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Abstract

using normal and high-fat diet (HFD) mice.

and leptin levels in adipose tissue were measured using RT-PCR.

Background: In order to evaluate the regulational role of adiponectin and leptin on obesity, we examined the significance of daily adherence to
the Sticky Japanese Diet (SJD) on the preventions of obesity and metabolic syndrome by assessing the fat adiponectin/leptin and plasma leptin levels

Methods: Five-week-old male ICR strain mice were placed in individual cages and randomly divided into eight groups based on feeding of SJD or
not. At the end of each treatment period, plasma triglyceride, cholesterol, and leptin levels were measured by biochemical analysis. The adiponectin

Results: In normal mice, an eight-week treatment of S]D increased adiponectin levels in adipose tissue. However, four weeks after discontinuing

the SJD, these levels decreased. Furthermore, continuous feeding of the SJD for eight weeks increased plasma leptin levels but not that of adipose
tissue. And then, discontinuing the SJD for more than eight days resulted in a decrease in plasma leptin levels. In HFD mice, an increase in body
weight and visceral fat was seen at eight days after discontinuing the SJD which was undertaken for a total of eight weeks. At this time, the plasma

Brown Adipose Tissue

leptin levels in these mice were substantially higher than in normal mice, although these levels were getting to be decreased over four weeks.

Conclusion: This study revealed that discontinuous adherence to the SJD induced decreases in both adiponectin and leptin levels. Together with
our previous publication, this paper suggests that daily adherence to the SJD might be essential for maintaining good health.

Keywords: NuruNeba (Sticky Japanese Diet); Washoku (Japanese foods); normal diet; high-fat diet; leptin; adiponectin; obesity; mice

Abbreviations: S]D: Sticky Japanese Diet; HFD: High-Fat Diet; CE-2: CLEA Rodent Diet CE-2; TG: Triglyceride; UCP1: Uncoupling Protein-1; BAT:

Introduction

It has been reported that the daily consumption of
commercially available Japanese food products (Sticky Japanese
Diet; SJD) containing ten kinds of sticky and slimy food
components, which include a root kelp (Laminariaceae), wakame
(Undaria pinnatifida), agar (generic name of raw material-
Gelidiaceae), white cloud ear (Tremella fuciformis), shiitake
(Lentinula edodes), nameko (Pholiota nameko), okra (Abelmoschus
esculentus), mekabu (root of Undaria pinnatifida), cut tororo
(Dioscorea japonica), and shimeji (Hypsizygus tessellatus).
Significantly reduced the gain of body weight and visceral fat
mass in high-fat diet (HFD; High Fat Diet 32: Japan CLEA, Tokyo)
mice. The anti-obesity effects of SJD relate to the regulation of
leptin levels in the adipose tissue of HFD mice [1]. These results
indicated that adherence to SJD might play a preventative role
against metabolic syndrome. Moreover, we reported that SJD

in normal diet (CE-2; Japan CLEA, Tokyo) mice significantly
increased adiponectin levels; however, leptin levels in the adipose
tissue did not increase. Two independent reports by Tawara et
al. and Hirokawa et al. suggest that increased adiponectin levels,
under normal conditions, may be more effective in preventing
obesity rather than impeding leptin-resistance in adipose tissue
[1, 2].

In order to clarify the mechanism of S]JD activity on obesity
and other related diseases, we investigated the anti-obesity
effects of continuous SJD consumption on normal mice, which
were fed either the CE-2 or HFD. Furthermore, normal mice were
continuously fed SJD until an increase in the adiponectin levels
of the adipose tissue was detected, and the changes in body
weight were measured.Additionally, normal mice continuously
consumed SJD for two months and, subsequently, the presence or
absence of an increase in adiponectin was elaborated. Once S]D
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feeding was stopped, either the CE-2 or HFD was continuously
given to mice for an additional four weeks. Lastly, body weight,
visceral fat, blood cholesterol, blood triglyceride (TG), plasma
leptin, and fat adiponectin/leptin levels were measured. In this
study, we discussed the impact of dailyadhering to the SJD for
maintaining healthy conditions and preventing the development
of metabolic syndrome.

