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Abstract:

Background: Proteoglycan is one of the components of the extracellular matrix with various biological activities and has
been used as the functional foods to improve knee joint health or skin condition.

Objective: To examine the effect of ingestion of salmon (Oncorhynchus keta, Salmonidae) nasal cartilage-derived proteo-
glycan (sPG) on skin condition, we performed a randomized, double-blind, controlled study in healthy adult volunteers.

Methods: Recruited subjects (n=156) were men and women, ages 21-62 years. From this population, we selected 19 sub-
jects based on the exclusion criteria of the guidelines for evaluation of cosmetic functions of Japanese Cosmetic Science
Society. Subjects were randomly divided into an sPG group (n=10; mean age, 39.1 years) and a placebo group (n=9; mean
age, 39.6 years). The characteristics of the sPG used in this study were assessed by HPLC and electrophoresis analysis.

Results: The safety was confirmed by the monitoring of all volunteer subjects for the development of adverse reactions.
We found no negative information on the safety of proteoglycan ingestion and no evidence for an interaction between pro-
teoglycan and other functional foods/medicine in several different databases. Viscoelasticity and recovery after deforma-
tion as the skin elasticity increased significantly in the SPG group compared to the placebo group (p<0.05). Skin looseness
significantly decreased in the sPG group (p<0.05). Moreover, the number of wrinkles, conspicuous or darkened facial
pores, and blotches significantly decreased in the sPG group (p<0.05). Measurements of skin conductance showed that
sPG improved skin moisture and micrographs of facial corneocytes showed that sPG improved rough skin.

Conclusion: Our results suggest the potential of sPG as a food ingredient to improve human skin condition, including skin
elasticity, wrinkles, facial pores, blotches, moisture, and smoothness.
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INTRODUCTION

Proteoglycan (PG) from salmon nasal cartilage is com-
monly ingested as a traditional food in Japan. The PG in
salmon nasal cartilage is considered to be an excellent source
of nutrition; however, it has been difficult to isolate with
high purity. There are two methods for extraction of PG
from the animal cartilage [1, 2]. One is the guanidine hydro-
chloride method, with which PG can be extracted from bo-
vine tracheal cartilage or salmon nasal cartilage by guanidine
hydrochloride denaturation [3]. However, with this method,
maintenance of PG structure, complex formation of protein-
glycan, and biological activity may be compromised. The
other method is the acetic acid method. Recently, we estab-
lished industrial methods for obtaining highly purified PG
from salmon nasal cartilage using acetic acid [4]. This
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method improved the purification problem and decreased the
cost. Using this salmon-derived PG (sPG) obtained with the
acetic acid method, we are now able to perform a detailed
analysis of its biological and functional effects.

Although PG is one of the major components of articular
cartilage, brain, and blood vessels, it is present on the cell
surface and in the extracellular matrix (ECM). The ECM
consists of PG, collagen, fibronectin, laminin, and
hyaluronan, and it regulates the extracellular niche in vivo.
PGs are macromolecules with a core protein to which one or
more glycosaminoglycan (GAG) side chains are covalently
linked [5, 6]. Recently, the PG structure has been studied in
detail; one or more GAG side chains are covalently linked to
specific Ser residues within core protein via a common link-
age tetrasaccharide (glucuronic acid-f1-3-galactose-B1-3-
galactose-f1-4-xylose-B1) [7]. It has also been reported that
sPG contains an EGF-like domain on the COOH-terminal
side of the core protein and performs an EGF-like activity
[8]. On the other hand, GAGs are strongly hydrophilic, so
they retain many water molecules in the ECM.
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Although the structure-related function of PG is starting
to become known, the effects of ingested PG remain unclear.
In contrast, some studies of oral administration of glycosa-
minoglycan revealed its biological activities regarding carti-
lage aging and maintenance of joint health [9]. Very re-
cently, Kawada et al. reported that ingestion of hyaluronans
improved dry skin conditions [10]. These previous reports
strongly suggested that ingested PG could possess functional
activities. Thus, we focused on the effects of PG ingestion on
skin condition.

