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Influence on lipid metabolism by a water-soluble extract from culture
medium of Ganoderma lucidum mycelia in the liver of type 2 diabetic mice
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1 Department of Clinical Dietetics and Human Nutrition, Faculty of Pharmaceutical Sciences, Josai University
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Water-soluble extract from culture medium of Ganoderma lucidum mycelia (MAK),
lipid metabolism, insulin tolerance, metformin, pioglitazone

Abstract.

A water-soluble extract from the culture medium of Ganoderma lucidum mycelia (MAK), which is
commercially available as a nutritional supplement, was prepared from a solid medium composed of bagasse and
defatted-rice bran overgrown for about 4 months with its mycelia. It was reported that long-term intake of MAK
reduced hyperglycemia and enhanced glucose transporter-4 (GLUT4) translocation to the plasma membrane in
skeletal muscles and adipose tissue in a type 2 diabetic animal model with obesity. Furthermore, MAK affects
hepatic carbohydrate metabolism, which may derive from the suppression of gluconeogenesis through the
modulation of related enzymes and enhancement of glucose uptake, glycolysis and glycogen synthesis. In the
present study, we investigated the effect of MAK on hepatic lipid metabolism and compared with the results with
the effects of pioglitazone and metformin. The mice with the high-fat ingestion showed a gradual increase in
the levels of blood glucose and body weight. In the MAK-treated mice, the blood glucose level was suppressed
after 2 weeks of intake. The amount of liver triglyceride in the MAK or metformin-treated mice was decreased,
compared to control, but that of liver triglyceride in pioglitazone-treated mice was increased. These results
indicate that MAK affects hepatic lipid metabolism, which may derive from the suppression of triglyceride
synthesis similar to metformin.

*Correspondence to: Yasuhide Hibino, Department of Clinical Dietetics and Human Nutrition,
Faculty of Pharmaceutical Sciences, Josai University,
1-1 Keyakidai Sakado, Saitama 350-0295, Japan
TEL : +81-49-271-7285 FAX : +81-49-271-7284 E-mail : seitaib@josai.ac.jp
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Tel : 049-271-7285  Fax :049-271-7284  E-mail ! seitaib@josai.ac.jp
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Summary

We obtained the following results in this study conducted to investigate the effectiveness of the oral intake
of YH before alcohol consumption, in decreasing breath alcohol concentration and suppressing plasma AST
levels after a 2-month long-term intake in human subjects.

1) It was demonstrated that the oral intake of YH immediately before alcohol intake significantly suppressed
the breath alcohol compared to that of the placebo group.
2) It was demonstrated that the 2-month oral intake of YH suppressed the plasma AST level.

The results described in 1) and 2) demonstrated the effectiveness of the oral intake of YH on alcohol

consumption-related stress, as well as its long-term improvement of hepatic function.

1. Introduction

Glutathione (y-L-glutamyl-L-cysteine-glycine,
GSH) is a tripeptide consisting of glutamic acid,
cysteine, and glycine. In Japan, GSH is used
medically as an antidote. It plays the role of an
antioxidant by protecting cells from active oxygen
and oxidants generated in the cells, is known to
inhibit melanogenesis ", and has skin-clearing
effects. GSH levels are known to decrease with age
and has been reported to decrease owing to alcohol
intake 2, medication ®, and stresses such as physical
exercise. Alcohol consumption is known to induce
hepatic steatosis by promoting hepatic steatogenesis

4 and causes biomembrane disorder > because of

hepatic lipid peroxidation. Hepatic steatosis may
trigger various lifestyle-related diseases as well
as hepatic cirrhosis because it decreases hepatic
physiological function. Furthermore, it has also
been reported that GSH protects the liver against
alcohol intoxication ©.

