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Effects of peptides and amino acids derived from

oyster on blood lipids

Abstract

Objectives: The objective of this study is to demonstrate the effect on blood lipids in
humans, of a supplement which contained peptides and amino acids originating from oyster
meat.

Methods: Proteins in oyster meat were hydrolyzed by enzymes, followed by preparing
oyster meat extract powder containing the peptides and free amino acids as a supplement. We
performed the following 2 clinical trials in which male and female adults with dyslipidemia
received the oyster meat supplement for specified periods; in the first open label trial, the
oyster meat supplement was given to 14 subjects (average age 48.7years old) for 8weeks,
while in the second crossover controlled trial, the oyster meat supplement and its placebo
were taken by 19 subjects (average age 52.4years old) for 4weeks, respectively. In these
trials, the effect of the supplement on blood lipids was evaluated by conducting serum
chemistry and body composition measurement before and after taking the supplement

Results: In the open label trial, at the end of Week 4 from the start of taking the supplement,
a decrease of very low-density lipoprotein (VLDL) and an increase of high-density
lipoproteins (HDL) in blood lipoproteins were observed with statistically significant
difference (P<0.01).

In the crossover placebo-controlled study, we confirmed the reduction of the ratio of VLDL
in lipoproteins (P=0.04), the increase of HDL cholesterol (P=0.02), and the suppression
of the elevation of triglycerides (TG) (P=0.02) Week 4after the start of taking of the
supplement.

Conclusion: The oyster meat extract powder was most likely to have potential utilities in
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Introduction

Japan is one of the countries with the longest healthy life
expectancy, however, arteriosclerotic disease has been still one of
the major causes of death of Japanese, while the death rate due to
this disease is low in Japan compared with Europe and America.
Therefore, it is required to overcome arteriosclerotic disease including
cardiovascular and cerebrovascular disorders, which respectively
rank the second and third causes of Japanese death, in order to attain
further improvement of Japanese life span with better quality of
life. We think that the lifestyle habits largely affect the development
of arteriosclerotic diseases; because dyslipidemia, hypertension,
diabetes, and smoking have been defined as the risk factors of

arteriosclerotic diseases. Japanese diets have become westernized and
the incidence of dyslipidemia in Japan has become not much different
from that in western countries. As a result, the control of dyslipidemia
has become important for the prevention of arteriosclerotic diseases.!
Excessive or deficient state of blood lipids is categorized into the
following 3 types:

i. High LDL-C (low density lipoprotein cholesterol) type
ii. Low HDL-C (high density lipoprotein cholesterol) type
iii. High TG (high Triglyceride )type

For these 3 types, standard values have been respectively
determined, and a person whose blood concentration of lipids is over
the standard value is diagnosed as dyslipidemia. Since there are no
subjective symptoms in patients with dyslipidemia, the control of
dyslipidemia has been achieved by regular tests and health guidance.
In the Japanese Atherosclerosis Guideline 2012, the upper borderline
of hyper-LDL-cholesterolemia expressed in terms of LDL-C value
is defined to be 120 to 139mg/dL.> Oyster (Crassostrea gigas) is
important aquatic resources for Japanese, and it has a long history
as food in the world. In terms of the quantity of production, Japan is
the third, following China and Korea.’ Since oyster meat abundantly
contains proteins, Taurine, glycogen, and zinc as important nutrients.
In Japan, it has been used as a raw material of a supplement in addition
to its popularity as seafood.
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Effects of peptides and amino acids derived from oyster on blood lipids

To extract the components useful for health from oysters, we
have used a hydrothermal process in general. In addition, there is
another process in which proteins of oyster meat are hydrolyzed
by a protease, thereby producing oyster meat extract powder which
contains a large quantity of free amino acids and peptides. In this
connection, we have previously reported the effects of amino acids on
physiological functions including nutritional improvements, muscle
fatigue reduction, and immune system improvement.*’ In Japan,
attention has been paid to investigations on functional foods which
have focused on the nutrition and functions of peptides and amino
acids obtained by decomposing proteins in recent years.

At least part of peptides orally taken can be absorbed in the
body as such, and transferred to systemic blood flow, followed by
exerting functionality. For example, a TG-lowering effect in blood
is reported with respect to tetra-peptides obtained by the enzyme
digestion of haemoglobin.® There are reports that specific peptides
degraded from oyster proteins have a hypotensive effect and anti-
HIV activity associated with the angiotensin converting-enzyme
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inhibition and its application to HIV patients has been anticipated.”!
Effects of oyster meat extract powder on blood lipid improvement
have been recently verified by using an animal model.!! Thus, the
increase of serum cholesterol levels in rats that had been fed with
cholesterol-loading feed was suppressed by the intake of feed mixed
with the oyster meat extract powder. On the other hand, there are not
many studies on the blood lipid-improving effects in humans by the
functional foods of oyster meat extracts. In this study, a supplement
was prepared by blending oyster meat powder, and with medical
workers as subjects, 2 tests were performed on male and female adults
who were suspected lipid abnormality by health examinations. First, a
preliminary clinical trial was carried out by the open label design, and
the changes of blood indices by the continuous intake of the oyster
meal extract powder supplement for 8weeks were examined. Next,
to demonstrate the effect of a supplement containing peptides and
amino acids derived from oyster meat on blood lipids, we performed
the placebo controlled clinical trial in which male and female adults
with dyslipidemia received the oyster meat supplement for 4weeks.

