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Evaluation of the anti-glycation effect and the safety of a vinegar beverage
containing indigestible dextrin and a mixed herbal extract

— A placebo-controlled, double-blind study —

Masayuki Yagi, Akihiko Shimoide, Umenoi Hamada, Junko Naito, Masamitsu Ichihashi,
Yoshikazu Yonei

Anti-Aging Research Center/Glycation Stress Research Center, Graduate School of Life and Medical Sciences, Doshisha University

Abstract

Objective: We evaluated the inhibitory effect of the long-term consumption of a vinegar beverage containing indigestible dextrin
and a mixed herbal extract (the test diet) on the production of advanced glycation end products (AGEs) in a placebo-controlled,
randomized, double-blind, parallel-group comparison study design.

Methods: A total of 109 post-menopausal women previously diagnosed with an increased blood glucose or hemoglobin Alc
(HbAlc) level, with an abdominal circumference of 90 cm or more, were subjected to an oral rice ingestion test followed by
measurement of fluorescence intensity of skin AGEs. Among them, 23 women (mean age 57.4 + 3.9) with high levels of 60-minute
postprandial blood glucose and skin AGE deposition were enrolled and assigned to either the test group (n = 11) or the control
group (n =11). The subjects in the test group took 240 mL of the test diet (corresponding to 840 mg/day of acetic acid, 5 g/day of
indigestible dextrin, and 100 mg/day of mixed herbal extract) daily divided into two equal doses taken before breakfast and dinner
for a period of 8 consecutive weeks. Blood biochemistry parameters and glycation stress markers were measured before and at 8
and 12 weeks after the start of the test diet. The study was approved by an ethical review committee.

Results: A significant decrease in serum aspartate transaminase (AST/GOT) level in the test group compared to control was
observed after 8 weeks of diet intake (p <0.05). With regard to glycation stress markers, no significant differences were observed
between groups in the blood concentrations of fasting glucose, HbA lc, insulin, 3-deoxyglucosone (3DG), N¢- (carboxymethyl)
lysine (CML) or pentosidine. No significant intergroup difference was observed in the fluorescence intensity of skin AGE as
measured with an AGE Reader. In the subclass analysis of the subjects with high postprandial blood glucose (>150 mg/dL at 60
minutes), CML content of the skin stratum corneum as determined by the tape stripping method was significantly decreased in
the test group compared to control after 8 weeks of diet intake (p <0.05). No serious adverse event was observed during the study
period.

Conclusion: The results of the present study suggest that the intake of the test diet causes a reduction in CML content in the skin
stratum corneum, a marker of glycation stress, in people with relatively high glycation stress. Combined with the demonstrated
safety of the test diet, this observation indicates a potential for the use of the test diet as a functional food.

KEY WORDS: Glycation stress, vinegar beverage, advanced glycation end products (AGEs), Né-(carboxymethyl) lysine
(CML), tape stripping technique

Introduction

Glycation stress is a series of reactions triggered when
reducing sugars, organic acids or aldehydes react with protein-
derived amino acids to produce post-translational modification
products, such as carbonyl compounds, succinyl compounds,
racemic compounds, or advanced glycation end products
(AGEs). Subsequent accumulation of such compounds causes
stress to cells and tissues and leads to the functional decline
of proteins which can bind to receptors for AGEs, inducing or
aggravating inflammation via cytokine production *. Glycation
stress is considered a major risk factor for accelerated aging.

Although diabetes, including the prediabetic state, is a
major predisposing factor for glycation stress, glycation can
also occur in the absence of diabetes. This type of glycation is
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referred to as normoglycemic glycation or non-hyperglycemic
glycation and is caused most commonly by postprandial
hyperglycemia or, less commonly, by hypertriglyceridemia,
uremic toxin, excessive alcohol intake or excessive fructose
intake. Smoking and a lack of sleep are also known to promote
AGE production ?. These factors should be eliminated to
reduce glycation stress.

Recent studies have identified and evaluated various
substances that inhibit the production of AGEs, promote
the degradation of AGEs or antagonize receptors for AGEs.
Previously, we have evaluated the in vitro inhibitory effect of
roman chamomile (Anthemis nobilis), doku-dami (Houttuynia
cordata), hawthorn (Crataegus laevigata (C. oxyacantha)),
grape leaf (Vitis vinifera), and a mixture of these herbs ¥,
Chrysanthemum morifolium®", Sasa senanensis®, and extracts
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of various types of healthy tea® on AGE production. We have
also performed a clinical evaluation of a herbal mixture ',
Chrysanthemum morifolium™, and a food product containing
lingonberry (Vaccinium vitis-idaea) and cherry blossom
(Prunus lannesiana) as main ingredients 'V. The objective of
the present study was to evaluate the inhibitory effect on AGE
production and the safety of a vinegar beverage containing
indigestible dextrin and a mixed herbal extract administered
for 8 consecutive weeks in a placebo-controlled, randomized,
double-blind design.

Methods
Subjects

Eligible subjects were selected according to the following
criteria. A total of 109 post-menopausal women aged
between 50-65 years, previously diagnosed with increased
blood glucose or hemoglobin Alc (HbAlc) levels and an
abdominal circumference of 90 cm or more, were recruited.
After explanation of the study, written informed consent to
study participation was obtained from all women. An oral
rice ingestion test and skin AGE deposition analysis were
performed as screening tests on all potential subjects. In the
oral rice ingestion test, subjects were instructed to eat 200 g of
rice (294 kcal, 67.8 g carbohydrate and 4.2 g protein) with 2.5
g of rice seasoning condiment (11 kcal, 1.0 g carbohydrate and
0.6 g protein). Blood glucose levels were measured at 0, 30,
60, and 120 minutes after consumption according to the unified
procedure proposed by the Japanese Association for the Study
of Glycemic Index. A total of 23 women (mean age 574 + 3.9
years) shown to have high levels of 60-minute blood glucose
and skin AGE deposition were included in the full analysis set
(FAS) of the study. Except for one subject who was withdrawn
during the study period, no subject met any of the exclusion
criteria, and all of the remaining 22 subjects completed the
study and complied with the protocol (per protocol set; PPS).
The subject was withdrawn because she experienced acid reflux
when taking the test diet, which was determined to be unrelated
to study diet intake. Subjects taking drugs or supplements that
may affect the blood glucose level, smokers or those with a
short sleep duration (<5 hours) were excluded. Those meeting
the last two criteria were excluded because these lifestyle
factors are known to increase AGE deposition in the skin®.

Study design

The study was conducted in a two-group (control and test
group), placebo-controlled, randomized, double-blind study
design. Subjects were given either a placebo (control group) or
a vinegar beverage containing indigestible dextrin and a mixed
herbal extract as the test diet (test group) for 8 consecutive weeks.
A clinical evaluation consisting of an interview, a physical
examination, a blood/urine tests, and a skin function test was
performed at 0, 8, and 12 weeks.

Subjects were instructed to take 120 ml of the control or test
diet twice daily, i.e., before breakfast and dinner. The daily intake
amounted to 840 mg of acetic acid, 5 g of indigestible dextrin
and 100mg of mixed herbal extract. Both the placebo and the
test diet were given for 8 weeks, with a follow-up period of 4
weeks. Initially, the placebo/test diet intake period was set at 12
weeks. However, later it was shortened to 8 weeks after foreign
matter contamination was detected in the manufacturing process
of the test diet. Subjects were instructed to take the test diet
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even if they were not having a meal. The mean intake rate was
97.1% (88.3%) in the control group, 98.3% (97.3%) in the test
group, and 97.7% (92.8%) in the entire population, with values in
parenthesis representing mean rates up to week 8.

