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INTRODUCTION

ABSTRACT Diabetic mellitus (DM) is a carbohydrate metabolic disorder that involves
high blood sugar because insulin works abnormally. Type 2 diabetes accounts for
most of them. However, diabetes treatments such as GLP-1 and DPP-4 inhibitors
commonly caused side effects including gastrointestinal disorders. Grifola frondosa (G.
frondosa) revealed various pharmacological effects in recent studies. It has a variety
of anti-cancer polysaccharides through host-mediated mechanisms. D-fraction in G.
frondosa has apoptotic effects, promoting myeloid cell proliferation and differentiation
into granulocytes-macrophages. It has also been shown to reduce the survival rate
of breast cancer cells. Though, no further study has been conducted on the specific
effects of G. frondosa in the db/db mouse. Therefore, we would like to research the
blood glucose improving effect of G. frondosa, a natural material, in type 2 diabetes
model mouse, in this study. G. frondosa was administered to the disease model mouse
(BKS.Cg-+Lepr®®/+Lepr®/OlaHsd) for 8 weeks to monitor weight and blood glucose
changes every week. And we evaluated anti-diabetes effects by checking biomarker
changes shown through blood. Experiment did not show statistically significant
weight differences, but control groups showed significantly higher weight gain than
G. frondosa administered groups. We collected blood from the tail veins of the db/db
mouse each week. As a result, the lowest blood sugar level was shown in the 500 mg/
kg group of G. frondosa. Glucose in the blood was examined with HBA1c, and 7.8%
was shown in the 500 mg/kg administration group, lower than in other groups. These
results suggest the potential improvements of diabetes in G. frondosa.
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2017). Type 2 diabetes accounts for most of the diabetes,
and South Korea is no exception. According to the Inter-

Diabetes mellitus is a carbohydrate metabolism disor-
der accompanied by hyperglycemia occurring when the
rate of insulin secretion is insufficient because insulin
synthesis is hindered or when normal functions of insulin
are not carried out in the liver, fat, and muscle tissues
due to insulin resistance (Park et al., 2007; Joung et al.,

national Diabetes Federation (IDF), the prevalence rates
of diabetes and impaired glucose tolerance (IGT) among
adults aged 20-79 years in South Korea as of 2017 were
8.84 and 13.76%, respectively, and were predicted to in-
crease to 12.08 and 16%, respectively, by 2045, and the
global prevalence rates were predicted to increase by 48%
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(International Diabetes Federation, 2015).

BKS.Cg-+Lepr®®/+Lepr®/OlaHsd mice, which are used
as animal models for type 2 diabetes, develop symptoms
of diabetes by themselves due to the genetic variation oc-
curred in their leptin receptors. They are also called db/
db mice because of the genetic variation occurred in their
db genes. In this animal model, the response to the leptin
receptors is lost so that obesity is developed from four
weeks after birth leading to the occurrence of hyperglyce-
mia under which the blood sugar concentration is main-
tained at least at 300 mg/dL from the 5th week. On the
other hand, as the responsiveness to insulin decreases,
the insulin concentration is maintained high (Kanasaki et
al., 2011).

The most common side effects of GLP-1 analogues as
remedial agents for diabetes are gastrointestinal distur-
bances and nausea. These side effects are dose-dependent
(Reid, 2013). In addition, in the case of DPP-4 inhibitors,
the most common reported side effect is gastrointestinal
disturbances (Yang et al., 2016). DPP-4 inhibitors also
increased the risk of pancreatitis and pancreatic cancer
(Nagel et al., 2016).

