
別紙様式（Ⅴ）-１【添付ファイル用】  

機能性の科学的根拠に関する点検表 

 

１．製品概要 

商品名 MANGOSTIA（マンゴスティア） 

機能性関与成分名 ロダンテノン B 

表示しようとする

機能性 

本品はロダンテノン B を含みます。ロダンテノン B は、糖化ス

トレスを軽減することにより肌の潤いを保持する機能がありま

す。 

 

２．科学的根拠 

【臨床試験（ヒト試験）及び研究レビュー共通事項】 

☐（主観的な指標によってのみ評価可能な機能性を表示しようとする場合）当

該指標は日本人において妥当性が得られ、かつ、当該分野において学術的に

広くコンセンサスが得られたものである。 

（最終製品を用いた臨床試験（ヒト試験）又は研究レビューにおいて、実際

に販売しようとする製品の試作品を用いて評価を行った場合）両者の間に同

一性が失われていないことについて、届出資料において考察されている。 

 

☐最終製品を用いた臨床試験（ヒト試験） 

（研究計画の事前登録） 

☐UMIN臨床試験登録システムに事前登録している注１。 

☐（海外で実施する臨床試験（ヒト試験）の場合であって UMIN臨床試験登録

システムに事前登録していないとき）WHO の国際臨床試験登録プラット

フォームにリンクされているデータベースへの登録をしている。 

（臨床試験（ヒト試験）の実施方法） 

☐「特定保健用食品の表示許可等について」（平成 26 年 10 月 30 日消食表第

259 号）の別添２「特定保健用食品申請に係る申請書作成上の留意事項」

に示された試験方法に準拠している。 

科学的合理性が担保された別の試験方法を用いている。 

→別紙様式（Ⅴ）-２を添付 

（臨床試験（ヒト試験）の結果） 

国際的にコンセンサスの得られた指針に準拠した論文を添付している注１。 

☑査読付き論文として公表されている論文を添付している。 

☐（英語以外の外国語で書かれた論文の場合）論文全体を誤りのない日本語

に適切に翻訳した資料を添付している。 

研究計画について事前に倫理審査委員会の承認を受けたこと、並びに当該

倫理審査委員会の名称について論文中に記載されている。 

☐（論文中に倫理審査委員会について記載されていない場合）別紙様式（Ⅴ）

-３で補足説明している。 
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掲載雑誌は、著者等との間に利益相反による問題が否定できる。 

 

☐最終製品に関する研究レビュー 

☐機能性関与成分に関する研究レビュー 

☐（サプリメント形状の加工食品の場合）摂取量を踏まえた臨床試験（ヒト

試験）で肯定的な結果が得られている。 

☐（その他加工食品及び生鮮食品の場合）摂取量を踏まえた臨床試験（ヒト

試験）又は観察研究で肯定的な結果が得られている。 

☐海外の文献データベースを用いた英語論文の検索のみではなく、国内の文

献データベースを用いた日本語論文の検索も行っている。 

☐（機能性関与成分に関する研究レビューの場合）当該研究レビューに係る

成分と最終製品に含有されている機能性関与成分の同等性について考察さ

れている。 

☐（特定保健用食品の試験方法として記載された範囲内で軽症者等が含まれ

たデータを使用している場合）疾病に罹患していない者のデータのみを対

象とした研究レビューも併せて実施し、その結果を、研究レビュー報告書

に報告している。 

□（特定保健用食品の試験方法として記載された範囲内で軽症者等が含まれ

たデータを使用している場合）疾病に罹患していない者のデータのみを対

象とした研究レビューも併せて実施し、その結果を、別紙様式（Ⅰ）に報

告している。 

 

☐表示しようとする機能性の科学的根拠として、査読付き論文として公表され

ている。 

☐当該論文を添付している。 

☐（英語以外の外国語で書かれた論文の場合）論文全体を誤りのない日本

語に適切に翻訳した資料を添付している。 

 

☐PRISMA声明（2009年）に準拠した形式で記載されている。 

☐（PRISMA声明（2009年）に照らして十分に記載できていない事項がある

場合）別紙様式（Ⅴ）-３で補足説明している。 

☐（検索に用いた全ての検索式が文献データベースごとに整理された形で

当該論文に記載されていない場合）別紙様式（Ⅴ）-５その他の適切な様

式を用いて、全ての検索式を記載している。 

☐（研究登録データベースを用いて検索した未報告の研究情報についてそ

の記載が当該論文にない場合、任意の取組として）別紙様式（Ⅴ）-９そ

の他の適切な様式を用いて記載している。 

☐食品表示基準の施行前に査読付き論文として公表されている研究レ

ビュー論文を用いているため、上記の補足説明を省略している。 

 