The study was conducted between September 2012 and
December 2012 at TES Holdings Co., Ltd. (Bunkyo-ku, Tokyo,
Japan). After the subjects were given sufficient explanation
regarding purpose and details of the study and participants' rights,
they provided written informed consent. They were also told that
early withdrawal from the study would not be a detriment.

Test diet

The compositions of placebo and test diet are shown in Table 1.

Table 1. Composition of placebo and test diet.

Ingredient (%) Placebo diet Test diet
Acetic acid - 0.35
Citric acid — 0.1
Indigestible dextrin — 2.1
Mixed herbal extract ! — 0.042
Tien-cha extract ? - 0.01
a-G-rutin — 0.0125
Sucralose 0.004 0.008
Acesulfame potassium 0.003 0.006
Salt — 0.04
Condensed tomato juice — 0.05
Other ingredients flavoring flavoring

water water

1) Mixed herbal extract contains Anthemis nobilis, Houttuynia cordata,
Crataegus laevigata, and Vitis vinifera of leaf.
2) Tien-cha extract contains Rubus suavissimus.

AG herb mix™, a functional food ingredient developed
and marketed by ARKRAY Inc. (Kyoto, Japan), is a mixture
of powdered hot water extracts of herbs belonging to different
taxonomic groups, including Houttuynia cordata, Crataegus
laevigata (C.oxyacantha), Anthemis nobilis, and Vitis vinifera.
This herbal extract and its formulated product have been shown
to inhibit AGE production in vitro, both in a diabetes model in
rats and in randomized controlled trials (RCTs) in humans "3,
The herbal extract is considered safe as it is composed of raw
materials that have long been consumed as food ingredients,
and because it is produced with the same extraction method as
used for herb tea. Anthemis nobilis has been shown to cause
an allergic reaction in people with multiple allergies, and
Houttuynia cordata, used as a folk medicine, has been reported
to cause photosensitivity and hyponatremia when consumed
in large amounts for long periods of time. However, the daily
intake of the mixed herbal extract contained in the test diet used
in this study was only 100 mg, thus it was not likely to cause
any problems. Moreover, the safety of the mixed herbal extract
has been demonstrated in various studies, including a rec-assay
(lethal sensitivity test), a reverse mutation test, an acute oral
toxicity study using male and female rats, and an overdose test
in humans (3,000 mg/day, corresponding to 5 times the regular
dose, for 4 weeks).

Fibersol-2H was developed and marketed by Matsutani
Chemical Industry (Hyogo, Itami, Japan). The compound
affects the control of hyperglycemia after a meal and is used as
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a functional food for specified health use. Indigestible dextrin
in the test diet has been associated with diarrhea and other
gastrointestinal symptoms when consumed in large amounts at
a time. Given that the maximum non-effect level for diarrhea
in women is =1.0 g/kg, the daily intake of indigestible dextrin
was set at 5 g in this study.

An inhibitory action on AGE production of tien-cha
extract, containing Rubus suavissimus extract, was confirmed in
vitro®. Rutin, Citric acid, sucralose, and potassium acesulfame
are food additives, and their content was within accepted limits.
Acetic acid, salt, and concentrated tomatoes have a long history
as ingredients in various foods and were added to the test diet
at concentrations smaller than found in commercially available
food items. These facts assured a sufficient level of safety of
the test diet. A list of safety studies of the active ingredients
present in the test diet is shown in Table 2.

To ensure product quality, the manufacturing process of
the vinegar beverage containing indigestible dextrin and mixed
herbal extract is strictly controlled from the reception of raw
materials to the packaging of the end product. Among other
acceptance criteria, the end product has to contain less than
103/mL viable cells and no detectable coliform bacteria to pass
quality control.

Test procedure

Subjective symptoms

Subjective symptoms were divided into physical and
mental symptoms and evaluated on a 5-point scale using
the Anti-Aging QOL Common Questionnaire (AAQol), as
described previously 7-10-11.14.15)

Table2. List of safety studies.

Name of ingredient

Reverse mutation test

A single-dose oral toxicity study in rats (male and female)

Indigestible dextrin
(as Fibersol-2H)

Study details

Anthropometry and physical examination

Body height, body weight, blood pressure, and body
composition as measured by bioelectrical impedance analysis
with a body composition analyzer (BC-118D Tanita Corp.,
Tokyo, Japan) as described previously 1'%, were determined.

Vascular function test

Blood concentrations of endothelin, vascular endothelial
growth factor (VEGF), and nitric oxide (NO) were measured
as parameters for evaluating arteriosclerosis. Fingertip
acceleration pulse wave was also measured with a
plethysmometer (SDP-100, Fukuda Denshi, Tokyo, Japan)
to estimate vascular age '*'®. Briefly, the second derivative
of plethysmogram aging index (SDPTGAI) was calculated
from parameters b/a, c/a, d/a, and e/a, and vascular age was
calculated using the following formulas:

Men:  Vascular age = 43.50 x SDPTGAI + 65.90

Women: Vascular age =41.67 x SDPTGAI + 61.75

Glycation stress markers

Insulin resistance was evaluated by fasting plasma
glucose (FPG), insulin, and HbAlc levels. For analysis of
AGESs and glycation intermediates, serum concentrations of
3-deoxyglucosone (3DG), Né-(carboxymethyl) lysine (CML),
and pentosidine were measured as described previously 7-1%:11.

Skin AGE deposition was measured in the medial aspect
of the right upper arm (at 10 cm from the olecranon toward
the shoulder) with an AGE Reader (DiagnOptic, Netherland)
as described previously . CML content in the skin stratum
corneum (in the medial aspect of the right upper arm) was

Results
Negative

No sign of toxicity at 10 g/kg

Mixed herbal extract
(as AG herb mix)

Tien-cha extract
(Tien-cha Extract M Powder)

Rutin
(as glucosyl rutin)

A repeated-dose oral toxicity study in rats

A study to find the maximum non-effect level in humans
at solid content of 0.4, 0.5, 0.6, 0.8 and 1.0 g/kg

Rec-assay (lethal sensitivity test)
Reverse mutation test

An acute oral toxicity study in rats (male and female)

An overdose study (in humans)

3,000 mg/day (5 times the regular dose) for 4 weeks

An acute oral toxicity study in mice (male and female)

A 28-day repeated-dose oral toxicity study in rats (male and female)
Reverse mutation test

Micronucleus test

An acute oral toxicity study in mice (male and female)

A 28-day subacute oral toxicity study

50,200 and 1,000 mg/kg/day

Abbreviations: NOAEL, no observable adverse effect level; LD50, 50% lethal dose
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NOAEL: >5.0 g/kg

Maximum non-effect level for diarrhea
Men: 0.8 g/kg, Women: >1.0 g/kg

Negative
Negative

LDso: >2,000 mg/kg

No adverse event was observed.

LDso: >5,000 mg/kg
NOAEL: 600 mg/kg/day
Negative

No mutation was detected.

LDso: >42,000 mg/kg

No subacute oral toxicity was observed.



measured as described previously 2. Briefly, an adhesive film
was firmly applied to the skin to collect a sample of the stratum
corneum (tape stripping technique). Three samples were
collected from the same site and CML content was measured.
Samples are typically collected from the left cheek (center
portion between the bottom of the ear lobe and the lip end) or
from the medial aspect of the right upper arm (at 10 cm from
the olecranon toward the shoulder).