Table | Demographic characteristics, serum chemistry data for screening, and food and nutrient consumption before start of studies

Table I A Open label study (n=14)

Paragraph Measurement No. of subjects deviating Standard

Determined Values(MeantSEM) from standard value value

Age,y 48.7+7.5 - -

Male 10 - -
Demographic Female 4 - -
Characteristics

Weight, kg 70.5%2.9 - -

Body mass index. 25307 6 >25kg/m

g/m

LDL-C, mg/dL 145.5+11.9 7 >140mg/dL
Serum Chemistry Data  pp| ¢, mg/dL 50.5+3.3 3 <40mg/dL

TG, mg/dL 241.6+43.3 8 >150mg/dL

Table I B Randomized, single-blind, crossover, placebo-controlled comparative study (n=19)

No. of subjects

Paragraph Measurement .
determined values(MeantSEM) deviating from Standard value
standard value

Age,y 52.4+7.9 - -

Male 9 - -
Demographic Female 10 - -
Characteristics

Weight, kg 65.6+2.8 - -

Eody2 mass index, 24.4+0.9 7 >25

g/m

LDL-C, mg/dL 151.8427.1 13 >140
Serum Chemistry Data ~ HDL-C, mg/dL 59.4£18.5 2 <40

TG, mg/dL 151.5+£99.7 9 >150
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Table continued...
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No. of subjects

Paragraph Measurement .
determined values(Mean+SEM) deviating from Standard value
standard value

<2450 (Male),
Energy, kcal 2233.7+155 9

<1950(Female)
Protein, g 79.0+£5.0 19 <60

Nutrients* Fat, g 50.6+2.9 19 >20,<25

Carbohydrate, g 297.8+24.3 19 >50, <70

<9 (Male),
Salt, g 12.8+0.6 19

<7.5 (Female)

*Nutrition standard values are those of Japanese 50’s generation. LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG,

triglyceride; SEM, standard error of means

Materials and methods

The study was reviewed and approved by the ethical review
committees of Sansei Hospital in Kobe before starting the trials in
the hospital. A preliminary open label trial was carried out from May
to July 2009, while a major single blind crossover placebo-controlled
study from April to July 2011.

Healthcare professionals in Sansei Hospital were recruited as
subjects. Male and female adults with dyslipidemia whose demographic
data, serum chemistry data, and nutrients are shown in Table 1 were
selected according to the data of serum chemistry (TG>149mg/dL or
LDL-C>139mg/dL or HDL-C<40mg/dL). In the open label study, 14
subjects consisting of 10 males and 4 females whose mean age was
48.7+7.5years old were selected. In the crossover placebo-controlled
study, 19 subjects consisting of 9 males and 10 females whose mean
age was 52.4+7.9years old were selected. We confirmed that the
subjects were not in medical treatment at the time of inclusion by
a questionnaire, surveyed the lifestyle habits such as the quantity of
meal, drinking, smoking, the exercise frequency before the trials, and
instructed them not to change their lifestyle habits throughout the
study period. This trial was performed pursuant to the Declaration
of Helsinki, and we provided sufficient and adequate explanations
to the subjects as to the followings; the test objectives and methods:
anticipated interests and benefits and risks: if subjects do not agree
to the study participation, it does not cause any disadvantage to said
subjects: even after agreeing to participate, subjects can withdraw his
or her agreement at any time: and personal information of the subjects
is to be protected. Consents in writing by free will were obtained from
the subjects.

Preparation of test supplement, administration

method, and administration duration

The test supplements used in this study conform to the standard of
the oyster health foods defined by the Japan Health Food Authorization
(JHFA) and were produced by the method described by Tanaka et al.,"!
(manufactured by Tensei Suisan Co., Ltd.). The oyster meat extract
powder was made into tablets, followed by sugar coating. The tablets
were used as the test supplement. The placebo tablets whose color and
size were the same as those of the test supplements were prepared by
replacing the oyster meat extract powder to sugar alcohols.