☐各論文の質評価が記載されている注２。 

☐エビデンス総体の質評価が記載されている注２。 

☐研究レビューの結果と表示しようとする機能性の関連性に関する評価



別紙様式（Ⅴ）-１【添付ファイル用】  

が記載されている注２。 

 

☐表示しようとする機能性の科学的根拠として、査読付き論文として公表され

ていない。 

研究レビューの方法や結果等について、 

☐別紙様式（Ⅴ）-４を添付している。 

☐データベース検索結果が記載されている注３。 

☐文献検索フローチャートが記載されている注３。 

☐文献検索リストが記載されている注３。 

☐任意の取組として、未報告研究リストが記載されている注３。 

☐参考文献リストが記載されている注３。 

☐各論文の質評価が記載されている注３。 

☐エビデンス総体の質評価が記載されている注３。 

☐全体サマリーが記載されている注３。 

☐研究レビューの結果と表示しようとする機能性の関連性に関する評価が

記載されている注３。 

 

注１ 食品表示基準の施行後１年を超えない日までに開始（参加者１例目の登録）された研

究については、必須としない。 

注２ 各種別紙様式又はその他の適切な様式を用いて記載（添付の研究レビュー論文におい

て、これらの様式と同等程度に詳しく整理されている場合は、記載を省略することが

できる。） 

注３ 各種別紙様式又はその他の適切な様式を用いて記載（別紙様式（Ⅴ）-４において、

これらの様式と同等程度に詳しく整理されている場合は、記載を省略することができ

る。） 
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特定保健用食品とは異なる臨床試験（ヒト試験）方法とした合理的理由に 

関する説明資料 

 

１. 製品概要 

商品名 

 

MANGOSTIA(マンゴスティア) 

 

機能性関与成分名 

 

ロダンテノン B 

表示しようとする

機能性 

 

本品はロダンテノン B を含みます。ロダンテノン B は、

糖化ストレスを軽減することにより肌の潤いを保持する

機能があります。 

 

２. 特定保健用食品とは異なる臨床試験（ヒト試験）方法（科学的合理性が担保

されたものに限る。）とした合理的理由 

 

本届出食品を被験食として用いた臨床試験は、基本的な試験条件（食品の摂取

期間、測定頻度等）は、特定保健用食品の臨床試験方法に準じて設定した。しか

しながら、特定保健用食品の試験方法には糖化ストレスの評価や肌の健康の維

持・増進に関するものがないため、下記に示す臨床試験方法および効果指標を採

用した。以下に、その合理的理由を示す。 

本届出食品で用いた臨床試験は、信頼性が高いとされるダブルブラインド法

プラセボ対照並行群間比較試験にて実施した。糖化ストレスの評価方法として

は、血中の最終糖化産物（AGEs）の一つであるペントシジン濃度を測定するのが

一般的である 1)。本届出食品で用いた臨床試験では、HPLC を用いたペントシジ

ン定量法を採用した 2)。肌の水分量を維持することは、肌の健康を維持するため

に重要である。本試験では肌の水分量として皮膚角層水分量を測定した。この効

果指標は、EEMCO（European Group for the Efficacy Measurements on Cosmetics 

and Other Topical Products)等、専門家によって評価され、その科学的妥当性

が証明されたものである 3）。 

以上のことから、本臨床試験方法は科学的合理性が担保されている臨床試験

方法および効果指標を用いており、機能性表示食品制度の要件を満たしている

と判断した。 

 

 

１. Saito M. and Marumo K., Collagen cross-links as a determinant of bone 

quality: a possible explanation for bone fragility in aging, osteoporosis, and 
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diabetes mellitus. Opteoporos Int, 21 195-214, 2010. 

２. Nakano M., et al., The pentosidine concentration in human blood 

specimens is affected by heating. Amino Acid, 44 1451-1456, 2013. 

