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Background: Using chemical agents in the treatment of diabetes mellitus type 2 may have
some limitations due to frequent side effects. Some novel and natural agents may be
promising alternatives in this case. This study was designed to evaluate the effects of oral
Japanese sake yeast supplement, as a novel agent, on biochemical antioxidant and anti-
inflammatory parameters in experimentally induced diabetic rats.

Materials and methods: After inducing diabetes (55 mg/kg intraperitoneal injection of
streptozotocin), 120 male adult Wistar rats were randomly divided into 5 groups and each
group received 0 (control), 15, 30, or 45 mg/kg of sake yeast or was considered a nondiabetic
control. Then, the serum levels of tumor necrosis factor-o, IL-6, C-reactive protein, mal-
ondialdehyde, glutathione, total antioxidant status, glucose, cholesterol, triglycerides, and
insulin were evaluated and compared to baseline measures.

Results: The results showed that oral administration of sake yeast at different concentrations
reduced levels of malondialdehyde, glucose, cholesterol, and triglycerides and increased
levels of insulin, glutathione, and total antioxidants (P<0.05). The best responses were
observed in the nondiabetic control group.

Conclusion: Sake yeast supplement may be useful as a novel agent in the treatment of diabetes.
Keywords: sake yeast, diabetes, glucose, insulin, inflammatory factors, lipid profile,

antioxidants

Introduction

Diabetes mellitus is known as one of the most common metabolic diseases that is
accompanied by chronic complications including nephropathy, angiopathy, retino-
pathy, and peripheral neuropathy.' The diagnosis of diabetes mellitus is usually
based on hyperglycemia and glucose intolerance.? Increased blood glucose, insulin
resistance, and rising inflammatory markers have been reported in patients with
diabetes mellitus.> Regarding inflammatory factors, a positive relation between
levels of proinflammatory cytokines, including tumor necrosis factor-a (TNF-o)
and IL-6, and insulin resistance has been found.*> TNF-a is known to play a role in
insulin resistance and acts as a mediator between obesity and inflammatory diseases
such as heart disease and type 2 diabetes.® IL-6 and TNF-a are associated with
declined glycemic control and endothelial disorder in diabetic patients.” C-reactive
protein (CRP) has also been reported to have a role in the initiation and aggravation
of the classical pathways and promotion of atherosclerosis in diabetic patients.®
Imbalance between oxidant and antioxidant factors may result in oxidative stress
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which may increase the production of free radicals and
reduces antioxidant factors.” It is known that antioxidants
are capable of removing free radicals and ROS by pre-
venting lipid peroxidation and reducing the side effects
that are caused by ROS.'® Synthetic agents have been
widely used in the treatment of diabetes, but they may be
confronted with major limitations due to their possible side
effects.” Therefore, the use of safe and novel agents for the
treatment of diabetes is promising.

Sake yeast, Japanese rice wine, has been used in the life
and culture of Japanese people for a long time. Sake is a
brewed alcoholic beverage, but the brewing process is more
complex in comparison with other alcoholic beverages.'' It
is fermented from steamed white rice using koji and yeast.
Studies have shown that sake is made up of water and
ethanol, p-glucose, ethyl a-p-glucoside, glycerol, organic
acids, and amino acids.'? Kido et al'? stated that high intake
of alcoholic beverages with a meal may cause different
responses in postprandial glucose and insulin concentra-
tions. Studies showed that Japanese sake yeast enriched in
adenosine analogs activates A2a receptors and its supple-
mentation improved sleep quality.'* Adenosine has several
physiological and pharmacological roles in some diseases.
These roles occur through four known adenosine receptor
subtypes (A1, Asa, Asp, and Aj). It has been reported that
A AAR agonist ameliorates histological and functional
changes in kidneys induced by diabetes and reduced inflam-
mation associated with diabetic nephropathy.'> There is no
study in this area and the effect of sake yeast on diabetes is
unknown. Therefore, we aimed to study the effects of sake
yeast supplement (GSP6) on hyperglycemia beside antiox-
idant and anti-inflammatory mechanisms. This study was
thus conducted to evaluate how sake yeast supplement can
influence antioxidant and anti-inflammatory parameters of
diabetic rats as a novel therapeutic agent.

