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Hyaluronan (HA) has been increasingly used as a dietary supple-
ment to improve the skin. However, the effect of ingested HA
may depend on its molecular weight (MW) because its physiologi-
cal activities in the body vary with its MW. In this study, we
examined the effects of ingested HA with varying MW on the
skin. In this randomized, double blind, placebo controlled study,
61 subjects with dry skin received oral HA (120 mg/day), of MWs
800 k and 300 k or placebo, for 6 weeks. The skin moisture
contents of the first two groups increased more than those of the
placebo group during the ingestion period. In addition, group HA
300 k exhibited significant improvements in skin moisture content
2 weeks after ingestion ended compared with the placebo group.
A questionnaire survey about subjective facial aging symptoms
showed that the HA treated groups exhibited significantly
improved the skin condition compared with the placebo treated
group. Furthermore, dermatologists objectively evaluated the
clinical symptoms of the facial and whole body skin, showing that
no adverse events were related to daily ingestion of HA. This
study shows that both of ingesting HAs (MWs 800 k and 300 k)
improved the skin condition by increasing the moisture content.
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he skin is the largest organ of the body, and it acts as a barrier

protecting against exogenous factors and preventing water
loss from the body. Diseases such as atopic dermatitis, which is
characterized by skin dryness and intense itching, are associated
with reductions in this barrier function.? In addition to marked
decreases in its barrier function, early symptoms of dry skin are
also caused by age-related declines in intracellular lipids and
natural moisturizing factors such as free amino acids and specific
salts in the stratum corneum.®® Other factors that cause dry skin
include extrinsic stimuli such as a sudden change in the weather
and contact with chemical agents such as soap, detergents and
cosmetics.®™® Dry skin reduces a person’s quality of life not only
because of itching but also the discomfort associated with tight
and dry skin. Moreover, dry skin also contributes to the formation
of fine wrinkles. Therefore, many people use cosmetics and
dietary supplements to moisturize their skin and to improve their
skin condition.

Hyaluronan (HA) is an anionic linear glycosaminoglycan
comprising repeated polymeric disaccharides of D-glucuronic
acid and N-acetyl-D-glucosamine, which are linked via alternating
B-1,4 and B-1,3 glycosidic bonds. The molecular weight (MW) of
HA is over 107, and thus it is the largest macromolecular polymer
in the body.® HA has high viscosity because it can incorporate a
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large volume of water,'” and it forms stable tertiary structures in
aqueous solution.!?

HAs are found in various tissues and organs in the body, but
more than 50% of the total body HA is present in the skin,(>')
where it plays a major role in maintaining extracellular spaces,
preserving tissue hydration, and facilitating the transport of ion
solutes and nutrients to cells in the upper layer because of its
water-retaining capacity.'” Therefore, HA is important for
maintaining healthy skin.

Recently, HA has been used in cosmetics and foods with the
aim of improving skin condition. The topical application of all
HAs with MWs from 50k to 200 k moisturizes the skin.!
Furthermore, HA is used increasingly as a dietary supplement
as well as a food additive. However, the effects of HA ingestion
on the skin have been rarely studied outside Japan. Thus, we
evaluated the clinical efficacy of HA ingestion in subjects with
dry skin. The physiological activities of HA differ according to
its MW, 1519 and thus we also studied the effects obtained using
HA with MWs of 800 k and 300 k.

Materials and Methods

Supplements and dosage. The two types of HA, Hyaluronsan
HA-F and Hyabest® (S) LF-P, used in this study were manufac-
tured by Kewpie Corporation (Tokyo, Japan) and had a 95%
purity according to HPLC and the mean MWs were approximately
800 k and 300k, respectively. Microcrystalline cellulose and
hydrogenated maltose were obtained from Asahi Kasei Chemicals
Corporation (Tokyo, Japan) and Mitsubishi Shoji Foodtech Co.,
Ltd (Tokyo, Japan), respectively. Each HA (60 mg) was mixed
with 210 mg of hydrogenated maltose; the placebo comprised
270 mg of cellulose. They were administered as capsules. There
were no differences in the appearance and taste of HA and placebo
capsules. The capsules were manufactured by Aliment Industry
Co., Ltd (Yamanashi, Japan).