G. frondosa has been used as food for a long time,
mainly in Japan. It looks like many folds of ginkgo leaves
and its color is black, brown, or white. Recent studies
show various pharmacological actions of G. frondosa. An-
ticancer activity is representative, and it has various an-
ticancer polysaccharides that act on cancer cells through
a host-mediated mechanism rather than directly acting
on cancer cells. The polysaccharide called GF-1 has anti-
cancer effects like those of lentinan of 6-branced p-1,3-
glucan (Suzuki et al., 1984). In addition, the D-fraction
present in G. frondosa strengthens the immune system.
Furthermore, D-fraction is known to exhibit apoptotic
effect, promote the proliferation of bone marrow cells
and differentiation into granulocytes-macrophages, and
reduce the survival rate of breast cancer cells (Soares
et al., 2011). In addition, a blood sugar lowering effect
of D-fraction is known. It was found that D-fraction
lowers blood sugar levels with its inhibitory effect on
a-glucosidase (Matsuura et al., 2002; Xiao et al., 2011).

It was reported through an experiment with KK-Ay
mice that the antidiabetic activity of a-glucan of G. fron-
dosa improves insulin sensitivity at insulin receptors and
insulin resistance of peripheral target tissues. The poly-
saccharide of G. frondosa helps glucose absorption in
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HepG2 cells, activates the insulin receptor protein in cell
membranes, and increase the phosphorylated AktSer473
production, thereby stabilizing insulin resistance (Ma et
al., 2014). However, the concrete effect of G. frondosa in
db/db mice has not been studied thus far.

In this study, to see the blood sugar enhancing effect
of G. frondosa, a natural material, in type 2 diabetes
model mice, type 2 diabetes developing mouse (BKS.Cg-
+Lepr®/+Lepr®/OlaHsd) were fed G. frondosa for 8 weeks
to observe changes in body weight and blood glucose
every week. The effect of reducing blood sugar was evalu-
ated by checking the variances of lipid biochemical indi-
cators and biomarkers that appeared through blood.

MATERIALS AND METHODS

Animal model and experimental design

Five-weeks-old BKS.Cg-+Lepr®/+Lepr®/OlaHsd mice (n
= 20) were purchased from Doo Yeol Bio (Osan, Korea),
and after having an adaptation period of about 16 days.
Mouse was accommodated in a plastic mouse cage, and
the breeding environment in the room was adjusted from
23T to 27T, humidity was 50-60%, and photoperiod was
adjusted for 12 hours. The mouse was randomly selected
and divide into four groups each. The experimental
groups are as shown in Table 1.

G. frondosa (in the form of feed) was provided from
Hyunsol, an agricultural corporation (Incheon, Korea),
and stored at 4C. In this study, it was fed for 8 weeks. G.
frondosa was provided in the form of feed (Doo Yeol Bio,
Korea) with 0 mg/kg (control), 100 mg/kg, 200 mg/kg,
and 500 mg/kg.

The amount of feed, water, and blood sugar were
checked per a week and the body weight was measured.
Blood sugar was measured by tail, and if blood was col-
lected from veins and more than 601 mg/dL, accurate

Table 1. Experiment group

Group Feeding
A (control) G. frondosa 0 mg/kg
B G. frondosa 100 mg/kg
C G. frondosa 200 mg/kg
D G. frondosa 500 mg/kg

The intake is as shown in the table above. The concentration (0 mg/kg,
100 mg/kg, 200 mg/kg, 500 mg/kg) was different for each group and
intake.
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blood sugar measurement was not possible, so the result
data was processed assuming 601 mg/dL.

The experimental animals were observed to see whether
there were any individuals exhibiting abnormalities such
as rapid weight gain, wounds, and abnormal hair condi-
tions. This experiment was conducted in accordance with
the guidelines on the management and use of experimen-
tal animals with the approval of the Institutional Animal
Care and Use Committee of Gachon University (Permit
Number: GIACUC-R2017033).

Autopsy and blood collection

At the end of the experiment for eight weeks, the ani-
mals were fasted for 12 hours, deeply anesthetized with
inhalation anesthesia, and euthanized. The animals were
anesthetized by isoflurane inhalation in an enclosed
chamber (Cho et al., 2020).

After skin incision was performed, the abdominal vena
cava was found through the abdominal cavity, and a 23G
needle 2 mL was inserted into it to collect blood maxi-
mally before blood coagulation was shown.

