Journal of Traditional and Complementary Medicine 10 (2020) 245—-251

Contents lists available at ScienceDirect

Journal of Traditional and Complementary Medicine

journal homepage: http://www.elsevier.com/locate/jtcme g
Obesity preventive function of novel edible mushroom, N
Basidiomycetes-X (Echigoshirayukidake): Manipulations of insulin e

resistance and lipid metabolism

Mst Afifa Khatun * ™", Shinji Sato ?, Tetsuya Konishi * ™

2 Faculty of Applied Life Sciences, Niigata University of Pharmacy and Applied Life Sciences, 265-1 Higashijima, Akiha-ku, Niigata, 956-8603, Japan
b Food Safety and Quality Analysis Division, Institute of Food and Radiation Biology, Atomic Energy Research Establishment, Savar, Dhaka, 1000, Bangladesh
€ Office HALD Food Function Research, Yuzawa, Minami-Uonuma City, Niigata, 949-6103, Japan

ARTICLE INFO

ABSTRACTS

Article history:

Received 18 December 2018
Received in revised form

9 March 2020

Accepted 18 March 2020
Available online 8 April 2020

Keywords:
Echigoshirayukidake (BDM-X)
Obesity

Type 2 diabetes

Insulin resistance
Adiponectin

Echigoshirayukidake is an edible mushroom found in Uonuma, Japan in 1994. It was assigned to a new
species of Basidiomycetes (BDM-X) but is uniquely defect of forming bashidium. The high antioxidant
activity and B-glucan content of BDM-X suggest possible functions preventing type 2 diabetes. In the
present study, anti-obesity and insulin resistance preventive functions of BDM-X were examined using
genetically defined obese model rat, OLETF (Otsuka Long Evans Tokushima Fatty) by feeding regular diet
with and without supplementation of 5% dried BDM-X powder (BDMP) for 15 weeks. BDMP supple-
mentation to the diet significantly (p < 0.01) suppressed the body weight gain and also visceral fat
accumulation during the feeding period compared to control diet. Simultaneously, the insulin resistance
and the plasma levels of adiponectin and triglycerides were significantly (p = 0.003) ameliorated in the
BDMP supplemented diet group. A statistical multivariate analysis showed the weight of three types of
adipose tissue (epididymal, retroperirenal, and mesenteric fat) positively correlated with HOMA-IR
(Homeostasis Model Assessment of Insulin Resistance), and negatively correlated with plasma adipo-
nectin. These results indicate BDM-X is a new resource applicable to the functional foods or the com-
plementary biomedicines to prevent metabolic syndromes leading to type 2 diabetes.
© 2020 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

syndromes including insulin resistance and high blood sugar, and is
the fourth or fifth leading causes of death in developed countries.?

It is estimated that approximately, a quarter of the world’s adult
population suffer from the metabolic syndromes being a major
public health issue worldwide.! Type 2 diabetes is one of the most
common chronic diseases led by obesity related metabolic

Abbreviations: BDM-X, Basidiomycetes-X; BDMP, BDM-X powder; OLETF,
Otsuka Long Evans Tokushima Fatty rat; LETO, Long-Evans Tokushima Otsuka rat;
OGTT, Oral Glucose Tolerance Test; HOMA-IR, Homeostasis Model Assessment of
Insulin Resistance; NEFA, Non-Esterified Free fatty Acid.
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Although lifestyle management or medication can control the
obesity that is the risk factors of type 2 diabetes, it is hard to achieve
long-term body weight control. Several drugs such as thiazolidi-
nediones have been developed to improve insulin sensitivity and
are used for treating diabetic condition, but are reported to have
adverse effects such as hepatotoxicity and cardiovascular risk.* As
an alternate approach to fight against the lifestyle related disorders
including obesity, much attention is paid on the herbs and natural
products. Several plant resources have traditionally been used for
treating diabetes and related conditions in folk medicine® such as
Morus alba and Salasia oblongs that contain 1-deoxynojirimycin and
salasinol, respectively, as the active ingredient.®’ Edible mush-
rooms are another targets of study because they have also been
used as folk medicine to treat lifestyle related diseases in many
countries.’