Materials & Methods
Animal Model

Five-week-old ICR strain male mice were purchased from SLC
(Shizuoka, Japan) and individually housed in stainless steel cages
with mesh bottoms at 25 °C with 40-70% humidity on a 12 h
light (7:00 AM-7:00 PM) and dark (7:00 PM-7:00 AM) cycle. All
groups were pair-fed an isoenergetic diet based on the SJD group.
CE-2 was administered orally to all mice for 1 week before being
divided into 8 groups:

(1O  CE-2 (3,500 mg/ mouse/ day) for 8 weeks (C: n = 4)

(2 CE-2 (3,150 mg/ mouse/ day) + SJD (350 mg/ mouse/
day) for 8 weeks (C+S: n=4)

(3  CE-2 (3,150 mg/ mouse/ day) + SJD (350 mg/ mouse/
day) for 8 weeks —* CE-2 (3,500 mg/ mouse/ day) for 8 days
(C+S—=C8d: n=3)

(4)  CE-2 (3,150 mg/ mouse/ day) + SJD (350 mg/ mouse/
day) for 8 weeks —=* HFD (3,500 mg/ mouse/ day) for 8 days
(C+S—H8d:n=3)

5 CE-2 (3,500 mg/ mouse/ day) for 8 weeks —* CE-2
(3,500 mg/ mouse/ day) for 4 weeks(C—C: n = 6)

(6)  CE-2 (3,500 mg/ mouse/ day) for 8 weeks —* HFD 32
(3,500 mg/ mouse/ day) for 4 weeks (C—H: n = 6)

@ CE-2 (3,150 mg/ mouse/ day) + S]JD (350 mg/ mouse/
day) for 8 weeks —=* CE-2 (3,500 mg/ mouse/ day) for 4 weeks
(C+S—=C:n=6)

CE-2 (3,150 mg/ mouse/ day) + S]JD (350 mg/ mouse/
day) for 8 weeks —* HFD 32 (3,500 mg/ mouse/ day) for 4weeks
(C+S—=H:n=6)

Tap water was filled in a water bottle and was freely available.
* — : Change to another feeding.

These methods were slightly modified from our previous reports
[3,4].This experimental design was shown in Figure 1.

Content of the S]JD

In our experiment, we used commercial “SJD” products
donated by the Nack Corporation (Tokyo, Japan), which included
a root kelp (Laminariaceae), wakame (Undaria pinnatifida),
agar (generic name of raw material: 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
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Figure 1: Experimental Design

(Hypsizygus tessellatus). We powdered and mixed these products
with either the CE-2 or HFD.

Food Intake and Body Weight Measurement

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

Dissection

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

Biochemical Analysis

Containers, including blood and heparin, were inverted and left to
stand. The plasma was obtained from the filtrate after centrifugal
separation at 3,000 rpm for 15 min. Plasma concentrations of TGs,
cholesterol, and leptin were measured by using the Triglyceride
E-test Wako kit (Wako Pure Chemical Corporation, Osaka, Japan),
Cholesterol E-test Wako kit (Wako Pure Chemical Corporation,
Osaka, Japan), and leptin ELISA kit (Bio Vendor Laboratory
Medicine, Inc., Brno-Re¢kovice a Mokra Hora, Czechia;Number:
RD291001200R; Lot: E19-024), respectively.

Adipocytokines

Total RNA was extracted by adding Isogen® (Nippon Gene, Inc.,
Tokyo, Japan)to fat tissue from each mouse and homogenized
with POLYTRON® PT 1300 D (Central Trade, Inc., Tokyo, Japan).
Following the addition of chloroform (Nacalai Tesque, Inc., Kyoto,
Japan), the mixtures were centrifuged, and the filtrates were
collected in other tubes. After supplementation with isopropanol
(Nacalai Tesque, Inc., Kyoto, Japan), the mixtures were again
centrifuged, and the pellets were dissolved in sterile water. The
RNA concentration was measured and standardized according to
the Superscript™ VILO™ cDNA Synthesis Kit Protocol (Invitrogen,
Carlsbad, CA, USA). RNA were reverse transcribed into cDNA
following incubation for 10 min at 25 °C, 60 min at 42 °C, and
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5 min at 85 °C. Amplification of cDNA was performed using primers and Light Cycler® 480(Roche Life Science, Basel, Switzerland)
according to the TagMan™ Probe Method (Applied Biosystems, Foster City, CA, USA)(Table 1) at the following conditions: 10 min at 95
°C, 40 to 50 cycles for 20-30 s at 60 °C, 20 to 30 cycles.