Oxidation stress markers

Concentrations of 8-hydroxydeoxyguanosine (8-OHdG)
and isoprostane in urine samples collected during the night were
measured as markers for oxidation stress 2?5, These parameters
were measured by Mitsubishi Chemical Medience Corporation
(Minato-ku, Tokyo, Japan). In addition, concentrations of
8-OHdG, isoprostane, and creatinine in the first urine collected
in the early morning were measured to calculate creatinine-
adjusted concentrations of 8-OHdG (8-OHdG/CRE) and
isoprostane (isoprostane/CRE).

Immune stress markers

Serum and plasma concentrations of high-sensitivity
C-reactive protein (hsCRP) and interleukin-6 (IL-6), both
inflammatory markers, were measured as immune stress
markers.

Skin function test

The properties and function of the skin were evaluated by
measuring color difference, moisture content, and melanin/
erythema content, as well as by the identification of wrinkles
and spots based on imaging analysis. These tests were
performed in a room with constant temperature and humidity
(25°C, 50%) after a 20-minute conditioning period.

For the imaging analysis of facial skin, the VISIA
Evolution System (Canfield Imaging Systems, Fairfield, NJ,
USA) *® was used to examine pores, spots (visualized as
light spots), melanin (brown spots), hemoglobin (red spots),
wrinkles, color unevenness (texture), porphyrin, and latent
spots (UV spots). This test was performed on the left cheek of
each subject.

Skin elasticity was evaluated using a cutometer (MPAS580;
Courage & Khazaka, Kern, Germany)?-3V. The skin surface
was drawn by negative pressure into the aperture of the probe,
and the length of the skin drawn into the aperture was measured
by the prism. This test was performed on the left cheek (center
portion between the bottom of the ear lobe and the lip end) in
the supine position or on the medial aspect of the right upper
arm (at 10 cm from the olecranon toward the shoulder) in a
sitting position. Results were expressed as skin elasticity index
R2 or R7, respectively.

Skin moisture content was measured in the left cheek
with a moisture meter (Corneometer, CM825; Courage &
Khazaka)*». For skin color analysis, a spectrophotometer
(CM-2600d, Konica Minolta Sensing, Osaka, Japan) was
used to measure L*, a* b*, melanin index (melanin content),
hemoglobin content (Hb index), and blood oxygen saturation
(Hb SO:2 index) of the left cheek as described previously 2.

Safety test

For safety evaluation, the following parameters were
measured for the test diet and placebo before (0 weeks) and
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at 8 and 12 weeks after intake: total cholesterol (TC), LDL
cholesterol (LDL-C), HDL cholesterol (HDL-C), triglyceride
(TG), atherogenic index (Al), total bilirubin (TB), aspartate
aminotransferase (AST/GOT), alanine aminotransferase
(ALT/GPT), lactate dehydrogenase (LDH), gamma-glutamyl
transpeptidase (V-GTP), creatine phosphokinase (CPK), uric
acid (UA), urea nitrogen (BUN), creatinine (CRE), sodium
(Na), potassium (K), chloride (Cl), calcium (Ca), total protein
(TP), albumin (ALB), albumin/globulin ratio (A/G), and
iron (Fe). Urine samples collected during the night were also
analyzed for concentrations of sodium (Na), potassium (K),
and calcium (Ca) to detect possible excessive electrolyte intake.

Analysis of glycation stress markers, i.e., 3DG and CML,
was performed by SRL Inc. (Shinjuku-ku, Tokyo, Japan).
Analysis of endothelin, a marker for vascular endothelial
function, and CML content in the skin stratum corneum
was performed at the Life & Medical Science Investigation
Center of A-kit Corporation (Kyotanabe, Kyoto, Japan). The
remaining blood/urine parameters were measured by Mitsubishi
Chemical Medience Corporation.

Ethical considerations

This study was conducted at a third-party institution in
compliance with the ethical principles based on the Declaration
of Helsinki, the Private Information Protection Law, and the
Ministerial Ordinance on Good Clinical Practice (GCP) for
Drugs (Ministry of Health, Labor and Welfare, Ordinance No.
28 of March 27, 1997). The study protocol was reviewed for
ethical aspects and appropriateness of the study and approved
by the human research ethics committee of the institutional
review board at Tokyo Synergy Clinic (Chuo-ku, Tokyo,
Japan). The study was conducted according to the approved
protocol.

The principal investigator and sub investigators, in
cooperation with a contract research organization, explained
the details of the study to and obtained written consent from
each subject based on her free will before initiating the study.

Statistical analysis

All results were expressed as mean + standard deviation.
Dunnett’s test was used to compare data obtained before and
at 8 and 12 weeks after diet intake, while unpaired Mann-
Whitney U-test was used for comparisons between two groups.
In addition, a subclass analysis was performed in the group of
subjects with a 60-minute postprandial blood glucose level of
150 mg/dL or more (7 subjects from the control group and 10
from the test group), as determined by screening examination.

All analyses were performed using IBM SPSS Statistics
20 software (IBM Japan, Tokyo, Japan), with a two-sided
significance level of 5%. Safety evaluation was based on blood
parameter assessment and the occurrence of individual adverse
events.

Results

Subjective and objective symptoms

No significant changes or differences were observed in the
scores for physical and mental symptoms, as assessed by the
AAQol questionnaire, within or between the control and test
arms over the study period (data not shown).
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Physical examination

No significant changes or differences were observed in
body height, body weight, body composition, basal metabolic
rate, blood pressure or pulse rate within or between the control
and test arms over the study period (Table 3).

Blood chemistry

The results of blood chemistry are summarized in Table 4.
The AST (GOT) level in the test arm was significantly decreased
compared to control at week 8, but returned to baseline level
after discontinuation of the test diet. No significant intergroup
difference was observed in any other parameter.

Vascular function test

No significant intergroup difference was observed in
estimated vascular age as determined by fingertip acceleration
pulse wave analysis or by serum concentrations of endothelin,
VEGF, and NOx (Table 5).

Glycation stress parameters

Glycation stress parameters are summarized in Table 6.
No significant intergroup difference was observed in FPG or
HbA Ic levels during the study period. A significantly increased

Table 3. Anthropometry and physical examination.

insulin level in the test group compared to control was observed
at week 12, but was within the range of physiological variation.

No significant intergroup differences were observed in
the serum concentrations of 3DG, CML, or pentosidine or in
the CML content in the skin stratum corneum during the study
period. The fluorescence intensity of skin AGEs was similar
between the two groups at week 8, but significantly higher in
the test group compared to the control group at week 12, i.e.,
after discontinuation of the test diet.

A subclass analysis was performed in 10 subjects from
the test group and 7 from the control group with a 60-minute
postprandial blood glucose level of 150 mg/dL or more. CML
content in the skin stratum corneum in the test group was
significantly decreased compared to control at week 8 (p <0.05)
and remained at a low level even after discontinuation of the
test diet, although no significant difference was observed at 12
weeks (Fig. 1).

Oxidation stress parameters

In the test group, a significant increase in urine 8-OHdG
concentration was observed at weeks 8 and 12 as compared
to before diet intake (p = 0.009 and p = 0.009, respectively)
(Table 7). Meanwhile, no significant difference was found
in this parameter between the test and control group. No
significant changes or differences were observed in urine
isoprostane concentrations within or between groups.