Echigoshirayukidake is the mushroom that was originally found
in the mountain region of Uonuma area in Niigata, Japan, which
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does not form basidia but forms sclerotia similar to Truffle. Later, it
was identified as Basidiomycetes-X (BDM-X) and registered to the
database of the NPO organization for International Patent Organism
Depositing (IPOD) in the Industrial Technology Institute of Japan
(PCT/JP2004/006418). As many Basidiomycetes mushrooms are
reported their variety of biological functions including anti-tumor
activity,>!? the health beneficial functions BDM-X have also been
recognized and used locally as a folk medicine or tea for the pur-
pose of nourishment or treating cancer. BDM-X as the fungal
mycelium mass (sclerotia) is now produced by artificial culture and
available in a market. BDM-X is a low calorie cuisine material and is
rich in dietary fiber such as B-glucan (Table S1). The f-glucan is a
well-known functional ingredient being effective for treating
obesity related metabolic disorders like diabetes, cardiovascular
diseases, liver lipotoxicity, and others.'"? It is also reported that
BDM-X has several times higher antioxidant potential than Agaricus
Blazei Murill which is well-known antitumor mushroom also rich in
B-glucans.” It is evident that excess reactive oxygen species as well
as oxidative stress-activated cellular signals are the mediators of
insulin resistance and pancreatic B-cell dysfunction, and thus
contribute to glucolipotoxicity in diabetes.'%!>

The present study therefore attempts to examine the effects of
this novel mushroom on obesity and insulin resistance using OLETF
(Otsuka Long Evans Tokushima Fatty) rat as the model of type 2
diabetes.

2. Materials and methods
2.1. Animals and diets

OLETF is a genetically defined diabetes model rat that develops
obesity, hyperinsulinemia, insulin resistance, hypertriglyceridemia,
and hyperglycemia after 18 weeks of age.'® Age-matched male
Long-Evans Tokushima Otsuka rat (LETO) served as the normal
genetic control. OLETF and LETO rats were purchased from
Tokushima Research Institute, Otsuka Pharmaceutical Co Ltd,
Tokushima, Japan. Echigoshirayukidake mushroom (BDM-X) was
cultured by Micology Techno Co., Ltd. (Niigata, Japan) and the dried
powder (BDMP) was generously provided by the company for the
experiments. The nutrient composition of BDMP was determined
by Japan Food Research Laboratories (Tokyo, Japan) and is given in
Table SI. The test diets for the present experiment were prepared in
the laboratory based on the nutritional composition of regular
standard chow (AIN-93 M, Zeigler, USA). The nutritional composi-
tions of both regular standard chow and 5% BDMP supplemented
chow are given in Table 1. Total protein contents and energy (cal-
orie/100 g) of the BDM-X supplemented chow were adjusted to
those of regular chow based on the analysis data of major nutrients
in BDM-X (Table SI).

2.2. Animal study

Male OLETF and LETO rats at 4 weeks age were acclimated for 7
days in the institutional animal facility and then randomly divided
into three groups (n = 6): group 1; LETO with regular chow (LETO-
normal), group 2; OLETF with regular chow (OLETF-control), and
group 3; OLETF with BDMP supplemented (5% w/w) chow (OLETF-
BDMP). All the rats were housed in three separate cages under
controlled temperature (23 + 2 °C), humidity (55 + 5%) and artificial
light cycle (12hr dark and 12hr light) condition. Rats were fed the
respective chow for 15 weeks from the 6th week of age under the
condition keeping free access to tap water and chow.

The animal study was conducted in accordance with the
ethical guideline for the use and care of laboratory animals
approved by the Niigata University of Pharmacy and Applied Life

Sciences, Japan. The food intake of each rat was measured daily
and the body weights were measured weekly using an electronic
balance.

2.3. Oral glucose tolerance test (OGTT), blood and tissue sampling

At the end of feeding trial, all the animals were operated by
arterial catheterization'” for a sequential sampling of arterial blood
in the following oral-glucose-tolerance test (OGTT) that was done
after an overnight fast. Arterial blood was sampled (833 mg/kg
body weight, equivalent to 50 g glucose/60 kg adult) at 0, 15, 30, 60,
80,100, 120, and 180 min after oral administration of glucose for the
measurement of plasma glucose concentrations. The blood samples
were centrifuged at 5000 rpm for 10 min at 4 °C using a refrigerated
micro centrifuge model 3520 (Kubota Co. Ltd, Japan) to obtain
blood plasma. After OGTT, the rats were sacrificed and the organ
weights were determined. Visceral fat (epididymal, retroperirenal,
and mesenteric fat) was dissected and weighed immediately. The
relative visceral fat weight was calculated in relative to the body
weight.'®

2.4. Biochemical analysis of plasma markers

The plasma concentration of glucose, triglycerides (TG), and
non-esterified fatty acids (NEFA) were measured using commer-
cially available assay kits (Wako Pure Chemical Co. Ltd., Osaka,
Japan). Insulin and adiponectin levels in the plasma were deter-
mined also using commercially available rat insulin ELISA Kit and
mouse/rat HMW adiponectin ELISA kit (Shibayagi Co. Ltd., Gunma,
Japan), respectively.

