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Abstract: We performed a randomized double-blind, placebo-controlled study on moderately obese male
and female subjects (71 subjects) with a body mass index ranging from 23 to 30 to evaluate the efficacy of
12-week intake of polyphenols extracted from apples and hop bract (600 mg/day). We confirmed that 12-
week ingestion of polyphenol-containing capsules significantly decreased total cholesterol and LDL-
cholesterol levels. The effects of the apple polyphenol-containing capsules were more marked than those of
the hop bract polyphenol-containing capsules. The visceral fat area and the level of adiponectin in the
group administered apple polyphenols improved in comparison with the control group. Blood and physical
examinations revealed on clinical problems, and no adverse reactions were observed during the ingestion
period. These results demonstrate that apple polyphenols regulate fat metabolism in healthy subjects with

relatively high body mass index.
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1 INTRODUCTION

The recent World Health Organization (WHO) report
entitled “Preventing chronic diseases: a vital investment”
emphasizes the necessity of addressing on an international
basis the major risks associated with chronic diseases”.
The global risk of overweight/obesity as well as the high
incidence of diabetes, cardiovascular diseases, and specific
cancers have been recognized. Globally, about one billion
people are overweight or obese whereas 850 million are
underweight?.

Excessive ingestion of fat results in obesity and various
lifestyle-related diseases. According to a survey, percent
body fat increases with dietary lipid intake?. Fat accumu-
lation, especially visceral fat accumulation, induces
metabolic syndrome associated with insulin resistance?,
causing lifestyle-related diseases such as diabetes, hyper-
lipidemia, and hypertension, leading to arteriosclerosis®.
In addition, several studies have reported that large

amounts of physiologically active substances (adipocy-
tokines), such as leptin, tumor necrosis factor (TNF)-c,
plasminogen activator inhibitor (PAI)-1, and adiponectin,
are synthesized in accumulated adipose tissue®'”. These
substances directly contribute to various diseases.
Adiponectin is a hormone secreted by adipose cells and
many studies have indicated its relationship to insulin
resistance ", In addition, hypoadiponectinemia is associ-
ated with the clinical phenotype of metabolic syndrome
and adiponectin levels may be clinically useful for detect-
ing an underlying metabolic disorder***,

Recent studies investigated tea polyphenols as function-
al food materials and reported their antioxidant***®, anti-
cancer ', blood sugar elevation-inhibiting®, and hypoten-
sive effects®. With regard to serum total cholesterol-
reducing action, another study confirmed the efficacy of
12-week tea catechin ingestion for borderline/mild hyperc-
holesterolemia®. In addition, many animal experiments
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have recently demonstrated the neutral fat-reducing
effect®?, inhibitory effects on fat accumulation®/body fat
accumulation®, and the catabolic action®” of polyphenols
with respect to lipid metabolism, suggesting that polyphe-
nols reduce visceral fat.

It has been shown from previous basic studies that
apple/hop bract-derived polyphenols containing procyani-
dins as the main components®?®, especially apple polyphe-
nols, inhibit an increase in serum cholesterol level®*, pro-
mote the activity of a fat-burning enzyme in the liver, acyl
CoA oxidation enzyme, and reduce the activity of fatty acid
synthase®”, as reported for tea catechins. Twelve-week
studies on apple/hop bract ingestion® ", mutagenicity
tests, and acute/subacute toxicity studies have confirmed
the safety of apple/hop bract polyphenols® *. An apple
contains approximately 200 mg of polyphenols. In the Unit-
ed States, an apple polyphenol (Applephenon®) was
approved as a Generally Recognized as Safe (GRAS) prod-
uct by the Food and Drug Administration (FDA). Consider-
ing that methods for extracting and processing these
polyphenols have been established, they can be applied as
functional food materials that reduce the serum choles-
terol level, preventing obesity. The Japanese Society of
Obesity defined Japanese patients with a body mass index
(BMI) of 25 or more as being obese™.

We examined the usefulness of 12-week ingestion of
polyphenols (consisting mainly of procyanidins) in the pri-

mary prevention of metabolic syndrome in obese patients
with a BMI (obesity index) ranging from 23 to 30.

