PBS, and total cellular proteins were extracted using RIPA
(radio-immune precipitation assay) lysis buffer containing
protease inhibitors.

After electrophoresis, the proteins were transferred to a
polyvinylidene difluoride (PVDF) membrane (Bio-Rad) at
200 V for 50 min. The membrane was blocked for 2 h in
TBST (tris-buffered saline and Tween 20) containing 5%
dried skimmed milk powder. After three washes in TBST
for over a period of 15 min, the membranes were incubated
with primary antibodies: TRP-1 (1:1000, Santa Cruz, USA),
TRP-2 (1:1000, Abcam, UK), MITF (1:1000, Abcam, UK),
and beta-actin (1:1000, Abcam, UK), overnight at 4 °C. After
three washes with TBST, the membranes were incubated with
a 1:1000 dilution of HRP-conjugated secondary antibody
against the appropriate species for 2 h at room temperature
(20–25 °C). Proteins were visualised using a western blotting
detection kit (Bio-Rad); β actin was used as an internal
control.

Procollagen assay

A 500 μL volume of 1064 SK cells were seeded at a density of
2 × 105 cells per well in 24-well plate, cultured, and treated
with different concentrations of Pyropia extracts for 24 h. The
media was removed from the wells, and the samples were
diluted using media without serum. After 48 h, all media were
centrifuged at 434×g for 3 min. The resulting supernatant was
measured for the degree of collagen synthesis using a
Procollagen type-I c-peptide (PIP) ELISA kit (TaKaRa
Biotechnology Inc., Japan) following the manufacturer’s in-
structions. The absorbance of the final solution was measured
at 450 nm (InfiniteM200PRO) to calculate type-I procollagen
protein yield; the measured collagen quantity was readjusted
after protein quantification.

Gelatin zymography

After 24-h incubation with Pyropia extracts of different con-
centrations, the HaCaT cell (3 × 103 cells per well) culture
media were analysed for gelatine degradation activity through
electrophoresis under a non-reducing condition in 10% Tris-
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Glycin gelatine gel (Invitrogen, USA). Gel was incubated in
1× zymogram renaturing buffer (Invitrogen) containing 2.5%
(v/v) Triton X-100 for 30 min at room temperature with gentle
agitation, then equilibrated for 30 min at 25 ± 2 °C in 1×
zymogram developing buffer (Invitrogen) containing 50 mM
Tris base, 40 mM HCl, 200 mM NaCl, 5 mM CaCl2, and
0.02% (w/v) Brij 35, followed by overnight incubation with
fresh developing buffer at 37 °C. The zymogram gel was
washed three times with deionised water, stained by adding
20 mL SimplyBlue Safestain (Invitrogen) for 1 h at room
temperature with gentle shaking, and then washed with
100 mL deionised water for 3 h. The zymogram gel was then
taken out of the deionised water and scanned with a GS-710
densitometer (Bio-Rad, USA), digitised using the Quantity
One Image Software (Bio-Rad), and the white band intensities
were measured. The activities of MMP-2 and MMP-9 were
quantified using the Scion Image 4.0.3.2 software (Scion
Corporation, USA).

Clinical assessment of Pyropia extract lotion

A human clinical study was conducted in 23 female subjects
with an average age of 42.6 ± 8.9 years, including two persons
aged 20–29, four aged 30–39, thirteen aged 40–49, three aged
50–59, and one aged 60–69. Pyropia extracts were formulated
into a simple lotion to assess the whitening efficacy. After
applying the test (with Pyropia extracts) and control products
in the designated area (left and right cheek balls) of the same
subject twice per day for 4 and 8 weeks, the efficacy of skin
whitening was evaluated based on skin brightness, skin mel-
anin content, and a subjective survey.

To ensure accurate evaluation, each subject was allowed to
rest for 30 min in a waiting room at a constant temperature
(20–25 °C) and humidity (40–60%) to adjust the skin surface
temperature and humidity to that of the immediate
environment.