2.5. Calculation of the area under the curve (AUC) of OGTT and
HOMA-IR

The area under the curve (AUC) of plasma glucose and also in-
sulin concentrations (0—120 min during OGTT) were calculated
using the trapezoid formula.'” The Homeostasis Model Assessment
of Insulin Resistance (HOMA-IR) was calculated using the following
formula.?’

HOMA

__ Fasting Insulin(plU/L) X Fasting glucose (mmol/dl)
B 225

—-1IR

2.6. Statistical analysis

All the results are expressed as the mean + standard error (SE)
(n = 6). Statistical analysis was performed by SPSS (version 20) for
Windows (IBM SPSS, Chicago, IL). Differences between experi-
mental groups were evaluated by One-way ANOVA test. A Post Hoc
multiple comparisons (LSD significance level at p < 0.05) were done
for evaluating the differences caused by BDMP diet in adipose tis-
sue weight and also other parameters among three groups. Corre-
lations between individual parameter were determined by
Pearson'’s correlations coefficient.

3. Results

3.1. Effect of BDMP on food consumption, body weight gain, and
organ weight

The body weight gain profiles of LETO control, obese OLETF
control, and OLETF-BDMP groups during the feeding trial are
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Table 1

247

Dietary composition (% by weight) of BDMP containing and reference diets for feeding experiment.

Components (g/100 g)

Control Diet (regular chow)

BDMP Diet (regular chow with 5% BDMP)

Casein lactic 14.00
Corn Sugar 46.75
Dextrin 15.50
Granular sugar 5.00
Cellulose 3.50
Soy oil 1.00
AIN-93 Vitamin mix 1.00
AIN-93 Mineral mix 0.30
L-Cysteine 0.25
Choline Bitartrate 7.00
BDMP 0.00

13.20
46.55
15.50
5.00
1.87
0.905
1.00
0.30
0.25
7.00
5.00

shown in Fig. 1A. OLETF control gained the body weight signifi-
cantly faster than LETO control (p < 0.05 and p < 0.01, respectively,
after 5 and 9 weeks of feeding start). The body weight gain was
markedly suppressed (p < 0.01) in OLETF-BDMP group compared to
OLETF control, and the level was almost same as LETO control.

When the daily food intake of each test group was compared,
OLETF control was found to eat more than LETO normal group
throughout the experimental period. BDMP supplementation
suppressed the daily food intake of OLETF control, and the sup-
pressive effect became obvious (p < 0.05) after 8 weeks of feeding
start, although the daily intake level was yet higher than LETO
control (Fig. 1B).

The average food intake and weight of several organs were
compared for each experimental group at the end of 15 weeks
feeding trial (Table S2). There was rather large difference in the
averaged food intakes between LETO normal (22.37 g/day/rat) and
OLETF control groups (29.05 + 4.42 g/day/rat). The average food
intake of OLETF-BDMP group (25.43 + 4.60 g/day/rat) was also
significantly low (p < 0.0003) compared to OLETF control. The or-
gan weight determined in OLETF control rats was heavier than
LETO control rats (p < 0.05) as expected from the body weight
difference. The organ weights in OLETF-BDMP group were also low
compared to OLETF control group but the differences were statis-
tically insignificant, except spleen that showed significant
difference.

3.2. Effect of BDMP supplemented diet on the glucose tolerance

OGTT was carried out at the end of feeding trial. The plasma
glucose concentration at 15 min after the oral glucose load was
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significantly higher (p < 0.05) in OLETF control group (328.13 mg/
dl) than LETO control group (166.49 mg/dl). In OLETF-BDMP group,
however, the blood glucose rise after oral glucose load was lower
than OLETF control group, especially at 15 and 30 min (p < 0.05).
The fasted glucose level of OLETF-BDMP determined before the oral
glucose load (270.08 mg/dl) was also lower than OLETF-BDMP but
still higher than LETO control group (Fig. 2A). Accordingly, the
calculated AUC for 2 h plasma glucose showed a significant differ-
ence (p < 0.05) between OLETF control and OLETF- BDMP group
(Fig. 2B).

