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Abstract
Background: Recently, we published a book which describes about the anti-obesity efficacy of the “Nuruneba Diet (Sticky Japanese Diet; SJD)”.
Along with the contents of this book, the dried SJD was developed and marketed. When this marketed SJD was fed daily to obese mice, the effect of
suppressing weight gain and reducing visceral fat were observed. Furthermore, we evaluated its mechanism for enhancing the leptin production. In
this study, we clarify the different effects of SJD on between normal diet mice and high fat diet mice, and its mechanism was investigated focusing on
adiponectin and leptin system.
Methods: 5-week-old male ICR strain mice were divided as follows: normal diet group (CE-2 group), normal diet and nuruneba (SJD) diet group
(CE-2 + SJD group), high-fat diet group (HFD group), high-fat diet and Nuruneba diet it was divided into four groups (HFD + SJD group). Each group, food
and water were pre-fed individually for one week and then allowed to free access to food and water for eight weeks. At the end of the treatment period,
the visceral fat was collected. The triglyceride and cholesterol concentrations were determined from plasma and the expression levels of adipocytokines
in visceral fat were measured by PCR.

Results: Body weight gain was observed in the HFD group, and significant suppression of body weight gain was observed in the HFD + SJD group
from the third week after intake. The visceral fat was significantly increased in the HFD group compared to the CE-2 group, and significant suppression
was observed in the HFD + SJD group. The effects on adipocytokines were measured for adiponectin and leptin mRNA expression. In adiponectin, the
expression was significantly increased in CE-2 + SJD group compared with CE-2 group. The expression level of leptin was significantly increased in the
HFD group compared to the CE-2 group, and that of leptin was significantly suppressed in the HFD + SJD.
Conclusion: These results suggest that daily intake of SJD activates adiponectin secretion under normal conditions and has an obesity preventive
effect and that obesity is prevented by suppressing leptin resistance in the obese state.
Keywords: Nuruneba (Sticky Japanese Diet); Washoku (Japanese foods); normal diet; high fat diet; leptin; adiponectin; obesity, mice
List of abbreviations: SJD: Sticky Japanese Diet; HFD: High Fat Diet; CE-2: CLEA Rodent Diet CE-2

Introduction

It has been documented that most of Japanese people are
belonging to non-obese types compare to the degree of obesity
in European and American people. This reason can be explained
that the typical Japanese food, so-called Washoku, is included
by the abundance of dietary fiber. Regarding the relationship
between Japanese food materials and the obese, it has been
reported not only by researchers in Japan but also by overseas
researchers that seaweed rich in dietary fiber is effective against
obesity [1-3]. Furthermore, mushrooms are also rich in dietary
fiber, and similarly, the effectiveness against obesity has been
reported [4, 5].
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On the other hand, in the recent years, an increase in obesity
rate of Japanese is regarded as a problem due to widespread use
of animal fat in the western food [6]. Moreover, the big problem
of Japanese people is an increase of metabolic disorder due to
obesity without being age including minority and full age, and it
also becomes the cause of the occurrence of so-called metabolic
syndrome, such as the hypertension, dyslipidemia, diabetes etc.
These diseases lead to an increase in medical expenses.
In order to solve this problem, the Sticky Japanese Diet (SJD)
which is the origin of Japanese food has come to be noticed.
Recently, we listed several indications in the book “If you want
to live a long life, you get the Sticky Japanese Diet (Japanese)”
as mentioned above for consumers (Kimiko Tsuzuki, Yasuo
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Watanabe, Atsushi Ishige: Takarajima Co. Ltd). Based on this book,
the commodities including 10 kinds of origin of Japanese SJD,
such as root kelp (Laminariaceae), wakame (Undaria pinnatifida),
agar (Generic name of raw materials: Gelidiaceae), white cloud
ear (Tremella fuciformis), shiitake (Lentinula edodes), nameko
(Pholiota nameko), okra (Abelmoschus esculentus), mekabu (root
of Undaria pinnatifida), cut tororo (Dioscorea japonica), shimeji
(Hypsizygus tessellatus) are marketed.