The skin whitening effect was measured using a Chroma
meter CM700 (Konica Minolta, Japan), at the cheek ball
around the temple. The skin brightness value is directly pro-
portional to the whitening of the skin tone.

Skin melanin content was measured using Mexameter
MX18 (Courage-Khazaka Electronic GmbH, Germany), a
narrow-band reflectance spectrophotometer that emits
568 nm, 660 nm, and 880 nm light from the probe and mea-
sures the light reflected from the skin. It records the melanin
content within 1 s of skin contact with the sensor. The per-
centage of whitening was calculated using Eq. 3:

%Whitening ¼ Xo−X t

X o

� �
� 100 ð3Þ

where Xo is the initial melanin content measured at week 0
before application; Xt is the melanin content measured after

the tth-week of application.
Subjects were also evaluated for their skin lightness based

on visual assessment by experts. At each visit before and after
using the test product, two dermatologists visually evaluated
the skin colour of the test site based on the Intensity Score
table. The skin colour evaluation criteria table has a skin col-
our range from 1 (bright and transparent) to 10 (dark and dull).
Dermatologists assessed any potential complaints from volun-
teers and evaluated any unwanted symptoms (such as redness
or irritability) and change in its frequency, severity, or speci-
ficity every 4 weeks during the test period.

This clinical study was externally monitored by P&K Skin
Research Centre (http://www.pnkskin.com/eng) and was
conducted in accordance with the ICH guidelines for good
clinical practice (GCP). Ethical approval from the
institutional ethics committee and informed consent from the
participants were obtained (PNK-13613-W1R).

Statistical analysis

Depending upon the outcome of normality testing, paired
Student’s t tests (parametric), or Wilcoxon signed ranks
(non-parametric) tests, at a significance level of p < 0.05 were
used. Additionally, the difference between the control and the
test groups was evaluated using the independent t test
(parametric) and Mann–Whitney U (non-parametric) tests at
a significance level of p < 0.05. The results were expressed as
the means ± standard deviation, and the hypothesis mean dif-
ference was 5% (p < 0.05) to confirm the significance.

The statistical analysis for the evaluation of whitening im-
provement of the test product in this research was based on the
Korean Functional Cosmetics Codex (KoreaMinistry of Drug
and Food Safety 2013).

Results and discussion

Pyropia extracts are non-toxic and inhibit
melanogenesis

At the tested extract concentrations (100–800 μg mL−1),
viability of the three human skin cell lines was not severely
diminished, showing over 80% viability compared to the
controls (Fig. 1). These results suggest that P. yezoensis
extracts do not cause cytotoxic effects when used in the tested
concentration range.

We then investigated the hypopigmentation effect of
P. yezoensis extracts by evaluating their inhibitory properties
on melanin synthesis. Tyrosinase is an enzyme that catalyses
the rate-limiting step in melanin synthesis; therefore, arbutin,
which acts as a competitive tyrosinase inhibitor, was used as a
positive control. When comparing the inhibitory effects of
arbutin and P. yezoensis extracts on melanin production,
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melanin content was reduced by 61.1% in arbutin-treated
cells, whereas P. yezoensis extract treatment reduced the mel-
anin content by 44.1 and 53.8% at 400 and 800 μg mL−1,
respectively (Fig. 2). No significant difference (p = 0.05)
was detected in the melanin content between cells exposed
to 100 μg mL−1 of arbutin and 800 μg mL−1 P. yezoensis
extracts, indicating that P. yezoensis extracts have a potent
inhibitory effect on melanogenesis as arbutin. Although
Pyropia extracts did not have the same effect as arbutin at
the same concentration, a volume–volume comparison of
efficacy of these two compounds was not meaningful as
Pyropia extracts were whole crude extracts, and the concen-
trations of individual active components would likely be
extremely low. It should be emphasised here that the tested
concentrations of Pyropia extracts were similar to those of
arbutin in terms of efficacy. Moreover, the Pyropia extracts
are water-based, and obtaining its active compounds would be
more cost-effective than obtaining the active compounds of

arbutin. Hence, in view of the increasing demand for natural
ingredients, it is advantageous to replace arbutin with Pyropia
extracts, even if the concentrations of Pyropia extracts needed
to exert effects are eight times higher than those of arbutin.