3.3. Effect of BDMP supplemented diet to plasma insulin kinetics
and HOMA-IR

Fasting plasma insulin level was obviously higher in OLETF
control group (6.21 + 0.42 ng/mL) compared to LETO control groups
(1.32 + 0.38 ng/mL). The fasting plasma insulin level of OLETF-
BDMP group (3.31 + 0.4 ng/mL), however, was apparently low
compared to OLETF control group, and was as low as the level of
LETO control groups (1.32 + 0.38 ng/mL) (Fig. 3A).

In OGTT, after oral glucose load, the rise of insulin level of OLETF
control group such as at 15 and 30min was significantly (p < 0.01)
higher than LETO control group. The initial rise of the plasma in-
sulin level in OLETF control group was significantly decreased in
OLETF-BDMP group, and the level was almost same as the level of
LETO control group. The stationary level after 30 min of oral glucose
load was also the highest in OLETF control group and then followed
by OLETF-BDMP and LETO control group, respectively. AUC values
calculated from the plasma insulin kinetic profiles are summarized
in Fig. 3B. The HOMA-IR values calculated using these OGTT data
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Fig. 1. Effect of BDMP supplementation on Body weight changes (A) and summed weekly food consumption (B). Values represent mean + SE (n = 6); *p < 0.05 and
**p < 0.0lindicate the significant difference between OLETF-BDMP and OLETF control groups.
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are shown in Fig. 4. It was found that the supplementation of BDMP
to the diet significantly decreased the high HORMA-IR value
observed in OLETF control (p < 0.01), although the value was yet
higher than LETO control.

3.4. Effect of BDMP supplemented diet on plasma lipids and
triglyceride kinetics

The fasting plasma levels of triglycerides (TG), non-esterified
fatty acids (NEFA) and postprandial cholesterol levels were deter-
mined after 15 weeks of feeding trial. They all were high in OLETF
control group compared to LETO control group but their levels were
significantly decreased (p < 0.05) in OLETF-BDMP group (Table S3).

The fasting plasma TG levels of both OLETF control and OLETF-
BDMP groups were considerably high compared to LETO control
group although the level of OLETF-BDMP was somewhat low
compared to OLETF control group.

In OGTT experiment, the plasma level of TG after oral glucose
load was maintained high in both OLETF control and OLETF-BDMP
groups at all time-points measured compared to LETO control,
although OLETF-BDMP group showed rather lower TG level than
OLETF control group (the difference was statistically significant
(p < 0.05) only at 30 min after oral glucose load). The kinetic pro-
files were similar to each other (Fig. 5).

3.5. Effect of BDMP supplemented diet on body fat accumulation
and fat index

The visceral fat deposition was measured and the results
showed marked differences among the three rat groups examined.
OLETF control group showed significantly high deposition
(p < 0.05) compared to LETO control group after 15 weeks feeding
trial (Fig. 6A). However, in OLETF-BDMP, the fat accumulations
were significantly decreased in all visceral tissues examined such as
in epididymal (P = 0.02), mesenteric (P = 0.03), and retroperitoneal
fat (p = 0.02), respectively. The body fatness was also compared by
the body fat index that is the amount of visceral fat deposited in
epididymal, mesenteric and retroperitoneal tissues per 100 g of
body weight in Fig. 6B. OLETF control group showed obviously high
value compared to LETO control group but the fat index was
significantly decreased in OLETF-BDMP group to the level of LETO
control group.

3.6. Effect of BDMP feeding on plasma adiponectin

Plasma adiponectin level was measured for the three groups of
rats after 15 weeks feeding trial, because adiponectin is a key
modulator of sugar and fat metabolism.?! The adiponectin level was
significantly decreased (p < 0.01) in OLETF control compared to
LETO control group. However, in OLETF-BDMP group, the adipo-
nectin level was significantly (p < 0.01) recovered and was even
higher than LETO control group (Fig. 7).