Skin is the largest organ of the body and acts to regulate
body temperature, water, and lipid stores. Furthermore, its
functions are important for avoidance environmental
stresses, including UV light exposure, heat, injury, and infec-
tion [11]. Reduced skin function is often observed in aged
skin, which is regulated by hormones and somewhat similar
to some chronic skin diseases, such as atopic dermatitis. In
aged skin, retraction of the dermis and epidermis has been
observed. The retraction is caused by the physiological
changes of decreasing collagen and lipid content, loss of
fibroblasts and mast cells, loosening of the collagen fiber
matrix, and less supplementation of nutrition. To prevent and
improve these changes, topical application of cosmetics is
generally used. In addition, ingested nutrition and functional
foods have been suggested to improve skin condition [12]. In
fact, ingested small molecules, such as vitamin E, caro-
tenoids, polyphenols, vitamin C, Se and Zn can distribute
throughout all skin compartments by absorption through the
gastrointestinal tract [13]. Recently, improvement of skin
condition by ingestion of a particular nutrient or functional
foods was confirmed in a randomized, double-blind, con-
trolled study [10, 14, 15].

We performed a randomized, double-blind, controlled
study to evaluate the effect of sPG ingestion on skin condi-
tion and showed its ability to improve skin condition, espe-
cially skin elasticity. This suggests an anti-aging effect of
sPG. Thus, our results suggest the potential of sPG as a food
ingredient. To investigate these interesting consequences, we
have planned further research, including an assessment of
the effects of metabolites after sPG ingestion on skin.

MATERIALS AND METHODS
Product

Salmon-derived proteoglycan (sPG) was extracted from
salmon (Oncorhynchus keta, Salmonidae) nasal cartilage
slices as previously reported [1]. Briefly, frozen (-20 °C)
salmon nasal slices were dissolved in a solution of 4% acetic
acid, and sPG was extracted. We performed HPLC analysis
(TSKgel G5000PWXL column, Tosoh Corporation, Tokyo,
Japan) and differential refractive index detection by RID-
10A (SHIMADZU, Kyoto, Japan) as quantitative and quali-
tative analyses, and the purity of sPG was determined as
>99%. To compare sPG with other glycosaminoglycans,
hyaluronic acid, chondroitin sulfate, heparan sulfate, and
heparin, cellulose acetate electrophoresis analysis was per-
formed with proteoglycan (WAKO, Tokyo, Japan) as a stan-
dard and the Acid Mucopolysaccharide kit (AMPS KIT, Sei-
kagaku Corporation, Tokyo, Japan) as previously described
[1].
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Fig. (1). Characteristics of salmon nasal cartilage-derived pro-

teoglycan (sPG).

HPLC analysis for sPG (A). Comparison of sPG with other gly-

cosaminoglycans, hyaluronic acid (HA), chondroitin sulfate (ChS),

heparin sulfate (HS) and heparin (HP), and standard proteoglycan
(WAKO) by cellulose acetate electrophoresis (B).

The characteristics of the PG used in this study are
shown in Fig. (1A) for HPLC analysis and Fig. (1B) for elec-
trophoretic analysis.

Subjects

The subjects were selected from over 156 recruited can-
didates. We selected 19 healthy volunteers based on the ex-
clusion criteria of the guidelines for evaluation of cosmetic
functions (Japanese Cosmetic Science Society) [16] as fol-
lows:

1) Those with a past history of allergy to cosmetics
2) Those undergoing hormone replacement therapy
3) Women who are pregnant or breast-feeding

4) Those who have undergone medical skin treatments
that could affect the testing areca

5) Others whose participation is deemed inappropriate by
a doctor.

Subjects were fully informed of the detailed procedures
of the study before giving their written consent and entering
the study, which was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and our institutional
review board. Subjects were randomly divided in 2 groups:
there were 10 subjects in the SPG group (27-53 years of age;
mean age, 39.1 years) and 10 subjects in the placebo group
(26-58 years; mean age, 39.6 years). One subject in the pla-
cebo group was excluded from this study due to conscious
repeating lack of sleep. Then, 9 subjects in the placebo group
were finally selected. This study was performed from Feb.1,
2010 to Feb. 14, 2010. Baseline characteristics are shown in
Table 1. The subjects in the sPG group ingested a capsule
containing 5 mg sPG with dextrin powder, and the subjects
in the placebo group ingested a capsule containing only dex-
trin powder each day for 2 weeks without dietary restriction
During the 2 weeks, the use of other dietary supplements
were prohibited.

Before measurements were made in this study, all sub-
jects washed their faces and then stayed in the testing room,
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Table 1. Baseline characteristics of the study subjects.

Classification sPG Placebo
Number of subjects 10 9
Mean age (range), y 39.1 (27 -53) 39.6 (26 -58)

Sex (number) Male (5) Male (5)

Female (5) Female (4)

Skin elasticity

R8 0.89 +0.00 0.89+£0.01
R6 0.78£0.07 0.85+0.07
Wrinkle number 85+1.5 10.4+0.75

Facial pore number

Conspicuous 1832.9 +188.4 1656.4 £125.0
Darkened 1341.8 £154.9 1275.6 £129.9
Opened 217.0+£40.6 217.8+£33.1
Blotch number 67.5+8.3 79.6+£13.8
Skin moisture
Conductance 93.3+259 90.8 +23.2
Facial corneum
Score 2.8+0.1 3.1£0.2

which was maintained at 19.7 °C £0.1 and 46.8% = 1.5 hu-
midity, for 20 min for acclimation.