３. Berardesca E, EEMCO Group. EEMCO guidance for the assessment of 

stratum corneum hydration: electrical methods., Skin Res. and Technol,3: 

126-32, 1997 
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表示しようとする機能性の科学的根拠に関する補足説明資料 

 

１．製品概要 

商品名 
MANGOSTIA（マンゴスティア） 

機能性関与成分名 
ロダンテノン B 

表示しようとする

機能性 

本品はロダンテノン Bを含みます。ロダンテノン Bは、

糖化ストレスを軽減することにより肌の潤いを保持する

機能があります。 

 

２．補足説明 

１）本届出食品が想定する主な対象者に関する説明 

 本届出食品の臨床試験の被験者は、皮膚疾患がない健常な成人女性のみを対

象とした。しかしながら、表皮の内側に真皮が存在する皮膚構造に性差はない

と考えられること、また、機能性関与成分であるロダンテノン Bの作用機序に

性差はないと考えられることから、本届出食品の機能性は、男女の区別なく適

用できると考えられる。したがって、本届出食品が想定する主な対象者を「健

常な成人」とした。 

 

２）最終製品を用いた臨床試験で明らかになった機能と表示しようとする機能

性の関連について 

 皮膚角層水分量は健康な肌を評価する指標として用いられる１）。臨床試験に

おいて、皮膚角層水分量の改善が認められたのは体の一部（頬）であったもの

の、皮膚は全身を覆う組織であり、保湿機能に関する皮膚の構造は全身に共通

であることから、臨床試験結果を全身に外挿することは可能であると考えられ

た。 

 

３）科学的根拠に用いた試験食品と当該製品との同一性について 

 本製品は臨床試験に用いた試験品と同じ配合処方、サプリメント形態（ソフ

トカプセル）で製造されている。また、本製品と試験品に配合した機能性関与

成分「ロダンテノン B」を含むマンゴスチンエキスは、マンゴスチン果皮を原

料に、どちらも全く同じ製法、製造場所、抽出溶媒で製造されており、機能性

関与成分の含有量が同等であることを確認している。ロダンテノン Bは分子量

424で示される単一成分である。 

 また、臨床試験に用いた試験品に配合したマンゴスチンエキスは、ロダンテ

ノン Bを 0.078 ％含む。本届出食品の臨床試験においては、一日当たり 200 mg

のマンゴスチンエキスを摂取しており、ロダンテノン B としては一日当たり

0.16 mg（160 μg）となる。このことから、本製品の一日当たりの機能性関与

成分の摂取目安量は 160μgとしている。 

 以上のことから、本製品を摂取することにより、臨床試験によって示された

機能性と同一の機能性が示されると考えられる。 
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Glycative Stress Research

Introduction                                                                                             
Protein non-enzymatically reacts to saccharides, 

produces Amadori compound in the intermediate process and 
forms advanced glycation endproducts (AGEs) 1). Stress on a 
human body, which is caused by excessive sugar reduction 
associated with metabolic disorders and the production of 
carbonyl compound, is called “glycative stress” 2, 3) and is 
considered to be one of the aggravating factors in aging. It is
also known that the accumulation of AGEs in the human body
proceeds in an age-dependent manner 4, 5) and enhanced by the
onset of diabetic complications 6-10) and arteriosclerosis 11-15).
Pentosidine, is a cross-linking compound of AGEs, 
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Abstract  
Purpose: Glycative stress further enhances defects of skin and blood vessels caused by aging. This research investigated 
how the intake of water extract of mangosteen pericarp (WEM) affected skin moisture and arterial stiffness, as anti-
glycative effect of WEM had already been identified.
Method:  Subjects that participated in this research were forty healthy females from 25 to 59 years of age (20 subjects 
in WEM group and 20 subjects in the placebo group). After they took 200 mg of WEM or placebo per day for 12 
weeks, a blood test, a skin moisture test and a vascular function test were conducted before intake as well as 4, 8 and 
12 weeks after intake. To evaluate the efficacy of WEM, a placebo-controlled double-blinded randomized clinical trial 
was performed.   
Results: In WEM group (19 accomplished the trial), levels of blood sugar and HbAlc did not decrease after the intake of 
WEM, compared with the levels examined before intake. Concerning serum concentrations of pentosidine, no significant 
difference between WEM and the placebo groups were identified. However, compared with the level obtained before intake, 
the value of WEM group decreased significantly 8 weeks after intake, while no significant change was confirmed in the 
placebo group. Regarding moisture content in cheek skin, WEM group significantly increased by taking WEM, compared 
with the placebo group (19 accomplished the trial). In addition, owing to WEM intake, in terms of API (Arterial Pressure 
volume Index), an indicator of arterial stiffness, WEM group showed a lower value than the placebo group 8 weeks after 
intake.   
Conclusion: The results of this study suggested that the ingestion of WEM decreased healthy women’s glycative stress and 
improved their skin moisture content as well as arterial stiffness.