When blood was collected, about 1 mL of the blood was
put into a CBC bottle (SEWON MEDICAL) containing the
anticoagulant K,EDTA for whole blood testing, and all the
remaining blood was placed in a BD Vacutainer® Blood
collection tube (BD367953, BD, NJ, USA) and stored in an
ice bucket. The blood was centrifuged for 15 minutes at
3,000 rpm, and only the serum was separated and stored
at -85C.

For additional molecular biological tests, a part of each
organ (liver, pancreas, kidney) was put into an e-tube and
chopped, and thereafter mixed with RAN later® (AM7021,
Thermo fisher) and stored at -80T.

Each important organ was visually evaluated, and the
weighs of the brain, heart, liver, pancreas, spleen, kidney,
etc. were measured and recorded to 4 decimal places us-
ing a micro scale. Each organ was immersed in a fixative
such as neutral formalin and stored for histopathological
analysis.

Blood biochemical test

Blood biochemical tests were performed using Accute
TBA-40FR (Toshiba Medical Systems Co., Japan) to ana-
lyze a total of four items: triglycerides (mg/dL), cholesterol
(mg/dL), HDL (mg/dL), and LDL (mg/dL).

Measurement of HbA1c

After blood collection, some immediately estimated the
glucose concentration in the blood using a glycated he-
moglobin meter (FASY-A1C, Korea) to measure Hemoglo-
bin Alc (HbAlc, glycated hemoglobin).

Plasma MDA

Plasma MDA was devised by Satoh and two Lipid Perox-
idation (MDA) Assay kit (MAK085, Sigma-Aldrich, Canada,
K739-100/BioVison, San Francisco, U.S.A) used (Satoh,
1978). In this method, MDA (malondialdehyde) and TBA
(thiobarbituric acid), which are lipid oxidation reactants,
react with spectrophotometry to cause a color develop-
ment reaction to pink. After butanol extraction, peroxide
lipids are measured by comparing them with standard
curves at a wavelength of 532 nm using a spectrophotom-
eter.

Real-Time polymerase chain reaction (PCR)

Total RNA was extracted from the pancreas using a kit
(Bioneer, Daejeon, Korea), and total RNA was synthesized
using AccuPower CycloScript RT Premix (Bioneer, Dae-
jeon, Korea). Real-Time PCR was carried out after de-
signing the primers of IR (Insulin Receptor), IRS1 (Insulin
receptor substrate 1), PI3K (Phosphoinositide 3-kinase),
and Akt at 95T.

Akt protein is an important protein in the signaling pro-
cess of insulin and can confirm the effect of improving
insulin resistance by analyzing the degree of phosphory-
lation. Akt is extracted from liver tissue using a homoge-
nizer, quantified through Bradford assay, and electropho-
resis using 10% sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE). The protein of polyacrylamide was trans-
ferred to a polyvinylidene fluoride (PVDF) membrane.
After membrane blocking, wash the remaining material
with TBS-T. First, tAkt antibodies and pAkt antibodies are
used, and secondary antibodies are used HRP-conjugated
antibodies to confirm expression.

Statistical analysis

The mean and standard deviation (+ SD) were shown for
each group, and the statistics were post-analysis through
the T3 method of LSD and Dunnett using SPSS. The signifi-
cance level was judged to be significant when p < 0.05 (Niu
et al., 2020).
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Fig. 1. Body weight gain of the mouse for 8 weeks. Values rep-
resent mean + SD (n = 5 £ 2). No statistically significant weight
difference between the control group.
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Fig. 2. db/db mouse blood glucose level for 8 weeks. Blue is a
control group, orange, purple, and yellow are 100 mg/kg, 200
mag/kg, and 500 mg/kg. The control group did not contain G.
frondosa, and blood was taken from the tail vein once a week.
100 mg/kg, 200 mg/kg, 500 mg/kg compared with control, LSD,
*n < 0.05. Values represent mean = SD (n =5 + 2),