Ref ow 8W Dunnett 12w Dunnett's Independent samples t-test
Parameter ~ Unit RCIEreNCe  pjgg n
range mean + SD + SD  vs.0W mean = SD vs.OW  At8W At 12W
Control diet 11 5745 = 444 = - - - £ - -
Age years - - =
Testdiet 11 5727 = 3.72 x - - - = - -
. Control diet 11 15243 £ 4.00 + - - - -
Body height cm - - -
Testdiet 11 153.18 = 6.49 - * - - - % - -
. Control diet 11 59.16 £ 5.20 59.18 £ 520 1.000 58.88+ 545 0.989
Body weight kg - 0.907 0.568
Testdiet 11 60.05 = 8.79 60.10 = 8.57 1.000 60.12+ 8.01 1.000
Control diet 11 3505+ 3.75 35.06 + 3.67 1.000 3459+ 389 0.943
Body fat % - 0.949 0.683
Testdiet 11 3580 = 5.15 3584 + 5.13 1.000 3555+ 5111 0.990
Control diet 11 2087 = 3.87 20.88 = 3.79 1.000 20.52+ 397 0.969
Fat mass kg - 0.959 0.727
Testdiet 11 21.80 = 5.6l 2183 £ 5.56 1.000 21.63+ 524  0.996
Control diet 11 3828 £ 2.10 38.30 = 2.12  1.000 3835+ 221 0.995
Fat-free mass kg - 0.881 0.404
Testdiet 11 3823 = 4.04 38.27 + 394 1.000 3849+ 375 0.983
Control diet 11 36.09 = 1.92 36.11 = 193 0.999 36.16 £ 2,02 0.994
Muscle mass kg - 0.923 0.442
Testdiet 11 36.05 = 3.68 36.08 + 3.59 1.000 3627+ 343 0.984
Control diet 11 2545+ 1.89 2546 £ 1.95 1.000 2534+ 199 0.985
BMI kg/m? - 0.837 0.460
Testdiet 11 2548 = 257 2552 £ 256 0.999 2555+ 247 0.997
; Control diet 11 1128.36 = 70.40 1129.00 = 71.21 1.000 1128.64 = 74.24 1.000
Basal metabolic ) — 0934 0470
rate Testdiet 11 1133.55 £130.05 1134.55 £126.05 1.000 1139.18 +118.86 0.992
; Control diet 11~ 114.73 £ 14.80 11336 £ 1623 0969 113.18 * 1527 0.961
Systolic blood 110 100-139 0509 0750
pressure Testdiet 11 118.82  12.68 11441 = 1242 0.667 11855+ 1537 0.998
i i Control diet 11 71.55 £ 10.32 71.27 £ 10.83 0.997 71.64 £ 11.09 1.000
DlaSIOllfi blood mmHg  50-80 0.216 0.375
pressure Testdiet 11 76.05 = 851 7191 £ 8.03 0.461 73.73 £ 10.28 0.772
Control diet 11 7164 = 7.13 67.50 = 7.79 0.335 68.18+ 7.38 0.455
Pulse rate bpm  40-80 0.497 0.598
Testdiet 11 7191 = 10.00 6573 £ 7.66 0.181 67.00 = 8.10 0.321

Abbreviations: BMI; body mass index
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Table4. Serum parameters.

ow 8W Dunnett's 12W Dunnett's J;g;ll):: td ?::lstt
Parameter Unit Relfgleréce Diet n
& mean + SD mean = SD vs. OW mean + SD vs.OW  At8W At 12W
. Control diet 11 735 = 0.33 7.57 £ 0.32 0.292 7.54 = 0.44 0.413
Total protein g/dL 6.7-8.3 0.407 0.549
Test diet 11 734 + 0.37 7.50 £ 039 0.525 7.60 = 0.38 0.202
. Control diet 11 436 + 0.14 446 = 0.17 0.355 443 + 0.23 0.639
Albumin g/dL 38-53 0.419 0.650
Test diet 11 437 £ 0.15 443 = 022 0.698 447 = 0.18 0.346
Control diet 11 149 = 0.18 145 £ 0.18 0.770 145 = 0.17 0.844
A/G 1.1-20 0.726 0.821
Test diet 11 149 = 0.15 145 £ 021 0.811 145 = 0.16 0.764
Control diet 11 1991 + 295 21.18 + 483 0.604 21.27 £ 2.10 0.564
AST(GOT) IU/L/37°C 10 - 40 0.029 0.117
Test diet 11 2436 £ 6.09 20.80 + 439 0.307 2345 £ 7.03 0913
Control diet 11 16.82 = 4.77 1691 = 5.11 0.999 17.64 £ 4.70 0.893
ALT(GPT) TU/L/37°C 5-45 0.333 0.830

Test diet 11 21.73 = 7.51 19.30 = 5.58 0.678 22.00 £ 8.67 0.995

Control diet 11~ 204.55 £53.95 196.55 + 37.52 0.871  198.45 +34.25 0.922
LD(LDH) TU/L/37°C 120 - 240 0.729 0.767
Test diet 11 21636 £19.73  205.70 + 18.32 0.380  206.82 +21.59 0.438

Control diet 11 26.82 +17.55 23.64 = 905 0.782 21.73 £ 9.63 0.548
Y-GT TU/L/37°C <30 0.537 0.634

Test diet 11 40.55 +34.52 28.40 +19.57 0.561 38.55 £32.98 0.982

Control diet 11 0.75 £ 0.25 0.79 = 0.19 0.879 0.76 £ 0.16 0.992
Total bilirubin ~ mg/dL  0.2-1.2 0.723 0.451

Test diet 11 0.80 £ 0.29 0.89 + 028 0.773 0.88 £ 0.43 0.799

Control diet 11 109.64 +£53.84  115.18 * 65.40 0.953 94.18 +£23.19 0.699
CPK TU/L/37°C 40 - 150 0.891 0.153

Test diet 11 84.27 £32.42 84.60 + 26.60 1.000 94.36 +36.21 0.687

o Control diet 11 0.67 £ 0.09 0.63 = 0.09 0.479 0.66 £ 0.08 0971
Creatinine mg/dL  0.47-0.79 0.288 0.597

Test diet 11 0.64 £ 0.07 0.62 = 007 0.876 0.64 £ 0.07 0.984

. Control diet 11 12.84 + 3.34 13.57 = 344 0.826 13.34 = 3.26 0.915
Urea nitrogen mg/dL  8.0-20.0 0.660 0.734
Test diet 11 12.34 = 2.18 12.64 =+ 222 0.938 12.57 + 2.58 0.960

. . Control diet 11 5.12 £ 1.50 483 + 121 0.855 495 £ 1.64 0.951
Uric acid mg/dL 25-70 0.271 0.735
Test diet 11 474 £ 1.25 476 =+ 1.03 0.998 449 = 1.10 0.833

Control diet 11 234.36 £29.69  238.27 + 3858 0.950 235.45 3437 0.996
Total cholesterol mg/dL 120 - 219 0.910 0.731

Test diet 11 238.09 +£31.48 245.70 = 30.84 0.829  243.09 +38.51 0.917

Control diet 11 63.91 +14.58 71.73 +20.07 0.459 68.45 +15.73 0.756
HDL cholesterol ~ mg/dL 40-95 0.146 0.555

Test diet 11 62.36 £10.59 66.10 + 11.09 0.645 65.27 +£10.47 0.752

Control diet 11 148.09 +£26.63  147.36 + 36.81 0.998  148.00 +34.92 1.000
LDL cholesterol ~ mg/dL 65-139 0.931 0.880
Test diet 11 15445 +£29.54 156.10 +29.17 0.989 15591 *34.48 0.991

X . Control diet 11 102.82 +52.17 84.55 + 37.62 0.525 88.64 +40.40 0.670
TG (triglyceride) mg/dL 30 - 149 0.145 0.172

Test diet 11 102.00 +£24.08 104.60 + 39.88 0.984 111.00 =51.40 0.821

) Control diet 11 142,00 + 126 140.55 = 121 0016 14118 + 1.17 0215
Sodium mgEq/L. 137 - 147 0.116 0697
Testdiet 11 14218 + 133 14170 =+ 157  0.619 141.64 = 103  0.530