2 EXPERIMENTAL
2.1 Subjects

From a group of male and female adult volunteers, we
selected 74 subjects with a BMI ranging from 23 to 30
based on a preliminary medical assessment four weeks
prior to ingestion. The subjects lived in Osaka area, Japan
and engaged in normal works including company employ-
ees, civil officers, and homemakers. We excluded persons
taking agents or supplements that may influence lipid
metabolism, those with a history of food allergy, those in
whom more than 200 ml of blood had been collected (blood
donation) within one month before the start of this study,
or more than 400 ml of blood had been collected within
three months, and those who were considered to be ineligi-
ble by attending physicians. A physician who did not
directly participate in this study assigned the 74 subjects
to three groups based on the results of the preliminary
medical assessment (hematology, physical examination)
and computed tomography (CT) findings before administra-
tion began so that there were no marked differences in age,
body weight, height, obesity index, blood pressure, neutral
fat, total fat area (TFA), visceral fat area (VFA), subcuta-

Table 1 Demographic Data and Baseline Characteristics'.

Parameters

Group A (Hop bract)

Group B (Apple) Group C (Placebo)

Number

Male:Female Ratio

Male 15 Female 8

Male 15 Female 9 Male 15 Female 9

Age 47.0 = 93 47.8 =108 46.5 £ 10.8
Height (cm) 1647 £ 75 164.5 £10.3 1653 = 8.4
Body weight (kg) 70.0 = 9.1 70.4 £ 11.3 709 £ 8.8
BMI 257 = 2.0 259 = 19 259 £ 22
Waist (cm) 845 £ 7.0 864 £ 73 842 £ 65
Hip (cm) 98.7 £ 4.6 988 £ 53 999 £ 4.1
Waist/Hip Ratio 0.86 = 0.06 0.87 £ 0.04 0.84 £ 0.05
Systolic blood pressure (mmHg) 127.5 £ 15.1 1274 £ 126 124.6 £ 15.8
Diastolic blood pressure (mmHg) 80.8 £ 9.0 770 £ 93 78.7 104
Pulse (/min) 71.6 = 63 693 = 7.0 68.8 = 8.6
Total cholesterol (mg/dl) 218.7 £ 37.0 219.7 £ 30.7 221.8 =289
LDL-cholesteroa (mg/dl) 140.2 £ 33.6 140.3 £ 24.0 1427 £ 26.2
HDL-cholesteroal (mg/dl) 529 =134 522 +10.9 523 *11.5

"Each value is the mean & SD. None of these characteristics were different among the groups at study start (Bonferroni’s multiple comparison test).
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neous fat area (SFA), or waist/hip ratio. As shown in Table
1, there were no significant differences in any parameters
among the three groups.

We excluded three subjects (1 male in each group) that
had a rapid increase in the neutral fat level 16 weeks after
the start of this study (12 weeks after the start of inges-
tion) due to poor diet control, since the Dropout Review
Committee confirmed that these dropouts were not associ-
ated with the test diets. Finally, we evaluated 71 subjects
(45 males, 26 females).

This study was approved by the Soiken Clinical Trial
Ethics Committee. The study contents and methods were
explained to the subjects in accordance with the Helsinki
declaration and written informed consent was obtained
from all subjects.

2.2 Test products

As test dietary supplements, we used two kinds of cap-
sules containing hop bract or apple polyphenols (150
mg/capsule) and a control polyphenol-free capsule (placebo
capsule). To investigate the effects of polyphenols, the
placebo capsule consisted of the same components exclud-
ing polyphenols (crystalline cellulose, tricalcium phos-
phate, sucrose fatty acid ester, glycerine fatty acid ester,
fine silica dioxide). Prior to this study, attending physicians
checked the three kinds of capsules and confirmed that
there were no differences in taste, flavor, or packaging
between the test and placebo capsules.

2.3 Ingestion methods and schedule

We conducted this randomized double-blind placebo-con-
trolled comparative study as described below. A 20-week
study period was established: 4-week observation, 12-week
ingestion, and 4-week follow-up. The subjects were divided
into three groups and the test capsules were administered
as follows:

Group A: Ingestion of a hop bract polyphenol-containing
capsule (150 mg/capsule). The subjects took four capsules
before dinner (total: four capsules/day).

Group B: Ingestion of an apple polyphenol-containing
capsule (150 mg/capsule). The subjects took four capsules
before dinner (total: four capsules/day).

Group C: Ingestion of a placebo capsule (150 mg/cap-
sule). The subjects took four capsules before dinner (total:
four capsules/day).

The subjects were instructed to maintain their normal
daily life including diet, smoking, and exercise.