Effect of mangosteen pericarp extract on skin moisture and arterial stiffness: 
Placebo-controlled double-blinded randomized clinical trial 

accumulating with aging in long-lived tissue proteins, 
including collagen, a primary structural protein, which forms 
skin, blood vessels and bone 16). Since pentosidine forms 
cross-links between molecules in collagen in a non-specific 
fashion, it is considered to impair the flexibility of collagen 
and greatly influence functions of skin and blood vessels.

In order to prevent the accumulation of AGEs, it is 
considered to be effective not only to improve exercising and 
eating habits on a daily basis but also to take food ingredients 
that prevent the generation of AGEs. It is also known that 
anti-oxidant compounds, such as flavonoid, catechin and 
procyanidin, which are included in vegetables and fruits, 
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14 Nishinosho-Monguchi-cho, Kisshoin, Minami-ku, Kyoto 601-8550, Japan 
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Co-authors: Ohno R, reiichi296@gmail.com ; 
Nagai R, nagai@agri.u-tokai.ac.jp ; Nakata S, clintexe@gmail.com

Kazuhiro Maejima 1),  Rei-ichi Ohno 2),  Ryoji Nagai 2, 3), Shuji Nakata 4)



Table 1. Test food composition 
                (Compound amount: mg/2 capsules)

Water extract of Mangosteen
Saflower oil
Bees wax
Glycerine fatty acid ester
Crystalline cellulose

WEM

200

340

30

30

0

Placebo

0

340

30

30

200

WEM, water extract of mangosteen.

Table 2. Test food nutritional constitutes 
                (Administration amount per day)

Energy (Kcal)
Protein (g)
Lipid (g)
Carbohydrate (g)
Sodium (mg)

WEM

5.5

0.21

0.40

0.27

0.87

Placebo

5.5

0.21

0.40

0.28

0.66

WEM, water extract of mangosteen.

_ 9 6 _

     Effect of Mangosteen Extract on Skin Moisture and Arterial Stiffness

prevent Maillard reaction and inhibit formation of AGEs 
in vitro 18-20). Prengkuan et al. evaluated antioxidant activity 
in edible fruit extracts to inhibit Maillard reactions and 
reported that mangosteen pericarp extracts possessed high 
inhibitory activity 21). Mangosteen is a fruit tree cultivated in 
Southeast Asia, such as Thailand, and is called the Queen of 
Fruits 22). Mangosteen pericarp includes α-mangostin, one 
representative xanthone and also a variety of polyphenol, 
such as anthocyanin, epicatechin and procyanidin B2 22-24).
In the U.S., juice produced by squeezing the whole fruit, 
including mangosteen pericarp and alcoholic extracts 
of mangosteen pericarp, are used as health foods 25, 26). 
In particular, it has been reported that a water soluble 
component of mangosteen pericarp has a strong anti-
oxidative effect 27). In Japan, therefore, mangosteen pericarp 
extract has been more widely used as a raw material for 
health food. 

Until recently, it was confirmed that after healthy women 
in their 30s and 40s took hot water extract of mangosteen 
pericarp (WEM), a skin fluorescence value, an index of AGE 
accumulation, became lower, and also serum pentosidine 
concentrations decreased, compared to the values before 
intake 28). In this study, therefore, it was verified that WEM 
intake reduced glycative stress and influenced functions of 
skin and blood vessels. The subjects in this research were 
healthy females at 25 through 59 years of age. After they 
took 200 mg of WEM or placebo per day for 12 weeks, 
blood, skin function and vascular function tests were carried 
out before intake and 4, 8 and 12 weeks after intake. To 
evaluate the efficacy of WEM, a placebo-controlled double-
blinded randomized clinical trial was performed. 