. Control diet 11 430 = 0.24 437 = 027 0.722 440 £ 0.24 0.551
Potassium mgEq/L  3.5-5.0 0.716 0.307
Test diet 11 432 £ 0.27 444 + 039 0.562 429 £ 0.24 0.968

. Control diet 11 104.64 = 1.57 103.45 = 1.04 0.079 103.55 = 1.29 0.109
Chloride mgEq/L 98 - 108 0.180 0.897

Test diet 11 10491 = 1.45 10490 = 2.13 1.000 10391 = 1.51 0.303

. Control diet 11 9.77 £ 0.30 9.81 = 0.30 0.946 9.76 £ 0.33 0.997
Calcium mg/dL  8.4-104 0.854 1.000
Test diet 11 9.83 + 0.25 9.84 + 027 0.991 9.82 £ 0.27 0.995

. Control diet 11 98.09 +34.67 99.91 + 35280 0.988 94.64 +28.39 0.957
Serum iron png/dL 40 - 180 0.812 0.119
Test diet 11 94.00 +27.04 96.70 +21.80 0.961 105.73 £29.13 0.483

Al Control diet 11 2.82 + 097 2.50 £ 091 0.633 2.59 £ 0.87 0.787
<4 0.167 0.584

(atherogenic index) Testdiet 11 2.89 £ 0.65 281 = 081 0957 278 + 079 0919

Abbreviations: AST/GOT, aspartate aminotransferase; ALT/GPT, alanine aminotransferase; LD/LDH, lactate dehydrogenase; y-GT, gamma-glutamyl transpeptidase; CPK
creatine phosphokinase
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Table5. Vascular endothelial function parameters.

Testdiet 11 93.64 + 9.71 87.09 £ 12.44 0.356 88.73 + 13.92 0.544

Control diet 11 173.27 +£18.38 168.00 = 11.70 0.647  163.27 = 1598 0.244
c-a ms 0.731 0.067

Testdiet 11 16491 +14.60 161.45 = 14.67 0.824 167.09 = 17.24 0.924

Control diet 11  222.55 £ 14.89  225.09 * 15.06 0.878  224.18 +12.02 0.947
d-a ms 0.431 0.539

Testdiet 11 226.73 £21.60 22236 £ 6.12 0.736 22291 = 14.73 0.789
Control diet 11 304.36 £21.03 303.64 = 16.90 0.993  303.09 £ 15.83 0.980

e-a ms 0.542 0.696
Testdiet 11 311.09 £28.29 304.73 £ 9.60 0.668  306.00 £ 16.10 0.769

Control diet 11 914.36 £99.64 918.55 * 87.08 0.991 928.18 = 72.64 0.905

. . ow 8W Dunnett's 12W Dunnett's Independent samples t-test
Parameter Unit Diet n
mean + SD mean + SD vs. OW mean = SD vs. OW At 8W At 12W
i Control diet 11 60.50 = 11.33 58.32 = 8.58 0.831 62.95 = 10.12 0.793
Estimated Years 0530 0.110
vascular age Testdiet 11 6527 = 8.13  60.77 * 12.01 0.414 61.68 £ 6.23 0.559
Control diet 11 -0.01 £ 0.27 -0.07 £ 0.20 0.812 0.04 = 024 0.849
SDPTGAI - 0.519 0.156
Test diet 11 0.11 = 0.23 -0.01 = 0.30 0.420 0.02 = 0.17 0.594
Control diet 11 -048 £ 0.07 -0.51 = 0.08 0.647 -045 £ 0.10 0.647
b/a - 0.392 0.262
Test diet 11 -042 £ 0.12 -0.49 = 0.13 0.272 -044 £ 0.07 0.878
Control diet 11 -0.20 £ 0.11 -0.15 = 0.08 0.333 -0.17 £ 0.09 0.669
cl/a - 0.481 0.943
° Test diet 11 -0.21 £ 0.05 -0.18 = 0.08 0.600 -0.17 £ 0.09 0.490
5 Control diet 11 -037 £ 0.11 -0.38 = 0.11 0.984 -0.40 £ 0.11 0.699
= d/a - 0.257 0.032
i}f Test diet 11 -042 £ 0.11 -0.38 = 0.11 0.539 -0.36 £ 0.10 0.295
=2
& Control diet 11 0.11 = 0.04 0.09 £ 0.03 0.634 0.08 = 0.04 0.261
g e/a - 0.749 0.874
= Test diet 11 0.10 = 0.06 0.08 £ 0.06 0.566 0.07 = 0.03 0.397
b
% Control diet 11 95.45 £19.06 86.73 £ 12.34 0.322 88.18 = 14.01 0.444
S b-a ms 0.655 0.625
g
B
5
50
g
i

a-a ms 0.403 0.924
Testdiet 11 896.18 +94.47  926.18 = 86.91 0.676  906.00 + 99.70 0.957
Control diet 11 1.14 = 0.12 1.20 £ 0.12 0.449 125 £ 0.16 0.109
PTGAI - 0.308 0.052
Testdiet 11 124 £ 0.21 122 £ 0.20 0.956 122 = 0.16 0.979
. i 25+ 0.23 39 = 0. . - - -
Endothelin pe/mL Control diet 11 1.25 0.2 1.39 0.29 0.251 0357 B
Testdiet 11 1.27 £ 0.38 127 £ 0.38 0.985 - - -
VEGF Control diet 11 19.68 £ 6.25 27.48 = 12.47 0.179 29.42 + 12.69 0.080
(vascular endothelial growth factor) pg/rnL 0.109 0.091

Testdiet 11 27.11

H

13.12 63.53

H

59.29 0.089 58.94 + 38.02 0.135

Control diet 11 3229 +24.71 4841 £2644 0229  31.14 £2228  0.991
NO pmol/L 0917 0.622
Testdiet 11 26.65 +13.29 4270 £19.37 0039  22.05 1200  0.699

W

W

Abbreviations: SDPTGALI, second derivative of plethysmogram aging index; PTGAI, plethysmogram aging index; NO, nitric oxide

Table 6. Glycation stress-related parameters.

X Reference X ow 8W Dunnett's 12W Dunnett's Independent samples t-test
Parameter Unit Diet n
SD mean + SD  vs.OW mean + SD vs. OW At8W At 12W

range mean
Control diet 11 87.91 5.74 88.73 £ 6.59 0.934  90.36 + 6.41 0.562

H

H

Glucose mg/dL 70 -109 . 0.951 0.468
Testdiet 11 90.45 = 9.11 92.60 + 11.42 0.814 91.18 + 6.31 0.975
. Control diet 11 380 = 2.65 348 + 1.61 0.919 395+ 217 0982

Insulin wU/mL 1.7-10.4 . 0.087 0.026
Testdiet 11 3.15+ 098 4.04 + 1.25 0.245 465+ 173  0.028
Control diet 11 553 £ 034 554+ 027 0.996 540 £ 0.24  0.487

HbA1c/NGSP % 46-62 . 0.329 0.328
Testdiet 11 565+ 035 559 + 0.37 0.903 545+ 045 0.366
Control diet 11 5.15 £ 031 515+ 0.26 1.000 5.03 = 0.21 0.483

HbAlc/IDS % 43-58 0.516 0.339

Testdiet 11 5.26 0.34 522+ 034 0.948 507 £ 042 0.382

Control diet 11 16.82 3.57 2481 £ 6.89 0.001  19.05 + 3.660 0.474
3-deoxyglucosone ng/mL 3.76-18.14 . 0.741 0.599
Testdiet 11 16.73 4.13 2589 £ 5.13 0.000 1994 + 4.289 0.185