2.4 Examination items

All subject examinations were conducted or supervised
by a physician.
2.4.1 Blood tests

The blood samples were collected from the brachial vein,
processed, and analyzed in accordance with the relevant

regulations. Prior to all examinations, the subjects were
fasted for 12 hours or more to avoid the influence of extrin-
sic factors such as diet and exercise. After they were rest-
ed for 10 minutes or more following arrival, blood was col-
lected in the sitting position.

In a preliminary medical assessment prior to the start of
this study, we measured the levels of triglycerides, total
cholesterol, LDL-cholesterol, HDL-cholesterol, free fatty
acids, phospholipids, creatinine, HbA,;, GOT (AST), GPT
(ALT), g-GTP, and fasting blood sugar.

In this study, hematology was performed five times, that
is, at the start of ingestion, after 4, 8, and 12 weeks of
ingestion, and four weeks after the end of ingestion (at the
end of the four-week follow-up period). The parameters
included triglycerides, total cholesterol, LDL-cholesterol,
HDL-cholesterol, phospholipids, and non-esterified fatty
acids (NEFA).

In addition, we measured adiponectin, PAI-1, leptin,
hsCRP, GOT (AST), alkaline phosphatase (ALP), albumin,
creatinine, Na, Ca, Cl, K, GPT (ALT), lactic acid dehydroge-
nase (LDH), total bilirubin, fasting blood sugar, insulin,
unsaturated iron binding capacity (UIBC), Fe, g-GTP, total
protein, urea nitrogen, HbA,c, and blood cell components
(leukocytes, erythrocytes, hemoglobin level, hematocrit
value, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concen-
tration (MCHC), and platelet count) at the start of ingestion
and after 12 weeks of ingestion (at the end of ingestion).
24.2 CT

In the subjects, abdominal fat analysis by CT scan was
performed. Using PC software for measuring visceral fat
(Fat Scan, N2 System Co., Ltd.), we calculated TFA, VFA,
and SFA from transverse L4/L5 intervertebral disk sec-
tions on abdominal CT.

The analysis was performed at the start of ingestion and
after 12 weeks of ingestion (at the end of ingestion). As a
rule, it was performed within four days before and after
examination. On the day of examination, it was performed
after a 4-hour fast (water was restricted for two hours
prior to examination).

2.4.3 Physical examination

In the preliminary medical examination prior to the start
of this study, we measured height, body weight, waist/hip
ratio, blood pressure, and pulse rate. The obesity index
(BMI) was calculated from the height and body weight.

In this study, body weight, waist/hip ratio, blood pres-
sure, and pulse rate were measured six times, that is, four
weeks before the start of ingestion (observation period), at
the start of ingestion, after 4, 8, and 12 weeks of ingestion,
and four weeks after the end of ingestion (at the end of the
four-week follow-up period). BMI was calculated from the
height obtained in the preliminary test. After the subjects
were rested for 10 minutes or more following arrival, blood
pressure and pulse rate were measured from the left
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brachium in the sitting position while clothed by skilled
nurses. Body weight was measured using a TBF-614 meter
(Tanita).

2.4.4 Diet survey and measurement of exercise

The subjects were instructed to use a diary to record
their dietary intake and the intensity of exercise (walking)
for three days before each examination at the start of
ingestion, after 4, 8, and 12 weeks of ingestion, and four
weeks after the end of ingestion (at the end of the four-
week follow-up period) as well as after 2, 6, and 10 weeks of
ingestion during the ingestion period.

We analyzed the data over three days before each exami-
nation at the start of ingestion, after 4, 8, and 12 weeks of
ingestion, and four weeks after the end of ingestion (at the
end of the four-week follow-up period). In the dietary
record analysis, dieticians calculated nutrient intake (ener-
gy, protein, fat, carbohydrate, cholesterol, and dietary
fiber). For exercise, the subjects were instructed to record
daily walking activity using a pedometer. They recorded
alcohol intake in the diary every day during the study peri-
od.

2.4.5 Physician interviews of subjects

At the time of the preliminary medical examination and
during this study, physicians interviewed subjects six
times, that is, four weeks before the start of ingestion
(observation period), at the start of ingestion, after 4, 8, and
12 weeks of ingestion, and four weeks after the end of
ingestion (at the end of the four-week follow-up period), to
ascertain the incidence of symptoms such as general
malaise, anorexia, nausea, diarrhea, vomiting, and
headache as well as other adverse reactions.

