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SUMMARY
Activation of adenosine A2a receptors in cerebral neurons induces sleep
in various mammals. It was previously found that Japanese sake yeast
enriched in adenosine analogues activates A2a receptors in vitro and
induces sleep in mice. Here it is reported that sake yeast activated A2a

receptors in a cultured human cell line and improved human sleep quality
in a clinical trial. Sake yeast activated A2a receptors in HEK cells in a
dose-dependent manner with an EC50 of 40 lg mL�1, and the activation
was attenuated almost completely by the A2a receptor antagonist
ZM241385 with an IC50 of 73 nM. In a double-blind placebo-controlled
crossover clinical study, 68 healthy participants ingested tablets con-
taining either 500 mg of sake yeast powder or a placebo (cellulose) 1 h
before sleep for 4 days. Electroencephalograms were recorded during
sleep at home with a portable device for 4 week days. Electroencephalo-
gram analyses revealed that sake yeast supplementation significantly
(P = 0.03) increased delta power during the first cycle of slow-wave
sleep by 110%, without changing other sleep parameters. Sake yeast
supplementation also significantly increased growth hormone secretion
in the urine on awakening by 137% from 3.17 � 0.41 (placebo) to
4.33 � 0.62 (sake yeast) pg mg�1 creatinine (P = 0.03). Subjective
sleepiness (P = 0.02) and fatigue (P = 0.06) in the morning were
improved by sake yeast. Given these benefits and the absence of
adverse effects during the study period, it was concluded that sake yeast
supplementation is an effective and safe way to support daily
high-quality, deep sleep.

INTRODUCTION

Numerous studies have attempted to interpret sleep signif-
icance. Insufficient sleep, such as insomnia, is highly
correlated with an increased risk for lifestyle diseases, such
as obesity, hypertension and cerebral infarction (Beihai and
Xiaomei, 2015; Guo et al., 2013; Spiegel et al., 2009). Thus,
good sleep is indispensable for high quality of life. Despite
the known importance of sleep, many people suffer from
sleep-related problems (Ohayon, 2002).

Non-rapid eye movement (NREM) sleep with 0.5–4-Hz
electroencephalographic (EEG) activity (delta power) is
considered deep sleep, termed slow-wave sleep (SWS),
and is essential for many physiological functions. Experi-
mental SWS deprivation leads to daytime sleepiness and
decreased daytime performance (Dijk, 2010). SWS is
required for growth hormone (GH) secretion during sleep,
memory consolidation and proper cognitive functioning
(Born and Wilhelm, 2012; Ferrara et al., 2000; Gronfier
et al., 1996; Van Cauter and Copinschi, 2000). SWS length
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tends to decline with aging, along with a decrease in the
subjective sleep quality (Dijk, 2010; Espiritu, 2008; Unruh
et al., 2008). One way to improve sleep quality was to
increase the delta power activity and deepen SWS.
Genetic and pharmacological studies identified various

signalling factors, such as c-aminobutyric acid (GABA),
adenosine, prostaglandin D2, histamine and hypocretin/
orexin (hcrt/orx), regulating wake/sleep behaviours. Inhibitory
cerebral neurons secrete GABA to suppress neuronal activity
maintaining a wakeful state (Nitz and Siegel, 1996). His-
tamine and hcrt/orx are known to activate neurons that
positively control the awake state (Huang et al., 2001; Mieda
et al., 2004). Hence, GABA receptor agonists and histamine
or hcrt/orx antagonists act as hypnotics to reduce neural
activity regulating the awake state to induce sleep. Although
these hypnotics, including benzodiazepine, effectively induce
sleep, patients should refrain from long-term daily use
because of their adverse effects, such as headache,
dizziness and abnormal dreams. (Equihua et al., 2013;
Lader, 2014).
Differing from GABA, histamine and hcrt/orx signalling, the

