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Background: Hyaluronan (HA) has critical moisturizing property and high water retention 

capacity especially for human skin. This study aimed to evaluate the effect of oral intake of HA.

Methods: The mean molecular weight (MW) of HA is 2 k and 300 k. Sixty Japanese male 

and female subjects aged 22–59 years who presented with crow’s feet wrinkles were randomly 

assigned to the HA 2 k or HA 300 k at 120 mg/day or the placebo group. The subjects were 

administered HA at a rate of 120 mg/day or a placebo for 12 weeks. The skin wrinkles were 

evaluated by image analysis of skin wrinkle replicas, and their skin condition was evaluated 

using a questionnaire survey.

Results: During the study period, the HA groups showed better level of the whole sulcus  volume 

ratio, wrinkle area ratio, and wrinkle volume ratio than the placebo group. After 8 weeks of 

ingestion, the HA 300 k group showed significantly diminished wrinkles compared with the 

placebo group. Skin luster and suppleness significantly improved after 12 weeks in all groups 

compared with the baseline.

Conclusion: The results suggest that oral HA (both HA 2 k and HA 300 k) inhibits skin wrinkles 

and improves skin condition.

Keywords: hyaluronic acid, dietary supplement, skin, wrinkle volume, molecular weight

Background
Hyaluronan (HA) is a body component that is present in every connective tissue and 

organ, such as skin, synovial fluid, blood vessels, serum, the brain, cartilage, heart 

valves, and the umbilical cord. In particular, the skin has the largest quantity of HA 

in the body, with 50% of total body HA present in the skin.1

Wrinkles of the skin are formed under the influence of various factors, such as aging, 

ultraviolet (UV) light, and dryness. In particular, the degradation of collagen and HA by 

UV damage causes wrinkles.2,3 It is considered that the cause of crow’s feet is the same.

HA content in the skin is considered to be related to the factors that cause 

wrinkles. Kawada et al4 treated hairless mice at a dose of 200 mg/kg body weight 

per day for 6 weeks with exposure to UV irradiation and measured their skin con-

dition. The HA group displayed a significant decrease in UV damage to the skin 

compared with the control group (p < 0.05). The effect on skin wrinkles through the 

use of oral HA is expected because the decrease of skin damage leads to relieving 

of skin wrinkles. In addition, dry skin was improved by oral ingestion of HA.5–8 

The quantity of HA in the skin gradually decreases due to aging. For example, a 

75-year-old person has only one quarter of the amount of HA in their skin compared 

with a 19-year-old person.9

Correspondence: Yasunobu Masuda 
R&D Division, Kewpie Corporation, 
2-5-7, Sengawa-cho, Chofu-shi, Tokyo 
182-0002, Japan 
Tel +81 3 5384 7759 
Fax+81 3 5384 7860 
Email yasunobu_masuda@kewpie.co.jp

Journal name: Clinical, Cosmetic and Investigational Dermatology
Article Designation: ORIGINAL RESEARCH
Year: 2017
Volume: 10
Running head verso: Oe et al
Running head recto: Oral hyaluronan relieves wrinkles
DOI: http://dx.doi.org/10.2147/CCID.S141845

C
lin

ic
al

, C
os

m
et

ic
 a

nd
 In

ve
st

ig
at

io
na

l D
er

m
at

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress


Clinical, Cosmetic and Investigational Dermatology 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

268

Oe et al

With respect to skin wrinkles, there are some surgical 

techniques that use fillers as a symptomatic treatment. 

However, the cost of treatment is high, and there are risks 

of pain and swelling.10 Although topical treatment such 

as injection of HA takes effect quickly, the effect will be 

diminished gradually.11 On the other hand, it takes time to 

relieve wrinkles by taking supplements; however, the effect 

will be maintained by taking them continuously. Accord-

ingly, the demand for dietary supplements grows because 

supplements are easy to take continuously and support the 

inner body. Several studies reported some of the effects that 

dietary supplements have on keeping skin healthy.12

Two clinical trials of oral HA have been performed. Kim 

et al treated 52 Korean female subjects aged over 30 years 

who had crow’s feet wrinkles (placebo group n = 26, HA 

group n = 26) with HA (MW, 75 k, 240 mg/day) for 8 weeks. 

The HA group presented with significantly less wrinkles 

compared with the placebo group (p < 0.05).13

Watanabe et al treated 28 Japanese female subjects aged 

30–49 years who had crow’s feet wrinkles (placebo group 

n = 14, HA group n = 14) with HA (MW, 38 k, 240 mg/day) 

for 8 weeks. The HA group presented with a significantly 

decreased maximum wrinkle mean depth compared with the 

placebo group (p < 0.01).14

It is not confirmed whether the anti-wrinkle effect of oral 

HA is different depending on its MW or amount of intake. 