2.4.6 Statistical analysis

All values were expressed as the mean = standard devi-
ation. Concerning the physical examination findings and
the pattern of changes in serum lipids during the ingestion
period, we analyzed the alternate actions of the test cap-
sules with the ingestion period between Groups A and C
and between Groups B and C by two-way repeated mea-
sures analysis of variance (ANOVA). Furthermore, Bonfer-
roni’s multiple comparison test was used to compare the
hematological data, physical examination findings, CT
findings, nutrient intake, and exercise between Groups A
and B. In each test capsule group, the data were compared
with the value at the start of ingestion using Bonferroni’s
multiple test or the paired t-test. We employed SPSS Ver.
11.5 statistical software (SPSS Co., Ltd.). In all tests,
P<0.05 was regarded as significant (paired test).

3 RESULTS
3.1 Serum lipid levels

The changes in the total cholesterol level are shown in
Fig. 1. The total cholesterol level in Group B was signifi-
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cantly decreased (P<0.05) compared with Group C after
four weeks of ingestion and compared with the baseline
after 12 weeks. This trend was also noted in Group A.
Blood samples were further separated into various lipopro-
tein fractions as presented in Table 2. A lipoprotein lipid
fraction test showed a significant decrease in the LDL-
cholesterol level in Group B (P<0.05) compared with the
baseline after 8 and 12 weeks of ingestion. There was a sig-
nificant decrease in the LDL-cholesterol level in Group A
(P<0.05) compared with Group C after four weeks.

3.2 Changes in the abdominal fat area

The changes in TFA, VFA, and SFA are shown in Fig. 2.

We measured the abdominal fat area and there was a
slight decrease in VFA in Group B. TFA was slightly
increased in Group C, higher than the values in Groups A
and B. In Groups A and B, TFA, VFA, and SFA were lower
than the values in Group C, suggesting the visceral fat-
reducing effects of the apple/hop bract polyphenol-con-
taining capsules.

3.3 Physical examination

The changes in body weight in individual subjects were
investigated as shown in Fig. 3. In Groups A and B, these
parameters serially decreased after four weeks of inges-
tion, although there were no significant differences com-
pared with baseline values. The changes in body weight
and BMI differed between Groups B and C. There were no

Ingestion period S A_’-‘\_ﬁ_: Follow- upf'?.

ATotal cholesterol (mg/dl)

(Weeks)

Fig. 1 Changes in Serum Yotal Cholesterol Levels by 12-
week Ingestion of Polyphenols in Group A (Hop
bract) (@), Group B (Apple) (), and Group C
(Placebo) (A).
Values are mean = SE. Symbols indicate differences
among groups, +: P<0.1, #: P<0.05. Symbols
indicate differences versus baseline, T: P<0.1,*:
P<0.05. Comparisons were undertaken using
Bonferroni’s multiple comparison test.
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Fig. 2 Changes in the Abdominal Fat Areas by 12-week
Ingestion of Polyphenols in Group A (Hop bract)
(@), Group B (Apple) (), and Group C (Placebo)
(A).
(A) Total fat area. (B) Visceral fat area. (C)
Subcutaneous fat area. Values are mean = SE.
Symbols indicate differences among groups, +:
P<0.1. Symbols indicate differences versus baseline,
T: P<0.1. Comparisons were undertaken using
Bonferroni’s multiple comparison test.
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/Body Weight (kg)

Ingestion period

-0.6 — .
(Weeks)

Fig. 3 Changes in Body Weight by 12-week Ingestion of
Polyphenols in Group A (Hop bract) (), Group B
(Apple) (), and Group C (Placebo) (A).
Values are mean &= SE. Symbols indicate differences
among groups, +: P<0.1. Comparisons were
undertaken using Bonferroni’s multiple comparison
test.

abnormalities in blood pressure or pulse (data not shown).

3.4 Adipocytokines

The adiponectin test results are shown in Table 3. In
Group C, the adiponectin level in blood decreased signifi-
cantly after 12 weeks of ingestion (P<0.001) compared with
the baseline. There were significant differences between
Groups A and C (P<0.05) and between Groups B and C
(P<0.01). No significant differences were observed in leptin
or PAI-1 concentrations.

3.5 Nutrient intake, alcohol intake, and exercise

There was a significant difference in fat intake level
after four weeks of ingestion between Groups A and B
(P<0.05). However, there were no significant differences in
calorie, protein, carbohydrate, cholesterol, dietary fiber,
and alcohol intakes or exercise intensity. During the inges-
tion period, there were no significant changes in the
parameters other than fat intake level in any group (Table
4).