Data Analysis

All results were expressed as mean with corresponding standard error.TheTukey-Kramer test and t-test were used for the analysis of
significant differences between the groups. A value of p < 0.05 or less was considered statistically significant. These data were analyzed
using Excel software statistics.

Tablel: Primer used for each marker in Real Time PCR

Universal .
Gene . Forward (Left) Reverse (Right)
Probe Library
GAPDH #9 AGCTTGTCATCAACGGGAAG TTTGATGTGGGGTCTCG
ADIPONECTIN #95 ACCGGCAGACAAGAGCAG TGGTGGGTACAACACCACTC
LEPTIN #45 GTGGTGGCTGGTGTCAGATT TTGATGAGGTGACCAAGGTG

Results
Effects of S]D on the Changes in Body Weight
Figure 2A shows the changes in the bodyweight of the mice in groups (5)C—C and (6)C—H. The body weight changes of the mice in
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Figure 2A & 2B: Effects of S]D on the changes in body weight
Each value shows the mean * S.E. ##; comparedwith (5)C—C group in each week (p<0.01). *¥; compared with (7)C+S—C group in each week (p<0.01)

A B
OC—C = C—H OC+8—C mC+5—H
100 yme mm 1 R TRt N1 By B 100 ™ N o
a0 i . Oy - il
{ 80
= 70
| E'.: 6l
=0 |
| = |
= a0
| = 30 -
| S !
| Sz i
0 1] |
0+ : . A B R N B -1 o -+ . | L L,
Tweek 3week Sweek Twoeek 9weck 1 lweek 13weck Tweek 3Jweek Sweek Tweek Dweek |lweek 13weck
Feeding Week Feeding Week
Figure 3A& 3B: Effects of S]D on changes in food intake
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groups (7)C+S—C and (8)C+S—H are demonstrated in Figure 2B.

The group (6)C—H showed a significant increase in body weight
after the 11th week onward compared group (5)C—C (p < 0.01).
In addition, group (8)C+S—H showed significant weight gain from
the 11th week in comparison to group (7)C+S—C (p < 0.01). The
groups (5)C—C and (7)C+S—C did not show any change in their
body weights.

Effects of SJD on Changes in Food Intake

Figure 3A, 3B demonstrated the results of changes in food
intake in groups (5)C—C and (6)C—H, and groups (7)C+S—C and
(8)C+S—H, respectively. These results suggest thatall mice in
these four groups ate more than 90% of the feed.

Adiponectin Levels After 8 Weeks

Of note, no differences in food intake were observed in groups
(DC and (2)C+S (data not shown).

The RT-PCR measurements of mRNA expression levels of
adiponectin in adipose tissue at the end of the experiment are
shown in Figure 4. Gene expression profiles were normalized to
the expression levels of GAPDH and are represented as a ratio to
group (1)C set at 1 as a control. The GAPDH ratio of group (2)C+S
was 1.66 * 0.14. This ratio was significantly higher than that of
group (1C (p < 0.01) Figure 4.

These results suggest that the increase of adiponectin can be
induced by S]D treatment in the normal condition.

25
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Figure 4: Adiponectin levels after 8 weeks Each value shows the
meanS.E. #; compared with (1)C group (p<0.05)

Effect of the SJD on the Weight of Visceral Fat Mass

Figure 5 shows the changes in total visceral fat (peri-intestinal
fat, peri-testicular fat, and peri-renal fat) in groups (1)C and
(2)C+S Figure 54, in groups (3)C+S—C8d and(4)C+S—H8d Figure
5Band in groups (5)C—C, (6)C—H,(7)C+S—C and(®)C+S—H Figure
5C. Visceral fat volumes at the end of the test were 2.9 + 0.1 g
in group (DC, 2.6 + 0.1 g in group (2)C+S, 2.8 + 0.1 g in group
(3)C+S—-(C8d, 9.3 * 1.3 g in group (4)C+S—H8d (dissected at the
8th day), 2.7 + 0.2 g in group (5)C—C, 8.8 + 1.9g in group (6)C—C
(dissected at the 28th day), 2.6 * 0.2 g in group (7)C+S—C, and
9.0 + 2.8g in group (8)C+S—H (dissected at the 28th day). Groups

Copyright:
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@C+S—>C8d and@C+S—>C, which received the CE-2, did not
show any significant changes in comparison to the CE-2 fed group
(5)C—C. Thus, there was no significant difference between group
(6)C—H and group (8)C+S—H. The continuous feeding of SJD is
essential to inhibit the increase of visceral fat mass.