 

Method
Subjects   

The subjects in this research were healthy Japanese 
women in their 20s to 50s who had subjective symptoms 
of sagging skin or dull skin. Interview-based inquiry was 
conducted on the telephone for clinical test volunteer 
registrants, when they were recruited. In order to select the 
subjects, the following exclusion criteria were set as follows: 
1) subjects who are currently taking medicine or supplements, 
2) subjects who have a past medical history of critical 
illnesses related to liver, kidney, heart, lung and blood, or 
have a history of present illness, 3) subjects with skin diseases,
including atopic dermatitis, 4) subjects who are currently 
participating in other human clinical studies or participated 
in those kinds of studies within three months, 5) subjects 
who are likely to change their life style (due to a night shift 
or long-term travel) during the test and 6) subjects who are 
considered to be inappropriate for this clinical test by the 
doctor in charge.

During the clinical test, the subjects were required 
to comply with the following precautions: 1) not keeping 
irregular hours, including excessive drinking and eating or 
lack of sleep, 2) fasting from 4 hours before blood sampling 
until the end of the test, 3) not changing their life style, 4) 
being prohibited from exposing themselves to direct sunlight 
outdoors and to expose their measurement site to ultraviolet 
rays in everyday life, 5) not taking new health food and 6) 
not changing the kinds of skincare products they use or how 
to use them.

Clinical test food   
Mangostin aqua (Nippon Shinyaku CO., LTD., Kyoto, 

Japan) was used as WEM. After mangosteen pericarp was 
scalded for 2 minutes, it was dried at 70℃ for 8 hours. The 
dried mangosteen pericarp was extracted with hot water, 
filtrated and concentrated. After 33% of solid weight dextrin 
was added to the concentrated mangosteen, it was powdered 
using a spray drying method. As a result, WEM containing 
0.078% of rhodanthenone B was obtained. The clinical test 
foods were gelatin capsule types of food containing 100 
mg of WEM per capsule and placebo capsules containing 
100mg of crystalline cellulose per capsule instead of WEM, 
which apparently looked like the WEM ones (Table 1). The 
amount of intake per day was two capsules. Table 2 shows 
the nutrient composition.

Clinical study design   
In order to design the human study, a placebo-controlled 

double-blinded randomized clinical trial was implemented. 
An assignment supervisor randomly divided 40 subjects, 
who had been selected through a screening process, into two 
groups, and determined one group as WEM group and the 
other one as the placebo group. The allocation assignment 
list was sealed up tightly and kept until the list was unsealed. 
Two capsules of the test food per day (200mg as WEM) 
were taken for 12 weeks. Before intake (0 week), 4, 8 and 12 
weeks after intake, measurement of evaluation items as well 
as physician interviews were conducted. The subjects took 
the capsules from February through April in 2016.
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±

Table 3. Clinical characteristics

Age

Weight (kg)

Height (cm)

WEM (n=19) Placebo (n=19)

Values: means ± standard deviation. WEM, water extract of mangosteen.
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Evaluation items
Skin function index   

As skin function indices, transepidermal water loss and 
horny cell layer water moisture were measured. After the 
measurement site of skin was cleaned and acclimated in a 
temperature and humidity controlled room (21℃ ± 1℃, 50% 
± 10%) for 20 minutes, the measurement was carried out. 
Tewameter (TM-300; Courage-Khazaka, Köln, Germany) 
was used to measure transepidermal water loss, whereas 
Corneometer (CM825; Courage-Khazaka) was used to 
measure horny layer water moisture. In both cases, a section 
of skin in the apex of the cheekbones on the left side of their 
face was measured. 

Vascular function index   
As vascular function indices, API (arterial pressure 

index) as well as AVI (arterial velocity pulse index) were 
measured 29). PASESA AVE -1500 (Shisei Datum, Tokyo, 
Japan) was employed to measure a site of their right upper 
arm.

Serum pentosidine quantitative   
After blood serum (0.2 mL) was hydrolyzed with 

hydrochloric acid (6N HCl, 100℃, 24 hours), it was 
evaporated and solidified under reduced pressure. Then it was 
dissolved in 1 mL of distilled water. This solution was added 
to an equilibrated cation exchange column (Strata-X-Cv 
Polymeric Strong Cation, 30 mg/mL; Phenomenex, Torrance, 
CA, USA) and cleaned with 3mL of 0.1 M HCl. After 
being eluted with 3mL of 7% ammonia, it was evaporated 
and solidified under reduced pressure. This substance was 
redissolved in a heptafluorobutyric acid (HFBA) solution 
and filtrated with 0.20 μm. Then it was quantified using high 
performance liquid chromatography (HPLC) 28).