3.6 Changes in the biochemical and hematological data

In Group A, the values of creatinine (0.94 + 0.18 — 1.03
+ 0.16 mg/dl), C1(105.1 + 2.3 — 108.0 + 2.0 mEq/1), UIBC
(236.2 + 80.9 — 252.7 = 71.5 ug/dl), Na (144.3 + 2.2 —
147.6 + 1.6 mEq/l), albumin (4.53 + 0.18 — 4.65 =+ 0.19
g/dl), MCH (30.8 + 1.8 — 30.9 + 1.8 pg), and MCHC (33.5
+ 1.0 — 33.8 £ 1.0%) were significantly increased. The
levels of LDH (200.7 + 30.0 — 193.1 + 34.1 IU/]), MCV
(91.8 £ 4.0 — 91.3 * 3.9 fl), and potassium 4.20 + 0.32 —
4.03 = 0.25 mEq/1) were significantly decreased.

J. Oleo Sci. 56, (8) 417-428 (2007)
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Table 3 Changes in Adipocytokine Concentrations in Blood by 12-week Ingestion of Polyphenols'.

Item Standard value Test diet group n Baseline 12w A
Adiponectin 3.8-16.6 Group A (Hop bract) 23 6.67 = 2.95 649 £ 293 —0.17 £ 0.81
(ug/ml) Group B (Apple) 24 6.01 = 235 6.05 + 2.70 0.04 = 0.87
Group C (Placebo) 24 7.10 £ 2.97 6.48 £ 246*** —0.84 = 0.75%**
PAI-1 0-50 Group A (Hop bract) 23  51.5 £ 293 480 £ 163 —3.6 283
(mg/dl) Group B (Apple) 24 521 +£29.6 46.8 £ 19.7 —53 £21.1
Group C (Placebo) 24 437 £ 189 40.6 =+ 16.8 —3.1 £ 176
Leptin Group A (Hop bract) 23 8.00 £ 545 8.57 £ 6.35 0.57 = 2.45
(ng/ml) Group B (Apple) 24 8.25 = 4.8l 825 = 4.77 0.00 £ 1.72
Group C (Placebo) 24 8.08 =+ 5.07 8.50 £ 4.58 042 £ 290

"Each value is the mean + SD. Symbols indicate differences among groups, #: P <0.05, ##: P <0.01. Symbols indicate differences versus

baseline, ***: P <0.001. Comparisons were undertaken using Bonferroni’s multiple comparison test.

In Group B, the values of creatinine, Cl (105.1 + 1.8 —
107.7 + 1.7 mEq/1), Na (144.7 + 2.1 — 147.3 = 1.9 mEq/1),
albumin (4.55 + 0.16 — 4.64 + 0.17 g/dl), and MCHC (33.4
+ 0.9 — 33.8 £ 0.9 %) were significantly increased. The
hematocrit value (44.8 + 3.5 — 43.7 + 3.5 g/dl), MCV (92.1
+ 3.3 — 90.8 = 3.9 fl), and platelet count (25.9 + 6.5 —
25.2 + 6.6 X 104/ul) were significantly decreased.

In Group C, the values of BUN (14.9 + 3.3 — 16.0 + 3.9
mg/dl), creatinine (0.97 £ 0.18 — 1.06 = 0.21 mg/dl), total
bilirubin (0.69 + 0.28 — 0.81 + 0.34 mg/dl), C1(105.8 + 2.1
— 108.4 + 2.2 mEq/l), Na (145.2 + 1.9 — 147.8 + 1.7
mEq/l), albumin (4.41 + 0.18 — 4.56 + 0.26 g/dl), and
MCHC (33.3 + 0.5 — 33.7 £ 0.6 %) were significantly
increased. MCV (91.1 + 3.6 — 90.5 * 3.6 fl) was signifi-
cantly decreased.

These changes were within the reference ranges, and
were not considered to be significant.

3.7 Adverse reactions

During the ingestion period, cold symptoms were noted
in 11 patients, diarrhea or loose stools in five, and other
digestive symptoms (anorexia) in two. However, ingestion
was continued based on the judgment of the attending
physicians and most symptoms spontaneously resolved
during the study period.