Skin Elasticity

Skin elasticity measurements based on the suction
method were performed with the CUTOMETER SEM 575
(COURAGE + KHAZAKA Electronic GMbH Corp, Ger-
many) as described previously [17]. Skin elasticity parame-
ters RO (firmness), R2 (gross elasticity), RS (net elasticity),
R6 (recovery after deformation), R7 (portion of elasticity),
and R8 (skin viscoelasticity) were determined pre-ingestion
and after two weeks of ingestion.

Skin loosening was assessed under our laboratory proto-
col. Subjects were stamped on their cheek with their face
turned to the front and lying on their face at baseline. Ellipse
axis length was measured. Images were analyzed using Im-
age-Pro PLUS (NIPPON ROPER K.K., Japan).

Wrinkles, Pore Condition, and Blotch Measurements

The number of wrinkles underneath the eye, and the
numbers of conspicuous pores, darkened pores, and opened
pores on the cheek were measured using a Robo Skin Ana-
lyzer (MM and Niic Co., Ltd., Japan) as previously reported
[18]. The number of blotches was measured with VISTA
Evolution (Canfield Scientific, NJ) as previously reported
[19]. Computerized image analysis of these parameters was
performed in all subjects before and after two weeks of in-
gestion of sPG and placebo.
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Corneum Microgram and Analysis

Corneum cells were collected from the face with a Kaku-
shitu-checker (Asahi Biomed, Japan). These cells were
stained with a mixture of 0.5% gentian violet and 1.0% bril-
liant green, and observed microscopically as previously de-
scribed [20]. Corneum cells were collected from all subjects,
stained, and micrographs were created and stored. The con-
dition of the corneum was scored on a five-category scale
based on the observations of well-practiced researchers as
previously reported [21].

Skin Moisture

Skin water content was measured before ingestion and
after two weeks of ingestion by high-frequency surface elec-
trical conductance with a Skicon-200 (IBS, Japan) as previ-
ously reported [22].

Statistical Analysis

For all skin condition parameters in this study, statisti-
cally significant differences between the sPG group and the
placebo group or between baseline and after 2 weeks of in-
gestion were examined. Thompson' outlier test was per-
formed only for conductance. The conductance value of one
subject in the placebo group was over the critical region.
Data of all skin parameters are expressed as mean + SE. Stu-
dent’s t-test was used for direct comparison of the sPG and
placebo groups, or baseline and after two weeks of ingestion.
The hazard ratio for all examinations was indicated by a p
value, and p<0.05 was determined as a significant difference.

RESULTS
Safety

Proteoglycan has been used in functional foods to im-
prove knee joint health or skin condition. Furthermore, for
over one thousand years, PG-containing salmon nasal carti-
lage itself has been ingested, as well as bovine cartilage and
other animal cartilage, as foods traditionally consumed in the
world. We found no negative information on the safety of
proteoglycan ingestion in several databases, including the
Natural Medicine Data Base (NMDB), PubMed Advanced
Search Builder, Information System on Safety and Effec-
tiveness of Health Foods of the National Institute of Health
and Nutrition Japan, and Information of Food Safety of the
National Institute of Health Science Japan. Furthermore, we
found no evidence for an interaction between proteoglycan
and other functional foods/medicine in two different data-
bases, including the Information System on Safety and Ef-
fectiveness of Health Foods of the National Institute of
Health and Nutrition Japan, and Information of Food Safety
of the National Institute of Health Science Japan.

Previously, the safety of sSPG was confirmed by a 90-day
repeated-dose toxicity study in rats [4].

In a preliminary study, we also confirmed that there were
no adverse reactions specific for sPG ingestion over five
years in normal human volunteers (data not shown). Fur-
thermore, in this study, we monitored all volunteer subjects
for the development of adverse reactions, erythema, itching,
sensation, dryness of skin, intestinal sickness, and other up-
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set. No subject monitored by the investigator experienced
these adverse reactions during this study.

Skin Elasticity

Next, we examined skin elasticity, which was measured
and analyzed by CUTOMETER. We used two parameters,
R8 (skin viscoelasticity) and R6 (recovery after deforma-
tion), to examine the effect of sPG ingestion. An increasing
value of R8 represents skin elasticity improvement, and a
decreasing value of R6 represents improvement in recovery.
The average value of these parameters in the sPG group and
the placebo group at baseline is shown in Table 1.
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Fig. (2). Effects of SPG on skin elasticity.