The subjects were administered 6 test supplement tablets or 6

placebo tablets twice a day (b.i.d.) in the morning and evening after
meals (total 12 tablets per day). Each test tablet used in the open label
trial contained 200mg of oyster meat extract powder, totaling 2,400mg
in the 12-tablets administered per day. The nutritional contents were
as follows: 20 kcal of energy, 1.0g of proteins, 0.1g of fats, and 4.0g
of carbohydrates. The analysis of the protein fraction by a high-
performance liquid chromatography method shows that the protein
fraction in the 12 tablets was composed of approximately 590mg of
peptides and approximately 170mg of free amino acids. That is, the
daily dose (in 12 tablets) contained approximately 750mg of peptides
and free amino acids derived from the oyster meat in the open label
trial. An analysis using a size exclusion liquid chromatography method
confirmed that the peptides whose molecular weights were 500 Da or
less accounted for about 60% of the entire peptides. The enzymatic
hydrolysis conditions for the preparation of the oyster meat extract
powder used in the crossover placebo-controlled study were changed
from that of the open label study according to the procedure reported
by Tanaka et al.,'' and thereby the peptide content was increased (Table
2). Although the peptide content in the oyster meat extract powder
was increased by changing the hydrolysis conditions, the amount of
peptides in a supplement tablet used in the placebo-controlled study
was adjusted to 180mg which was similar to that in the supplement
tablet used in the open label study. Accordingly, the tablets used in the
2 clinical trials were comparable. In 12 tablets administered per day,
totally 2,160mg of oyster meat extract powder was contained together
with the nutritional contents of 21kcal of energy, 1.0g of proteins,
0.1g of lipids, and 4.0g of carbohydrates. The protein fraction in the
12 tablets was composed of approximately 650mg of peptides and
approximately 130mg of free amino acids. As a result, each subject
took approximately 780mg of peptides and free amino acids derived
from oyster meat in a day in the placebo controlled trial. The peptides
whose molecular weights were S00Da or less accounted for about
70% of the entire peptides in the tablet.

In the open label study, the subjects were to receive the supplement
tablets sequentially for 8weeks, and serum chemistry was performed
at Week 4 and Week 8. In the single blind crossover placebo-
controlled study, we set a dormant duration of 4weeks between the
administration of the oyster supplement tablets and the placebo
tablets for 4weeks, respectively (Figure 1). The subjects were unable
to distinguish the placebo tablets from the supplement tablets. The
order to take the supplement tablets and placebo tablets was randomly
allocated to each subject.
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Table 2 Ingredients, nutrients,and functional elements in oyster extract powder contained in |2 supplement tablets given daily,and molecular weight distribution
of peptides in oyster extract powders

Randomized, single-blind,

Open label crossover, placebo-
study controlled comparative
study
Oyster
Oyster extract extract Placebo
supplement
supplement
Opyster extract powder, mg 2,400 2,160 0
I Sugar
Ingredient of placebo 0 0 alcohols
Ingredients Diluting agent Lactose Lactose Lactose
S Sugar,
. ugar, caramel Sugar, caramel
Coating agent caramel
color color
color
Energy, kcal 20 21 18
Protein, g 1.0 1.0 0
Fat, g 0.1 0.1 0
Nutrients
Carbohydrate, g 4.0 4.0 5.0
Na, mg 60 60 0
Glycogen, mg 696 624 0
Peptides, mg 586 648 0
Free amino acids, mg 166 132 0
Functional elements
Taurine, mg 89 80 0
Others (carbohydrates, minerals, water), mg 1,559 1,300 0
500 to 1000 14% 15%
1000 to 3000 17% 1%
Molecular weight (Da) distribution of peptides
3000 to 6000 4% 1%
> 6000 2% 0%
Treated with
4 3
Day 0 Week 4 Week 8
a: Open label study (n = 14)
Group 1 Group 1
Treated with Treated with Placcho
Oyster extract supplement W
r Group 2 "’) Group 2
- Treated with Placebo Treated with
- Oyster extract supplement
- > 5 - > 3
: P y n
Day0 Week 4 Day 0 Week 4

b: Randomized, single-blind, crossover, placebo-controlled comparative study (n = 19).

Primary Endpoint Serum lipids: LDL-Cholesterol. HDL-Cholesterol, Total Cholesterol, TG
Secondary Endpoint Lipoproteins; VLOL, LDL, HDL

Paragraph Measured Serum chemistry; AST, ALT, y-GT, hs-CRP, TP, ALB, CRE, UA. UN
Body composition measurements; Percentages of fat, bone, water, and muscle

Figure | Clinical study design.
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Measurement of serum chemistry values

From the subjects fasting from 21:00 of the day before the
measurement day, blood was collected at 9:00 in the morning of the
measurement day, and the following paragraphs were measured: AST,
ALT, y-GT, LDL-C, HDL-C, total cholesterol, TG, hs-CRP, total
proteins (TP), albumin (ALB), creatinine (CRE), uric acid (UA),
and urea nitrogen (UR). Here, the concentrations of LDL-C, HDL-C,
total cholesterol, and TG were determined by the enzyme methods.
A precision measurement was adopted for lipoprotein fractions;
chylomicrons (VLDL, IDL, LDL, and HDL) were analyzed by a
polyacrylamide gel disc electrophoresis by which the chylomicrons
were separated in this order according to the particle sizes. These
analyses were performed by Mitsubishi Chemical Medience Co., Ltd.