Safety index   
As safety indicators, blood pressure/pulse, body weight/

body fat percentage/body mass index (BMI), a hematologic 
test, a blood biochemical test and a urine test were conducted. 
Blood pressure/pulse were measured using PASESA AVE-
1500, while body weight/body fat percentage/body mass 
index (BMI) were measured using DC-320 (Tanita, Tokyo, 
Japan). 

Hematologic examination items are shown as follows: 
leucocyte count, erythrocyte count, hemoglobin, hematocrit, 
erythrocyte indices (MCV, MCH, MCHC) and blood platelet 
count.

Biochemical examination of blood items are shown as 
follows: total protein (TP), albumin (Alb), urea nitrogen (UN), 
creatinine (CRE), uric acid (UA), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), γ -glutamyl 
transpeptidase (γ - GT), creatine kinase (CK), CRP 
quantitative (CRP), total cholesterol (T-C), triglyceride 
(TG), LDL cholesterol (LDL-C), HDL cholesterol 
(HDL-C), sodium (Na), potassium (K), chloride (Cl), iron 
(Fe), fasting plasma glucose and HbA1c.

Statistical analysis   
The results of the research were indicated with mean ± 

standard deviation. As examination methods, a multiple test 

(Sidak test) was used to measure the comparison between 
before and after intake, whereas an unpaired t-test (two-sided 
test) was performed to measure a comparison between the 
two groups. The significance level was below 5%.

Ethical principles   
This study was conducted in accordance with Declaration

of Helsinki (the declaration was corrected at WMA Fortaleza 
General Assembly in 2013) as well as ethical principles 
concerning medical researches (notification of Ministry 
of Education, Culture, Sports, Science and Technology as 
well as Ministry of Health, Labor and Welfare). In order to 
secure the subjects’ human rights and security, and ensure 
the reliability of examination data, this research was carried 
out after being deliberated and approved by Oriental Ueno 
Medical Examination Center Ethics Review Committee 
(2016-01-06), Nippon Shinyaku Co., Ltd. Research Ethics 
Committee (No.A151005) and “Ethics Committee for 
Human Subject Research” at Tokai University. Furthermore, 
this study was registered by University hospital Medical 
Information Network-Clinical Trials Registry (UMIN-CTR) 
and implemented (Registration No: UMIN000032310). 

Results
After researchers obtained approval from 40 volunteers 

from 25 through 59 years of age, the study started with 20 
subjects in the WEM group and 20 subjects in the placebo 
group. Because two of them voluntarily quit, 19 subjects in 
the WEM intake group and 19 subjects in the placebo group 
actually participated in the research. The backgrounds of 
these subjects are shown in Table 3.

Serum pentosidine concentration in the WEM group was 
significantly greater than that of the placebo group before 
intake (94.0 fmol /μL vs. 79.3 fmol /μL, p = 0.036). In the 
WEM group, serum pentosidine concentration significantly 
lowered 8 weeks after intake, compared with the level before 
intake, whereas no significant change was determined in the 
placebo group throughout the trial period, compared with 
the level before intake (Table  6). Meanwhile, no significant 
difference in blood glucose level was identified between 
before and after intakes as well as in the two groups 
throughout the trial period. Although HbA1c of the WEM 
group was significantly lower than that of placebo group 8 
weeks after intake, no obvious change was observed between 
the levels before and after intakes (Table 6).
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Table 6. Hematologic testing
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WEM

Placebo
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Placebo
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CRP

T-C

TG

LDL-C

HDL-C

Sodium (Na)

Potassium (K)

Chloride (Cl)

Serum Iron (Fe) 