RESULTS

Body weight

The effects of G. frondosa extract containing feed for 8
weeks on the weight of the mouse is appeared on the Fig.
1. For convenience, the group fed the feed that did not
process G. frondosa referred to as control. All showed a
trend of weight gain, but no statistically significant weight
difference was observed between the control group. Both
the control group and the induced group showed a ten-
dency to gain weight. However, compared to the control
group, the weight gain was relatively low in all induced
groups. In the experimental group, it was also confirmed

206

1407 T [ Control
[ 100 mg/kg
~ 1207 Bl 200 mg/kg
o Il 500 mg/kg
g 100 A l
T 80
°
S 60- T, .
2
3
S 40 A *
6
20 7 x *
O T T T ’LFLJ_\
TG CHOL HDL LDL
Mg/dL

Fig. 3. Biochemical Lipid Test in db/db mouse. In the graph, the
X axis is expressed in the order of triglycerides (TG), choles-
terol (CHOL), high density lipoprotein (HDL), and low density
lipoprotein (LDL), respectively, and the units are mg/dL. The
order of the groups is control, 100 mg/kg G. frondosa, 200 mg/
kg G. frondosa, 500 mg/kg G. frondosa from the left. 200 mg/
kg and 500 mg/kg fed groups have significant difference com-
pared with control, LSD, Dunnette’s T3, *p < 0.05.

that 100 mg/kg treated group had the lowest weight gain.
In the control group, the weight gain was the highest, it
can be seen G. frondosa affects body weight.

Effects of G. frondosa on blood sugar level

The results of measuring blood sugar by collecting
blood from the tail vein of the db/db mouse every week
(Fig. 2). The group at the highest 500 mg/kg concentra-
tion recorded generally lower blood sugar levels than the
other group. In addition, the treatment group generally
shows a level of blood sugar level like that of the control
group. Until the 5 weeks, the higher the concentration of
G. frondosa mixed in feed, the lower the blood sugar. In
Group B, it was observed that the level dropped sharply in
Week 6. It is predicted that the average blood sugar level
was lowered due to inflammation of the tail during col-
lecting blood .

Biochemical test of lipid

Blood lipid levels were generally low in the db/db mouse
groups fed G. frondosa at the concentration of 100 mg/
kg or 200 mg/kg, but blood lipid levels like those of the
control group were shown in the db/db mouse group fed
G. frondosa at the concentration of 500 mg/kg (Fig. 3).
Groups B (100 mg/kg) and group C (200 mg/kg) showed
lower levels than the control group, and B presented
slightly higher values than C. It is characterized by the
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Table 2. Hemoglobin Alc (HbA1c) level for each group

Group A (control)

Group B (100 mg/kg)

Group C (200 mg/kg) Group D (500 mg/kg)

HbA1c (%) 9.9

9.27+1.02

10 7.80+0.10

Each data was expressed in percentage, and for convenience, it was named as A, B, C, and D groups in the order of control, 100 mg/kg, 200 mg/kg, 500
mg/kg about G. frondosa. Values represent mean £ SD (n = 5 £ 2). Groups A, C are statistically processed as data for one individual, and the standard

deviation appears to be zero. There was no significant difference, Dunnette’s T3, *p < 0.05.

Lipid peroxidation assay
0.48

0.47 A I
0.46
0.45 A

0.44

MDA (nmol/mg protein)

0.43

0.42 T T T )
Group A Group B Group C Group D

Fig. 4. Measurement of MDA in plasma from db/db mouse. The
unit of each data was nmol/mg, and the result wase calculated
rounded up to the second digit after the decimal point. Data rep-
resent means + SD form 5 + 2. There was no significant (p < 0.05)
differences. Group A (control), Group B (G. frondosa 100 mg/kg),
Group C (G. frondosa 200 mg/kg), and Group D (G. frondosa 500
mg/kg). MDA assay was performed using Lipid Peroxidation (MDA)
Assay kit (MAKO85, Sigma-Aldrich, Canada, K739-100/BioVison,
San Francisco, US.A).

highest level on triglycerides (TG), cholesterol (CHOL),
high density lipoprotein (HDL), and low-density lipopro-
tein (LDL) in the group D (G. frondosa 500 mg/kg).