Controldiet 11 445+ 064 478+ 104 0616 578+ 1045 0.004
CML ng/mL - , 0613 0820
Testdiet 11 440 = 077 439+ 064 1000 5.61+ 0824 0001

H H K+

H+
H+

Pentosidine omolmL Comwoldiet 11 94.52 % 15,60 73432735 0038 8726 £15221 0613 0824 0081
Testdiet 11  89.13 = 2633 6629 + 1530  0.028 93.98 +16.634 0.798

Skin AGE deposition  _ B Controldiet 11 230 025 209z 025 0.29 206= 0268 0071 0077 0017
(AF level) Testdiet 11 224+ 022 218+ 023 0755 225+ 0276 0.990

CML content in ug/mg ~ Control diet 11 10331 = 24.99 10071 = 18.17 0933 94.08 = 14.458 0.450 0176 0246
stratum corneum  protein Testdiet 11 11212 = 24.13 9385 +27.17  0.182 89.52 +25.502 0.085

Abbreviations: HbA1¢/NGSP, hemoglobin Alc/National Glycohemoglobin Standardization Program; HbA1¢/JDS, hemoglobin Alc/ Japan Diabetes Society; CML,
carboxymethyl lysine; AGE, advanced glycation end products; AF, autofluorescence
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Fig.1. Change in carboxymethyl lysine (CML) content in
the stratum corneum.
Subclass analysis of the subjects with high postprandial blood glucose
(>150 mg/dL at 60 minutes).
CML content in the stratum corneum was measured by the tape
stripping method. The change ratio was calculated as follows:
*p <0.05, Mann-Whitney test.

Table7. Oxidation stress-related parameters.

Glycative Stress Research

Inflammation-related parameters

No significant changes or differences were observed in
hsCRP or IL-6 levels within or between groups over the study
period (7Table 8).

Urine electrolytes

Concentrations of sodium, potassium, and calcium present
in urine samples collected during the night are summarized in
Table 9. No significant changes or differences were observed in
urine electrolyte concentrations within or between groups over
the study period.

Skin function test

No significant changes or differences were observed in
the results of the imaging analysis with the VISIA Evolution
system, moisture content analysis, or skin elasticity test within
or between groups over the study period (Z7able 10).

In the color difference test, the Hb SO2 index (blood
oxygen saturation) in the test group (measured in the left
cheek) was significantly higher than that in the control group
at week 8, and it remained at a similar level until week 12, i.e.,
after discontinuation of the test diet, although no significant
intergroup difference was observed. No significant intergroup
difference was observed in other parameters.

. X ow 8W Dunnett's 12W Dunnett's Independent samples t-test
Parameter Unit Diet n
mean = SD mean * SD vs. OW mean + SD vs. OW At 8W At 12W
Control diet 11 721+ 2.06 952+ 223 0.063 1021 = 2.95 0.014
80HAG pg/mg* Cr 0.504 0.956
Test diet 11 698 =+ 2.38 10.03 = 2.06 0.009 10.05 = 2.58 0.009
Urine Control diet 11 267.09 +102.38  291.55 + 97.15 0.754 287.36 £ 69.30 0.822
: pg/mg-* Cr 0.634 0.898
isoprostane :
Test diet 11 308.36 +111.31 346.73 £ 93.29 0.508 323.09 £55.08 0.898
Abbreviations: 80OHdG, 8-hydroxydeoxyguanosine
Table 8. Inflammation-related parameters
. . ow 8W Dunnett's 12W Dunnett's Independent samples t-test
Parameter Unit Diet n
mean £ SD mean + SD vs. OW mean * SD vs. OW At 8W At 12W
High-sensitivity mg/dL Control diet 11 0.06 + 0.05 0.05 = 0.02 0.522 - = - 9530 _
CRP Testdiet 11 0.08 +0.07 0.07 = 0.07 0.856 - = - -
Control diet 11 093 + 0.62 0.84 = 0.51 0.712 - = - -
Interleukin-6  pg/mL 0.529 -
Test diet 11 0.99 + 0.47 0.88 + 0.39 0.550 - = - -
Abbreviations: CRP, C-reactive protein
Table 9. Results of urine electrolyte analysis.
. . ow 8W Dunnett's 12w Dunnett's Independent samples t-test
Parameter Unit Diet n
mean *= SD mean + SD vs. OW mean * SD vs. OW At 8W At 12W
Control diet 11 94.45 + 45.96 93.18 = 51.38 0.998 97.73 £ 56.44 0.984
Urine sodium  mEq/L 0.168 0.168
Test diet 11 7791 + 42.80 103.55 = 41.20 0.328 110.36 = 52.09 0.183
Control diet 11 20.20 + 12.26 27.75 = 21.92 0.532 27.67 = 19.39 0.538
Urine potassium mEq/L 0.992 0.992
Test diet 11 17.85 = 15.50 2545 = 14.36 0.439 28.65 £ 17.94 0.213
Control diet 11 7.65 + 393 12.18 = 7.61 0.123 8.79 = 4.67 0.851
Urine calcium  mg/dL 0.894 0.894
Test diet 11 1255 £ 9.51 16.53 = 13.86 0.589 1438 = 7.51 0.888
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Table 10. Skin function test.

ow 8W Dunnett's 12W Dunnett's Independent samples t-test
Parameter Diet n
mean + SD mean + SD vs.0W mean + SD  vs.OW At 8W At 12W

Control diet 11 752193 7.69 = 2.27 0.976 7.76 £2.39 0.953

Brown spot X100 0.443 0.572
Test diet 11 6.94 £ 2.58 746 = 2.08 0.808 7.45 201 0.816
Control diet 11 1.26 £ 0.52 1.50 £ 0.54 0.542 1.52+0.71 0.498

Pore X100 0.922 0.583
Test diet 11 1.59 £ 1.25 1.84 = 1.42 0.871 1.77 £ 1.36 0.924

Control diet 11 0.30 = 0.30 0.25 = 0.29 0.867 026 +£0.23 0918
Porphyrin X100 0.263 0.712
Test diet 11 0.15 = 0.21 0.15 = 0.14 0.999 0.13 £0.15 0.947

Control diet 11 1.26 £ 045 1.37 £ 032 0.751 1.31 £0.51  0.934
Red spot X100 0.894 0.715
Test diet 11 1.40 + 0.64 1.51 =085  0.930 152076 0913

Control diet 11 2.38 = 1.00 2.59 = 1.16 0.856 2.48 £1.02 0.970
Spot X100 0.645 0.327
Test diet 11 2.11 £0.79 227 + 091 0.879 2.32 £ 0.86 0.789

Control diet 11 1.14 £ 043 1.22 + 0.51 0.909 1.28 = 0.62 0.765
Texture X100 0.538 0.872
Test diet 11 1.63 £ 1.57 1.81 = 1.67 0.953 1.80 £ 1.71 0.959

Imaging analysis by VISIA (score)

Control diet 11~ 2.51 + 1.64 2.64 = 1.81 0.985 325 +2.71 0.630
UV spot X100 0.524 0.516
Test diet 11 232+1.52 2.56 £ 1.66  0.912 2.66 £ 159  0.834

Control diet 11 2.79 + 2.28 2.86 = 275 0.996 277 £1.98 1.000
Wrinkle X100 0.946 0.387
Test diet 11 3.54 £ 3.02 3.55 £ 2.66 1.000 3.09 £2.62 0.900