Subjects. The subjects were healthy Japanese female volun-
teers aged 35 to 60 years who were conscious of dry and sagging
skin or wrinkles around the outer canthus. This clinical trial was
conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the institutional review board.
Informed consent was obtained in writing from each subject prior
to enrolment in the study. Two hundred candidates were recruited
from healthy female volunteers, and after eliminating volunteers
using the exclusion standards (Table 1), 66 subjects were selected
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Table 1. Exclusion criteria

1. Currently taking oral or topical medication which may affect the
test result.

Pregnant, possibly pregnant, or lactating.

Currently taking excessive alcohol.

Likely to have a skin allergy (with symptoms of atopic dermatitis).
Likely to be acutely allergic to the test material.

Participating in another clinical test.

Judged to be inappropriate by the test managing doctor.

Continuously taking hyaluronan as a medicine or a dietary supple-
ment.
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9. Usual symptoms of diarrhea or stomach ache.

primarily on the basis of low moisture content in the stratum
corneum of their right cheek and declining skin viscoelasticity.
The selected subjects were assigned randomly to three groups, i.e.,
placebo, HA 800 k, and HA 300 k treated groups in which the
moisture value of the stratum corneum, skin viscoelasticity, or age
were not significantly different. After grouping, a double-blind,
placebo-controlled study was conducted. Immediately before the
trial began, three and two subjects left groups HA 800 k group and
HA 300 k, respectively, thus the final number of trial subjects was
61 (Table 2).

Clinical trial design. The clinical study was conducted by
Souken Corporation (Tokyo, Japan), which accepted a randomized,
double-blind, placebo-controlled trial. Microcrystalline cellulose
was used as the placebo, Hyaluronsan HA-F in the HA 800 k
group, and Hyabest® (S) LF-P in the HA 300 k group. They were
consumed by the designated subjects as two capsules (total weight
540 mg containing 120 mg HA in the treatment groups) each day
after breakfast for 6 consecutive weeks. Each subject was asked to
visit a hospital for a skin condition assessment by a dermatologist
prior to treatment; after 2, 4, and 6 weeks of treatment; and 2
weeks after the treatment ended. Several measurements and skin
examinations were performed by the dermatologist after the
subjects washed their face followed by a 25 min rest in a waiting
room with mild environmental conditions (room temperature
(R.T.): 22 £ 2°C, relative humidity: 50 £ 15%) and another 5 min
rest in an environmentally controlled room (R.T.: 21+ 2°C,
relative humidity: 50 = 10%), thereby maintaining homogeneous
environmental and measurement conditions as much as possible.

Clinical trial register. This study is registered at the Japan
Medical Association Center for Clinical Trials (JMACCT) with
the clinical trial number IMA-ITA00178.

Skin moisture. Skin moisture was measured in the stratum

moisture content in the stratum corneum, and thus the measure-
ments used arbitrary units (a.u.) of the electrostatic capacity. The
skin moisture in the stratum corneum was compared among
groups over time, as well as between the HA treated and placebo
treated groups.

Skin viscoelasticity. Skin viscoelasticity was measured in
the right cheek using the Cutometer® MPAS580 (Courage +
Khazaka; Electronic Gmbh) at the time when the subject was
screened, prior to ingestion, after 3 and 6 weeks of ingestion, and
2 weeks after ingestion ended. The Cutometer measures the
dynamic characteristics of the skin height, which is lifted by low
pressure in the probe sensors that adhere to the skin, and the value
obtained reflects the state of the dermis layer. The maximum
measured variation (length extended by suction force) indicates
the skin hardness, whereas the minimum measured variation
(minimum length after suction release) indicates the skin
shrinkage ability and the return rate of overall skin elasticity. Skin
viscoelasticity was compared among groups over time, as well as
between the HA treated and placebo treated groups.

Questionnaire survey. A questionnaire survey was com-
pleted by the subjects to assess the luster, suppleness, and wrinkles
of the facial skin using the five-point evaluation scale (Table 3) at
the following times: prior to ingestion, after 3 and 6 weeks of
ingestion, and 2 weeks after ingestion ended. The mean variation
between the initial and treated values was compared among
groups. In addition, the differences in the answers and the ratios of
subjects among groups were tested by comparing the evaluations
using three scoring levels, i.e., combined scores of 1, 2, and 3 only,
and combined scores of 4 and 5, at each time point.