Glucose level test with hemoglobin Alc

Glycated hemoglobin (HbAlc) is one of the most com-
monly used indicators of blood glucose and can predict
blood glucose levels in the long term. Glucose level was
the lowest in the group D fed at the highest concentra-
tion (500 mg/kg) in Table 2. Except for group D, the two
groups B and C show similar values to the control group.

Lipid peroxidation (MDA) assay

Peroxide lipids are lipid degradation reactions that oc-
cur as a result of oxidative damage, and are sometimes
used as markers for oxidative stress. In this study, MDA
assay was conducted to measure oxidative stress in the
mouse. As a result of the measurement, 0.4637 nmol/mg
values were shown in the group A (control), 0.4607 nmol/
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Fig. 5. Real-Time PCR results for IR, IRS1, PI3K, Akt expression
relative to GAPDH mRNA in pancreas and liver of db/db mouse.
Each figure is expressed as a relative value. db/db mouse fed
G. frondosa 100 mg/kg and 500 mg/kg were significant differ-
ent from control in IR expression, Dunnette’s T3, *p < 0.05. 200
mg/kg and 500 mg/kg were significant different from control in
IRS1 expression, Dunnette’s T3, *p < 0.05.

mg in Group B (G. frondosa 100 mg/kg), 0.4584 nmol/mg
in Group C (G. frondosa 200 mg/kg), and 0.4449 in Group
D (G. frondosa 500 mg/kg). The value for lipid peroxida-
tion was low in the order of groups A, B, C, and D. In par-
ticular, in Group D, as can be seen from the Fig. 4, lower
values identified different from other groups.

Analysis of mRNA expression levels of IR, IRS1, PI3k,
Akt

When Real-Time PCR was performed using the pan-
creas stored in RNA later, the expression levels of IR,
IRS1, PI3K, and Akt were compared with those of GAPDH,
a housekeeping gene (Fig. 5). Fig. 5 appeared analysis
of messenger RNA expression of the IR, IRS1, PI3K, Akt
genes. When compared with the control group, there
were significant differences in the levels of IR expression
in fed G. frondosa 100 mg/kg and G. frondosa 500 mg/kg.
In addition, there were significant differences in the lev-
els of IRS1 expression in 200 mg/kg and 500 mg/kg of G.
frondosa.
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DISCUSSION

Public concerns about diabetes prevention and treat-
ment have increased, finding natural products that can
help alleviate diabetes has become more important (Kang
et al., 2010). In this study, the above written results were
synthesized to check the effect of G. frondosa according
to its concentration in BKS.Cg-+Lepr®/+Lepr®/OlaHsd
mice. At the same time, we tried to find out how G. fron-
dosa works in diabetic disease mouse model.

We performed the biochemical lipid test and the MDA
test. Not only was the blood sugar measurement con-
ducted, but also the lipid metabolism was investigated.
It is important to figure out how G. frondosa affect lipid
metabolism. Former studies mainly focused on blood sug-
ar, but this study conscious lipid metabolism (Park et al.,
2007).

Also, animal experiments are conducted only on male
rodents in most studies. Previous studies have mainly
confirmed the effect of G. frondosa on male mouse (Xiao
et al., 2015; Chen et al., 2019). However, in this study, we
proceeded with female. We thought it was necessary to
understand the pattern of occurrence of diseases accord-
ing to gender differences. So, the study focused on female
mouse model. It is not limited to one gender, but we think
it is more efficient to compare the two genders.

We assume that there is a difference between male and
female due to physiological stress. As a result, as stress
changes, differences according to gender may appear. Ex-
cept for reproductive behavior, sex hormone-dependent
cancer, and reproductive traits, most disease patterns are
different between male and female (Mauvais-Jarvis et al.,
2017).

Diabetes mellitus is a chronic disease that spreads
around the world. According to the International Diabe-
tes Federation (IDF), about 382 million people worldwide
suffered from diabetes in 2013 (Palamenghi et al., 2020).