However, it is known that the bioavailability of HA differs 

depending on the molecular weight.15 Hisada et al reported 

that the lower molecular weight of HA indicates the more HA 

permeated through human intestinal Caco-2 cell monolayers.16

Thus, we evaluated anti-wrinkle and MW effects of oral 

ingestion of HA (MW, 2 k and 300 k, 120 mg/day) in this 

double-blind, placebo-controlled study for 12 weeks with 

Japanese male and female subjects aged 22–59 years. Both 

of the two types of HA (MW, 2 k and 300 k) are composed 

of simple disaccharide sequences (d-glucuronic acid and 

d-N-acetylglucosamine, bound through alternating β-1,4- 

and β-1,3-glycosidic bonds). HA 2 k is slightly more soluble 

than HA 300 k.

Methods
Subjects
The subjects were healthy Japanese male and female vol-

unteers aged 22–59 years who presented with crow’s feet 

wrinkles. Informed consent was obtained in writing from 

each subject prior to enrollment in the study. Sixty volunteers 

were selected. Our exclusion criteria are shown in Table 1. 

The selected subjects were assigned randomly to three 

groups, i.e., the placebo, HA 2 k, and HA 300 k treatment 

groups. After grouping, a double-blind, placebo-controlled 

study was conducted.

Supplements and dosage
The two types of HA, Hyabest® (A) and Hyabest® (S) 

LF-P, used in this study were manufactured by Kewpie 

Corporation (Tokyo, Japan) and had a 95% purity according 

to a high-performance liquid chromatography (HPLC) 

analysis. The mean MWs were ~2 k and 300 k, respectively. 

Microcrystalline cellulose was obtained from the Asahi Kasei 

Chemicals Corporation (Tokyo, Japan). The placebo group 

received two capsules (210 mg microcrystalline per capsule), 

and the HA 2 k group received two capsules (60 mg HA with 

microcrystalline cellulose, total 210 mg per capsule) each day. 

The HA 300 k group received two capsules (60 mg HA with 

microcrystalline cellulose, total 210 mg per capsule) each day. 

There were no differences in the appearance and taste of the 

HA and placebo capsules. The capsules were manufactured 

by Aliment Industry Co. Ltd (Yamanashi, Japan).

Clinical trial design
This study was conducted by Kewpie Corporation, who car-

ried out a randomized, double-blind, placebo-controlled trial. 

Subjects were randomly assigned to either the HA 2 k, HA 

300 k, or placebo group before starting the study according 

to stratified randomization based on age by the study coordi-

nator, MO. Allocation was documented in an electronic file 

accessible only to the study coordinator. The study investiga-

tors, NO and HK, who did not know the allocation, handed 

the samples which are no difference in appearance to the 

subjects. The subjects consumed two capsules each day for 12 

consecutive weeks. The skin evaluation was conducted prior 

to ingestion and after 4, 8, and 12 weeks of treatment. The 

evaluation of skin conditions was conducted using the image 

analysis of skin wrinkle replicas and a questionnaire survey.

Table 1 Exclusion criteria

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

2. Pregnant, possibly pregnant, or lactating
3. Currently taking excessive alcohol
4. Likely to have a skin allergy (with symptoms of atopic dermatitis)
5. Likely to be acutely allergic to the test material
6. Participating in another clinical test
7. Continuously taking HA as a medicine or a dietary supplement
8. Usual symptoms of diarrhea or stomach ache

Abbreviation: HA, hyaluronan.
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Clinical trial register
This study is registered with the Center for Clinical Trials, 

Japan Medical Association. The clinical trial registration 

number is the JMA-IIA00234.

This clinical trial was conducted in accordance with the 

principles of the Declaration of Helsinki and was approved by 

the institutional review board (Shinkohkai Medical Corpora-

tion Institutional Review Board, Tokyo, Japan).

Evaluation of skin
Wrinkle replica image analysis
Collection and analysis of the replica were carried out as 

follows, according to the Guideline for Evaluation of Anti-

wrinkle Products (Japanese Cosmetic Science Society).17 To 

keep a fixed measurement condition as much as possible, 

subjects washed their face and rested for 20 minutes in a 

waiting room with mild environmental conditions (room 

temperature: 22 ± 2°C, relative humidity: 50% ± 15%). 