Skin examinations by dermatologists. Objective evalua-
tions were performed by dermatologists who were approved by a
specialized medical doctors association. They assessed the clinical
symptoms for the facial and whole-body skin of subjects using a
four-point scale, i.e., 0: no symptoms, 1: slight degree, 2: medium
degree, and 3: severe degree, in which the assessments were
performed prior to ingestion, after 3 and 6 weeks ingestion, and 2
weeks after ingestion ended. Evaluation criteria were as follows.
The facial skin: cosmetic rash, dry skin, rough skin, poor luster of
skin, blushing, skin redness, and a poor sense of makeup; the
whole-body skin: itching, dry skin, blushing, sore skin, desquama-
tion, papules, phlyctenula, swelling, and general symptoms.

Table 3. Methods used to evaluate the skin conditions in the question-
naire

Evaluation items

corneum at three points along a line between the right earlobe root scores Skin luster Skin suppleness Wrinkles
and lip end using the Corneometer CM825 (Courage + Khazaka; 1 sufficient sufficient no care
Electronic Gmbh, Cologne, Germany). The maximum values were 2 moderate moderate little care
treated as th; ﬁnal.m01st'ure value at the time when the sub]'ect was 3 normal normal normal
screened, prior to ingestion, after 3 and 6 weeks of ingestion, and ) - . .
2 weeks after ingestion ended. A Corneometer measures the 4 insufficient insufficient some care
variation in the electrostatic capacity, which depends on the 5 no luster no supple much care
Table 2. Baseline characteristics of the study subjects
Placebo HA 800 k HA 300 k Total
Number of subjects 22 19 20 61
Mean age (Age Range) 42.73 £ 0.92 (35-60) 43.68 + 1.23 (35-60) 43.90 + 1.06 (35-60) 43.41+£0.61
Sex female
Skin moisture (stratum corneum) 19.50 + 1.85 19.31+1.78 21.5+1.61 20.10 £ 0.96
Skin viscoelasticity
Max. amplitude 0.32+0.01 0.35+0.01 0.32+0.01 0.33+£0.01
Min. amplitude 0.08 +0.01 0.09 +0.01 0.09 +0.01 0.09 £ 0.00
Return rate 73.84+1.76 73.86 + 1.21 72.74 £1.50 73.49 £0.88
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Statistical analysis. All values obtained are expressed as the
mean + SE. Paired ¢ tests were used to compare the skin moisture
in the stratum corneum and the skin viscoelasticity relative to the
initial values. Dunnett’s test was used to compare the moisture
variation in the stratum corneum between the placebo and HA
treated groups. Steel Dwass test was used to compare the varia-
tions relative to the initial values obtained in the questionnaire and
the dermatologist examinations among groups. All statistical
analyses were performed using Statcel 2 of 4 Steps Excel Statistics
second edition (the publisher OMS Ltd., Saitama, Japan). A
p value of <0.05 was considered statistically significant.

Results

Skin moisture. Table 4 shows the transitions in the skin
moisture content in the stratum corneum during the test period.
The skin moisture content did not change in the placebo group. In
contrast, the skin moisture contents in the HA 800 k and 300 k
groups increased at 3 and 6 weeks ingestion compared with prior
to its ingestion (p<0.001). In addition, the skin moisture content
in HA 300 k group was significantly higher at 2 weeks after the
end of ingestion than prior to its ingestion (p<0.001).

Fig. 1 shows the changes in the skin moisture content in the
stratum corneum of HA and placebo treated subjects during the
test period. The skin moisture content in the HA 300 k group was
significantly higher than that in the placebo group 2 weeks after
consumption ended (p<0.05).

Skin viscoelasticity. Table 5 shows the transitions in the
maximum amplitude value, minimum amplitude value, and return
rate, which are indicators of skin viscoelasticity. None of the
values differed significantly between the placebo and HA treated
groups at the end of the treatment. However, the maximum and
minimum amplitude values were significantly lower after 3 weeks
consumption than those before consumption, and the return rate
after 3 weeks consumption was significantly higher than that
before consumption in all groups (p<0.05, p<0.01 and p<0.001,
respectively). However, there were no significant differences after
6 weeks of consumption or before consumption in each group.