In the recently published paper, we found out the anti-obesity
effect of this commercial product using high fat diet animals. As a
result, obesity effects such as weight gain and visceral fat reduction
in obese-forming mice and lowering of leptin in adipocytokines
were observed [7]. Then, in this study, we examined the difference
between the effect of SJD on normally ingested mice and high fat
diet ingesting mice, and the mechanism was searched mainly for
adiponectin and leptin.

Materials & Methods
Animal Model

5-week-old ICR male mice was purchased from SLC (Shizuoka,
Japan) individually housed in stainless steel cages with mesh
bottoms at 25 °C and 40-70 % humidity, on a 12-h light (7:00
A.M.-7:00 P.M.) and dark (7:00 P.M. -7:00 A.M.) cycle. The mice
were maintained with free access to water and food (standard
diet commercially available) for 8 weeks in order to acclimatize.
Common food was orally administered to all mice (CE-2,
Japan CLEA, Tokyo) for 1 week before they were divided into 4
groups (each group, n=4), (1) CE-2 3500mg, (2) HFD 32 (Japan
CLEA, Tokyo) 3500mg, (3) CE-2 3150mg + SJD 350mg,
(4) HFD 32 3150mg + SJD 350mg under freely in taking for
8weeks.

Contents of SJD

In this experiment, we used the commercial products “SJD
donated by Nack Corporation, Tokyo” which include a root kelp
(Laminariaceae), wakame (Undaria pinnatifida), agar (Generic
name of raw materials: Gelidiaceae), white cloud ear (Tremella
fuciformis), shiitake (Lentinula edodes), nameko (Pholiota
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nameko), okra (Abelmoschus esculentus), mekabu (root of Undaria
pinnatifida), cut tororo (Dioscorea japonica), shimeji (Hypsizygus
tessellatus). We powdered this products and mixture with either
the common foods or high fat foods.

Food intake, body weight measurement

Food consumption and body weight were measured during
the period (every morning).

Dissection

At the end of the treatment period, the animals were fasted for
24 hours, blood and visceral fat (testicle, mesentery, perirenal)
were collected.

Biochemical analysis

Container including blood added heparin was inverted and
left to stand for a while. And, plasma was obtained from filtrate
after centrifugal separation, 3000rpm, for 15 minutes. Plasma
triglyceride concentration and cholesterol concentration were
measured by using triglyceride-E-test Wako and cholesterol-Etest Wako (Wako Pure Chemical Corporation, Osaka, Japan).

Adipocytokines

Extracting total RNA was made possible by adding Isogen
(Nippon Gene. Inc Tokyo) to fat tissue from each mouse and
homogenized with POLYTRONPT1300D (Central trade. Inc
Tokyo). It was centrifugalized after added chloroform (Nacalai
Tesque. Inc, Kyoto) and filtrate was collected in another tube.
This filtrate was added isopropanol (Nacalai Tesque. Inc, Kyoto)
and was centrifugalized. And this sediment was collected and
dissolved with sterile water. RNA concentration was measured
and standardized according to Super Script VIRO cDNA Synthesis
Kit Protocol (Invitrogen, Thermo Fisher Scientific, Inc). RNA was
transported into cDNA after incubated under 25 °C, 42 °C, 85 °C
for each 10 minutes, 60 minutes, 5 minutes, respectively. Then,
PCR as a cycle is two times 95 °C and 60°C for each 10 minutes,
10 seconds, about 20 to 30 second was performed about 40 to 50
cycles to cDNA using primer and Light Cycler® 480 (F. HoffmanLa Roche, LTD., Basel, Switzerland) and the cDNA was amplified
by TaqMan Prove Method (Table1).