Diabetes is characterized by an increase in blood sugar
levels and a gradual decrease in blood insulin (Kim et al.,
2010). In addition, diabetes causes various fatal compli-
cations. Therefore, heart diseases can be said to be a rep-
resentative complication in diabetic patients. Cardiovas-
cular disease is a major cause of morbidity and mortality
among diabetic patients, and it is important to choose
anti-diabetes that can reduce the risk of cardiovascu-
lar disease (Kumar et al., 2016). Atherosclerosis, which
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causes heart diseases, is caused by various causes, and
dyslipidemia is the most important risk factor for heart
diseases. Regulatory abnormalities in lipid metabolism of-
ten occur in diabetic patients. Diabetes is associated with
myocardial glucose intake disorder, thus increasing de-
pendence on fatty acids as a source of adenosine triphos-
phate (ATP) in the heart. It is further caused by dyslipid-
emia and the importance of lipids in the development of
diabetic cardiomyopathy is particularly important (Ritchie
et al., 2017).

Referring to the weight gain for a total of 8 weeks from
the initial weight (7 weeks old), both the control group
and the experimental group showed a trend of increasing
weight. There was no statistically significant difference in
weight, but the growth rate was the highest in the control
group. On low concentrations (100 mg/kg), the weight
gain rate was particularly low. The lower the concentra-
tion, the lower the weight gain rate. In other words, the
higher the concentration, the less weight loss it is. Also,
compared to the control group, 100 mg/kg group showed
much less weight gain. Rapid weight loss is known as one
of the disease symptoms in normal-weight type 2 diabetes
patients known as insulin-independent diabetes (Park et
al., 2001). Previous studies have reported that the progno-
sis of underweight type 2 diabetes patients is poor. It has
also been reported that it is still unclear whether weight
loss can reduce the risk of death (Costanzo et al., 2015).
Furthermore, normal-weight people diagnosed with type
2 diabetes are more than twice as likely to die from heart
disease and other causes as overweight patients (Carne-
thon et al., 2012). Type 2 diabetes causes weight loss (Yeo
et al., 2010). This can be taken as an improvement. Based
on this, we can assume that the negative aspect is that
weight loss is evident at low concentrations.

Moreover, the higher the concentration of G. frondosa,
the lower the glucose level. In week 6, Group B (100 mg/
kg of G. fronodosa) suddenly appeared a low average
blood sugar level. It is predicted that the average blood
sugar level decreased due to inflammation of the tail dur-
ing the glucose level check process.

Lipid biochemical tests were performed for blood tri-
glycerides, total cholesterol, HDL cholesterol, and LDL
cholesterol to examine abnormalities in lipid metabolism
due to diabetes. G. frondosa generally have been known
to be effective in treating cholesterol and obesity (Park,
2008). When compared with the control group, the blood
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lipid levels were generally lower in the groups fed 100 mg/
kg or 200 mg/kg of G. frondosa. Though, blood lipid lev-
els in db/db mouse group fed G. frondosa at the concen-
tration of 500 mg/kg were higher than control group. The
highest value was recorded not only in TG, CHOL, and
HDL but also in LDL. Rather, the group that fed at a high
concentration (500 mg/kg) showed higher figure than the
control group and other groups. In previous studies, it
has been reported that the high dose of G. frondosa was
administered to female mouse, resulting in a slight weight
gain (Oh et al., 2010). Therefore, G. frondosa showed fa-
vorable effects for lipid improvement at concentrations
not higher than 200 mg/kg.

Glycated hemoglobin is one of the most commonly used
indicators of blood glucose, and HbAlc, a part of hemo-
globin in red blood cells, slowly binds to glucose and non-
enzymatic binding during survival. Therefore, the degree
of glycation of HbAlc causes blood glucose concentration
to be predicted (Sherwani et al., 2016). Compared to glu-
cose in the average blood, 7-8% corresponds to 150-180
mg/dL and 8.3-10 mmol/L, which is slightly higher. 8.5-
10% is a high level of 180-240 mg/dL and 10-13.3 mmol/
L for average blood glucose. In addition, more than 10.5%
of HbAlc has an average blood glucose level of 240 mg/
dL and 13.3 mmol/L to 14 mmol/L, and is known to be
very high (Cagliero et al., 1999).