In addition, high arbutin dosage is reportedly toxic to the
liver and nephrons (Novak 2010), while products of edible
seaweed, such as Pyropia, are known to be mild and biode-
gradable, exhibiting low toxicity. P. yezoensis extracts can,
therefore, be used as an alternative non-toxic whitening agent
instead of arbutin.

Pyropia extracts inhibit tyrosinase activity

Tyrosinase-inhibition activity has been found to be supressed
in the extracts of various brown seaweeds, including Ecklonia
cava, E. stolonifera, Endarachne binghamiae, Ishige
okamurae, and Schizymenia dubyi (Kang et al. 2004; Heo
et al. 2010; Cha et al. 2011). In red seaweeds, bromaphenol
compounds extracted from Symphyocladia latiuscula were
reported to be effective tyrosinase inhibitors (Paudel et al.
2019). Recently, considerable attention has been paid to ma-
rine algae for the discovery of tyrosinase inhibitors; however,
the findings in red seaweed are limited.

Given that tyrosinase is the key regulatory enzyme for mel-
anin synthesis, measuring its cellular activity is the first crucial
step for investigating the hyperpigmentation mechanism of
selected agents. Thus, tyrosinase activity was assessed in the
three skin cell lines to further confirm melanogenesis inhibi-
tion by P. yezoensis extracts. In comparing the effects of
arbutin and P. yezoensis extracts on tyrosinase activity, we
noted a significant decrease of 59.3% in tyrosinase activity
following 100 μg mL−1 arbutin treatment, whereas
800 μg mL−1 P. yezoensis extracts exerted a decrease of
35.5% (Fig. 3). Thus, P. yezoensis extracts were not as effec-
tive at inhibiting tyrosinase activity as arbutin, however,
showed potent tyrosinase inhibition.

To elucidate the mechanisms underlying the anti-
melanogenic activities of P. yezoensis extracts, we examined
the effects of P. yezoensis extracts on the expression levels of
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melanogenic enzymes, such as MITF and tyrosinase-related
proteins (TRP-1 and TRP-2). Tyrosinase is modulated by
MITF, a master transcription factor in melanogenesis. In ad-
dition, TRP-1 and TRP-2 are the major targets of melanogenic
enzymes induced by MITF.

As shown in Fig. 4, P. yezoensis extracts (100–
800 μg mL−1) were found to decrease the expression of these
target proteins. Thus, it can be concluded that P. yezoensis
extracts inhibit melanogenic activities by suppressing
melanogenic enzymes.

Naturally occurring skin-whitening agents exert their action
via the regulation of melanin production through a number of
mechanisms, including the inhibition of the expression and ac-
tivity of TYR, and the suppression of the uptake and distribution
of melanosomes (Qian et al. 2020). MITF plays an essential role
in melanogenesis via the control of the transcription of TRPs,
such as TYR, TRP-1, and TRP-2 inmammalian cells (Qian et al.
2020). As shown in Figs. 2 and 4, P. yezoensis extracts led to the
reduction of themelanin content and to the downregulation of the
upstream transcription factor MITF in a dose-dependent manner,
while tyrosinase activity was reduced only at higher concentra-
tions of the same extracts.

It has previously been reported that naturally occurring
bioactive compounds lead to anti-melanogenesis effects
through interference with signalling pathways that downreg-
ulate MITF expression (Vance and Goding 2004). Therefore,
the hypopigmentation effect of P. yezoensis extracts could be
the result of the downregulation of MITF expression, which,
in turn, would lead to suppression of TRPs gene and protein
expression in a concentration-dependent manner. Overall,
these findings suggest that P. yezoensis extracts abrogate

melanogenesis first by suppressing the expression of MITF,
TRP1, and TRP2, and then by directly inhibiting tyrosinase
activity.