Fig. 2 shows the change in the skin viscoelasticity indicators,

i.e., the maximum amplitude value, minimum amplitude value,
and the return rate. The maximum amplitude value and return rate
did not differ significantly between the HA treated groups and
placebo treated group. However, the minimum amplitude value in
the HA 300 k group tended to be lower than that in the placebo
group after 3 weeks of ingestion (»p<0.10).

Questionnaire survey to determine subjective skin
symptoms. The effects of HA on the subjective symptoms of
facial skin aging, i.e., luster, suppleness, and wrinkles, were
evaluated using a questionnaire. The luster and suppleness were
improved significantly in the HA treated groups than in the
placebo-treated group (Fig. 3-6).

As shown in Fig. 3A, the mean skin luster scores after 6 weeks

a.u.
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A4 Skin moisture content
*
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Prior to 3 weeks 6 weeks 2 weeks after
ingestion of ingestion of ingestion ingestion ended

Fig. 1. Changes in the skin moisture with time after ingestion of
hyaluronans or the placebo. The skin moisture contents of the right
cheek were measured at three points prior to ingestion, 3 and 6 weeks
of ingestion, and 2 weeks after ingestion ended. Variations in the skin
moisture content relative to the baseline condition (): O indicates the
placebo group; [[] indicates the HA 800 k group; [l indicates the HA
300 k group. Dunnett’s test was used to compare the three groups.
Data are presented as means + SE. *p<0.05.

Table 4. Changes in the skin moisture content with time following ingestion of hyaluronans and the placebo

Skin Moisture (a.u.)

Prior to 3 weeks 6 weeks 2 weeks after
ingestion of ingestion of ingestion ingestion ended
Placebo 21.18 £ 2.41 27.88 +2.97 26.03 +£2.03 24.16 £2.23
HA 800 k 19.87 £2.63 28.66 £ 2.42%** 29.95 £ 2.32%** 26.09 + 2.66
HA 300 k 21.2+£1.79 29.10 £ 1.64%** 30.10 £ 2.43*** 33.9 £ 2.59%**

*p<0.05, **p<0.01, and ***p<0.001 vs prior to ingestion according to the paired t test. Means + SE. HA,

hyaluronan.

Table 5. Changes in skin viscoelasticity following ingestion of hyaluronans and the placebo

Skin viscoelasticity . Prior to 3 WeeKs 6 Week} . 2 wegks after
ingestion of ingestion of ingestion ingestion ended
Max. amplitude (10" mm) Placebo 3.02 +0.01 2.33+0.01* 3.00 +0.01 3.19+0.01
HA 800 k 3.15+0.01 2.51 +£0.02%** 2.88+0.02 3.21+£0.02
HA 300 k 3.23+0.01 2.52 +0.01%** 3.08 £0.02 3.45+0.01
Min. amplitude (10" mm) Placebo 0.71+£0.01 0.24 + 0.00** 0.58 + 0.00* 0.66 +0.00
HA 800 k 0.72 £0.00 0.24 + 0.00*** 0.66 £ 0.00 0.70 £0.01
HA 300 k 0.81+£0.00 0.23 £ 0.00*** 0.68 £ 0.00** 0.74 £0.00
Return rate (%) Placebo 76.44 +1.57 89.75 + 1.32%** 80.12 £ 1.51* 79.00 + 1.53
HA 800 k 76.37 + 1.81 89.94 + 0.94*** 76.45 + 1.66 77.05+2.36
HA 300 k 7411 +£1.57 90.46 £ 1.10*** 77.08 + 1.66 77.70 £ 1.72

*p<0.05, **p<0.01, and ***p<0.001 vs prior to ingestion according to a paired t test. Means + SE. HA, hyaluronan.
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Fig. 2. Changes in the skin viscoelasticity with time following ingestion of hyaluronans or the placebo. The skin viscoelasticity in the right cheek
was measured prior to ingestion, 3 and 6 weeks of ingestion, and 2 weeks after ingestion ended. The maximum amplitude value, minimum
amplitude value, and the return rate were determined. Variations in skin viscoelasticity relative to the baseline condition (/): (A) maximum
amplitude value, (B) minimum amplitude value, (C) the return rate. O indicates the placebo group; [[] indicates the HA 800 k group; [l indicates
the HA 300 k group. Dunnett’s test was used to compare the three groups. Data are presented as means + SE. 'p<0.10.