Effect of S]D on the Plasma Lipid Metabolic Parameters

The effects on total plasma cholesterol Figure 6 and TG Figure
7 levels were detected.

Figure 6 represents plasma cholesterol levels in groups (1)C and
(2)C+S Figure 64, in groups (3)C+S—C8d and(4)C+S—H8d Figure
6B and in groups (5)C—C, (6)C—H,(7)C+S—C and(8)C+S—H Figure
6C. Plasma total cholesterol levels were 91.9 + 26.0 mg/dL in
group (1C, 53.0 + 9.5 mg/dL in group (2)C+S, 48.3 + 17.0 mg/dL
in group (3)C+S—C8d, 99.7 * 4.5 mg/dL in group (4)C+S—H8d,
59.3 + 11.4 mg/dL in group (5)C—C, 109.3 + 25.4 mg/dL in
group (6)C—H, 40.4 + 11.3 mg/dL in group (7)C+S—C, and 127.9
+ 20.3 mg/dL in group (8)C+S—H. The CE-2 with the SJD fed
groups ((3)C+S—C8d and(7)C+S—C) did not show any significant
changes compared to the CE-2 alone fed group ((5)C—C). There
was no significant difference between group (6)C—H and group

(®)C+S—H.

Figure 7 shows the plasma TG levels in groups (1)C and (2)C+S
Figure 7A, groups (3)C+S—C8d and(#)C+S—H8d Figure 7Band
groups (5)C—C, (6)C—H,(7)C+S—C and(8)C+S—H Figure 7C. Total
plasma triglyceride levels were 11.4 + 12.9 mg/dL in group (1C,
22.6 + 13.1 mg/dL in group (2)C+S, 4.5 + 10.0 mg/dL in group
(3)C+S—-(C8d, 55.3 * 3.6 mg/dL in group (4)C+S—H8d, 4.3 + 5.5
mg/dL in group (5)C—C, 47.3 * 6.5 mg/dL in group (6)C—H,
5.5 + 10.3 mg/dL in group (7)C+S—C, and 54.3 * 18.9 mg/dL in
group (8)C+S—H. The CE-2 with the SJD fed groups (3)C+S—C8d
and(7)C+$—C) did not show any significant changes in
comparison with the CE-2 alone fed group ((5)C—C). There was
no significant difference between groups (6)C—H and (8)C+S—H.

These results suggest that the continuous feeding of S]JD
suppresses the increase in cholesterol and TG levels. However,
abrogation of the continuous S]D feeding leads to the concomitant
increase of these levels.