Body composition measurement

Body weight, lean body mass, body water mass, fat mass, muscle
mass, skeletal muscle mass, mass of in-organics, protein mass, body
mass index (BMI), body fat percentage, body fat mass, amount of
visceral fat, and mass of subcutaneous fat were measured by the
bioelectrical impedance analysis method, using body components
measuring devices (X-SCAN Plus professional, Jawon Medical Co.,
Ltd.).

Methods of statistical analyses and entry method of
numerical values

The data were statistically analyzed by using SPSS (PASW)
Statistics 18 (IBM Japan, Ltd.). In the open label trial, the measured
values at the beginning of the study, Week 4, and Week 8 were
pursued. Analysis of variance was performed for the differences of
the mean values at the 3 points, and the repeated-measure analysis
of variance (ANOVA) or Friedman test was adopted. A multiple
comparison was made for the differences of the mean values at each
point, and Bonferroni correction or Steel-Dwass test was adopted. In
the crossover placebo-controlled study, the measured values at the
beginning of the study and Week 4 were pursued. The paired t-test
was performed for the difference of the average values at each point,
while regarding the inter group difference of the average values, the
t-test or Mann—Whitney U test was used on the assumption of the
normal distribution of population. When the significance level was
less than 5%, we judged there was a significant difference, and in case
where the level was less than 10%, we judged there was a tendency.
Values were denoted as Mean+SEM.

Results

Serum chemistry values

Demographic characteristics, serum chemistry data, and nutrients
of each subject are shown in Table 1. There were no large difference
for the demographic data including age, BMI, and weight between
the two trials. Among 14 subjects included in the open label trial, 7
subjects showed high LDL-C, 3 subjects low HDL-C, and 8 subjects
high TG (there were overlaps) in comparison with the standard values
of Japanese patients with dyslipidemia. Among 19 subjects included
in the crossover placebo-controlled trial, 13 subjects showed high
LDL-C, 2 subjects low HDL-C, and 9 subjects high TG (there were
overlaps). All the subjects developed one or more lipid abnormalities.
At the time of screening, there was no subject with hyperglycemia
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which is one of the factors affecting a lipid profile.
Serum chemistry values in open label trial

Serum chemistry values examined in the open label trial are
presented in Table 3. The ANOVA was performed for the differences
of the mean values at the 3 points (before administration, Week 4
and Week 8 after the initiation of administration) in the group taking
the supplement tablets; as a result, LDL-C of blood lipid tended
to decrease at Week §(P=0.09).In the multiple comparison test, no
significant change was observed at Week 4 and Week 8 in comparison
with the values before the treatment with the supplement tablets.
Although the change of an HDL-C value was slight, the ANOVA
indicates that there was a significant reduction in this parameter
(P=0.02), whereas HDL increased significantly (P=0.006). The
ANOVA demonstrates the significant decrease of VLDL (P=0.006). In
the next step, we performed the ANOVA for the lipoprotein fractions
by sex; the result showing significant reduction of VLDL at Week 4
and Week 8 in male subjects with P=0.02 (n=10), but not in female
subjects (Figure 2). In the multiple comparison test on the VLDL
mean values of male subjects, no significant difference was observed
among the 3 points. Regarding the values of VLDL of female subjects,
no significant difference was indicated probably due to the small
number of the subjects, but VLDL was decreased as was observed in
male subjects. The changes of other parameters of serum chemistry
were small, however, the TP, HDL-C, LDL-C, and ALB decreased
temporally at Week 4, and recovered at Week 8. These Bell-shape
changes indicate the likely presence of a placebo effect or changes
in eating habits and/or exercise habits of subjects during the first
4-weeks. The decrease of serum HDL-C contradicted the increase of
HDL, though the reason was not obvious. Although the placebo effect
was suggested, since regarding VLDL, LDL, and HDL determined by
the precision measurement of lipoprotein fractions, there was no large
difference between Week 4 and Week 8 and the decrease of VLDL
and HDL at these 2 time points were statistically significant (P=0.006)
in comparison with the data before administration, we planned to
perform a crossover placebo-controlled study in the next step, so as
to eliminate the placebo effect if there is and to especially confirm the
effect of oyster meat supplement on HDL and HDL-C.

Serum chemistry values in
controlled trial

crossover placebo-

Measured values in the supplement and the placebo groups are
summarized in Table 4, and no significant changes were observed in
most of the parameters. In Table 4, the parameters whose standard
values are different between male and female subjects were analyzed
by sex. There were no paragraphs which indicated sex-dependent
differences. The significant difference was observed in HDPLC and
VLDL between the supplement group and placebo group; thus, only
in the supplement group HDL-C increased significantly (P=0.04),
while VLDL reduced (P=0.03).