Yeast is rich in GSH, which has been extracted
from yeast since ancient times. In Japan, a
pioneering study was conducted by Dr. Kuroiwa 7,
and we obtained a yeast extract with a high GSH
content (YH) after continuous pure cultivation of a
developed torula yeast with a high GSH content in
a large fermenter. Sugimura et al. demonstrated the

efficacy of yeast extract with a high GSH content
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against hepatic disorders by feeding rats with
it; however, the efficacy has not been verified in
humans ®.

Therefore, in this study, we focused on real-life
stress in humans, especially alcohol consumption,
and investigated the effects of YH intake just
before drinking on breath alcohol concentration. In
addition, we studied changes in the human plasma
aspartate aminotransferase (AST) level, an indicator
of hepatic function, in patients who had reached the
upper limit of the indicator of mild hepatic disorder
and had taken YH for a prolonged period. Here, we

report the results of these investigations.

2. Methods
2.1 Effects of oral intake of YH on breath
alcohol concentration

“HITHION YH-15,” which contains reduced
GSH 15% (w/w), was the YH used in this study.
HITHION YH-15 is a yeast extract manufactured
by KOHIJIN Life Sciences Co., Ltd. using a
fermentative process of torula yeast. The breath
alcohol concentration after alcohol consumption
was measured in the 20 healthy men and women
participants in the study. All the subjects received
an explanation of the objectives, methods, and
schedule of the study and were informed that they
had the option to withdraw from the study at any
time. The subjects were adult men and women with
drinking experience and no history of drug use
and alcoholism. Three study groups were defined,
placebo, YH, and curcuma groups, who were
treated with the tablets (test meals), consisting of
660 mg lactose; 670 mg YH (equivalent to 100 mg
GSH), and curcuma (equivalent to 30 mg curcumin),
respectively.

The subjects were requested to abstain from

alcohol on the day before the study commenced

and consumed rice balls and the test meals
approximately 1 hour before drinking alcohol on
the day of the study. The whiskey (40 degrees) was
double diluted with an amount equal to the subject’s
weight x 1.25 mL, and the subject was instructed to
drink the entire sample within 10 minutes.

The evaluated laboratory parameters were 1)
breath alcohol concentration (mg/L) measured using
an alcohol checker 20, 60, 120, and 180 minutes
after alcohol consumption and 2) subjective feeling
questionnaire. Furthermore, the breath alcohol
concentration (parameter 1) was measured five
times in total before and after drinking alcohol
(before and 20, 60, 120, and 180 minutes after
drinking alcohol), and parameter 2) consisted of
seven items, “sobriety returned,” “sleepiness,”
“headache,” “upset stomach,” “swelling,” “flush,”
and “light-headedness” in the questionnaire, which
were assessed using a five-point scale. Higher points
indicated that the symptoms described above such
as sleepiness and headache were milder. The study
was a crossover comparative study, and each stage
was conducted similarly at an interval of 1 week or

more.

2.2 Effects of oral YH on human plasma
components

12 patients who were confirmed to have reached
the upper limit of the indicator of mild hepatic
disorder (patients with hepatic steatosis or a
tendency to develop hepatic steatosis) participated
in the study.

2 study groups, the placebo and YH were
defined and administered tablets consisting of
dextrin and 333 mg YH (equivalent to 50 mg of
GSH), respectively, as the test meals. The subjects
took the test meals once daily, and the length of

the study was 2 months. After the test substance
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administration period, the plasma AST levels were
measured.

In the statistical analysis, the mean AST level
+ standard deviation (SD) was calculated, and the
difference between groups was determined using
t-test.
3. Results
3.1 Effects of oral intake of YH on breath
alcohol concentration

The results of this study, which investigated the
effects of the intake of YH on the breath alcohol
concentration after alcohol consumption in 12
healthy subjects, are shown in Figure 1. The breath
alcohol concentration of the YH group significantly
decreased 20, 60, 120, and 180 minutes after alcohol
consumption compared to that of the placebo and
curcuma groups. Therefore, the results suggest that

YH intake possibly decreased the breath alcohol

concentration.
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Figure 1 Effects of Oral Intake of Yeast Extract (YH)
with a High Glutathione Content on Breath Alcohol
Concentration

The results of the analysis of the subjective
feeling questionnaire also demonstrated higher
points in the YH and curcuma groups than in
placebo group. Furthermore, the YH group was
confirmed to have scored higher points in the

“sleepiness,” “headache,” and “upset stomach”
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Figure 2 Effects of Oral Intake of Yeast Extract (YH)
with a High Glutathione Content on Subjective Feeling
Questionnaire Scores

items than the curcuma group did (Figure 2).