On evaluation day, the subjects applied the skin replica 

agent (Asahi Techno Lab Corporation, Kanagawa, Japan) 

on the corner of their eye. After it had sufficiently dried, 

the participants peeled the replicas off the skin and allowed 

the replica to dry again. The replicas were evaluated using 

a three-dimensional (3D) skin analyzing software of digital 

reflection type ASA–03RXD Ver3.18 (Asahi Techno Lab 

Corporation). The amount of change relative to the initial 

value of the mean value in each item was compared among 

the groups with respect to the placebo group.

Questionnaire survey
A questionnaire survey was completed by the subjects to 

assess the luster, suppleness, and wrinkles of the facial skin 

using the five-point evaluation scale (Table 2) at the follow-

ing times: prior to ingestion and after 4, 8, and 12 weeks of 

ingestion. For the skin luster and suppleness, one is the worst 

and five is the best. For the wrinkles, one is least wrinkles; 

not worry, and five is most wrinkles; most care. The amount 

of change relative to the initial value of the score mean value 

in each item was compared among the groups with respect 

to the placebo group.

A questionnaire survey on adverse effects, such as aller-

gic reactions, diarrhea, and abdominal pain, was conducted 

during the study.

Image of microscope camera
The skin surface of the corner of the eye was observed 

by Digital microscope VHX-2000 (Keyence Corporation, 

Osaka, Japan).

Statistical analysis
Repeated measures analysis of variance (ANOVA) and Dun-

nett’s test were used to compare a replica image analysis 

between the initial value and each measurement point. A 

one-way ANOVA and multiple comparison tests of Tukey 

were used to compare the placebo group and the HA group. 

For the questionnaire survey, a Wilcoxon signed-rank sum 

test was used to compare the initial value and each measure-

ment point. A one-way ANOVA and the multiple comparison 

test of Bonferroni were used to compare the placebo group 

and the HA group. All values obtained are expressed as the 

mean ± standard errors (SEs). The test results are expressed 

as mean ± SE. A p-value <0.05 was considered statistically 

significant, and a p-value of <0.1 was a significant trend. 

Statistical analysis computer software SPSS version 20 (IBM 

Corporation, Armonk, NY, USA) was used.

Results
Wrinkle replica image analysis
For the evaluation of the wrinkle replica, two people from 

the placebo group and four people from the HA 2 k group 

and the HA 300 k group (which originally had 60 people) 

did not complete the trial due to personal reasons. A total 

of 50 people were assessed as shown in Table 3. Temporal 

Table 2 Methods used to evaluate the skin conditions in the 
questionnaire

Scores Evaluation items

Skin luster Skin suppleness Wrinkles

1 No luster Not supple Not worry
2 Insufficient Insufficient Little care
3 Normal Normal Normal
4 Moderate Moderate Some care
5 Sufficient Sufficient Most care

Table 3 Baseline characteristics of subjects

Characteristics Placebo  
(n = 18)

HA 2 k  
(n = 16)

HA 300 k  
(n = l6)

Number

Age range, years
22–29 7 7 5
30–39 6 5 6
40–49 3 2 3
50–59 2 2 2

Sex
Male 7 7 6
Female 11 9 10

Abbreviation: HA, hyaluronan.
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changes in the whole sulcus volume ratio, wrinkle area ratio, 

and wrinkle volume ratio during the study period are shown 

in Table 4. In the placebo group, the whole sulcus volume 

ratio, wrinkle area ratio, and wrinkle volume ratio had a 

higher value but were not significant compared with that prior 

to ingestion. In the HA 2 k group and HA 300 k group, the 

whole sulcus volume ratio, wrinkle area ratio, and wrinkle 

volume ratio showed a consistently low value compared with 

that prior to ingestion.

The amount of change in the whole volume ratio, wrinkle 

area ratio, and wrinkle volume ratio during the test period is 

shown in Figure 1. In the wrinkle volume ratio after 8 weeks 

ingestion (Figure 1C), the HA 300 k group showed signifi-

cantly lower values than the placebo group (p < 0.05). The 

value before ingestion did not affect the results, therefore 

a covariance analysis (analysis of covariance [ANCOVA]) 

was not performed.