of consumption tended to improve and improved significantly in
the HA 800 k and 300 k treated groups than in the placebo-treated
group (p<0.10 and p<0.05, respectively). Furthermore, the signif-
icant improvement in skin luster was maintained in the HA 300 k
group 2 weeks after consumption ended (p<0.05). Approximately
half the subjects gave assessments of a good skin luster condition
(scores of 1 and 2) after 6 weeks of consumption compared with
that before consumption in groups HA 800 k and 300 k (7/16 and
9/20, respectively; Fig. 4). Good skin luster condition responses
(scores of 1 and 2) were maintained 2 weeks after consumption
ended in approximately half of the subjects in the HA 300 k group.

The mean skin suppleness scores after 6 weeks of consumption
tended to improve in the HA 300 k group compared with those of
the placebo group (p<0.10; Fig. 3B). Approximately half of the
subjects had good scores for skin suppleness after 3 and 6 weeks
of consumption compared with those before consumption in the
HA 300 k group (9/20; Fig. 5).

The HA treated groups exhibited decreases in the subjective
symptoms of wrinkles compared with the placebo treated group,
but the differences were not significant (Fig. 3C). The numbers of
improved skin wrinkle condition ratings (score of 1 and 2) after 6
weeks consumption compared with that before consumption were
higher in the HA treated groups than in the placebo treated group
(7/19 and 6/20, respectively; Fig. 6). Moreover, a high proportion
of subjects reported an improved wrinkle condition (scores of 1
and 2) 2 weeks after consumption ended in the HA 300 k group.

Skin examination by dermatologists. The clinical symp-
toms of the facial and whole-body skin in the subjects treated
using the placebo or each HA were evaluated periodically by

C. Kawada et al.

dermatologists (data not shown). In terms of facial skin symptoms,
no abnormal symptoms were observed before consumption in all
groups; however, slight dry skin, rough skin, and poor skin luster
were observed at 3 weeks in only one subject in the placebo group.
No further changes in facial skin symptoms were observed in the
HA or placebo treated groups.

In terms of the whole body skin symptoms, slight dry skin was
observed before consumption in only one subject from the HA
300 k group. No further changes in whole-body skin symptoms
were observed in the HA or placebo treated groups.

Discussion

This study confirmed that daily ingestion of 120 mg of HA
(MWs: 800 k and 300 k) for 6 weeks increased the skin moisture
content and improved the facial aging symptoms such as luster and
suppleness, in subjects with dry skin in a randomized, double
blind, placebo controlled study.

The HA treated groups exhibited significant increased skin
moisture contents after ingestion compared with that before inges-
tion and they remained higher than those of the placebo treated
group (Table 4). In addition, we confirmed that the HA 300 k
group had significantly increased skin moisture contents ended
compared with the placebo 2 weeks after ingestion (Fig. 1). To
understand why the skin moisture content only increased signifi-
cantly in the HA 300 k group, it is necessary to examine the
differences in absorption of HA by the body and its effects on skin
cells. In a previous randomized, double blind, placebo controlled
study, healthy subjects received collagen hydrolysate once daily
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Fig. 3. Changes in the subjective skin condition with time following ingestion of hyaluronans and placebo. The subjective skin conditions, i.e.,
luster, suppleness, and wrinkles, were evaluated using a questionnaire prior to ingestion, 3 and 6 weeks of ingestion, and 2 weeks after ingestion
ended. Differences in each questionnaire result relative to the baseline condition (/): (A) luster, (B) suppleness, and (C) wrinkles. () indicates the
placebo group; [[] indicates the HA 800 k group; ] indicates the HA 300 k group. Dunnett’s test was used to compare the three groups. Data are
present as means + SE. 'p<0.10 and *p<0.05.
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Fig. 4. Changes in the skin luster score with time after the ingestion of hyaluronans and placebo. A questionnaire was completed to evaluate the
subjective skin luster prior to ingestion, 3 and 6 weeks of ingestion, and 2 weeks after ingestion ended. The number of answers with each score are
indicated in the histogram: (A) prior to ingestion, (B) 3 weeks of ingestion, (C) 6 weeks of ingestion, and (D) 2 weeks after ingestion ended.
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for 8 weeks, it improved the skin elasticity after 4 weeks of
ingestion and 2 weeks after ingestion ended compared with when
the subjects received a placebo.?® However, the ingestion of
collagen hydrolysate did not increase the skin moisture content
significantly compared with the placebo but only maintained a
high skin moisture content.?® In another randomized, double