3.2 Effects of oral intake of YH on human
plasma AST

The rate of change in the plasma AST levels
of the subjects after 2 month, which is shown in
Figure 3, reveals that the rate of the YH group was
significantly lower than that of the placebo group.
Therefore, the AST levels showed a tendency to

decrease significantly after YH intake.
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Figure 3 Changes in Human Plasma Aspartate
Aminotransferase (AST) Concentration after Intake of
Yeast Extract (YH) with a High Glutathione Content for
2 Months

4. Discussion

Following its absorption in the stomach and small
intestine and circulation into the blood, alcohol is
broken down into acetaldehyde by oxidation by

hepatic enzymes. Acetaldehyde is the causative
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substance responsible for the symptoms of alcohol
intoxication such as headache and nausea. The
results of this study showed a significant decrease
in the breath alcohol concentration following the
intake of the GSH-containing yeast extract 1 hour
before alcohol consumption. Park ez al. reported that
the oral intake of GSH increased the plasma GSH
levels after 60 to 120 minutes ?. As shown in our
study, the increase was probably due to the ingested
GSH, which circulated to the liver via the plasma
1 or 2 hours after the intake and subsequently
converted the alcohol to acetaldehyde.

Considering that the subjects in the YH group
showed a lower tendency to experience headache
or nausea as a subjective feeling than those in
the placebo group did, GSH, which is a principal
component of YH-15, appeared to metabolize the
acetaldehyde promptly. In addition, the changes in
plasma AST after the 2-month intake of YH suggest
that YH had a long-term effect on improving
hepatic function, in addition to its immediate effects

after alcohol consumption.

The production of active oxygen is considered
to be involved in the progression of the alcoholic
hepatic disorder. GSH acts as antioxidant to
protect cell from reactive oxygen or peroxide
compounds inside cells '>'V. GSH appears to delay
this progression by removing active oxygen. Also
GSH is reported to enhance the lipid metabolism
by activating PGC-1a which upregulates the
mitochondrial biogenesis.'? This fact might suggest
that GSH intake prevented the progress of the
hepatic disorder by enhancing the hepatic lipid
metabolism, which eventually suppressed AST
level. Another possibility is that YH contains a
small percentage of the amino acids, arginine and
gamma-aminobutyric acid (GABA), as well as GSH.
Some reports have indicated that the amino acids
not only promote alcohol metabolism but they also

13.19 Therefore,

effectively improve hepatic function
the amino acids in the yeast extract used in our
study might also have worked synergistically, to the
delays observed in this study. Further investigation

should be needed.
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Summary

We confirmed that glutathione ingestion improves the appearance of skin, by reducing pores and blemishes
as well as whitening skin. Thus, taking glutathione improved the overall appearance of the skin.
In addition, we hypothesize that glutathione may have additional beauty effects, since it was confirmed that
using glutathione and collagen peptides together in vitro generated a strong synergistic effect for accelerating
production of type I collagen.
Here, we showed the beneficial effects of glutathione on the skin (skin whitening and improvement of skin
appearance); however, glutathione is also thought to play additional essential roles in whole-body health,
for example, removal of active enzymes®” and detoxification of toxic substances produced by metabolism
of alcohol .¥!19 Moreover, various other effects have recently been reported, such as improvement of lipid
metabolism and anti-fatigue activity during cardiovascular exercise, due to activation of mitochondrial
biosynthesis via PGC-1qa.'"
As discussed above, glutathione is expected to have various effects. It is highly recommended for everyone at

any age to take it so that they can preserve their beauty and live a healthy life.