Questionnaire survey
Subjective symptoms about the luster, suppleness, and 

wrinkles were evaluated using a questionnaire. In the ques-

tionnaire evaluation, one person from the placebo group and 

two from both the HA 2 k group and the HA 300 k group (of 

the original 60 people) did not complete the questionnaire 

because of personal reasons. A total of 55 people partici-

pated. In the luster and suppleness, all groups significantly 

increased the score after 12 weeks (p < 0.05) compared with 

that prior to ingestion. For the luster, the HA 2 k group and 

the HA 300 k group showed an increase of scores compared 

with the placebo group at all measured points after 4, 8, and 

12 weeks. For wrinkles, the placebo group, HA 2 k group, and 

HA 300 k group showed a significantly decreased score after 

8 and 12 weeks compared to prior to ingestion (Figure 2).

In this study, a questionnaire survey and observation were 

conducted, and there were no adverse events.

Image of microscope camera
We could not confirm the change of the skin surface after 

ingestion for the subjects who ingested placebo; however, 

the skin surface of the subjects who ingested HA tended to 

Figure 1 Changes from baseline in the analysis results of the wrinkle replica with time after ingestion of HA or the placebo.
Notes: Results of (A) ⊿whole sulcus volume ratio, (B) ⊿wrinkle area ratio, and (C) ⊿wrinkle volume ratio relative to the baseline are shown. ○ indicates the placebo group; 
■ indicates the HA 2 k group; □ indicates the HA 300 k group. Tukey’s test was used to compare the three groups. Data are presented as mean ± SE. *p < 0.05, **p < 0.1 
vs placebo group.
Abbreviations: HA, hyaluronan; SE, standard error; AU, arbitrary unit.
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Table 4 Changes in the analysis results of the wrinkle replice 
with time after ingestion of hyaluronan or the placebo

Wrinkle 
replica

Placebo HA 2 k HA 300 k

Whole sulcus volume ratio (∑ WD/XY)
baseline 137.37 ± 21.02 173.38 ± 30.98 161.19 ± 27.03
4 weeks 135.52 ± 19.83 162.64 ± 31.48 157.11 ±26.56
8 weeks 157.09 ± 23.90 163.82 ± 29.82 153.16 ± 24.10
12 weeks 142.38 ± 24.85 157.73 ± 30.04 154.24 ± 27.24
Wrinkle area ratio (∑ W’/XY)
baseline 4.93 ± 0.84 6.47 ± 1.24 5.99 ± 1.04
4 weeks 4.93 ± 0.75 6.19 ± 1.26 5.77 ± 0.98
8 weeks 5.70 ± 0.90 6.24 ± 1.20 5.72 ± 0.94
12 weeks 5.24 ± 0.96 5.98 ± 1.19 5.78 ± 1.05
Wrinkle volume ratio (∑ W’D’/XY)
baseline 85.66 ± 17.75 114.57 ± 24.73 107.18 ± 22.85
4 weeks 84.81 ± 16.71 110.80 ± 24.55 104.21 ± 23.52
8 weeks 100.23 ± 19.95 107.59 ± 22.32 99.72 ± 19.48
12 weeks 93.61 ± 20.59 108.15 ± 23.27 106.84 ± 22.93

Notes: Tukey’s test was used to compare the three groups. Data are presented as 
mean ± SE. W: sulcus width (µm), D: sulcus depth (µm), X: evaluation area width 
(mm), Y: line number, W’: wrinkle width (µm), D’: wrinkle depth (µm).
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improve. As an example of each group, microscopic images 

of the outer corner of the eye are shown prior to ingestion 

and after 8 weeks of ingestion (Figure 3).

Discussion
This was a double-blind, randomized placebo-controlled 

study of people aged 22–59 years who were healthy Japanese 

men and women and who presented with crow’s feet wrinkles. 

They were given the 120 mg HA of MW 2 k or 300 k per day 

for 12 weeks. As a result, in the replica image analysis evalu-

ation of wrinkles and the questionnaire survey of subjective 

symptoms in the skin, it was confirmed that ingestion of HA 

improved the luster and suppleness of the skin and caused a 

decrease in skin wrinkles.

Temporal changes in the whole sulcus volume ratio, 

wrinkle area ratio, and wrinkle volume ratio during the 

study period are shown in Table 4. In the placebo group, the 

whole sulcus volume ratio, wrinkle area ratio, and wrinkle 

volume ratio increased at 8 weeks probably because this 

study was conducted in dry season from January to April. 