%Change of each parameter was examined. As shown in Figure
3,'HDL-C of the supplement group increased significantly compared
with that of the placebo group (P=0.02). TG in the placebo group
increased at Week 4 temporally, while TG in the supplement group
did not increase or was significantly suppressed as shown in Figure
3 (P=0.02).> In addition, Figure 3*indicates the significant decrease
of VLDL in the supplement group (P=0.04) as observed in the open
label study.
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Table 3 Changes of serum chemistry parameters at Weeks 4 and 8 after initiation of administration of oyster extract supplement from those before

administration in open label study

Unit Standard Initial 4Weeks 8Weeks P2Meant*SEM
m 40-85
HDL-C mg/dL 50.5£3.3 46.8+3.0 50.1+2.8 0.02%*
f 40-95
LDL-C mg/dL 65-139 145.511.9 135.6+£10.5 141.6x11.4 0.09
Total-C mg/dL 120-219 244.7£12.7 231.1%9.1 234.3%£10.9 0.11
TG mg/dL 30-149 241.6+£43.3 252.4+45.3 228.9+33.0 0.65
m 5-20
VLDL % 18.8%1.6 15.1£1.3 15.3%1.5 0.006°+*
f4-17
m 44-69
LDL % 45.2+3.1 46.4+2.5 46.9+2.5 0.67
f 42-65
m 22-50
HDL % 18.8+1.0 21.9£1.1 20.4£1.0 0.006°+*
f26-53
AST U/L 10 - 40 26.4+3.5 22.7+2.1 21.6x1.5 0.27
ALT 1U/L 5-45 39.9+10.2 25.4+2.6 25.1+2.7 0.16
m 80
v-GT 1U/L 63.1£12.8 55.4+8.6 56.719.5 0.39
f30
TP g/dL 6.7-8.3 7.60.1 7.4£0.1 7.5£0.1 0.03*
ALB d/dL 3.8-53 4.7£0.1 4.620.1 4.7+0.1 0.57
hs-CRP mg/dL 0.3 or less 0.12+0.04 0.07£0.02 0.08+0.02 0.19
CRE mg/dL 0.61-1.04 0.84£0.0 0.81£0.0 0.84£0.0 0.25
UA mg/dL 3.8-7.0 5.8+0.2 5.6+0.2 5.7£0.2 0.35
UN mg/dL 8-20 13.6£0.6 14.0£0.8 14.1£0.6 0.82

P values were calculated using the repeated measure analysis of variance (ANOVA).VLDL, LDL, and HDL were evaluated using the Friedman test; *, < 0.05;
** < 0.01; m, Male; f, Female; ALB, albumin, ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRE, creatinine, [1-GT, (-glutamyl transpeptidase;
HDL, high-density lipoprotein; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity c- reactive protein; LDL, low density lipoprotein; LDL-C, low
density lipoprotein cholesterol; TG, triglyceride; total-C, total cholesterol, TP, total protein; UA, uric acid; UN, urea nitrogen;VLDL, very low-density lipoprotein;

SEM, standard error of means

VLDL, %

250

200

15.0

100

50

00

& : Male[n=10)
[ : Female (n = 4)

“ 8

Time (Week)

Figure 2 Changes of the means of %VLDL over time in each male and female group supplemented with the oyster extract in the open label study.

Points, mean value; Bars, SEM; *, significantly different from the value before administration with P=0.02 (Friedman test)
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Table 4 Changes due to oyster extract supplemented in the serum biochemical profile and body compositions prior to and following the dietary study period
in the crossover, placebo-controlled comparative study