Pyropia extracts promote procollagen synthesis and
reduce the activity of collagen-degrading enzymes

There are, by definition, two types of ageing—intrinsic ageing
and extrinsic ageing. Intrinsic ageing is a natural and gradual
process of skin degradation with age. Intrinsic ageing occurs
when cells have a lower production of collagen, lower levels
of elastin, and slower shedding of dead skin cells and replace-
ment with new skin cells. The cause of intrinsic ageing is
attributed to the continuous formation of reactive oxygen spe-
cies (ROS), a by-product of oxidative cell metabolism (Binic
et al. 2013). By contrast, extrinsic ageing is caused by external
factors such as gravity, smoking, poor nutrition, and excessive
exposure to ultraviolet radiation (photo-ageing). These exter-
nal factors accelerate skin ageing by causing the skin to de-
velop patchy pigmentation, leathery appearance, sallowness,
deep wrinkles, and dryness (Helfrich et al. 2008).

In both types, skin ageing is related to reduced collagen
production and the activities of multiple enzymes, including
MMPs, which degrade collagen structure in the dermis (Kim
et al. 2017). Compounds capable of enhancing collagen
expression and inhibiting the activities of hyaluronidase,
MMP, and elastase may be potentially used as active ingredi-
ents in novel cosmetic products with anti-wrinkle properties.

Therefore, we examined the effect of P. yezoensis extracts
on collagen synthesis and observed significant promotion of
collagen synthesis in 1064 SK cells following treatment with
the extracts (Fig. 5). Type-I collagen constitutes approximate-
ly 85% of total collagen and is the main component of the
extracellular matrix (ECM) in the skin dermis, conferring
tension, elasticity, and flexibility to the skin (Scharffetter
et al. 1991). In this study, type-I procollagen synthesis levels
were found to be 213, 190, and 199 μg mL−1 after treatment
with 200, 400, and 800 μg mL−1 of P. yezoensis extracts,
respectively (Fig. 5). This indicates that the extracts have var-
ious potential applications in cosmetics and may serve as nov-
el anti-ageing agents.

MMPs are responsible for changes in the structure and
function of skin tissue that occur during skin ageing (Rittié
and Fisher 2002). Of the several human MMPs, MMP-2 and
-9 (gelatinase A and B) are secreted as inactive soluble zymo-
gens and degrade several ECM substrates, such as gelatine,
collagen, and fibronectin (Zamilpa et al. 2010). Thus, we eval-
uated the effect of P. yezoensis extracts on MMP expression
and observed reduced activity of MMP-2 by 12.2% at
800 μg mL−1, and MMP-9 by 39.5% and 62.6% at 400 and
800 μg mL−1 of P. yezoensis extract treatment, respectively,
than the vehicle-treated cells (Fig. 6).
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These results further suggest that P. yezoensis extracts
attenuate ageing effects in dermal fibroblasts and
keratinocytes by promoting type-I collagen synthesis and re-
ducing MMP expression. It is interesting to note that
keratinocytes participate in the maintenance of skin homeo-
stasis via active cross-talk with fibroblasts in healthy skin
(Russo et al. 2020). Moreover, the production of type-I colla-
gen was found to be enhanced in fibroblasts exposed to
keratinocytes (Dufour et al. 2020). Meanwhile, the production

of MMPs, including MMP-2 and MMP-9, consistently in-
crease in fibroblasts under the influence of keratinocytes
(Chinnathambi and Bickenbach 2005; Sawicki et al. 2005).
Hence, keratinocytes promote ECM turnover by favouring
MMP production over simultaneously reduced, or alternative-
ly increased, collagen production by fibroblasts. Fibroblasts
were also reported to enhance the deposition of basal mem-
brane components by keratinocytes (El Ghalbzouri and Ponec
2004; Sorrell et al. 2004) while keratinocytes exhibit increased
proliferation, decreased apoptosis, physiological differentia-
tion, and increased basement membrane deposition in the
presence of fibroblasts (Russo et al. 2020). Thus, fibroblasts
modulate the viability, proliferation, and differentiation of
keratinocytes. The reciprocal roles of keratinocytes and fibro-
blasts, as well as their interactions, may underline the need to
simultaneously study keratinocytes and fibroblasts, as exem-
plified in this study, for a better understanding of skin mech-
anisms. Further investigations using in vitro ageing models,
such as oxidative stress, or UV-induced ageing models, will
be useful, and certainly another avenue to determine the suit-
ability of Pyropia extracts as anti-ageing agents.