4 DISCUSSION

We examined the benefits of 12-week continuous inges-
tion of apple/hop bract polyphenol-containing capsules in
the primary prevention of metabolic syndrome in male and
female adults with a BMI ranging from 23 to 30 and who
were concerned about an increase in their visceral fat.

The total cholesterol and LDL-cholesterol levels were

significantly decreased in Group B. There was a tendency
towards decrease in Group A also. Concerning the mecha-
nism by which polyphenols decrease the cholesterol level,
it is possible that polyphenols inhibit the enterohepatic cir-
culation of cholesterol and bile acid by binding to choles-
terol and/or bile acid and enhancing fecal excretion.
Enhanced liver cholesterol isomerization to bile acid may
facilitate LDL particle uptake into blood, decreasing the
number of serum cholesterol-activating LDL receptors in
the liver. Micelle formation is known to boost lipid
molecule absorption. Cholesterol biosynthesis rate-deter-
mining enzyme (HMG-CoA reductase) activity in the liver
was reduced in rats fed apple polyphenol compared to rats
that were not®”. The cholesterol-reducing effects of
polyphenols in humans could be reproduced in our present
study.

It is assumed that the mechanism by which proantho-
cyanidins decrease the visceral fat level is as follows:
proanthocyanidins, that is, condensed tannins, have been
reported to reduce dietary efficiency in livestock and a
vegetable-derived component with the above action has
been investigated ***?. There is also evidence that con-
densed tannins exhibit physiological actions such as
antioxidant activity and inhibition of lipase, thereby pre-
venting obesity*. When diets differing in terms of their
tannin content were given to rats, body weight significant-
ly decreased with an increase in the tannin content’’. In
chickens, a high-tannin diet decreased the rate of weight
gain and dietary efficiency*"*. In pigs, a high-tannin diet
significantly increased dietary intake, but decreased
dietary efficiency, although there was no significant
decrease in body weight. In addition, it significantly
decreased the rate of digestion and total energy*?. Fur-
thermore, after tannins were extracted and removed from
a high-tannin diet, the diet was given to rats. Body weight
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was significantly lower than it was in rats fed a diet from
which the tannin had been extracted*’. A high-tannin
sorghum diet given to rabbits significantly decreased the
rate of weight gain and dietary efficiency. The activities of
o-amylase, trypsin, and lipase in the upper small intestinal
contents were inhibited in proportion to the tannin-con-
taining dietary intake®. In Zucker obese rats, tannins
inhibited fat-metabolizing enzymes such as pancreatic
lipase, lipoprotein lipase, and glycerophosphate dehydroge-
nase, and increased lipid breakdown, preventing obesity'®.
To investigate the influence of apple-derived polyphenols
on digestion/absorption, we conducted a study using a
starch-digesting enzyme extracted from rat small intestine
and pig pancreatic lipase. Apple-derived polyphenols
markedly reduced the activities of these digestive
enzymes. On starch and lipid load tests using mice, these
polyphenols also inhibited absorption. In addition, continu-
ous ingestion decreased the fasting neutral fat level*?.
When a high-fat diet was given to rats, apple-derived
polyphenols, mainly consisting of procyanidins, significant-
ly decreased the visceral fat level and significantly
increased the fecal free fatty acid level ",

Animal experiments have suggested that the mechanism
by which apple-derived polyphenols decrease the visceral
fat level involves inhibition of lipid***” or glucose® absorp-
tion in the digestive tract, as described above. The results
of this human study also support the contention that inhi-
bition of lipid absorption in the intestinal tract by
apple/hop bract polyphenols is involved. However, it has
also been reported that catechins decrease body fat with-
out inhibiting lipid absorption®’. Therefore, mechanisms
other than inhibition of lipid absorption may play a role.
Recently, many animal and human studies have reported
that catechins promote lipid catabolism?>%*%, This sug-
gests the enhancement of lipid metabolism is related to an
increase in oxygen consumption and a decrease in the res-
piratory quotient. The results of this study also suggest the
involvement of polyphenols in visceral fat reduction. A
high-fat diet containing apple-derived polyphenols mainly
consisting of procyanidins (condensed tannins) given to
rats significantly decreased the visceral fat level compared
to a polyphenol-free high-fat diet. In particular, it markedly
reduced the mesenteric fat level. In the liver, it enhanced
beta oxidation and reduced fatty acid synthase activity,
inhibiting the expression of fatty acid-synthesizing genes
in the liver®”. According to another study, when apple-
derived polyphenols were given to rats that had been accli-
mated to a standard diet, they inhibited the expression of
fatty acid-synthesizing genes in the liver. The visceral fat
level in the group fed a standard diet containing polyphe-
nols was significantly lower than that in the polyphenol-
free diet group, although there was no marked difference
in body weight®. These studies suggest that polyphenols
enhanced lipid metabolism.