Effect of SJD on Mrna Expression Levels of the
Adipocytokines

The mRNA expression levels of adiponectin and leptin in
adipose tissue were measured using the RT-PCR method at the
end of the experiment. The gene expression was normalized
using expression levels of GAPDH and finally represented as fold
changes in comparison to group (1)C set as 1. Figure 8 represents
adiponectin levels in groups (1)C and (2)C+S Figure 84, in groups
(3)C+S—C8d and(#)C+S—H8d Figure 8B and in groups (5)C—C,
(6)C—H,(7)C+S—~C and(8)C+S—H Figure 8C. The expression ratios
of adiponectin were 1.7 * 0.1 in group (2)C+S, 1.6 * 0.7 in group
(3)C+S-C8d, 0.43 + 0.1 in group (4)C+S—H8d, 0.9 + 0.1 in group
(5) C—C, 0.4 + 0.1 in group (6)C—H, 1.2 * 0.1 in group (7)C+S—C,
and 0.5 # 0.1 in group (8)C+S—H. In comparison to group (5)C—C,
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significant increases were observed in groups (3)C+S—C8d (P < 0.01, respectively).Furthermore, a significant decrease was observed in
group (7)C+S—C, compared to group (3)C+S—C8d (P < 0.01). These results further confirmed that adiponectin levels decreased unless
the SJD was continuously consumed.
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Figure 5A, 5B& 5C: Effects of S]D on the weight of visceral fat mass
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Figure 9 represents leptin levels in groups (1)C and (2)C+S Figure 94, in groups (3)C+S—C8d and(4)C+S—H8d Figure 9B and in groups
(5)C-C, (6)C—H,(7)C+S—C and(8)C+S—H Figure 9C. The expression ratios of leptin were 2.9 + 1.4 in group (2)C+S, 4.7 + 4.3 in group
(3)C+S—(8d, 82.5 + 30.7 in group (4)C+S—H8d, 0.7 % 0.1 in group (5) C—C, 97.2 + 38.8 in group (6)C—H, 0.9 + 0.1 in group (7)C+S—C and
148.0 + 52.9 in group (8)C+S—H. The CE-2 with the SJD fed groups ((2)C+S, 3)C+S—C8d, and(7)C+S—C) did not show any significant
changes, compared to the CE-2 alone fed group ((5)C—C). In cases of the HFD groups, the expression ratios of leptin were and there was
no significant difference between group (6)C—H and group (8)C+S—H.
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Figure 9A, 9B& 9C: Effect of SJD on mRNA expression levels of the adipocytokines
Each value shows the mean#S.E. #; compared with (5) C—C group in each group (p<0.05) *; compared with (7) C+S—C group in each group (p<0.05)

Effect of S]D on Plasma Leptin Expression Levels

The effects of S]JD on plasma leptin levels are shown in
groups (DC and (2)C+S Figure 104, in groups (3)C+S—(8d
and®@)C+S—H8d Figure 10B and in groups (5)C—C,
(6)C—~H,(7)C+S—C and(8)C+S—H Figure10C. Total plasma leptin
levels were 166.6 + 24.6 mg/dL in group (1)C, 178.9 + 22.0 mg/dL
in group (2)C+S,256.4 + 70.0mg /dL in group (3)C+S—C8d, 523.3
+ 73.4 mg/dL in group (4)C+S—H8d, 52.4 + 32.0mg/dL in group
(5)C—C, 65.2 * 32.1 mg/dL in group (6)C—~H, 27.5 * 30.1mg/dL
in group (7)C+S—C and 117.5 # 38.5 mg/dL in group (8)C+S—H.
When compared to group (5)C—C, a significant increase was
observed in group (3)C+S—C8d (P < 0.05).In addition, compared
to group (6)C—H group (4)C+S—H8d showed a significant
increase in total plasma leptin levels (P < 0.01).

Discussion

In this study, we investigated changes in adiponectin and
leptin levels by daily ingestion of the S]D in normal mice. After
adherence to the SJD, body weight, visceral fat, blood cholesterol,
blood TG, blood leptin levels, and adiponectin/leptin levels in

adipose tissue were measured during the HFD.

According to the experimental design, normal mice continuously
consumed the SJD for two months, and an increase in adiponectin
levels in adipose tissue was confirmed. Afterward, the SJD was
abrogated, and either the CE-2 or HFD were continuously given
for cosumption for 4 weeks. Then the body weight and visceral
fat volume were measured. The detection of blood cholestero],
TG, and plasma leptin levels was performed using biochemical
methods, whereas adiponectin/leptin levels in adipose tissue
were measured by RT-PCR. Since consumption of food occurred
via free administration, the corresponding feeding amount was
set at approximately 70% of 4.5 g, which is the average daily
food intake amount for normal mice. Moreover, each mouse was
kept as individual breeding. Then we checked the amount of food
consumed every morning Figure 3A &3B.

In our study, it was confirmed that adiponectin increased by
continuous ingestion of the SJD in normal mice Figure 4&8, and
this result is in accordance with results from our previous study,
which also showed an increase in adiponectin [2]. Fucoxanthin,
which is contained in brown algae, such as wakame and root kelp,
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Figure 10A, 10B& 10C: Effect of SJD on mRNA expression levels of the adipocytokines

promotes energy consumption by increasing the concentration of
uncoupling protein-1 (UCP1) in brown adipose tissue (BAT) and
increases adiponectin levels, leading to the anti-obesity effects
[5]. This finding suggests that fucoxanthin is also involved in
adiponectin’s increase during the S]D.