Change in viscoelasticity (A) and recovery after deformation (B)
can be regarded as skin elasticity, and was measured at baseline and
after 2 weeks of daily ingestion of sPG or placebo. The circle repre-
sent the level for the sSPG group and the square represent the level
for the placebo group. An increasing value of viscoelasticity repre-
sents skin elasticity improvement (A). A decreasing value of recov-
ery after deformation represents skin elasticity improvement (B).
Data are expressed as the mean change + SE (n=10 in the sPG
group, n=9 in the placebo group).

Fig. (2A) shows the changes in values for the sPG and
placebo groups. Ingestion of sPG significantly increased skin
viscoelasticity (R8) from baseline (p=0.014). The average
value of viscoelasticity changed from 0.89 + 0.00 at baseline
to 0.90 + 0.01 after ingestion in the sPG group and from 0.89
+ 0.01 at baseline to 0.88 + 0.01 after ingestion in the pla-
cebo group. In the placebo group, viscoelasticity was slightly
decreased, but the change from baseline was not significant.
The change from baseline for recovery after deformation
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(R6) is shown in Fig. (2B). Ingestion of sPG significantly
decreased the value from baseline (p=0.024). Averages were
changed from 0.78 £+ 0.07 at baseline to 0.63 + 0.09 after
ingestion in the sPG group and from 0.85 + 0.07 at baseline
to 0.90 = 0.10 after ingestion in the placebo group. Other
parameters, RO (firmness), R2 (gross elasticity), and R5 (net
elasticity), were also tested and confirmed the improvement
in skin condition after sSPG ingestion (data not shown).

Analysis of skin looseness also confirmed the sPG-
improved elasticity. A representative example from the sPG
group is shown in Fig. (3). The subjects were stamped
against their cheek with their face turned to the front (red
circle) and with lying on their face (blue circle) before inges-
tion and after two weeks of ingestion. The smaller the gap
between the red circle and the blue circle becomes, the
greater the improvement in skin looseness. The proportion of
ellipse axis length, which is shown as the blue circle in Fig.
(3B), significantly approached 1 after two weeks of ingestion
of sPG (p=0.031) (Fig. 3A). In Fig. (3B), a representative
subject in the sPG group is shown.
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Fig. (3). Effects of sSPG on skin looseness.

The skin looseness was measured at baseline and after 2 weeks of
daily ingestion of sPG or placebo. The subjects were stamped on
their cheek with their face turned to the front (red circle), and lying
on their face (blue circle) at baseline and after 2 weeks of daily
ingestion of sPG or placebo (B). The ratio of (length of red circle
diameter) / (length of blue circle diameter) represents the proportion
of ellipse axis length (A). The blue bars represent the level for the
sPG group and the orange bars represent the level for the placebo
group. Data are expressed as mean = SE (n=10 in sPG group, n=9
in placebo group). A representative example of a subject in the sSPG
group is shown in B.

Together with these results, all of the parameters revealed
improvement in skin elasticity with sPG ingestion.
Facial Wrinkles, Pore Condition, and Blotches

The effects of sPG ingestion on wrinkles underneath the
eye and on facial pore conditions on the cheek were exam-
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Fig. (4). Effects of sPG on wrinkles, pore condition, and blotches.
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Number of wrinkles (A) and pore condition (B) which was determined as conspicuous (left), darkened (middle), and opened (right), were
measured at baseline and after 2 weeks of daily ingestion of sPG or placebo. Changes in the number of blotches were measured at the same
time (C). The black bars and circle represent the level for the sPG group, and the gray bars and square represent the level for the placebo
group. Values are expressed as mean number + SE for wrinkles and pores and mean change + SE for blotches (n=10 in the sPG group, n=9 in

the placebo group).
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Fig. (5). Effects of sPG on facial corneocytes.
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The corneocytes were collected and stained at baseline and after 2 weeks of daily ingestion of sSPG or placebo. Representative micrographs of
corneocytes of a 51-year-old woman in the sPG group and a 30-year-old man in the placebo group.

ined with a Robo Skin Analyzer. At the same time, blotches
were also examined by VISIA Evolution. Analyses of all of
these parameters were performed with computerized images.
The average values of these parameters in the sPG group and
the placebo group at baseline are shown in Table 1.

The number of wrinkles underneath the eye was signifi-
cantly reduced in the sPG group after ingestion compared
with the placebo group (p=0.041), Fig. (4A).