Values: means ± standard deviation. * p < 0.05, ** p < 0.01: Comparison with the Placebo group by t-test. # p < 0.05, ## p < 0.01: Comparison with before 
administration by Sidak. WEM, water extract of mangosteen.
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Transepidermal water losses in the cheek skin before 
intake were 18.0 in WEM group and 16.9 in the placebo 
group, which indicated no significant difference between the 
two groups (p = 0.468). Compared with the value obtained 
before intake, the WEM group revealed −3.0%, 4.5% and 
−5.3%, respectively, 4, 8 and 12 weeks after intake, which 
were lower than those of the placebo group, because the 
placebo group showed 1.0%, 9.9% and 1.7%, respectively. 
However, there was no significant difference between the 
two groups before and after intakes (Fig. 1-A). On the other 
hand, skin moisture content of the WEM and the placebo 
groups before intake were 56.8 and 56.4, respectively, 
which revealed no significant difference between the two 
groups (p = 0.865). Compared with the value before intake, 
skin moisture content of the WEM and placebo groups 
demonstrated 3.6%, −2.7% and 7.4%, respectively, whereas 
those of the placebo group were −3.0%, −8.4% and −3.9% 
respectively, 4, 8 and 12 weeks after intake. This result, 
therefore, clarified that skin moisture content of the WEM 
group was significantly greater than that of placebo group 8 
and 12 weeks after intakes (Fig. 1-B).

API before intake were 23.0 and 22.2 in the WEM 
group and the placebo group, respectively, which showed no 
significant difference between the two groups ( p = 0.674). 
Compared with API before intake, API values of the WEM 
group were −7.4%, −13.4% and −8.7%, respectively, while 
those of the placebo group were 5.2%, 7.5% and 1.9%, 
respectively. The result, therefore, clarified that API of the 
WEM group was significantly lower than that of the placebo 
group 8 weeks after intake and also lower, compared with 
the level before intake (Fig. 2-A). Meanwhile, the AVI of the 
WEM and the placebo groups before intakes were 18.7 and 
17.6, respectively, which indicated no significant difference 

Fig. 1. Values of percutaneous water transpiration quantity measured with Tewameter (A) and skin moisture 
measured with Corneometer (B).
Results of change ratio (%) of WEM group (● ) and Placebo group (○ ) are expressed as mean ±standard deviation. 
* p<0.05: Comparison with the Placebo group by t-test. ＃＃ p< 0.01: Comparison with before administration by Sidak.

between the two groups (p = 0.540). Compared with the 
value before intakes, the AVI of the WEM group were 
−14.9%, −9.8% and −0.7%, while those of the placebo 
group were −0.7%, 5.2% and 9.9%, respectively, 4, 8 and 
12 weeks after intake. This result showed that the AVI 
of the WEM group was significantly lower 4 weeks after 
intake than AVI before intake (p = 0.010).

Concerning the subjects’ body weight, body fat percentage
and BMI, no significant difference associated with WEM 
intake was determined between the two groups. Moreover, 
there was no change between before and after intakes, 
except that the body fat percentage of WEM group was 
significantly lower 4 weeks after intake than before intake 
(Table 4). Regarding systolic blood pressure, diastolic blood 
pressure and pulse rate, no significant change was identified 
in both the WEM and the placebo groups throughout the test 
period (Table 4). Meanwhile, the decrease of erythrocyte 
count, 4 and 8 weeks after intakes as well as the decrease of 
hemoglobin count 8 weeks after intake were determined in 
the WEM group, compared with the levels before intake. In 
terms of hemoglobin and hematocrit, MCV, MCH, MCHC 
and platelet count, a significant difference between the two 
groups was identified from the levels before intakes (Table 5).
Furthermore, values of TP, CRE, γ -GT, T-C, LDL-C, 
HDL-C, Na, K and Cl in WEM group changed after intake, 
compared with those before intake. However, they did not 
deviate from reference values. CK of the WEM group was 
lower than that of the placebo group 12 weeks after intake, 
but the value still fell within the reference range (Table 6). 
In addition, the result of urine tests fell within the reference 
range. No adverse event that had a causal relationship with 
WEM intake was observed.
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Table 4. Physical testing
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Values: means ± standard deviation. # p < 0.05: Comparison with before administration by Sidak. WEM, water extract of mangosteen; BMI, body mass index.
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Fig. 2. Values of API (A) and AVI (B) measured with the PASESA.
 Results of change ratio (%) of WEM group (● ) and Placebo group (○ ) are expressed as mean ±standard deviation. 
 * p< 0.05: Comparison with the Placebo group by t-test. ＃ p< 0.05: Comparison with before administration by Sidak. API, 

Arterial Pressure Index; AVI, Arterial Velocity pulse Index.
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Table 5. Hematologic testing