1. Introduction

Preserving the appearance of the skin is a major
concern for women. Skin condition deteriorates with
age, due to appearance of blemishes or wrinkles,
and becomes slack due to factors such as aging,
stress, and exposure to ultraviolet light. Various
studies are being carried out to find ways to prevent
deterioration or to improve such skin conditions.

Markedly increased melanin formation, due to

activation of melanocytes in the skin, is known to
cause blemishes such as freckles or pigmentation,
especially after tanning. Glutathione is known to
be one of materials to prevent deterioration or to
improve such pigmentation-related skin conditions.
Glutathione (GSH) is a tripeptide of glutamine,
cysteine, and glycine, and it has been used as
a medical drug for over 40 years in Japan. In

addition, it acts as an antioxidant to protect cells
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from reactive oxygen or peroxide compounds inside
cells, and plays an important role in detoxification
in living organisms, such as by removing foreign
substances from cells. Reactive oxygen is a
factor in creating melanin pigment in skin, and
the anti-oxidant glutathione is known to inhibit
pigmentation.

Many general foods also contain glutathione;
however, because glutathione shows limited stability
during cooking, dietary supplements are a more
effective method to intake it. It has been confirmed
that glutathione can be absorbed into the body
when administered orally.” In addition, it is known
that glutathione levels decrease with age and due
to various external factors.? Therefore, proactive
supplementation with glutathione is recommended
at any age.

In this study, we tested the beauty effects of

glutathione supplementation.

2. Materials and Methods
2.1 Measurement of plasma concentrations of
glutathione

Blood samples were collected from 40 healthy
subjects (18 men, 22 women). The enzyme cycling
method of Owens and others® was used to measure

plasma concentrations of glutathione.

2.2 Measurement of tyrosinase activity

The following four reagents (A—D) were prepared.
Solution A: 0.5 M phosphate buffer (pH 6.8).
Solution B: Mcllvaine buffer (pH 6.8)
(2.58 g/L of citric acid, 12.46 g/L of Disodium
Hydrogenphosphate).
Solution C: Tyrosinase solution (1.2 mg/solution A 5
mL, 800 units/mL) (Sigma, mushroom-derived, 3,320
units/mg solid).

Solution D: Tyrosine solution (6.0 mg/solution

A 30 mL, 1.11 umol/mL, Wako Pure Chemical
Industries, Ltd.)

After adding 1.5 mL of solution B, 0.15 mL of
sample solution, and 0.15 mL of solution C to cells,
they were preincubated at 37°C for 10 minutes. Then,
1.5 mL of solution D was added immediately, and
the OD,q, was measured with a spectrophotometer
(HITACHI U-2900) at 0, 5, 10, and 15 minutes.
Based on these measurements, a calibration curve
was prepared with the sample concentration on the
x-axis against the ratio of inhibition on the y-axis,
and the ICs, was calculated to compare the activity
strength of each sample. The ICs, is defined as the
concentration of inhibitory sample at which the

enzyme activity is reduced by half.

2.3 Melanin production inhibition test

Mouse melanoma B16 cells (RIKEN) were
seeded in 6-well plates at 2 x 10* cells/well each, and
they were cultured in Dulbecco's Modified Eagle's
medium (DMEM) containing 5% fetal bovine serum
(FBS) at 37°C at 5% CO,. After 24 hours, cells
were transferred into fresh media containing test
samples. On the 4th day after seeding, the media
were removed. Plates were washed with phosphate
buffered saline (PBS), PBS was removed with
0.25% trypsin-EDTA solution, and cell pellets were
collected by centrifugation (10,000 rpm, 3 minutes).
After the collected pellets were washed twice with
PBS, cell suspensions were prepared with 1 mL of
PBS; 0.8 mL was used to measure melanin content
and 0.2 mL was used to quantify proteins.