The numbers of conspicuous pores and darkened pores
were also significantly reduced from baseline after sPG in-
gestion (p=0.045 and p=0.035, respectively) (Fig. 4B). The
number of opened pores was slightly but not significantly
reduced from baseline after sPG ingestion (p=0.073) (Fig.
4B).

The change from baseline in number of blotches is shown
in Fig. (4C). The change from baseline in number of

blotches was significantly decreased after sPG ingestion
(p=0.045). In the placebo group, no significant change from
baseline was observed after ingestion (p=0.573). The aver-
age number of blotches changed from 67.5 + 8.3 at baseline
to 63.7 £ 8.0 after ingestion in the sPG group and from 79.6
+ 13.8 at baseline to 80.6 = 13.7 after ingestion in the pla-
cebo group.

Skin Moisture and Facial Corneocyte Condition

To evaluate the effect of sPG ingestion on skin moisture,
skin conductance was measured. Average values increased
from 93.25 £+ 2592 us at baseline to 113.84 £33 us after
ingestion in the sPG group and from 90.79+23.17 us at base-
line to 111.12 £28.48 us after ingestion in the placebo group.
By statistical analysis, the hazard ratio for conductance be-
tween baseline and after two weeks of ingestion in the sPG
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group was determined as p=0.078. This result suggests that
sPG slightly improves skin moisture.

With regard to the condition of the facial corneum, mi-
crograph observation and scoring and stripping of the cor-
neum were performed. At baseline, corneum roll-up and par-
tial disruption were observed in both groups. The average
score increased significantly from 2.8 + 0.1 at baseline to 3.1
* 0.1 after sPG ingestion and decreased slightly from 3.1 £
0.2 at baseline to 2.9 + 0.2 after placebo ingestion. Further-
more, representative micrographs of corneocytes of a 51-
year-old woman in the sPG group and a 30-year-old man in
the placebo group are shown in Fig. (5). An increased num-
ber of good lamellar structures and less roll-up were ob-
served in the sPG group after 2 weeks of ingestion. In the
placebo group, a difference from baseline was not observed
after ingestion. These corneum structural changes strongly
suggest that ingestion of sPG led to improvement of rough
skin.

DISCUSSION

We evaluated the effects of sPG ingestion on skin condi-
tion in a randomized, double-blind, placebo-controlled study.
We performed several tests to evaluate skin condition pa-
rameters, including skin elasticity, looseness, facial wrinkles,
pore condition, blotches, facial corneocyte condition, and
moisture, to confirm its effects in normal healthy subjects.
The daily ingestion of 5 mg sPG significantly improved all
of these skin condition parameters except for skin moisture.
The dose was determined by a preliminary study. The dose
used in our study may have been lower than those of other
supplements evaluated for their effects on skin condition in
randomized, double-blind, placebo-controlled trials. For ex-
ample, oral consumption of hyaluronan was used at a range
of 37.52 to 240 mg/day [10]. The specific bioactive collagen
peptide (BCP) VERISOL® improved eye wrinkle formation
and stimulated procollagen I, elastin and fibrillin biosynthe-
sis at a dose of 2.5 g/day [15]. Ingestion of Sparassis crispa
(Hanabiratake) decreased transepidermal water loss (TEWL)
at a dose of 160 mg/day [23]. In the case of green tea, daily
ingestion of green tea extract including 100 mg epicatechin,
980 mg epigallocatechin gallate (EGCG), and 238 mg epi-
gallocatechin (ECG) was effective for improving skin condi-
tion [14]. In general, biogenics such as polysaccharides, pep-
tides, and polyphenols are decomposed and absorbed in the
small intestine, large intestine, or cecum after ingestion.
Since PG consists of a highly complex structure of glycopro-
tein with a core protein and glycosaminoglycan chains [6],
the stability of PG after ingestion in the gastrointestinal tract
could be better than those of other biogenics. In rat models,
orally administered sPG was detected in the rat colonic lu-
men, although its molecular weight was slightly decreased
[24]. In the same condition, chondroitin sulfate was com-
pletely decomposed and undetected in the lumen. This sPG
stability in the gastrointestinal tract may imply the efficacy
of low-dose ingestion. Further study is needed to clarify this
point.

In this study, we showed that ingestion of sPG improved
skin elasticity clearly and skin moisture partially. As previ-
ously reported, skin elasticity is maintained by various fac-
tors, related to the structure of the ECM [25]. To improve
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skin condition, ingestion of nutrition or functional foods,
which are components of animal ECM, is reportedly effec-
tive [10, 13-15]. However, mechanisms of orally adminis-
tered functional foods on skin condition remain controver-
sial.