3.7. Correlation analysis

Multivariate correlation analysis clearly showed a significant
positive correlation between individual adipose tissue stores and
the HOMA-IR (Table S4). The correlation coefficient for the
epididymal, retropritoneal and mesenteric adipose tissues are:
r =0.799, p = 0.006; r = 0.819, p = 0.004; r = 0.760, p = 0.011,
respectively, meaning that a low adiposity is associated with the
lower blood glucose and insulin level. Further, as expected, the
adiponectin level is negatively correlated with the epididymal
(r = —0.660, p= 0.038), retropritoneal (r = —-0.0590, p = 0.072),
and mesenteric (r = —0.661, p = 0.038) type adipose tissues.

4. Discussion

Mushrooms are well known healthy cuisine material because of
their nutritional characteristics such that they are low in fat but rich
in numerical nutrients including dietary fiber, minerals, and vita-
mins. Furthermore, their medicinal functions have been attracting a
great attention, especially in the fields of anti-carcinogenesis, im-
mune modulation and anti-metabolic syndromes.?? Therefore, the
searches for not only functionality but also new species of mush-
room are currently accelerated. From this view, Echigoshir-
ayukidake (BDM-X) is an attractive target to study the health
beneficial functions since it is a newly found edible mushroom
having high antioxidant activity and B-glucans content. In the
present study, we focused our attention to the anti-obesity function
of BDM-X because obesity is the causative factor of type 2 diabetes
that is characterized by such abnormalities as insulin resistance,
hyperglycemia, and hyperlipidemia.>®23%4

The outcome of the study clearly showed the anti-obesity
function of BDM-X when the body weight gain was compared be-
tween OLETF control and OLETF-BDMP group after 15 weeks
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Fig. 2. Effect of BDMP supplemented diet to plasma glucose kinetics in OGTT (A) and the AUC (0—120min) (B). The *sign in (A) shows the significance level between the OLETF-

BDMP and OLETF control groups.
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feeding trial. Throughout the feeding period, the body weight gain
in OLETF control group was larger than LETO control group, but the
body weight gain in OLETF-BDMP group was almost same as LETO
control group. Consistently, abdominal and peripheral fat de-
positions were low in OLETF-BDMP group compared to OLETF
control group.

After the long term feeding trial of 15 weeks, fasting plasma
glucose level in OLETF control group was significantly higher than
LETO control group. Likewise, OGTT study revealed postprandial

glucose spike and AUC of plasma glucose remarkably increased in
OLETF control group (AUC, 379.88 h mg/dl) indicating OLETF con-
trol group has developed diabetic condition as indicated else-
where.?> Simultaneously, both fasted and postprandial insulin
levels in OLETF control group showed higher level than LETO
control group. However, the marked increases of plasma glucose
and insulin observed in OLETF control group were significantly
suppressed in the OLETF-BDMP group (insulin AUC from approx.
1047.6 min ng/mL to 588.9 min ng/mL). Since the elevation of
fasting plasma insulin level is positively correlated to the increased
insulin resistance,”® it is indicated that BDM-X prevented the
development of insulin resistance in OLETF rats during the feeding
trial, and thus prevented hyperinsulinemia which leads to meta-
bolic syndromes including impaired glucose tolerance, hyperten-
sion, and dyslipidemia.”> The preventive function of BDM-X against
insulin resistance was further indicated when HOMA-IR as the
marker of insulin resistance was calculated based on above results.
The HOMA-IR value was significantly decreased in OLETF-BDMP
group even though the level was still higher than LETO control
group.

Various studies indicate the association of fasting plasma tri-
glycerides (TG) level with insulin resistance in different ethnic
groups.””?® Therefore, hypertriglyceridaemia implicated as the
most common abnormality of lipid metabolism observed in insulin
resistance. As the postprandial TG level in OLETF-BDMP group was
significantly decreased compared to OLETF control group, although
the level was still much higher than LETO control group, it is sug-
gested that BDM-X might decrease the risks of metabolic disorders
associated with insulin resistance, such as atherosclerosis, and
oxidative stress-mediated endothelial dysfunction.”*~3! Adipocy-
tokines take part in energy homeostasis including glucose and lipid
metabolism in skeletal muscle and liver*>** through modulation of
insulin-induced signal transduction to improves insulin sensi-
tivity.>* It was found in the present study that the plasma adipo-
nectin level was markedly decreased in OLETF control group
compared to LETO control group. However, in OLETF-BDMP group,
the adiponectin level was remarkably recovered (P < 0.01) even to
the level higher than LETO control group. Since hypo-
adiponectinemia is associated with a variety of metabolic syn-
dromes like insulin resistance, cardiovascular disease and
hypertension,”’ BDM-X is predicted to suppress the metabolic
syndromes through modulating adiponectin level. Indeed, multi-
variate correlation analysis showed that adiponectin level was
negatively correlated with lipid storage in epididymal,
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retroperitoneal and mesenteric adipose tissues. This is consistent
with the human study conducted on total of 73 Japanese men
having type-2 diabetes, where the serum adiponectin level was
negatively correlated with subcutaneous and visceral fat areas.>”