Table 1: Primer used for each marker in Real Time PCR
Universal
Probe Library

Forward (Left)

Reverse (Right)

GAPDH

#9

AGCTTGTCATCAACGGGAAG

TTTGATGTGGGGTCTCG

ADIPONECTIN

# 95

ACCGGCAGACAAGAGCAG

TGGTGGGTACAACACCACTC

LEPTIN

# 45

GTGGTGGCTGGTGTCAGATT

TTGATGAGGTGACCAAGGTG

Gene
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Data analysis
All results were expressed as mean and standard error.
Tukey-Kramer test and t test were used for the test of significant
difference, and the significance level is set to 5% or less. These
data were analyzed using software Excel statistics.

Results

Effects of SJD on the changes in body weight
Although not shown in the figure, no differences in food intake
were observed in each group. Figure 1 shows the change in body
weight after the start of ingestion of either regular diet or high fat
diet and also mixed meal with SJD diet. Graph A shows the results
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of weight fluctuation of the normal diet group (CE 2 group) and
normal meal + SJD group (CE 2 + SJD group). Body weight of CE2
+ SJD group tended to decrease compared to CE2 group, but no
significant difference was observed. Graph B shows the weight
fluctuation of the high fat diet group (HFD) and the high fat diet +
SJD group (HFD + SJD) HFD + SJD. A significant increase in body
weight was observed from the second week on in the HFD group
compared to the CE 2 group. (P <0.01)
Furthermore, when comparing the HFD group and the HFD +
SJD group, significant suppression of weight gain was observed in
the HFD + SJD group compared to the HFD group from the third
week after starting the feeding.

Figure 1: Effects of SJD on the changes in body weight
(A) CE2 feeding group
CE2+SJD feeding group
B) HFD feeding group
HFD+SJD feeding group
Each value shows the mean ± S.E. ##P < 0.01, compared with CE2 group. *P < 0.05, **P< 0.01 compared with HFD group in each week

Effect of SJD on the Weight of Visceral Fat Mass

Figure 2A shows the changes in total visceral fat of CE2 group
and CE2 + SJD group, and Figure 2B shows the changes in total
visceral fat in HFD and HFD + SJD group.

Visceral fat at the end of the test was 0.5 ± 0.1 g in the CE
2 group, 0.4 ± 0.02 g in the CE 2 + SJD group, 4.9 ± 0.5 g in the
HFD group and 2.6 ± 0.4 g in the HFD + SJD group, respectively.
A significant increase in visceral fat mass was observed in the

HFD group and the HFD + SJD group as compared with the CE
2 group (P <0.001, P <0.01, respectively). A significant decrease
was observed when comparing the HFD group to the HFD + SJD
group (P <0.01).
From the above results, it can be documented that accumulation
of visceral fat increases under high fat diet conditions, although
the suppression of this increase can be inhibited by SJD ingestion.
This inhibition reaction was not observed in the group treated
with normal diet.
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Figure 2: Effect of SJD on the weight of visceral fat mass
(A) CE2 feeding group
CE2+SJD feeding group
B) HFD feeding group
HFD+SJD feeding group
Each value shows the mean ± S.E. ##P < 0.01, compared with CE2 group. *P < 0.05, **P< 0.01 compared with HFD group in each week

Effect of SJD on the Plasma lipid metabolic parameters

The effects on plasma total cholesterol and plasma triglyceride
levels are shown in Figure 3. Plasma total cholesterol levels were
51.8 ± 13.6 mg/dL in CE 2 group, 32.7 ± 8.8 mg/dL in CE 2 + SJD
group, 153.6 ± 15.9 mg/dL in HFD group and 84.2 ± 18.7 mg/dL
in HFD + SJD group. There was no significant difference between
CE 2 group and CE 2 + SJD group. In comparison between CE 2
group and HFD group, an increase in plasma cholesterol level
was confirmed under high-fat food conditions (P <0.01). In
comparison between HFD group and HFD + SJD group, significant
suppression of plasma cholesterol elevation (P <0.05) was
observed by SJD ingestion. In addition, a significant decrease in
plasma cholesterol level was observed in the CE2 + SJD group
compared to the HFD group (P <0.01).