We have proposed two hypotheses for the mechanism by
which sPG ingestion improves skin condition. One hypothe-
sis is that PG or partly digested PG reaches the skin by ab-
sorption from the gastrointestinal tract and then affects skin
cell growth and function. Tsuchiya et al. reported that sPG
was absorbed from the jejunum through clathrin-mediated
endocytosis [26]. They also reported that a specific sequence
within sPG seemed to be necessary for endocytosis. Since
they used the everted intestinal sac method in the rat, the
bioavailability of sPG in the body remained unclear, but it
was suggested that the ingested sPG might reach the skin via
the intestinal route. In our preliminary study, sPG directly
enhanced human dermal keratinocyte proliferation in vitro
(data not shown). If sPG can reach the skin region, its effect
might be fully explained. However, this hypothesis has less
evidence to our knowledge. Another hypothesis is that the
indirect pathway, such as metabolites which was produced
by the ingested sPG, can regulate skin condition in vivo. Re-
cently, Asano et al. reported that oral administration of sPG
could influence intestinal microbiota balances in mice [27].
It is well known that microbiota act not only to digest plant
indigestable polysaccharides and to absorb nutrients but also
to produce small metabolites, such as short-chain fatty acids
(SCFAs), which can reach the skin [28]. Ota et al. reported
that orally administered sPG significantly increased the con-
centration of total SCFAs and n-butyrate in rat colonic feces
[24]. Together, these two reports can support the involve-
ment of metabolites to improve skin condition in vivo. Inter-
estingly, involvement of intestinal microbiota has been re-
cently focused on the regulation of skin condition [12, 29].
To clarify the mechanisms of action of ingested sPG, spe-
cific metabolites, which are induced by the ingested sPG,
should be determined in the future.

In the experimental animal models, daily ingested sPG
reportedly prevented inflammatory reactions in collagen-
induced arthritis, implying that sPG could be effective on
systematic immune responses [30]. In skin biology, preven-
tion of acute or chronic inflammation caused by UV expo-
sure, obesity, and environmental stress is focused on the
maintenance of healthy skin [12]. On the inflammatory re-
gion in skin, some of degradation enzymes, including matrix
metalloproteinases, circulating proteases, leucocyte elastase,
and mast cell chymase, can be reportedly induced and dis-
rupt elastic fibers in the dermal tissue, which relates to regu-
late skin elasticity [31]. The previous report using hairless
mice also revealed that oral administration of proteoglycan
also suppressed the UVB-associated increases in epidermal
and dermal thickness. And then, inflammatory cytokines in
serum and dorsal skin was also reduced by the sPG admini-
stration [32]. As one of possible anti-inflammatory mecha-
nism by the ingestion of sPG, FOXP3 Treg cells is consid-
ered to reduce the inflammatory cytokines production. Mit-
sui et al. reported that the increase of FOXP3 Treg cells and
the reduction of inflammatory cytokines were detected after
at least 7 days of the sPG administration in mouse experi-
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mental colitis model [33]. We showed that sPG improved
skin condition for 2 weeks in this study. If sPG can improve
total skin condition through systemic immunological path-
way, the periods can be permitted to understand to improve
the total skin condition. Thus, we need to study more about
the immunological effects of sPG to improve skin health.

CONCLUSION

We performed a randomized, double-blind, controlled
study for the effect of ingestion of salmon nasal cartilage-
derived sPG on skin condition in healthy adult volunteers.
This study demonstrates the ability of ingested sPG to im-
prove skin condition, including skin elasticity, wrinkles,
brightening (conspicuous or darkened facial pores, and
blotches), moisture, and smoothness. Thus, our results sug-
gest the potential of sPG as a food ingredient.

CONFLICT OF INTEREST

T.T., JM., KW, Y.T.T.,, TM,, K.I, K.T-T., and M.T.
are employees of ICHIMARU PHARCOS Co., Ltd.; and
M.Y. is the employee of Kakuhiro Co. Ltd.. These compa-
nies produce proteoglycan. This research received no spe-
cific grant from any funding agency in the public. The
authors have no conflict of interest directly relevant to the
content of this article.

ACKNOWLEDGEMENTS

Declared none.

LIST OF ABBREVIATIONS

ECM = Extracellular matrix

GAG = Glycosaminoglycan

HPLC = High performance liquid chromatography
sPG = Salmon nasal cartilage-derived proteoglycan
REFERENCES

[1] Majima, M.; Takagi, K., Sudo, S.; Yoshihara, S.; Kudo, Y.
Yamagishi, S. Effect of proteoglycan on experimental colitis. Inz.
Cong. Ser.,2001, 1223,221-224.