Materials and methods

Animals

All experiments were approved by the Ethical Committee
of the International Center for Intelligent Research-ICIR
(ICIR-2018-185736). The experiments were conducted in
accordance with the guideline of the National Institutes of
Health (NIH Publication No. 85-23, revised 1996) for the
care and use of laboratory animals. Wistar male rats with a
weight of 200+10 g were purchased from Pastur Institute,
Tehran, Iran. A total number of 120 Wistar rats were
randomly divided into 5 groups and each group had 4

subgroups (n=6). Rats were hosted in well-ventilated and
spacious stainless-steel cages for free movement and were
fed with a standard food prepared in Javaneh Khorasan,
Iran with free access to fresh water. Feed included a chow
standard diet containing 3 kcal/kh energy, 20% protein,
3% fat, 4% ash, and 6% fiber. Hosting conditions included
standard temperature (2242 °C) and humidity (554+5%)
and a light/dark cycle of 12 h. After inducing diabetes in
rats, animals were treated with dried sake yeast powder
(GSP6 as a gift from Dr Yuki
Corporation, Odawara-shi, Japan) as a food supplement

Nagamori, Lion
for 4 weeks. The powder was dispersed in saline shortly
before use and administered to animals in different doses
including 0 (control), 15, 30, or 45 mg/kg by oral gavage.
A nondiabetic group was also considered. The diabetic and
nondiabetic control rats received saline alone and gavage
solutions were refreshed daily. Body weight was measured
initially and at the end of the study. The dose of sake yeast
was chosen based on dose—response in the pilot study.

Pilot study

To select the optimum doses, 36 Wistar rats were deprived
of food for 24 h and then were equally divided into 6
groups. Animals received the supplement in doses of 5, 10,
15, 20, 30, 45, and 60 mg/kg and were monitored for 48 h
for any toxicity sign including convulsions, ataxia,
hypoactivity and ventilation disorders, behavioral altera-
tion, and related mortality. No toxicity sign was observed
in this period. Finally, we selected 15, 30, and 45 mg/kg as
experimental doses for further studies.

Induction of diabetes

To induce experimental diabetes, 55 mg/kg of streptozo-
tocin (STZ; Sigma-Aldrich Co., St Louis, MO, USA) in
0.1 molar citrate buffer with pH 4.5 was intraperitoneally
injected into each animal.’ After 3 days, blood samples
were evaluated from each rat using a glucometer (Accu-
Check; Hoffman-La Roche Ltd., Basel, Switzerland).
Animals with a glucose level >250 mg/dL were considered
diabetic.'

Blood sampling and blood variables

At the end of the trial and following 24 h of fasting, 60
mg/kg of sodium phenobarbital was injected to induce
anesthesia. Blood samples were taken into tubes without
any heparin. The samples were then centrifuged at 4000
RPM for 10 min at 4 °C and kept at —20 °C for further
experiments. ELISA was applied for assessment of the
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levels of TNF-a and IL-6 following the instruction guide.
The levels of TNF-a and IL-6 were evaluated using cyto-
kine-specific monoclonal antibodies.” The thiobarbituric
acid reactive substances procedure was applied to evaluate
the serum malondialdehyde (MDA) as suggested by
Biswas et al.'” The serum concentration of glutathione
(GSH) was evaluated using Ellman’s reagent (5,50-
dithio-bis-2-nitrobenzoic acid).'® We used the ferric redu-
cing antioxidant power procedure to evaluate the total
antioxidant status (TAS) as reported by Budin et al."”
CRP was assessed using the CRP ELISA Kit (Thermo
Fisher Scientific, Waltham, MA, USA). Commercially
available kits (Pars Azmoon, Iran) were also used to
examine the serum concentrations of glucose, cholesterol,
triglycerides, and insulin.