C. Kawada et al.

blind, placebo controlled study where healthy subjects received
glucosylceramide once daily for 12 weeks, it tended to reduce
the loss of the skin moisture content compared with the placebo
but did not increase the skin moisture content significantly
compared with placebo.?"” These effects suggest that a more
prolonged ingestion period may be necessary to confirm any
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effects on the skin moisture content by ingestion of functional
food.

In the present study, the variation in the minimum measured
value in the HA 300 k group tended to be lower than that in the
placebo group, indicating that the skin viscoelasticity was reduced
(Fig. 2). In addition, each group exhibited significant reductions in
the maximum amplitude value and the minimum amplitude value,
but the return rate increased significantly (Table 5). Each skin
viscoelasticity measure was decreased slightly or increased in all
groups, but they returned to the initial values subsequently. Thus,
it was not possible to confirm the effects of HA ingestion on skin
viscoelasticity. HA in the dermis affects the skin viscoelasticity,
but fiber components such as elastin and collagen are mainly
related to skin viscoelasticity. Elastin fibers are present between
collagen fibers in the dermis, and they confer skin viscoelasticity
by forming a network from the basement membrane up to the skin
tissue.®? Thus, the significant increase in skin viscoelasticity due
to the continued ingestion of collagen hydrolysate is related to the
protection of collagen fibers and the prevention of abnormal
accumulations of elastin fibers in the dermis.®” In the present
study, HA ingestion did not improve the skin viscoelasticity,
probably because the ingested HA had no direct effects on fiber
components.

In addition, the questionnaire results confirmed that the HA
treated groups exhibited significantly improved facial aging
symptoms such as luster and suppleness compared with the pla-
cebo group (Fig. 3). Loss of luster and suppleness, and increased
wrinkles in facial skin are signs of aging, which are induced
by time and external stimuli such as ultraviolet irradiation, and
they along with skin dryness affect the appearance of the skin.
Dehydration of the skin by excoriation can lead to the loss of
luster and suppleness and the formation of fine wrinkles around
the outer canthus. Thus, the improved skin symptoms as a result
of continuous ingestion of HA lead to skin moisturizing.

In a previous oral administration test using radioactively labeled
HA (MW: 1,000 k) in rats, approximately 90% of the ingested
HA was absorbed into the body and almost 3% of the total
ingested HA was transferred to the skin.®® It was confirmed that
the ingestion of HA not only with a MW of 1,000 k but also with
10 k was transferred to the skin.?® Therefore, we considered that
both of the HA types used in the present study were transferred
to the skin after ingestion. The ingested HA is believed to be
absorbed via the intestinal route. The intestinal permeability of
low-MW HA has been confirmed in cultured monolayers of
human intestinal Caco-2 cells.® The low-MW HA is absorbed
primarily through the Caco-2 cell monolayer via the paracellular
pathway, which increases inversely in proportion to the molecular
size of HA.® In addition, ingested HA is reportedly absorbed
intact as well as in the form of its decomposed metabolites. Orally
administered HA was shown to be decomposed into low-MW
molecules by intestinal bacteria in mice.®® Bacteroides stercoris
HJ-15, which potently degrades glycosaminoglycan,®” and bacteria
such as Staphylococcus aureus and Clostridium perfringens,?8*
which produce hyaluronidases, are found in the human intestine.
Thus, it is possible that ingested HA is also degraded by intestinal
bacteria in humans. It is not clear what the configurations the HAs
used in this study adopted when they were absorbed after
ingestion, but it is considered that these HAs were absorbed as
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The examinations by dermatologists confirmed that there were
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tively.®339 Therefore, the safety of HA as a food material has
been confirmed by long-term ingestion.
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