8W

5568

6053

447

443

13.5

12.4

41.3

39.1

93

88

30.2

28.0

32.7

31.7

23.2

29.2

1818

2001

28 #

18

0.8**

1.3

2.3*

3.1

4*

7

1.4**

2.9

0.5**

1.1

3.8**

6.9

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

4W

5958

6132

452

453

13.6

12.7

42.1

40.1

93

89

30.1

28.1

32.3

31.6

23.6

30.2

1245

1812

28

22

0.7*

1.5

1.9*

3.5

5*

7

1.4**

2.9

0.6*

1.2

3.7**

6.4

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

0WParameter 12WReference range

/μL

  10 4/μL

g/dL

%

fL

pg

%

  10 4/μL

Unit

WEM

Placebo

WEM

Placebo

WEM

Placebo

WEM

Placebo

WEM

Placebo

WEM

Placebo

WEM

Placebo

WEM

Placebo

Group

Leukocyte count

Erythrocyte count

Hemoglobin

Hematocrit

MCV

MCH

MCHC

Platelet count

Values: means ± standard deviation. * p < 0.05, ** p < 0.01: Comparison with the Placebo group by t-test. # p < 0.05, ## p < 0.01: Comparison with before 
administration by Sidak. WEM, water extract of mangosteen.

_ 101 _

Glycative Stress Research

Discussion
Serum pentosidine concentrations of the WEM group 

significantly decreased 8 weeks after intake, compared with 
the value obtained before intake. This result corresponded 
with the previous report 28). However, serum pentosidine 
concentrations of both WEM and placebo groups increased 
12 weeks after intake. Since there is not enough information 
for healthy people’s variation factors for pentosidine 
concentration in blood, the cause for the change in pentosidine
concentration 12 weeks after intake is unknown. 

Because moisture content of skin of WEM group was 
significantly higher than that of placebo group 8 and 12 weeks 
after intakes, it was considered that WEM intake improved 
the water retention function of skin. Pentosidine, one type of 
AGE, forms cross-links between collagen molecules in the 
dermis in a nonspecific manner 17). It is, therefore, considered 
that improvement of glycative stress reduces production of 
cross-links between collagen molecules, enhances turnover 
of skin and leads to the improvement of three-dimensional 
structures of skin collagen. Moreover, it has been reported 
that N ε- (carboxymethyl) lysine (CML), a type of AGE, 
induces apoptosis of fibroblasts, which secretes hyaluronan 
contributing to water retention capacity of the skin 30, 31). It 
was, therefore, considered that the reduction of glycative 
stress could improve functions of dermal fibroblasts.

API reflects arterial stiffness of brachial artery in the 
measurement site 29). Since due to the intake of WEM, API 
value of the WEM group was lower than that of the placebo 
group 8 weeks after intakes (Fig.2-A), and it was considered 

that the ingestion of WEM enhanced arterial softness. 
According to Reddy GK’s report, glycation of rabbit tendons 
increased their stiffness 32). This was because pentosidine 
was formed in collagen 32). However, considering that WEM 
intakes decreased serum pentosidine concentration, there 
is also a possibility that stiffness of arterial collagen could 
be improved by taking WEM. The result indicated that AVI 
value reflected the function of vascular endothelium 33, 34). 
Moreover, it was reported that AGEs elicited inflammation 
through RAGE (Receptor of AGEs) and impaired blood vessels
by suppressing NO (nitric oxide) 35, 36). An epidemiological 
study reported a relationship between API value as well as 
AVI value and the risk of arteriosclerosis that could happen 
in the future 37). According to the result shown in Fig. 2-B, 
the function of vascular endothelium was improved in the 
WEM group. It is, therefore, expected that reduction of 
AGE accumulation by taking WEM will alleviate vascular 
injury through RAGE and lead to reduction of the risk of 
arteriosclerosis that might occur in the future.

Saito et al. clarified that pentosidine concentration in 
bone collagen was related to stiffness of bone 38). On the 
other hand, Arai et al. reported a correlation between serum 
concentrations of pentosidine and schizophrenia 39). Thus, 
by monitoring levels of AGEs on a daily basis, there is a 
possibility that we can recognize the changes in our health 
conditions that we cannot notice through regular health 
check-ups. It is, therefore, expected that inhibition of AGE 
production associated with our lifestyle will greatly contribute 
to mental health as well as physical health in our everyday life 
and reduce the risk of becoming ill in the future.
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