Control diet 11 61.77 +2.34 6239 + 256 0.774 6286 =239 0474
L* - 0.911 0.668
Test diet 11 61.88+1.89 6244 215 0714 6276+ 1.63  0.457

Control diet 11 7.01 = 1.21 6.75 + 1.30 0.856 6.74 £ 1.40 0.849
a* - 0.287 0.551
Test diet 11 7.18 £ 1.02 732 £ 1.57 0.957 7.09 £ 1.30 0.979

Control diet 11 17.82 + 1.60 1734 + 1.93 0.778 1692 = 2.14 0.444
b* - 0.603 0.226
Test diet 11 18.01 £ 1.96 17.75 = 2.26 0.941 17.69 £ 2.13 0912

Control diet 11 1.04+0.17 099 £ 021 0772 094021  0.409
nd - 0.749 0.248
ndex Testdiet 11 1.05%0.15 101 = 0.18 0780 099 %0.16  0.624

Melanin

Color difference analysis

Control diet 11~ 0.92 + 0.15 092 = 0.17 1.000 095 +0.18  0.904
Hb Index - 0.396 0.626
Test diet 11 0.94 = 0.19 098 £ 024  0.855 094020  0.998

Hb SO> Control diet 11 5645+ 6.11  57.02 + 757  0.968 58.82+5.20  0.593
Index - 0.036 0.152
Test diet 11 5649 + 5.67 60.23 + 395 0.169 61.25 £ 5.56 0.068
S
E Control diet 11 63.57 £ 6.77 60.72 + 8.61 0.545 59.05 £ 5.54 0.247
= o
8 Moisture Apex of left cheek 0.534 0.344
2 content
‘E Test diet 11 59.71 +£3.73 54.81 + 6.89 0.093 57.87 £ 593 0.671
=]
=
P Control diet 11 0.81 = 0.03 0.80 £ 0.06 0.640 0.80 = 0.04 0.678
R2 I\r/{eg;a: asgf:;:r’lf 0842 0465
£atupp Testdiet 11 081 +005 080 =005 0761 081 +004 0967
>
3 H Control diet 11 0.60 = 0.05 0.56 = 0.06 0.250 0.57 £ 0.06 0.534
Z R7 l\r/{zgﬁ;}fgf :i:r’lf 0.849  0.488
> Test diet 11 0.59 = 0.06 0.56 = 0.08 0.426 0.59 £ 0.05 0.944
<]
Q
§ Control diet 11 0.69 = 0.07 0.71 = 0.07 0.830 0.75 £ 0.06 0.129
= R2 Left cheek 0.563 0.089
g Test diet 11 0.73 £0.07 0.72 + 0.05 0.995 072 %006 0.986

Control diet 11 0.33 £ 0.06 0.35 £ 0.04 0.570 0.38 £0.06 0.098
R7 Left cheek 0.926 0.212
Test diet 11 0.33 = 0.06 0.35 = 0.04 0.453 0.34 £0.05 0.714

Abbreviations: 80OHdG, 8-hydroxydeoxyguanosine
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Safety test

No serious adverse events related to the test diet were observed.
One adverse event was assessed as probably related to the test
diet, but it was mild and did not require study discontinuation.
The event occurred in early October and was resolved by
November 22. The study was continued, and no aggravation
of symptoms was observed. In brief, a 51-year-old woman
reported a tendency for gas retention, possibly due to a
transient disturbance of the intestinal bacterial flora caused by
indigestible dextrin. With no serious adverse event observed
during the study period, the test diet was considered safe.

Discussion

In this study we investigated the long-term effects of the
intake of a vinegar beverage containing indigestible dextrin
and a mixed herbal extract on a panel of glycation stress
markers. A main result of the study showed that intake of the
test diet caused a reduction in CML content in the skin stratum
corneum, a maker of glycation stress, in people with a relatively
high level of glycation stress, indicating the diet has an anti-
glycation effect. As a second result of the study we found the
test diet to be safe for long-term use as no serious adverse
events could be observed during the study period. Indigestible
dextrin acts by suppressing hyperglycemia after a meal.
The tien-cha extract containing Rubus suavissimus has been
shown to inhibit AGE production in vitro®. AG herb mix™
has been shown to inhibit AGE production in in vitro studies,
experimentally induced diabetic rats, and RCTs in humans 5%,

While no significant intergroup difference was observed
in any of the glycation stress markers evaluated in the entire
population, a subclass analysis involving 17 subjects with a
60-minute postprandial blood glucose level of 150 mg/dL or
more showed a significant improvement in CML content in
the stratum corneum after intake of the test diet (p<0.05).
The pentosidine level was unchanged in the control arm and
decreased in the test group. Although no significant difference
was observed between groups, this observation also supports
the inhibitory effect of the test diet on AGE production. The
tape stripping technique 2, used in this study for determining
CML content in the stratum corneum, is promising as a non-
invasive method for evaluating glycation stress in the skin.

No significant changes were observed in the blood

References

1) Nagai R, Mori T, Yamamoto Y, et al. Significance of
advanced glycation end products in aging-related disease.
Anti-Aging Medicine. 2010; 7: 112-119.

2) Ichihashi M, Yagi M, Nomoto K, et al. Glycation stress and
photo-aging in skin. Anti-Aging Medicine. 2011; 8: 23-29.

3) Fujii N. D-amino acid in elderly tissues. Biol Pharm Bull.
2005; 28: 1585-1589.

4) Nomoto K, Yagi M, Arita S, et al. Skin accumulation of
advanced glycation end products and lifestyle behaviors in
Japanese. Anti-Aging Medicine. 2012; 9: 165-173.

5) Yonei Y, Yagi M, Hibino S, et al. Herbal extracts inhibit
Maillard reaction, and reduce chronic diabetic complications
risk in streptozotocin-induced diabetic rats. Anti-Aging
Medicine. 2008; 5: 93-98.

Glycative Stress Research

concentrations of 3DG, CML or skin AGE deposition
in the test group. A previous report showed a significant
improvement in blood CML content in a subclass analysis '?.
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in the AST (GOT) level in the test group compared to the
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weeks after intake (-13.0%, p = 0.040, n = 20) %, This effect
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The results of the present study suggest that the intake
of the test diet causes a reduction in CML content in the skin
stratum corneum, a marker of glycation stress, in people with
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demonstrated safety of the test diet, this observation indicates a
potential for the use of the test diet as a functional food.

Conflict of interest

The authors have no conflict of interest in this study.

6) Kitano H, Yagi M, Nomoto K, et al. Research on the inhibitory
effect of edible purple chrysanthemum on generation of
advanced glycation end products (AGEs). New Food Industry.
2011; 53: 1-10. (in Japanese)

7) Yagi M, Nomoto K, Hori M, et al. The Effect of edible purple
chrysanthemum extract on advanced glycation end products
generation in skin: a randomized controlled clinical trial and in
vitro study. Anti-Aging Medicine. 2012; 9: 61-74.

8) Hori M, Yagi M, Nomoto K, et al. Effect of kumaizasa (Sasa
senanensis Rehder) on the inhibition of advanced glycation
end products (AGEs) formation. The Science and Engineering
Review of Doshisha University. 2011; 52: 61-67. (in Japanese)

9) Hori M, Yagi M, Nomoto K, et al. Inhibition of advanced
glycation end product formation by herbal teas and its relation
to anti-skin aging. Anti-Aging Medicine. 2012; 9: 135-148.

~-23-



Anti-glycation effect of vinegar beverage in humans

10) Yonei Y, Miyazaki R, Takahashi Y, et al. Anti-glycation
effect of mixed herbal extract in individuals with pre-diabetes
mellitus: a double-blind, placebo-controlled, parallel group
study. Anti-Aging Medicine. 2010; 7: 26-35.