Statistical analysis

Data were analyzed with GraphPad Prism statistical soft-
ware (GraphPad Software, Inc., La Jolla, CA, USA).
ANOVA and Dunnett’s Multiple Range Test were used
to assess significance. The results are presented as mean
+SD. P<0.05 was considered statistically significant.

Results

Effects of different doses of sake yeast supplementation on
body weight are shown in Figure 1. As the results show, body
weight was increased in nondiabetic rats (P<0.05), but was
decreased in diabetic control rats and rats administered 15
and 30 mg/kg supplement (P<0.05). There was no observed
significant difference between initial and final weights in rats
treated with 45 mg/kg of supplement (P<0.05).

Effects of different doses of sake yeast supplementation
on serum concentrations of oxidative stress and antioxidant
markers are shown in Figure 2. Results indicate that oral
administration of sake yeast reduced the levels of the lipid
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peroxidation marker MDA (Figure 2A; P<0.05) and
increased the levels of the antioxidants GSH (Figure 2B)
and TAS (Figure 2C) in a dose-dependent manner (P<0.05).
Nondiabetic rats showed better response in comparison to
other groups.

Next, the effects of experimental sake yeast treatment
on levels of proinflammatory cytokines were analyzed and
are shown in Figure 3. Results revealed a dose-dependent
and significant decrease of serum concentrations of IL-6
(Figure 3A), TNF-a (Figure 3B), and CRP (Figure 3C)
with increasing sake yeast supplementation (P<0.05). The
lowest level of proinflammatory cytokines was observed
by applying sake yeast at a concentration of 45 mg/kg and
in the nondiabetic control (P<0.05).

The effects of experimental sake yeast supplementation
on blood biochemical parameters are shown (Figure 4).
The serum concentrations of glucose (Figure 4A), trigly-
cerides (Figure 4C), and cholesterol (Figure 4D) were
significantly decreased with increasing sake yeast dosage
(P<0.05). Remarkably, the serum concentration of insulin
(Figure 4B) increased in a dose-dependent manner. All
treated groups showed better responses in comparison to
the control group. The best responses were observed in the
nondiabetic control.

Discussion

Results showed that body weight was reduced in diabetic
rats and increased in the nondiabetic group. However,
animals treated with a level of 45 mg/kg did not show a
significant difference (P<0.05). Reduced body weight in
diabetic animals was attributed to dehydration and catabo-
lism of fats and proteins and increased catabolic reactions
which result in muscle loss and finally weight loss in
diabetic rats.’® Maintaining the body weight in animals
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Figure | Effects of different doses of the supplement (GSP6) on body weight (g) in diabetic rats.
Notes: ***Significant difference between initial and final weights at a level of 0.001; ns, nonsignificant (P>0.05).

Abbreviations: Control-D, control diabetic; Non-D, nondiabetic.
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Figure 2 Effects of different doses of the supplement (GSP6) on the antioxidant status in diabetic rats. (A) Malondialdehyde (MDA). (B) Glutathione (GSH). (C) Total

antioxidant status (TAS).
Note: a—e show significant difference among groups at a level of 0.05.
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Figure 3 Effects of different doses of the supplement (GSP6) on proinflammatory factors in diabetic rats. (A) IL-6. (B) Tumor necrosis factor-a (TNF-a). (C) C-reactive protein (CRP).

Note: a—e show significant difference among groups at a level of 0.05.

treated with 45 mg/kg of the supplement might be attrib-
uted to the control of hyperglycemia.

The results of the present study indicated an overall
improvement of diabetes-related blood parameters induced

by food supplementation with Japanese sake yeast. STZ-

induced diabetic rats are normally characterized by
reduced GSH and TAS as well as increased MDA levels,
pointing to an imbalance toward peroxidation in this
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Figure 4 Effects of different doses of supplement (GSP6) on blood biochemical parameters in diabetic rats. (A) Glucose. (B) Insulin. (C) Triglycerides. (D) Cholesterol.