Table 4A Serum chemistry data

Before dosing Final(Week 4) P*MeantSEM
Serum Active; Final;
chemistry Unit Standard Sex  Active® Placebo Active® Placebo initial vs  active vs
data final placebo
Serum chemistry data
m 40-85 m 44.713.6 46.89+2.2 48.22+3.0 46.8+3.6 0.09 0.26
HDL-C mg/dL f 40-95 f 66.8+4.8 71.00£5.2 68.50+4.8 68.4+5.3 0.30 0.95
56.3£3.9 59.60+4.0 58.90+3.7 58.2+4.1 0.04* 0.48
LDL-C mg/dL 65-139 149.3+6.3 156.10£6.1 154.10+6.4 153.9£5.3 0.11 0.97
Total-C mg/dL 120-219 239.5%6.6 245.70+6.9 239.30+6.5 242.3%5.3 0.95 0.54
TG mg/dL 30-149 165.3+21.3 130.30+35.6 147.80+18.5 171.7£29.0 0.18 0.17
m 5-20 m 15.3%1.6 12.78+1.4 13.44+6.15 12.7+1.6 0.25 0.8l
VLDL % f4-17 f 10.3+1.0 9.30£1.0 8.10+0.9 10.3x1.1 0.08 0.35
12.7x1.1 10.90+0.9 10.60x1.3 11.4x1.0 0.03* 0.15
m 44-69 m 50.6%1.3 53.8+2.9 51.9£2.5 52.7£2.1 0.37 0.73
LDL % f 42-65 f 58.10+2.4 57.2+1.8 58.5%1.8 55.0£2.1 0.83 0.24
54.5£1.6 55.6%1.7 55.4£1.6 53.9+1.5 0.46 0.27
m 22-50 m 18.6+1.4 19.9+1.4 18.9%1.1 20.3£1.2 0.59 0.05
HDL % f26-53 f 24.51.5 25.71.5 24.8+1.6 25.7%1.7 0.35 0.31
21.5%1.2 23.0£1.2 22.0£1.2 23.2+1.22 0.29 0.06
AST IU/L 10 - 40 22.3%1.6 23.0+1.4 23.0+1.5 21.5%1.2 0.53 0.38
ALT U/L 5-45 24.8+3.8 24.9+3.9 23.8+2.8 24.3+3.2 0.56 0.8l
m 80 m 47.2+8.7 39.4+6.2 47.7+9.0 51.7x12.7 0.88 0.46
y-GT IU/L f30 f 27.7+5.2 35.5+8.4 30.0£5.5 29.1£5.0 0.43 0.58
36.9+5.3 38.4+5.2 372454 39.8+6.9 0.48 0.59
TP g/dL 6.7-83 7.3%0.1 7.3£0.1 7.4£0.1 7.4+0.1 0.12 0.76
ALB d/dL 38-53 4.50.1 4.620.1 4.620.1 4.60.1 0.06 0.74
hs-CRP mg/dL 0.3 0.10+£0.0 0.1+0.0 0.1+0.0 0.11£0.1 0.75 0.90
CRE mg/dL 0.61-1.04 0.78+0.0 0.8+0.0 0.8+0.0 0.79+£0.0 0.66 0.44
UA mg/dL 38-70 5.5£0.2 5.5%0.3 5.5%0.2 5.4+0.3 0.89 0.85
UN mg/dL 8-20 14.6+0.8 13.5+0.5 13.5+0.7 14.5+0.7 0.06 0.08

P* values were calculated using paired t test.VLDL and LDL and HDL were evaluated using the Wilcoxon signed rank test, Active®: oyster extract supplement
group, *: < 0.05, M, male; F, female; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRE, creatinine; y-GT, y-glutamyl transpeptidase;
HDL, high-density lipoprotein; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity c-reactive protein; LDL, low density lipoprotein; LDL-C, low
density lipoprotein cholesterol; TG, triglyceride; Total-C, total cholesterol; TP, total protein; UA, uric acid; UN, urea nitrogen;VLDL, very low-density lipoprotein;
SEM, standard error of means
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Table 4B Body composition data
Before Dosing Final (week 4) P*MeantSEM
Active; ::::II;
Unit Standard Sex Active® Placebo Active® Placebo initial vs
final vs
placebo
Body composition data
Weight Kg 65.3+2.7 65.5£2.8 65.4+2.8 65.4+2.7 0.50 0.8l
Body mass index Kg/m? 18.5-25 24.2+0.9 24.3+0.9 24.3+0.9 24.3+0.9 0.55 0.82
%Fat % 26.6x1.6 26.6x1.6 26.2%1.6 26.0£1.7 0.12 0.88
Fat Kg 17.7x1.4 17.81.5 17.5%1.5 17.4x1.5 0.21 0.66
Muscle Kg 43.9x1.7 44.0x1.7 44.2+1.7 44.3x1.7 0.05 * 0.75
Basal metabolic . /day 12118380  1212.6+383 1214.9+38.3 12142377 0.05% 082

rate

P2 values were calculated using paired t test;Active®, oyster extract supplement group; *, <0.05,SEM, standard error of means
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Figure 3 %Changes of the means of HDL-C, TG, andVLDL over time in oyster extract supplement group or placebo group in the crossover, placebo-controlled,

comparative study.

Two-sided P values were calculated for difference between the active ingredient and placebo groups in means using Mann-Whitney U test. Two-sided P values

were calculated for difference between the initial and final points using the Wilcoxon matched pairs signed rank test; Points, mean values; Bars, SEM.
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Body composition measurement in crossover placebo-
controlled trial

The body compositions listed in Materials and Methods were
determined, the result showing no significant difference in most of
items (data not shown) except the muscle mass and basal metabolisms
between the groups of supplement and placebo. The muscle mass
and basal metabolisms increased significantly in the supplement
group though the change was not large (muscle mass; P=0.048, basal
metabolism; P=0.045).

Adverse events and side effects

In the 2 trials, there was no subject who discontinued the trials, and
there were no harmful effects with cause-and-effect relationship with
the intake of the testing oyster supplement in the subject based on the
serum chemistry and interviews.