Further, we found that plasma non-esterified fatty acids (NEFA)
was significantly high in OLETF-control group compared to LETO
control group, but was decreased in OLETF-BDMP group. This is
consistent with the report that the increase of plasma NEFA
resulting from the increased adipose tissue mass in obesity sup-
presses insulin receptor tyrosin phosphorylation leading impair-
ment of insulin signaling,*® and thus mediates many adverse
metabolic effects including the development of insulin resistance.””
It is also reported that the increased plasma glucose and NEFA
cause oxidative stress along with activation of stress-sensitive
signaling pathway, which disturb the insulin signaling and causes
insulin resistance.>”*® Therefore, high antioxidant potential of
BDM-X'> might play critical role for preserving the insulin sensi-
tivity in obese rats.

We preliminarily studied the effect of BDMP on postprandial
glucose rise in plasma after a single shot gavage of white rice with
and without BDMP supplementation (1% w/w) to LETO rats. In that,
BDMP supplementation significantly suppressed postprandial
plasma glucose rise (data not shown). These data indicate the in-
hibition of postprandial glucose spike is one of the mechanisms
involved in the obesity preventive action of BDM-X. It is also
interesting to note that the food intake was significantly small in
OLETF-BDMP group compared to OLETF control group, especially, at
the later stage of feeding period. This indicates suppression of
overeating might be another factor involved in the obesity pre-
vention function of BDM-X. Recent study>® suggests that eating

mushroom-rich breakfast causes feeling of less hunger and greater
fullness so as to help weight management. Indeed, the lower body
fat index was achieved in OFETF-BDMP group.

Currently, it becomes apparent that several peptide hormones
such as ghrelin excreted from stomach play critical role in con-
trolling appetite.** Wang et al. (2007) reported that dietary fiber
supplemented (10%) diet rat group significantly reduces ghrelin
gene expression in stomach compared to high fat diet control
group.*! Therefore, inhibition of ghrelin excretion in stomach might
also explain the lower food intake observed in OLETF-BDMP group.
In addition, presently observed suppressive effect of BDM-X on
body weight gain will not be due to the toxic effect of BDM-X
because there were no observable appearance changes such as
hair condition during the feeding period, and the toxicity evalua-
tion carried out elsewhere proved the safety of this mushroom after
90 days gavage of 3000 mg/day BDM-X in rats (not reported).

We recently identified three pyrrolaldehyde homologues as the
major antioxidant ingredients from BDM-X (unpublished data).
One of them has been reported as the antioxidant ingredient of
Lycium chinense fruits having liver protecting function.*’ Further
precise studies in molecular level are warranted to know how these
ingredients play roles in the anti-obesity and insulin resistance
manipulating functions of BDM-X and also in appetite control,
although the integrated action of these antioxidant food factors and
other factors like B-glucan is also a plausible explanation for the
anti-obesity and anti-diabetic functions of BDM-X.

5. Conclusion

Feeding Echigoshirayukidake (BDM-X) mushroom supple-
mented chow (5% w/w) for 15 weeks resulted in successful pre-
vention of body weight gain, hyperlipidemia, and visceral fat
deposition in genetically defined obese model rat (OLETF). At the
same time, both the insulin sensitivity and decreased plasma adi-
ponectin level were significantly ameliorated. Consequently, OGTT
revealed suppression of postprandial plasma glucose spike as the
outcome of improved insulin sensitivity. It is thus concluded BDM-
X is a health beneficial new resource for developing functional
foods or nutraceuticals preventing metabolic syndromes. However,
further studies are obviously required to understand the underly-
ing molecular mechanisms of anti-obesity and type-2 diabetes
preventive functions of BDM-X.
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