The reason why the reduction in the visceral fat level
was not large may be associated with the dose. One study
on polyphenols in humans indicated that ingestion of red
wine (0.8 g alcohol/kg/day) containing high-level polyphe-
nols (mainly consisting of procyanidins) for 14 days signifi-
cantly inhibited oxidation of low-density lipoproteins in
blood, demonstrating the French paradox (a high-fat diet
and a low incidence of heart disease)®. This reflects the
fact that when the alcohol content of red wine is 13%,
human body weight is 50 kg and polyphenol content is
approximately 0.2%, the polyphenol level is calculated as
approximately 616 mg. When dietary intake in animals
ranges from 70 to 150 g/day/kg with a 60-fold intraspecies
safety factor between animals and humans, a 1% addition
of polyphenols to a diet corresponds to 580 to 1,250 mg/day
in humans. Considering dietary intake in humans, the opti-
mal intake of apple-derived polyphenols mainly consisting
of procyanidins is probably in the vicinity of 600 mg/day.
For the above reasons, polyphenols at approximately 600
mg/day may be effective and an additional large-scale long-
term study should be conducted to confirm this.

Nagao et al. also reported that there were no significant
differences in the leptin level in a study involving 20-week
ingestion of catechins®. PAI-1 is a fibrinolytic factor
involved in the inflammatory response and is known to
promote blood coagulation. It is also known that an
increase in the PAI-1 level promotes arteriosclerosis and
that there is a correlation between PAI-1 and VFA'. In the
present study, Groups A and B showed a slight decrease in
the PAI-1 level, although there were no significant differ-
ences. Adiponectin is a hormone secreted by adipose cells,
as reported for leptin. Many studies have indicated its rela-
tionship to insulin resistance***. It is known that the
adiponectin level decreases with an increase in visceral fat.
In this study, there were significant differences between
Group C and Groups A/B after 12 weeks of ingestion. In
Group C, the visceral fat level increased and the
adiponectin level significantly decreased. However, in
Groups A and B, especially in Group B, the visceral fat
level reduced, maintaining high levels of adiponectin.

Concerning the safety of the test capsules used in this
study, the hematological data other than serum lipids after
12-week ingestion of the test capsules (600 mg/day) did not
show any abnormalities in liver/kidney function or elec-
trolytes. Catechins are known to inhibit intestinal absorp-
tion via iron binding**. However, in this study, neither
our analysis involving all subjects nor stratified analysis
with respect to gender showed any significant changes in
the serum Fe level during the ingestion period. Among the
subjects, UIBC, which reflects the iron binding reserve,
increased in Group A. However, the stratified analysis did
not show any significant differences. In addition, concern-
ing adverse reactions, no subject showed anemia, but cold
symptoms, diarrhea/loose stools, and other digestive
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symptoms (anorexia) were observed in 11, five, and two
subjects during the study period, respectively. Most symp-
toms were transient and all resolved spontaneously during
the study period (one patient with loose stools is being fol-
lowed up). In the placebo capsule group, similar symptoms
were also noted; therefore, the above symptoms may not
have been associated with the test capsules. These find-
ings suggest that 12-week ingestion of the test capsules is
safe.

5 CONCLUSION

We performed a randomized double-blind, placebo-con-
trolled study of normal weight or moderately obese male
and female subjects (71 subjects) with a body mass index
ranging from 23 to 30 to evaluate the efficacy of polyphe-
nols extracted from apples and hop bract (600 mg/day).

(1) Polyphenol-containing capsules decreased total
cholesterol and LDL-cholesterol levels significantly. The
effects of the apple polyphenol-containing capsules were
more marked than those of the hop bract polyphenol-con-
taining capsules.

(2) The visceral fat area and the level of adiponectin in
the apple polyphenol group improved as compared with the
control group.

(3) There were no clinical problems in the blood and
physical examinations, and no adverse reactions
attributable to the study substance were observed during
the ingestion period.

12-week ingestion of apple/hop bract polyphenols was
safe in this study, suggesting that these food materials are
useful for preventing lifestyle-related diseases in the com-
munity in which obesity is an important problem.
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