Group A (control), B (100 mg/kg), and C (200 mg/kg) all
exhibited high levels of glucose in the blood. In contrast,
the glycated hemoglobin in the group that treated 500
mg/kg of G. frondosa was 7.8%, which was about 25%
lower than that of other groups. Therefore, the degree
of glycation of HbAlc was low in mice that administered
high concentrations of G. frondosa.

Lipid peroxide is a product of lipid lowering reaction
occurring as a result of oxidative damage, and is also used
as a marker of oxidative stress. The induction of oxidative
stress is cause an organ malformation is mainly respon-
sible (An et al., 2021). Lipid peroxidation assay showed no
significant difference in any of the experimental groups.

Type 2 diabetes refers to the condition under which in-
sulin signaling is not properly carried out due to insulin
resistance. Recently, type 2 diabetes accounts for more
than 90% of diabetic patients (Chatterjee et al., 2017) Due
to the decrease in insulin sensitivity, insulin cannot bind
to the insulin receptors even when insulin is expressed so
that the action of insulin does not occur and high blood

sugar levels are maintained. The glucose remaining in
blood stimulates the pancreas to increase insulin secre-
tion so that more insulin is secreted into blood to cause
even hyperinsulinemia. Insulin resistance can be identi-
fied through changes in the expression of proteins related
to insulin signaling. In the above experiment, the mRNA
expression levels of IR, IRS1, PI3K, and Akt, which are in
the insulin signaling pathway were compared with those
of GAPDH through Real-Time PCR. According to the re-
sults, in the case of the female groups, the experimental
groups showed significantly higher IR expression levels
compared to the control group. IRS1 is a receptor mol-
ecule in which tyrosine residues are phosphorylated in
response to insulin, IGF-1, cytokine, etc. It serves to an
important role in insulin signaling. IRS1 is activated by
phosphorylation of tyrosine to form a signal carrier such
as PI3K (Gual et al., 2005). Insulin receptor activated by
insulin promote intracellular glucose absorption through
the PI3k pathway (Miissig et al., 2005).

In this study, G. frondosa extract improved blood lipid
levels and, in the case of feed treated with G. frondosa at
a high concentration, effects to improve diabetic diseases
could be identified through blood lipid biochemical tests
and Real-Time PCR evaluation.

However, with regard to insulin signaling, no significant
difference in insulin resistance appeared. Therefore, in
future studies, to investigate blood sugar level lowering
mechanisms, additional experiments seem to be neces-
sary on alpha glucosidase, which temporarily lowers
blood sugar by interfering with the digestion of carbohy-
drates after a meal, or the mechanism of the occurrence
of insulin resistance against the promotion of insulin se-
cretion. The experiment was conducted with female. The
results are significant.

In this regard, further research is needed on what mech-
anism G. frondosa have and influence according to gen-
der. No significant difference was found in the MDA test.
Additional experiments and investigations are required
for this. In addition, it seems like that the components of
the G. frondosa extract should be fractionalized to con-
duct concrete experiments to figure out which compo-
nents show antidiabetic effects. G. frondosa derived from
natural materials are supposed to have the potential to
resolve the side effects of commercially available diabetes
treatments.
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CONCLUSION

To find out the effect of Grifola frondosa (G. frondosa)
the study was conducted in diabetic disease model mouse
(BKS.Cg-+Lepr®®/+Lepr®/OlaHsd). Lipid metabolism was
investigated, and changes were observed after 8 weeks of
oral administration. There is no clear treatment for dia-
betes yet, so it is necessary to identify and come up with
a solution. G. frondosa revealed the effect of improving
blood lipids in the diabetes model. Therefore, this study is
considered to suggest the possibility for the application of
G. frondosa in diabetes.
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