Basic cosmetics formulated with Pyropia extracts
have significant whitening effects

The search for novel hypopigmentation compounds should be
complemented with studies on the safety for application in
human cosmetics. Certain commercial skin whitening
compounds, such as hydroquinone, were eventually banned

Fig. 4 Effects of Pyropia extracts
on the expression of
melanogenesis-related proteins in
Melan-A cells. The cells were
treated with the indicated con-
centrations. Arbutin
(100 μg mL−1) was used as a
positive control. a The expression
levels of TRP-1, TRP-2, and
MITF were measured using
western blotting with specific an-
tibodies. Equal protein loading
was confirmed using β-actin.
Western blot quantification was
made by densitometry and
ImageJ. Relative intensities of b
TRP-1, c TRP-2, and d MITF
were normalized with β-actin
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Fig. 5 Effects of Pyropia extracts on type I procollagen synthesis. Values
represent average nanograms of type I procollagen per mL ± SD (n = 3).
Statistical significance was determined using Tukey’s test. Different
letters indicate statistically significant differences between the groups at
p < 0.05
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due to adverse side effects (Kooyers and Westerhof 2006;
Burger et al. 2016). Therefore, long-term preclinical and clin-
ical trials are needed to determine the side effects of exper-
imental compounds in humans. Thus, 23 subjects were re-
cruited in a clinical study conducted for 4 and 8 weeks. To
confirm whether a change in skin brightness resulted from
using P. yezoensis extracts, the skin brightness value was
measured at visiting intervals. Daily application of lotion con-
taining 0.1% w/w P. yezoensis extract to the cheeks of sub-
jects (n = 23) elicited a more significant whitening effect than
the control product after 8 weeks (Fig. 7a, p < 0.05). The skin
brightness of the cheek treated with P. yezoensis extract in-
creased by 1.32% after 8 weeks of use, while those treated
with the control product showed an increase of 0.46% (Fig.
7a). The Wilcoxon signed rank (non-parametric) test revealed
a significant statistical difference at 5% (p < 0.05) for skin
brightness between subjects treated with the test product (lo-
tion containing Pyropia extracts) and those treated with the
control product (without the extracts).

The skin melanin content was found to decrease by 2.4%
and 3.0% from the initial content after 4 and 8 weeks of using
the test product containing P. yezoensis extracts, respectively,
whereas there was no change in the melanin content in cheek
balls treated with the control product. There was a statistically

significant difference between the effect of the test and control
products on skin melanin content in both the 0–4 and 0–8week
treatments (Fig. 7b). Clinical efficacy evaluation via visual
assessment by a dermatologist after using the formulation con-
taining P. yezoensis extracts for 8 weeks revealed a significant
skin-lightening effect than the control (Fig. 7c). Notably, dur-
ing the test period, dermatologists did not document or observe
a single case of complaints or undesirable symptoms (such as
redness or irritability) among the 23 volunteers.

Conclusions

To our knowledge, this is the first study demonstrating the
efficacy and safety of using P. yezoensis extracts to prevent
melanogenesis. P. yezoensis extracts showed potential to
enhance collagen synthesis, while preventing its degradation,
in human skin fibroblasts. Therefore, these extracts could be
used as functional cosmetic agents for preventing or alleviat-
ing skin wrinkle formation.