In the replica image analysis of both the HA 2 k group and 

HA 300 k group, the transition of the amount of change 

in the whole volume ratio, wrinkle area ratio, and wrinkle 

volume ratio maintained low values compared with the 

placebo group and shown suppressed wrinkles compared 

with the time prior to ingestion. The amount of change 

in the wrinkle volume ratio significantly decreased at 

8 weeks after ingestion in the HA 300 k group compared 

to the placebo group (Figure 1). The HA 300 k group and 

the HA 2 k group shown suppressed wrinkles compared 

with the placebo group (HA 300 k, p = 0.046; HA 2 k, 

p = 0.052). A previous randomized controlled trial (RCT) 

study showed ingestion of the HA of MW 38 k suppressed 

wrinkles significantly compared with the placebo group.14 

In a previous oral administration study using labeled HA to 

confirm its localization by autoradiography in rats, it is sug-

gested that HA was decomposed to low MW by intestinal 

bacteria, absorbed into the body, and some of decomposed 

HA was migrated to the skin.18 For this reason, the efficacy 

of oral HA on wrinkles could not be different depending 

on the MW of HA.

Figure 2 Changes in the subjective skin condition with time after ingestion of HA or the placebo.
Notes: Results of (A) ⊿skin luster score, (B) ⊿skin suppleness score, and (C) ⊿wrinkles score relative to the baseline are shown. ○ indicates the placebo group; ■ indicates 
the HA 2 k group; □ indicates the HA 300 k group. The Wilcoxon signed-rank test was used to compare the three groups. Data are presented as mean ± SE.
Abbreviations: HA, hyaluronan; SE, standard error.
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Figure 3 Typical microscope images of each group.
Notes: Microscopic images of the outer corner of the eye prior to ingestion and 
after 8 weeks of ingestion are shown for each group.
Abbreviation: HA, hyaluronan.
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Considering the role of HA in the skin, it is suggested 

that migration of HA to the skin acts on the wrinkled skin 

as follows:

There are fibroblasts in the dermis of the skin. In these 

fibroblasts, collagen fibers, elastin fibers, and HA are synthe-

sized. In vitro, HA prompts the proliferation of fibroblasts of 

the dermis, and it was confirmed that intake of HA promoted 

HA synthesis in fibroblasts.19,20 It is presumed that part of 

the orally ingested HAs promote HA synthesis in fibroblasts 

of the dermis, maintain normal skin, and are involved in the 

suppression of wrinkles. In addition, because the fibroblast 

cells are growing, it is possible to suppress wrinkles by pro-

moting collagen synthesis.

The epidermis above the dermis consists of the stratum 

corneum, the granular layer, spinous layer, and the basal 

layer beginning from the upper layer. The necessary HA 

in the epidermis is synthesized in the keratinocytes of the 

basal layer.21,22 It is reported that HA binds to receptors 

(CD44) present on the keratinocyte surface and normal-

izes the skin functions through signaling.23 In addition, 

it is known that HA has a high water retention.24 In the 

skin, HAs are thought to work in the suppression of the 

wrinkle formation by their normal skin function and high 

moisture retention. In addition to this, it is presumed that 

the suppression of wrinkle formation is involved in several 

factors HA causes.

From these mechanisms, it is believed to have led to an 

efficacy against wrinkles, the improvement of subjective 

symptoms in the skin, and the improvement of skin condi-

tions through visual observation in this study.

Because the turnover for the skin is said to be 28 days, 

functionality through oral ingestion of the HA will require 

long-term continuous intake.25 It was confirmed that HA 

is safe in humans when 200 mg/day HA was ingested for 

12 months; a long-term ingestion.26 In addition, various safety 

studies were also conducted, and safety was confirmed.27–37 

Therefore, HA can be said to be a food material, which is 

suitable for long-term continuous intake.

The previous study of the MW 38 k and 75 k HA showed 

the effect on wrinkles after ingestion of 4 and 8 weeks com-

pared with placebo group. There is no study about the effect 

of HA under 38 k or over 75 k on wrinkles. This study clari-

fied that the MW 2 k and 300 k HA had effects on wrinkles. 

Therefore, we confirmed that HA between the MW 2 k and 

300 k had effects on wrinkles.

In this study, we evaluated the effect of HA of 120 mg/day 

on wrinkles. It was not studied for the minimum effective 

dose. It was also not verified whether there is similar 

effectiveness in MWs other than 2 k and 300 k. In addition, 

it is not certain that changes of HA content in the skin were 

caused through oral ingestion of HA and what affect HA 

has regarding the wrinkle-inducing factor. Regarding these 

issues, further research is required in the future.

Conclusion
This study showed that the oral ingestion of the MW 2 k or 

300 k HA for 12 weeks suppresses wrinkles and improves the 

skin’s luster and suppleness in people aged 59 years or less 

who were healthy Japanese men and women over 22 years 

old. From the above, HA consumption is expected to be used 

as a method to maintain healthy skin.
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