Pellets collected for measurement of melanin
content were dissolved in 150 pL of 1 N NaOH
(100°C, 10 minutes) and their 405-nm absorbance
was measured using a microplate reader. For pellets
collected for protein quantification, protein was

quantified using the bicinchoninic acid (BCA)
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method. Using cells treated with water as controls
(melanin production at the time was set as 100%),
melanin content per protein in cells cultured by
adding sample was calculated as a rate of melanin

formation.

2.4 Type collagen production acceleration test

Human skin fibroblasts (ATCC) were seeded
in 24-well plates at 1.0 x 10° cells/well each, and
cultured in DMEM containing 10% fetal bovine
serum (FBS) at 37°C with 5% CO,. After 24 hours,
they were transferred into fresh media (1.0% FBS)
containing test samples and cultured at 37°C with
5% CO, for 72 hours.

After culturing, 100 pL of supernatant was
collected from each well into an Eppendorf tube
and 300 pL of 0.1% sirius red solution (0.5 M
acetic acid) was added and shaken. Then, they
were allowed to stand at room temperature for 30
minutes. Pellets were purified in 10 mM HCI by
centrifugation (10,000 rpm, 5 minutes) three times,
and the resulting pellets were dissolved in 500
pL of 0.5 N NaOH aq, and then absorbance was

measured at 515 nm using a microplate reader.

2.5 Test of skin appearance following oral
ingestion

For this test, 8 women in their 30s or early 40s
were recruited; each took 3 tablets (equivalent to
100 mg of glutathione) daily. The test period was 2
months, and their skin condition at the beginning
of the test and after 2 months was compared
using the Robo Skin Analyzer. Five parameters
were analyzed: skin brightness, amount of skin
pigmentation, total area of skin pigmentation,
number of pores, and number of wrinkles (under
the eyes). Tests were conducted in the presence of

dermatologists at dermatological clinics in Tokyo.

3. Results and Discussion
3.1 Relationship between age and plasma
concentration of glutathione

The relationship between age and plasma
concentration of glutathione is shown in Figure 1.
Plasma concentration of glutathione was found to
decrease with age. Thus, as individuals are exposed
to various external factors such as the environment
or everyday stress, in short, as getting older,
glutathione concentration in living body decreases.

Generally, plasma concentrations of glutathione
remain steady; however, if the overall concentration
shows a declining trend, as in our results, it is
presumed that concentrations of glutathione in each

tissue show more declining trend.
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Figure 1 Relationship between age and plasma
concentration of glutathione

3.2 Inhibition of tyrosinase activity

One mechanism for the formation of melanin
pigment is shown in Figure 2. It is known that
melanin plays an important role in protecting the
skin from ultraviolet radiation; however, it also
causes blemishes or freckles. In living body, after
tyrosine is taken up from the bloodstream and
oxidized by tyrosinase, it is metabolized to L-DOPA
and to dopaquinone, and it eventually becomes

melanin-autoxidized.
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Figure 2 Mechanism for the formation of melanin pigments

Tyrosinase is the enzyme catalyzing those two
reactions and is regarded as the rate-limiting
enzyme in melanin formation.

Glutathione is known to have a strong skin-
whitening ability owing to two effects: suppression
of the development of eumelanin by inhibition
of tyrosinase activity, and induction of a reaction
system to the pheomelanin synthesis pathway.

Thus, a controlled trial was performed to study

the relative inhibitory effect of glutathione on

New Fo

tyrosinase activity compared to known antioxidants.
The ICs, value (concentration of each material
required to inhibit tyrosinase activity) of each
material was calculated, with the relative 1Cs, value
of glutathione set at 100.