Adiponectin is one of adipocytokines of adipose tissue which is
secreted from the adipocytes of normal size. It is considered as the
most abundant gene product in adipose tissue and accounts for
0.01% of total plasma protein [6,7]. Adiponectin is essential for
stimulating fatty acid oxidation and regulating glucose and lipid
metabolism in almost all major target tissues [8,9]. In addition,
adiponectin levels in adipose tissue decrease due to weight gain
and obesity. It is reported that this observation is related to the
development of insulin resistance [10,11].

In this study, the significant increase of adiponectin levels in the
adipose tissue was confirmed at the 8th week in group (2)C+S
compared to group (1)C Figure 4. In the CE-2-fed groups, after
changing to the SJD, adiponectin levels in the adipose tissue
decreased at the 8th day and continued to decrease up into the
4th week Figure 8. Furthermore, there was no increase in body
weight or visceral fat Figure 2&5. These results suggest that a
decrease of adiponectin levels in adipose tissue does not relate
to obesity. However, it was recognized that adiponectin levels
are increased by daily consumption of the S]JD, and discontinuing
SJD ingestion gradually induces a decrease in adiponectin levels.
These results suggest that the continuous ingestion of the SJD
can prevent type 2 diabetes and certain cardiovascular diseases,
which are caused by the decrease of adiponectin [12-15].

It has a significant effect on the increase and decrease in visceral
fat and has been reported to be correlated with ingestion and
weight gain [16,17].It also stimulates the increased consumption

of energy, such as suppression of food intake and lipolysis
by activating the leptin receptor expressed in neurons of the
hypothalamus [18]. In the HFD group, we observed that the
increased levels of leptin in adipose tissuedid not show any
protection against obesity [1,2]. These results suggest that the
leptin regulation in the HFD group is dysregulated by cellular
transduction of the JAK2-STAT3 signaling pathway and the
desensitization of leptin receptors [19,20]. However, treatment
with the SJD showed the suppression of obesity due to the
improvement in leptin resistance [1,2]. In this study, in order
to clarify the significance of continuous SJD treatment, mice
adhered to the S]D for 8 weeks, followed by its abrogation. In
such conditions, leptin resistance was confirmed on the eighth
day after intake cancellation. However, four weeks later, leptin
resistance and weight gain in these mice were confirmed. These
results indicate that the cessation of continuous ingestion of the
SJD caused obesity by inducing relapse of leptin resistance in
adipocytes Figure9&10.

Thus, it was confirmed that adiponectin was increased by
consuming the SJD. However, after SJD abrogation, the animals
of the group that switched to the HFD developed increased body
weight, visceral fat, cholesterol, and TG levels. Therefore, it was
confirmed that the effect of increasing adiponectin by S]JD could
be ignored unless administration is continuous.

When the SJD was taken for 8 weeks, no significant changes
were observed in adipose tissue and plasma leptin Figure 9&10.
However, on day 8, after the SJD cancellation and switching to
the HFD, increases in adipocyte and plasma leptin levels were
confirmed Figure 9&10. After 4 weeks, adipose tissue leptin levels
increased, while plasma leptin concentration levels decreased.
Moreover, significant increases in body weight and visceral fat
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were observed. Interestingly, when continuous administration
of the SJD in combination with the HFD was performed, the
inhibition of leptin resistance in adipose tissue was observed
[1,2]. Taken together, it was revealed that the SJD did not affect
leptin kinetics during continuous ingestion in the normal state.
However, the anti-obesity effect of the SJD during obesity is due
to the increased plasma leptin levels and inhibition of leptin
resistance in adipose tissue.

In our study, the effect of continuous ingestion of the SJD on
increasing fat adiponectin levels in normal mice was further
confirmed. Moreover, anti-obesity effects due to adiponectin were
not observed. However, it has been suggested that it may prevent
type 2 diabetes and certain cardiovascular diseases, which are
caused by adiponectin reduction in mice [21,22].

The anti-obesity mechanism of the continuous ingestion of
the SJD can be explained by three mechanisms. First, the
increase of adiponectin levels due to the promotion of energy
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