On the other hand, the plasma triglyceride levels were 20.6
± 12.6 mg / dL in the CE 2 group, 18.9 ± 12.9 mg / dL in the CE
2 + SJD group, 67.8 ± 14.5 mg / dL in the HFD group and 48.3 ±
7.9 mg / dL in the HFD + SJD group. By comparing CE 2 group
and HFD group, significant increase in plasma triglyceride level
was confirmed under high fat dietary condition (P<0.05), and
significant decrease in plasma triglyceride level was observed
in CE2 + SJD group for HFD group (P<0.05). There was also
a decreasing trend in the HFD + SJD group relative to the HFD
group, but no significant difference was observed.

These results suggest that SJD intake significantly suppresses
the elevated plasma cholesterol and slightly reduces the increases
of plasma triglyceride under high fat diet conditions.

Figure 3: Effect of SJD on the cholesterol and triglyceride in plasma
Each value shows the mean ± S.E. #<0.05, ##P < 0.01 compared with CE2 group. *P < 0.05, **P < 0.01 compared with HFD group
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Effect of SJD on mRNA expression levels of the adipocytokines
The mRNA expressions of adiponectin and leptin in adipose
tissue at the end of the test were measured using RT-PCR method.
Gene expression was normalized using GAPDH and compared as
an expression ratio with expression of CE 2 group as 1.
The expression ratio of adiponectin was 1.5 ± 0.1 in the CE
2 + SJD group, 0.2 ± 0.05 in the HFD group and 0.3 ± 0.04 in the
HFD + SJD group, respectively Figure 4. Significant increase of
the adiponectin expression was observed in CE2 + SJD group as
compared with CE2 group (P<0.01). On the other hand, in the
HFD group and the HFD + SJD group, there were no significant
differences between the expression levels of adiponectin in
two groups. However, when compared with CE 2 group, the
expressions of adiponectin in both HFD group and HFD + SJD
group were significantly suppressed (P <0.01 in both groups).
In addition, there was a significant decrease in HFD group and

Figure 4: Effect of SJD on mRNA expression levels of the adiponectin
Each value shows the mean ± S.E. ##P < 0.01 compared with CE2 group.
**P < 0.01 compared with CE2+SJD group

Discussion

In this study, we used normal food intake mice and high fat
diet treated mice to develop SJD (root kelp, wakame, agar, white
cloud ear, shiitake, nameko, okra, mekabu, cut tororo, shimeji)
on the visceral fat. As an experimental means, since individual
mouse food completely by free administration, the comparative
feeding amount was set at about 70% of 4.5 g which is the intake
amount of the original mouse in the daily intake. Therefore,
each mouse was observed as individual breeding, but it was in a
complete state.

We have already published that commercially available
SJD showed suppression of obesity growth, dose-dependently
[7]. From the wakame contained in SJD, fat mass, triglyceride
and cholesterol, decrease in leptin and increase in adiponectin
have been reported in obese model mice [2, 8, 9]. In addition,
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HFD + SJD group compared with CE2 + SJD group (P<0.01 in
both groups). From the above results, it is considered that SJD
ingestion increases the amount of adiponectin in normal diet,
although the production of adiponectin is suppressed in high fat
diet, and its suppression could not be influenced by SJD meal.

Leptin expression ratio was 34.0 ± 5.1 in the CE 2 + SJD group,
575.0 ± 96.8 in the HFD group and 246.4 ± 70.2 in the HFD + SJD
group, assuming the expression rate in the CE 2 group as 1 Figure
5. A significant increase in expression was observed in the HFD
group compared to the CE 2 group (P <0.01). Under high fat diet,
HFD + SJD group showed the significant inhibition of expression
compared with HFD group (P <0.01). In addition, there was a
significant decrease in the CE2 + SJD group compared to the HFD
group (P<0.01).
From the above results, it was revealed that expression
of leptin is elevated in the high fat diet, but this increase is
suppressed by ingesting SJD.