11) Yonei Y, Yagi M, Ogura M, et al. Anti-glycation activity
and safety of foods containing lingonberry extract and cherry
blossom extract and chewable tablets containing citric acid
and calcium: a placebo-controlled randomized single-blind
parallel group comparative study. Anti-Aging Medicine.
2013; 10: 21-35.

12) Kubo M. Yagi M. Kawai H, et al. Anti-glycation effects
of mixed-herb-extracts in diabetes and pre-diabetes. J Clin
Biochem Nutr. 2008; 43(Suppl 1): 66-69.

13) Tamura T, Yagi M, Nomoto K, et al. Anti-glycation effect
of a novel herbal remedy made of mixed herbal extract and
two crudes: short and long term effect. The Science and
Engineering Review of Doshisha University. 2012; 52: 244-
252. (in Japanese)

14) Iwabayashi M, Fujioka N, Nomoto K, et al. Efficacy and
safety of eight-week treatment with astaxanthin in individuals
screened for increased oxidative stress burden. Anti-Aging
Medicine. 2009; 6: 15-21.

15) Yonei Y, Kitano T, Ogura M, et al. Effects of health food
containing Cistanche deserticola extract on QOL and safety
in elderly: an open pilot study of 12-week oral treatment.
Anti-Aging Medicine. 2011; 8: 7-14.

16) Takada H, Okino K, Niwa Y. An evaluation method for heart
rate variability by using acceleration plethysmography. Health
Evaluation & Promotion. (Sogokenshin) 2004; 31: 547-551.

17) Ushiroyama T, Kajimoto Y, Sakuma K, et al. Assessment
of chilly sensation in Japanese women with laser doppler
fluxmetry and acceleration plethysmogram with respect to
peripheral circulation. Bulletin of the Osaka Medical College.
2005; 51: 76-84.

18) Takazawa K, Kobayashi H, Shindo N, et al. Relationship
between radial and central arterial pulse wave and evaluation
of central aortic pressure using the radial arterial pulse wave.
Hypertens Res. 2007; 30: 219-228.

19) Nomoto K, Yagi M, Arita S, et al. A survey of fluorescence
derived from advanced glycation end products in the skin of
Japanese: differences with age and measurement location.
Anti-Aging Medicine. 2012; 9: 119-124.

20) Kamitani Y, Yagi M, Nomoto K, et al. Non-invasive
collection of stratum corneum samples by a tape-stripping
technique. Anti-Aging Medicine. 2013; 10: 55-59.

21) Floyd RA, Watson JJ, Wong PK, et al. Hydroxyl free
radical adduct of deoxyguanosine: sensitive detection and
mechanisms of formation. Free Radic Res Commun. 1986; 1:
163-172.

22) Toyokuni S, Tanaka T, Hattori Y, et al. Quantitative
immunohistochemical determination of §-hydroxy-
2'-deoxyguanosine by a monoclonal antibody N45.1:
its application to ferric nitrilotriacetate-induced renal
carcinogenesis model. Lab Invest. 1997; 76: 365-374.

23) Morrow JD, Awad JA, Kato T, et al. Formation of novel non-
cyclooxygenase-derived prostanoids (F2-isoprostanes) in
carbon tetrachloride hepatotoxicity. An animal model of lipid
peroxidation. J Clin Invest. 1992; 90: 2502-2507.

24) Milne GL, Morrow JD. Isoprostanes and related compounds:
update 2006. Antioxid Redox Signal. 2006; 8: 1379-1384.

25) Yonei Y, Takahashi Y, Matsushita K, et al. Double blind study
of health claims for food containing extract of kabanoanatake
(Charga: Fuscoporia obliqua) (RCT: randomized controlled
trial). Anti-Aging Medicine. 2007; 4: 1-10.

26) Yu CS, Yeung CK, Shek SY, et al. Combined infrared light
and bipolar radiofrequency for skin tightening in Asians.
Lasers Surg Med. 2007; 39: 471-475.

27) Fujioka N, Hibino S, Wakahara A, et al. Effects of various
soap elements on skin. Anti-Aging Medicine. 2009; 6: 109-
118.

28) Yonei Y, Ashigai H, Ogura M, et al. Effect of consumption of
a cassis polysaccharide-containing drink on skin function: a
double blind randomized controlled trial of 9-week treatment.
Anti-Aging Medicine. 2012; 9: 34-42.

29) Enomoto DN, Mekkes JR, Bossuyt PM, et al. Quantification
of cutaneous sclerosis with a skin elasticity meter in patients
with generalized scleroderma. J Am Acad Dermatol. 1996;
35:381-387.

30) Rennekampff HO, Rabbels J, Pfau M, et al. Evaluating scar
development with objective computer-assisted viscoelastic
measurement. Kongressbd Dtsch Ges Chir Kongr. 2002; 119:
749-755. (in German)

31) Dobrev H. Application of Cutometer area parameters for the
study of human skin fatigue. Skin Res Technol. 2005; 11:
120-122.

32) Heinrich U, Koop U, Leneveu-Duchemin MC, et al.
Multicentre comparison of skin hydration in terms of
physical-, physiological- and product-dependent parameters
by the capacitive method (Corneometer CM 825). Int J
Cosmet Sci. 2003; 25: 45-53.

33) Yamasaki K, Inagaki Y, Mochida S, et al. Effect of
intraoperative acetated Ringer's solution with 1% glucose on
glucose and protein metabolism. J Anesth. 2010; 24: 426-431.

34) Sawada A, Yoshikawa Y, Yamauchi M, et al. Efficacy
of glucose infusion for the inhibition of breakdown of fat
tissue and muscle protein under remifentanil anesthesia. The
Japanese Journal of Anesthesiology. 2012; 61: 358-363. (in
Japanese)

35) Toyosaki M, Hattori Y, Ishikawa T, et al. Influence of
difference in the filler between lactated and acetated Ringer’s
solutions. The Journal of Extra-corporeal Technology. 2000;
27:23-26. (in Japanese)

36) Shintaku H, Fujioka H, Miyata M, et al. Cases of 3 children
with liver-type glycogenosis with hyperlacticacidemia in
whom the acetated Ringer’s solution (Veen-3G Inj.) was
effective for supporting water, electrolytes and energy.
Medical Consultation & New Remedies. (Shinryo To
Shinyaku) 2005; 42: 265-267. (in Japanese)

37) Kishi M, Fushimi T, Itoh A, et al. Safety evaluation of
excessive intake of vinegar drink on normal adult subjects.
Journal of Japanese Society of Clinical Nutrition. 2006; 27:
313-320. (in Japanese)

38) Miura K, Nakao T, Tokai H, et al. Safety assessment
of excessive intake of vinegar drink supplemented with
xylooligosaccharide in normal volunteers. Journal of Urban
Living and Health Association. (Seikatsu Eisei) 2007; 51: 85-
91,112. (in Japanese)

39) Tanaka Y, Nagata K, Masuda K, et al. Evaluation of the
safety of a calcium enriched vinegar beverage in excessive
ingestion. Journal of New Remedies & Clinics. (Shinyaku To
Rinsho) 2009; 58: 132-144. (in Japanese)

40) Fushimi T, Kishi M, Oshima Y, et al. Investigation of safety
of drinks containing vinegar. Living and Health Association.
(Seikatsu Eisei) 2005; 49: 267-278. (in Japanese)

41) Fujii A. Effect of an organic acid mixture on demineralization
of enamel. Pediatric Dental Journal. 1990; 28: 64-74. (in
Japanese)

_ 24 —