Pyropia contain several amino acids, such as alanine,
glutamic acid, and taurine, as well as carbohydrates, proteins,
flavonoids, and various minerals and vitamins. Previous
studies have paid special attention to the unique components

Fig. 7 Effects of Pyropia product on a percent increase in brightness, b
percent decrease in melanin content, and c percent increase in skin
brightness. Values are mean ± SD (n = 3). The indicated statistical

differences were calculated using the Wilcoxon signed rank test:
*p < 0.05; NS not significant
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Fig. 6 Effects of Pyropia extracts
on a MMP-2 and b MMP-9 ac-
tivity. Values are expressed as
percentages of control, and the
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Statistical significance was deter-
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Different letters indicate statisti-
cally significant differences be-
tween the groups at p < 0.05
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of red seaweed, including proteins and derived peptides (e.g.,
phycobiliproteins, glucoproteins containing “cellulose bind-
ing domains”, phycolectins, and the related MAAs), along
with polysaccharides (e.g., floridean starch and sulphated
galactans such as carrageenans and agarans) and minerals
(Cian et al. 2015). Nevertheless, it is also important to obtain
information on the biological activities of these compounds
and to determine whether any particular compound can act
alone or complement others to exert optimal beneficial effects.
In the current study, however, instead of further attempting to
characterize single active compounds, we have only tested the
efficacy of the whole crude extracts of P. yezoensis due to
three main reasons: efficacy, cost-effectiveness, and applica-
bility. In traditional medicine, whole plants or mixtures of
plants are used rather than isolated compounds, as there is
evidence that crude plant extracts often have a higher
in vitro or/and in vivo activity than isolated constituents at
an equivalent dose (Rasoanaivo et al. 2011). Pure drugs that
are industrially produced or isolated from plants may be
selected for their high activity, but, they rarely reach the same
level of activity as in unrefined extract, even assessed at equiv-
alent concentrations or dose of the active component (Wagner
and Ulrich-Merzenich 2009). This phenomenon is attributed
to the absence of interacting substances that are in the whole
extract. In addition, many plants contain substances that
inhibit multi-drug resistance (Rasoanaivo et al. 2011). The
poor quality of processed plant materials, preclinical laborato-
ry protocols, inadequate fractionation process, degradation of
active ingredients during fractionation, and poor biological
models may also contribute for the lower activities of purified
compounds.

Another drawback of isolating and characterizing pure
compounds is that they are often more expensive to produce
and distribute and, thus, represent a high associated cost to the
manufacturer or are often unavailable and/or unaffordable to
customers. In contrast, crude extracts can be produced at
lower costs.

Extract of P. yezoensis are already recognized ingredients
within the International Nomenclature of Cosmetic
Ingredients (INCI) list, although information on their func-
tions might not be available. The INCI system was introduced
in the early 1970s by the Personal Care Products Council
(former Cosmetic, Toiletry, and Fragrance Association
[CTFA]) and the list is maintained by the Personal Care
Products Council. INCI names are used in the USA, the
European Union, China, Japan, and several other countries
for listing ingredients on the labels of cosmetic products.
There are currently more than 16,000 ingredients on the
INCI list, and extracts of P. yezoensis itself are, therefore,
available for immediate application in cosmetic formulations.

Nevertheless, we propose that the chemical separation and
characterization of potentially bioactive compounds of
P. yezoensis extracts should be performed based on their

chemical structure, conformation, bioavailability, and the type
and position of functional groups to enhance their commercial
use. These assessments should be conducted using techniques
such as supercritical CO2 extraction, membrane separation,
and ultrasonic-aided extraction to ensure a better outcome.

Altogether, our results suggest that Pyropia extracts could
be used as safe, effective, and inexpensive cosmetic agents for
skin whitening and prevention, or alleviation, of skin wrinkle
formation. These extracts could have the potential for mass
production at an industrial scale, given the Pyropia annual
harvest of 2,563,048 t in 2017 (FAO 2019). Further clinical
studies aimed at clarifying the other health-related effects and
potential benefits of P. yezoensis extracts may reveal
additional value for the cosmetology industry.
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