Figure 5: Effect of SJD on mRNA expression levels of the leptin
Each value shows the mean ± S.E. ##P < 0.01 compared with CE2 group.
**P < 0.01 compared with CE2+SJD group

suppression of body weight gain and decrease in the size and
number of adipocytes have been reported in kelp [10-13].
Likewise, inhibition of obesity growth and increase of adiponectin
have also been reported in agar and shimeji [4, 14]. Also, reduction
of leptin has been reported in Shiitake mushrooms [5].

Among adipocytokines of adipose tissue, adiponectin is a
hormone secreted from normal size adipocytes, stimulating fatty
acid oxidation in almost all major target tissues and secreting
glucose and lipid metabolism [15-17].
In this study, administration of SJD markedly enhanced
adiponectin secretion in normal mice. This result revealed that
SJD promotes secretion of adiponectin, because adipocytes are
normal size in normal food intake mice. In other words, it was
suggested that ingesting SJD with normal diet could provide
preventive effect against obesity. On the other hand, secretion
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of adiponectin decreased in adipose model because adipocytes
became larger than normal size, and no effect by SJD was
observed [15].

In this study, we also conducted a search on the effect of SJD
on leptin, which greatly affects visceral fat increase and decrease.
Leptin is a hormone from adipocytes and correlates with food
intake and weight gain [18, 19]. It also stimulates increased
consumption of energy such as suppression of food intake and
lipolysis by activating the leptin receptor expressed in neurons of
the hypothalamus [20]. Based on the results of this experiment,
despite the secretion of leptin in the HFD group than in other
groups, there is no tendency for fat to decrease and it is in an
obese state, so that leptin transport disorder, signal transmission
disorder to the leptin receptor, etc. of leptin resistance [21]. On
the other hand, in the HFD + SJD group, the leptin expression
level was significantly lower than that in the HFD group, so it
was considered that the increase in leptin was suppressed as the
increase in fat was suppressed compared with the HFD group due
to the effect of SJD.

Furthermore, blood cholesterol level and blood triglyceride
level, which are two of four kinds of blood lipids, were searched.
If the value is high, it is considered that dyslipidemia such as
hypertriglyceridemia and hypercholesterolemia due to obesity is
occurring. In the HFD group, both the cholesterol level and the
triglyceride level were significantly higher than in the CE 2 group,
and therefore it was dietary obesity. On the other hand, in the
HFD + SJD group, the increased cholesterol level was suppressed
significantly, and the triglyceride value tended to decrease, so it
became clear that SJD suppresses fat increase.
Overall, the results of this study and our previously reported
study are summarized as follows. Commercially available SJD
s including 10 kinds of root kelp, wakame, agar, white cloud
ear, shiitake, nameko, okra, mekabu, cuts tororo, shimeji
demonstrated to suppress obesity remarkably with a dose
dependent manner and suppressed the increase of visceral fat
[7]. In addition, cholesterol and triglyceride values, which are
blood parameters, were reduced. In RT-PCR, gene expression
level of adiponectin was not significantly different in the obesity
model, but it was significantly decreased in the obesity model at
the gene expression level of leptin. From blood parameters and
leptin, SJD suppressed fat increase by increasing leptin efficacy
without developing leptin resistance.

There was no difference in body weight and fat mass in the
normal diet, but it was suggested that the SJD ingestion group was
in a state where fat was easy to burn because the gene expression
level of adiponectin increased.

Conclusion

The visceral fat suppression effect in commercially available
SJD products was searched in the normal state and obesity formed
state. As a result, it was suggested that the daily ingestion of SJD
activates adiponectin secretion under normal conditions and has
an effect of preventing obesity. Furthermore, it was suggested
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that obesity is prevented by suppressing leptin resistance in the
state of obesity formation.
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