Study limitations

In this report, the effects of the oyster supplement were validated
in the open label study, followed by confirmation of the effect in the
crossover placebo-controlled study.

Astheresult of the improvement of enzymatic hydrolysis conditions
for oyster meat, the rate of low molecular fraction was increased in the
compositions of the test supplement used in the crossover placebo-
controlled study. In addition, since the number, age, and male/female
ratio of the subjects were not same in the 2 trials, it was difficult
to compare the results in the 2 studies. In the crossover placebo-
controlled study, the decrease of HDL-C, and the increases of TG and
VLDL were observed in the placebo group, while the tendency of
increase of HDL-C, and the decreases of TG and VLDL was observed
in the supplement group. Furthermore, the muscle mass and basal
metabolisms in the supplement group significantly increased in the
crossover trial. Hence, there was a concern that change of exercise
habits and food habits interfered with the results. Based on these
limitations, careful consideration is required for the interpretation of
the present results.

Discussion

Before starting the present clinical trials, consent was obtained
from medical workers who concerned about their blood lipid data,
and the subjects with lipid abnormality in one or more parameters of
blood lipid were sorted out in the screening.

The upper limit of BMI was to be 25kg/m? In the open label
trial, the subjects showed a mean BMI value of 25.3kg/m? and were
categorized into the obesity group. In the crossover trial, since the
subjects showed amean BMI value of24.4kg/m?, they were categorized
into non-obesity group (Table 1). In a diet survey, the average energy
intake of subjects was of 2,234kcal in the open label trial. This value
was not superfluous when compared with the energy requirement for
the physical activity level III (male 2,800kcal, female 2,200kcal) to
which workers who engage in jobs with frequent moving or standing
are categorized. Therefore, as the cause(s) of dyslipidemia, the effects
of the living habits including nutritional balances, exercise habits, or
sleep habits may be predicted in addition to the food consumption.

In this study, we conducted the exploratory open label study at first
to examine whether the lipid improvement effect observed in the test
using animal models was reproduced or not in humans. The result of
the open label study confirmed the improvement tendency of blood
lipid values other than HDL-C at Week 8 in the 8-week test duration.
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Regarding lipoprotein compositions, we found the decrease of VLDL
and the increase of HDL probably caused by the oyster supplement.
The result indicates that the oyster meat supplement was likely to
suppress the excessive production of VLDL, which is synthesized in
the liver and plays a role to transport cholesterol into blood. In this
trial, the ratios of VLDL decreased, while HDL ratio increased; this
result was incompatible. Since there was a tendency that the values
of TP, ALB, HDL-C, and LDL-C decreased at Week 4 but increased
at Week 8, we cannot exclude the changes of nutritional status and
exercise quantity up to Week 4 from the placebo effects (Table 3).

Since we confirmed the effect of oyster meat supplement on the
lipid metabolism in the open label study, we planned a 4week crossover
placebo controlled comparison study to elucidate the effects of oyster
meat supplement on HDL, HDL-C, and VLDL in which subjects
with hyperlipidemia were included. The subjects received the oyster
supplement tablets and the placebo tablets for 4weeks, respectively,
while inserting a withdrawal period between the 2 administration
durations. As a result, there observed significant changes of HDL-C
(P=0.04), and VLDL (P=0.03) after the administration of oyster meat
supplement (Table 4). In other words, the oyster meat supplement
group resulted in the suppression of HDL-C decrease and VLDL
increase. The %changes of the means of each parameter were
compared over time in the two groups. Most of parameters did not
show any difference in both groups, but HDLC, TG, and VLDL at
Week 4 were significantly different from those of the placebo group
with P=0.02, 0.02, and 0.04, respectively (Figure 3).

The placebo tablets were prepared by replacing the oyster extract
with maltitol of sugar alcohols (hydrogenated maltose starch). Maltitol
is a low-calorie sweetener whose calorie is one half of sucrose. Energy
per day of placebo tablet is 18 kcal, which is lower than the energy
of the oyster supplement (21 kcal per day). As the load of maltitol
contained in the placebo tablets was small and approximately 2g in a
day, changes including the increase of TG due to the administration
of maltitol could be neglected. Hence, the tendency of the decrease
of HDL-C, the increase of TG, and the slight increase of VLDL
observed in the placebo group (Table 4) was not attributable to the
placebo tablets, but probably attributable to the changes of lifestyle
habits of subjects. Since in the cross-over placebo-controlled trial, the
same subjects received the oyster meat supplement and placebo under
single blind conditions for the subjects, the changes of HDL-C, TG,
and VLDL observed in the supplement group was thought to be the
changes caused by the supplement per se. In the crossover placebo-
controlled study, the increase of TG was inhibited; this result being
compatible with the result in our animal model study. The oyster meat
extract powder prepared by enzymatic degradation that was used in
this study is reported to reduce the activities of fatty acid synthase and
phosphoric acid glucose 6-dehydrogenase (G6PDH), and the amount
of TG in the liver of Sprague-Dawley rats.!" Fatty acid synthetase
synthesizes fatty acids from acetyl CoA, G6PDH converts glucose-
6-phosphoric acid to glycerol-3-phosphoric acid, and TG is formed
by binding of the fatty acids with glycerol-3-phosphoric acid by the
action of transferase. TG forms a complex with lipoproteins and
generates VLDL, a precursor of LDL, which carries cholesterol.