Comparison of the capacity of glutathione
(GSH), cysteine (Cys), N-acetylcysteine (NAC), and
ascorbic acid (VC) to inhibit tyrosinase showed that
glutathione had a much stronger inhibitory effect

than the other materials (Figure 3). The results

od Industry (New Food Indust.) 2016 Vol.58 No.10 41



Beauty effects of Glutathione

100

[or]
o
|

(o2}
o

(GSH is defined as 100)

Tyrosinase activity inhibitory
capacity

04
GSH Cys NAC VvC

Figure 3 Controlled study of tyrosinase activity
inhibitory capacity

suggest that glutathione is more effective than the
other antioxidants as an inhibitor of tyrosinase

activity for suppressing the formation of melanin.

3.3 Melanin production inhibition (in vitro)
Given the strongly inhibitory effect of glutathione
on tyrosinase activity having conformed in the
previous section, an assay using mouse melanoma
B16 cells was performed to investigate whether it
has an inhibitory effect on melanin production. This
in vitro test system is used to study the whitening
effects of cosmetic materials, functional foods, and
others. Mouse melanoma B16 cells were cultured to
test their ability to produce melanin in the presence
of glutathione; melanin production was quantified.
Mouse melanoma B16 cells with glutathione
showed inhibition of melanin production in a
glutathione concentration-dependent manner

(Figure 4). It appeared that adding glutathione
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Figure 4 Melanin production inhibition test result

inhibited tyrosinase activity; the amount of melanin
production decreased in some cells due to induction

to pheomelanin synthesis pathway

3.4 Type | collagen production acceleration

Glutathione is known to be effective for skin
whitening. In addition, it has been shown that
glutathione also has an effect on accelerating
production of type I collagen, which is expected to
improving skin appearance.

When human skin fibroblasts were treated with
glutathione, it was confirmed that glutathione
showed an effect to accelerate type I collagen
production in a concentration-dependent manner
(Figure 5).

In addition, when fibroblast cells were treated
with a collagen peptide, a typical material for
improving skin appearance, type I collagen

production was accelerated. Moreover, when
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collagen peptides and trace amounts of glutathione
(1/20 of the amount of collagen peptide) were
applied together, even higher type I collagen
production was achieved (Figure 6).

Thus, although glutathione alone is sufficient
for improving skin appearance, a combination of
glutathione and collagen peptide has a synergistic

effect.

3.5 Effect of oral ingestion of glutathione on
skin appearance
For this test, 8 women in their 30s or early

40s were recruited, and they took three tablets
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(containing 100 mg of glutathione) each time on a
daily basis as a test meal. The study period was two
months, and their skin conditions at the beginning
of the study and after two months were compared
by using Robo Skin Analyzer.

When subjects’ skin brightness was measured on
the second day of the study, the level of brightness
for all subjects had improved (Figure 7). In addition,
it was shown that the amount of skin pigmentation
and the total area of skin pigmentation tended to
decrease over the two months (Figures 8 and 9).

This suggests that blemishes and pigmentation
were improved because adding glutathione inhibited
the formation of melanin, leading to skin whitening.
In addition to the whitening effect, the number of
wrinkles under the eyes and pores also decreased
(Figures 10 and 11).

Dermal collagen is strongly involved in the
firmness and elasticity of the skin. Reduction of
fibroblast cells due to damage caused by aging,

active enzymes, ultraviolet radiation, etc. results

380 N
330
280 e —
230

180 — ;
130 T

B

80

30 e ful
Start 2months

Figure 9 Area of skin pigmentation

1100
1000 N
900
800 »

500

400 — o
300 ——y
200 :

Start 2months

Figure 11 Number of pores
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in reduction of collagen and causes skin aging or

issues such as wrinkles and slackening of skin.*
We hypothesized based on this study that taking

glutathione destroyed active enzymes and led to

a reduction of skin damage; production of type

I collagen in fibroblast cells was accelerated and
led to increased formation of net-like structures
compared to at test initiation; and firmness and
elasticity of skin increased and led to reduction of

blemishes and pores.
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