[2] Kakizaki, I.; Mineta, T.; Sasaki, M.; Tatara, Y.; Makino, E.; Kato,
Y. Biochemical and atomic force microscopic characterization of
salmon nasal cartilage proteoglycan. Carbohydr. Polym., 2014,
103, 538-549.

[3] Wendel, M.; Sommarin, Y.; Heinegard, D. Bone matrix proteins:
Isolation and characterization of a novel cell-binding keratan
sulfate proteoglycan (osteoadherin) from bovine bone. J. Cell Biol.,
1998, 141, 839-847.

[4] Takahashi, T., M. Matsubara; J. Fujita, Y.; Masutani, T.;
Yonezuka, M.; Ito, K.; Tsuji-Takayama, K.; Tsuboi, M. Safety
Evaluation of Highly Purified Proteoglycan Industrially Extracted
from Salmon Nasal Cartilage. Pharmacometrics, 2015, 89(1/2), 15-
22.

[5] Hardingham, T. E.; Fosang, A. J.; Dudhia, J. The structure,
function and turnover of aggrecan, the large aggregating
proteoglycan from cartilage. Eur. J. Clin. Chem. Clin. Biochem.,
1994, 32, 249-257.

[6] Iozzo, R.V.; Schaefer, L. Proteoglycan form and function: A
comprehensive nomenclature of proteoglycans. Matrix Biol., 2015,
42, 11-55.

[7] Wen, J.; Xiao, J.; Rahdar, M.; Choudhury, B.P.; Cui, J.; Taylor,
G.S.; Esko, J.D.; Dixon, J.E. Xylose phosphorylation functions as a

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Takahashi et al.

molecular switch to regulate proteoglycan biosynthesis. Proc. Natl.
Acad. Sci. USA., 2014, 111, 15723-15728.

Zhang, Y.; Cao, L.; Kiani, C.G.; Yang, B.L.; Yang, B.B. The G3
domain of versican inhibits mesenchymal chondrogenesis via the
epidermal growth factor-like motifs. J. Biol. Chem., 1998, 273,
33054-33063.

Reginster, J.Y.; Altman, R.D.; Hochberg, M.C. Glucosamine and
osteoarthritis. Prescribed regimen is effective. BMJ., 2010, 341,
c6335.

Kawada, C.; Yoshida, T.; Yoshida, H.; Matsuoka, R.; Sakamoto,
W.; Odanaka, W.; Sato, T.; Yamasaki, T.; Kanemitsu, T.; Masuda,
Y.; Urushibata, O. Ingested hyaluronan moisturizes dry skin. Nutr.
J.,2014, 13,70.

Proksch, E.; Brandner, J.M.; Jensen, JM. The skin: An
indispensable barrier. Exp. Dermatol., 2008, 17, 1063-1072.
Roudsari, M.R.; Karimi, R.; Sohrabvandi, S.; Mortazavian, A.M.
Health effects of probiotics on the skin. Crit. Rev. Food. Sci. Nutr.,
2015, 55, 1219-1240.

Richelle, M.; Sabatier, M.; Steiling, H.; Williamson, G. Skin
bioavailability of dietary vitamin E, carotenoids, polyphenols,
vitamin C, zinc and selenium. Br. J. Nutr., 2006, 96, 227-238.
Heinrich, U.; Moore, C.E.; De Spirt, S.; Tronnier, H.; Stahl, W.
Green tea polyphenols provide photoprotection, increase
microcirculation, and modulate skin properties of women. J. Nutr.,
2011, 741, 1202-1208.

Proksch, E.; Schunck, M.; Zague, V.; Segger, D.; Degwert, J.;
Oesser, S. Oral intake of specific bioactive collagen peptides
reduces skin wrinkles and increases dermal matrix synthesis. Skin
Pharmacol. Physiol., 2014, 27, 113-119.

Guidelines for Evaluation of Anti-Wrinkle Products, Jap. Cosm.
Sci. Soc., 2007, 31(4), 411-431.

Tsukahara, K.; Takema, Y.; Moriwaki, S.; Fujimura, T.; Imokawa,
G. Dermal fluid translocation is an important determinant of the
diurnal variation in human skin thickness. Br. J. Dermatol., 2001,
145, 590-596.

Kakudo, N.; Kushida, S.; Tanaka, N.; Minakata, T.; Suzuki, K.;
Kusumoto, K. A novel method to measure conspicuous facial pores
using computer analysis of digital-camera-captured images: The
effect of glycolic acid chemical peeling. Skin Res. Technol., 2011,
17,427-433.