The present 2 clinical trials confirm that the oyster meat supplement
caused the decreases of the ratio of lipoprotein VLDL that carries TG.
In the open label trial, lipoprotein VLDL decreased and LDL-C of
blood lipid tended to decrease. In the crossover placebo controlled
trial, VLDL decreased significantly, but LDL-C did not change. VLDL
that is generated in the liver has a role to supply cholesterol to the
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peripheral tissues while changing to LDL. The cholesterol reduction
effect of hydroxymethylglutaryl-CoA reductase inhibitors (statins) is
attributed to their inhibitory activity on the biosynthesis of cholesterol.
Different from such effect of statins, the active substance(s) in the
oyster meat extract are likely to affect the formation of lipoproteins,
which are a carrier of cholesterol, by inhibiting the VLDL synthesis
through the control of hepatic TG synthesis. As shown in Table 4,
in the cross-over placebo-controlled trial, lipoprotein HDL tended to
increase (P=0.06), while blood lipid HDL-C significantly increased
(P=0.04). HDL withdraws an excess amount of cholesterol from the
peripheral tissues and inversely transports it to the liver in which
cholesterol is subsequently converted to bile acids that are in turn
removed by excretion into bile. In blood Apo A-I enters peripheral
cells, withdraws cholesterol, returns to the circulation, and converts to
HDL. HDL matures cholesterol by esterification. Cholesterol esters in
HDL are exchanged with TG from VLDL or LDL through cholesteryl
ester transfer protein (CETP). It is known that HDL is increased when
CETP is inhibited.”” CETP inhibitors have been being expected as
new lipid-modifying drugs that increase HDL, and among the food
constituents, polyphenols in hops are reported to inhibit CETP." Since
oyster meat supplement obtained by the enzyme degradation resulted
in the reduction of VLDL and the increase of HDL, one or more
functional amino-acid and peptide components having these functions
will be identified in the future.

Regarding degradation products by enzyme digestion from the food
proteins, peptides (remaining as the indigestible state) originated from
soy proteins have bile acid-binding capacity, and reduce cholesterol, a
precursor of bile acids.' Peptides contained in the oyster meat extracts
were unlikely to inhibit the absorption of bile acids or TG in the
digestive tract; because the peptides were predicted to be dipeptides
based on the molecular weight distribution. As the low molecular
weight peptides which are known as active components to reduce TG,
valyl threonyl leucine, valyl tyrosyl proline, and valyl tyrosyl proline
are present in pig erythrocyte hemoglobin hydrolysate.®

Transcription factor SREBP (sterol regulatory element-binding
protein) regulates metabolism of fatty acids, TG, and cholesterol. In
animal obesity models, fatty acid synthesis was accelerated by SREBP
activation. SREBP is thought to be controlled by cholesterol contents
in a body mainly, but Inoue et al. report that it is also controlled by
glutamine, one of amino acids.'® Taurine, which is a sulfur-containing
amino acid and is contained in oyster meat extracts, has a cholesterol
reduction efficacy. Cholesterol that is transported to the liver by
HDL is catabolized to bile acids. Then, the acids are conjugated with
Taurine, and the conjugates are excreted into the intestinal tract via
bile. In recent years, Taurine is known to be secreted from adipose
cells and is expected as a novel adipocytokine which improves the
inhibition of expression of adiponectin due to obesity.'°

In this study the muscle mass and basal metabolic rate were low
but significantly (P=0.05, respectively) increased at Week 4 in the
supplement group of the crossover placebo-controlled study (Table
4); the reason for this is probably ascribable to the elevation of activity
caused by the improvement of nutritional state by supplementation
of amino acids and peptides. Ohtani et al.,* report that the nutritional
state was improved in their clinical study in elder person aged at
83 (average) who received 1,800mg/day of amino acids for a long
duration.

Since the number of examinees, age, and the ratio of male and
female subjects were different in the present 2 trials, it is difficult
to exactly compare the results of 2 studies. However, since the
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improvement of enzymatic degradation in the crossover trial resulted
in the change of components in the oyster extract as described above,
there is a possibility that the change in the quality and/or amounts of
peptides may affect the data in the crossover trial.

From now on, we will identify the functional amino acids and
peptides contained in the oyster meat extract and eclucidate their
mechanism of action, and thereby we will develop the safer and more
effective functional foods for the purpose of the primary prevention of
lifestyle-related diseases.
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