Note: a-e show significant difference among groups at a level of 0.05.

animal model.” Treatment with sake yeast supplement
improved GSH and TAS levels which may be due to
decreased production of free radicals and increased level
of antioxidants. Previous studies have reported that STZ
causes diabetes by elevating sensitivity to lipid peroxida-
tion and oxidative stress, thus pointing to mechanisms
probably involved in the pathogenesis of the disease.”'
MDA has been reported as one of the products of lipid
peroxidation that is rapidly mixed with biomolecules and
therefore disturbs the glucose metabolism.?* Sake yeast
modulates the production of oxygen radicals which might
be responsible for decreasing hyperglycemia, inflamma-
tion, and oxidative stress. Unfortunately, we could not
find any study suggesting the effects of sake yeast on the
antioxidant system. However, our study is the first to show
that sake yeast, especially in higher doses, can increase the
antioxidant factors and decrease lipid peroxidation
(MDA). It could be concluded that sake yeast declines
the level of MDA by increasing GSH and TAS.

Our findings indicated that sake yeast could decrease
inflammatory factors in comparison to the control group.
Inflammation is a basic biological process that is considered
the background of many acute and chronic pathological
conditions, and this action happens in response to the
changes which restore tissue homeostasis by triggering dif-

ferent repair mechanisms. Appropriate regulation of such

mechanisms is necessary to inhibit uncontrolled amplifica-
tion of the initial inflammatory response which may other-
wise lead the tissue repair process to collateral damage and
development of diseases.”” TNF-a is known to have adverse
effects including increasing adipocyte lipolysis and altera-
tions in the insulin signaling pathway by changing tyrosine/
serine phosphorylation of insulin receptor substrates.”* CRP
is known as a main inflammatory factor which is regulated by
IL-6, IL-1, and TNF-a and is produced in the liver in
response to inflammation.”> Chang et al*® showed that dia-
betes mellitus can increase the level of nuclear factor-kB that
is responsible for the formation of several proinflammatory
cytokines. Importantly, our findings showed that supplement-
ing with sake yeast decreased the inflammatory factors.

Virgolici et al*’

illustrated elevated levels of inflammatory
factors in relation to raised oxidative stress. Our findings
showed that treatment with sake yeast improves the antiox-
idant status and may decrease inflammatory factors by
improving antioxidant activity.

Increased triglycerides, cholesterol, and glucose and
the

group compared to the diabetic and treated groups.

decreased insulin were observed in control

Hypertriglyceridemia and hypercholesterolemia are
known as common signs in diabetes.”® Studies have also
reported that STZ increases the sensitivity to lipid

peroxidation.”*® Decreased hepatic insulin sensitivity
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could be attributed to increased hepatic gluconeogenesis,
postprandial hyperinsulinemia, and increased production
of triglycerides in the liver cells. Hypertriglyceridemia,
hypercholesterolemia, hyperglycemia, and hypoinsuline-
mia could be due to an increase in TNF-a. It steps up
triglyceride production in plasma® and cuts down glucose
consumption in peripheral tissues by targeting insulin
signaling pathways and the glucose transporter 4
(GLUT4).>* Parallel to our findings, Kido et al'® have
reported that high intake of alcoholic beverages with a
meal causes different responses in postprandial glucose
and insulin concentrations. Accordingly, sake reduces
the levels of lipids and glucose through modulation in
TNF-a. In addition, components of sake including ethyl
a-D-glucoside, peptides, and amino acids are known to
have hepatoprotective activity and hypotensive effects.*'->
Compounds of sake may therefore improve blood

biochemical parameters.

Conclusion

Sake yeast supplement can decrease inflammatory para-
meters by increasing antioxidant factors. It also improved
blood biochemical parameters compared to the control
group. Although future studies need to be done in order
to evaluate the effects of sake yeast on diabetes, our
preliminary study showed that this supplement has poten-
tial for improving the treatment of diabetes. We recom-
mend conducting human studies and the use of GSP6 as an
oral supplement.
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