Goldsberry, A.; Hanke, C.W.; Hanke, K.E. VISIA system: A
possible tool in the cosmetic practice. J. Drugs Dermatol., 2014,
13,1312-1314.

Kashibuchi, N. Improved exfoliative cytology for morphological
evaluation of skin. J. Soc. Cosmet. Chem. Jpn., 1989, 23, 143-154.
Takahashi, M.; Matsukuma, S.; Nagamori, S.; Kamimura, K.;
Yamamoto, K. Clinical evaluation of a sunscreen for infants,
"SUNGUARD 12" and development of a new approach to
measuring skin properties. J. Pediat. Dermatol., 2006, 25, 121-128.
Clarys, P.; Clijsen, R.; Taeymans, J.; Barel, A.O. Hydration
measurements of the stratum corneum: comparison between the
capacitance method (digital version of the Comeometer CM
825(R)) and the impedance method (Skicon-200EX(R)). Skin Res.
Technol., 2012, 18,316-323.

Kimura, T.; Hashimoto, M.; Yamada, M.; Nishikawa, Y. Sparassis
crispa (Hanabiratake) ameliorates skin conditions in rats and
humans. Biosci. Biotechnol. Biochem., 2013, 77, 1961-1963.

Ota, S.; Yoshihara, S.; Ishido, K.; Tanaka, M.; Takagaki, K.
Sasaki, M. Effects of proteoglycan on dextran sulfate sodium-
induced experimental colitis in rats. Dig. Dis. Sci., 2008, 53, 3176-
3183.

Everett, J.S.; Sommers, M.S. Skin viscoelasticity: Physiologic
mechanisms, measurement issues, and application to nursing
science. Biol. Res. Nurs., 2013, 15, 338-346.

Tsuchiya, Y.; Tomita, M.; Tsuboi, M.; Takahashi, T.; Yonezuka,
M.; Kikuchi, S.; Nagasawa, S.; Kumazawa, A.; Kubota, J.
Absorption of proteoglycan via clathrin-mediated endocytosis in
the small intestine of rats. Biosci. Biotechnol. Biochem., 2013, 77,
654-656.

Asano, K.; Yoshimura, S.; Nakane, A. Alteration of intestinal
microbiota in mice orally administered with salmon cartilage
proteoglycan, a prophylactic agent. PLoS One, 2013, 8, €75008.
Clarke, G.; Stilling, R.M.; Kennedy, P.J.; Stanton, C.; Cryan, J.F.;
Dinan, T.G. Minireview: Gut microbiota: The neglected endocrine
organ. Mol. Endocrinol., 2014, 28, 1221-1238.



Ingestion of Salmon Nasal Cartilage-Derived Proteoglycan

[29]

Baba, H.; Masuyama, A.; Yoshimura, C.; Aoyama, Y.; Takano, T.;
Ohki, K. Oral intake of Lactobacillus helveticus-fermented milk
whey decreased transepidermal water loss and prevented the onset
of sodium dodecylsulfate-induced dermatitis in mice. Biosci.
Biotechnol. Biochem., 2010, 74, 18-23.

Yoshimura, S.; Asano, K.; Nakane, A. Attenuation of collagen-
induced arthritis in mice by salmon proteoglycan. Biomed. Res.
Int., 2014, 2014, 406453.

Kadoya, K.; Sasaki, T.; Kostka, G.; Timpl, R.; Matsuzaki, K.;
Kumagai, N.; Sakai, L.Y.; Nishiyama, T.; Amano, S. Fibulin-5
deposition in human skin: Decrease with ageing and ultraviolet B

[32]

[33]

Immun., Endoc. & Metab. Agents in Med. Chem., 2015, Vol. 15, No. 2 167

exposure and increase in solar elastosis. Br. J. Dermatol., 2005,
153,607-612.

Goto, M.; Yamazaki, S.; Kato, Y.; Yamamoto, K.; Katagata, Y.
Anti-aging effects of high molecular weight proteoglycan from
salmon nasal cartilage in hairless mice. Int. J. Mol. Med., 2012, 29,
761-768.

Mitsui, T.; Sashinami, H.; Sato, F.; Kijima, H.; Ishiguro, Y.;
Fukuda, S.; Yoshihara, S.; Hakamada, K.; Nakane, A. Salmon
cartilage proteoglycan suppresses mouse experimental colitis
through induction of Foxp3+ regulatory T cells. Biochem. Biophys.
Res. Com., 2010, 402, 209-215.

Received: May 25,2015

Revised: June 22,2015

Accepted: July 03,2015