adenosine and prostaglandin D2 pathways are recently
identified humoral sleep-regulation pathways and have high
novelty in that these signallings positively regulate sleep-
inducing neurons in the ventrolateral preoptic area or nucleus
accumbens shell (Hayaishi and Urade, 2002; Huang et al.,
2011; Lazarus et al., 2011; Urade and Hayaishi, 2011). Local
extracellular adenosine level increases in the brain propor-
tionally with waking time, and the accumulated adenosine
stimulates adenosine A1 and A2a receptors (Gallopin et al.,
2005). Although the contribution proportions of the A1 and
A2a receptors to sleep remain controversial, studies sug-
gested that the A2a receptor is the main sleep induction
mediator by adenosine; for example, cerebroventricular
infusion of a selective agonist of A2a receptors, CGS-
21680, promotes markedly NREM sleep in mice to the peak
level of physiological sleep, but a selective A1 agonist,
cyclopentyl adenosine, did not affect the vigilance state at all
(Urade et al., 2003). Moreover, the arousal effect of caffeine
is completely attenuated in A2a receptor knockout (KO) mice
but unchanged in A1 receptor KO mice at all, indicating that
A2a receptors are critical for caffeine-induced wakefulness
(Huang et al., 2005). Hence, A2a receptor stimulation is a
possible target for inducing deep sleep. However, there are
currently no hypnotics or supplements for improving sleep by
stimulating A2a receptors. Therefore, the aim was to develop
functional and safe supplements to improve sleep quality by
stimulating A2a receptors in the brain.
To find a component that activated A2a receptors, 80

food materials were investigated and it was found that sake
yeast markedly activated the A2a receptor. Sake yeast, but
not beer yeast and baker’s yeast, is interestingly enriched
in adenosine analogues. Sake yeast is used to produce
Japanese rice wine (sake) and also used for traditional
Japanese foods, Kasujiru (a soup containing sake yeast)
and Kasuzuke (pickles containing sake yeast). It was

predicted that sake yeast induced sleep, and it was found
that oral administration of sake yeast induced sleep in
mice.
In this study, it was shown that sake yeast directly activates

A2a receptors on cultured human cells and improves sleep
quality in healthy humans.

MATERIALS AND METHODS

Materials

Sake yeast powder (GSP6) was purchased from Mitsubishi
Gas Chemical Company (Tokyo, Japan). Sake yeast tablets
for ingestion were prepared by pressing 125-mg sake yeast
powder, containing approximately 75-mg dry sake yeast, into
300-mg tablets. The inactive ingredients in the tablets were
crystalline cellulose, cyclodextrin, calcium carboxymethylcel-
lulose, hydroxypropyl methylcellulose, silicon dioxide, cal-
cium stearate and glycerol. Placebo tablets flavoured to taste
like sake yeast with Sanfixbutter No. 24644 (Saneigen,
Osaka, Japan) and tartrazine (Saneigen) were prepared
according to the same basic composition but without the sake
yeast (crystalline cellulose was added instead).

Adenosine A2a receptor activity assay in vitro

Adenosine A2a receptor activity was quantified by cyclic
AMP (cAMP) accumulation in HEK cells expressing human
adenosine A2a receptor (PerkinElmer, Waltham, MA, USA).
The manipulation was performed according to the manufac-
turer’s instructions (LANCE Ultra cAMP Kit, PerkinElmer).
HEK cells were suspended in Hanks’ balanced salt solution
containing 5 mM HEPES (pH 7.4), 0.1% protease-free
bovine serum albumin and 0.5 mM methylisobutylxanthine
in 384-well microplates. Dried sake yeast powder or
adenosine receptor agonist, 50-N-ethylcarboxami-
doadenosine (NECA, 1.0 lM; Tocris Bioscience, MN, USA),
was added to the cell suspension, adjusted to contain
1000 cells per well, in the absence or presence of an
adenosine A2a receptor antagonist (0.1 and 1.0 lM
ZM241385; Sigma-Aldrich, MO, USA), and incubated for
30 min at room temperature. The detection mixture contain-
ing Eu-cAMP tracer and ULight-anti-cAMP was added and
incubated for 1 h at room temperature. Fluorescence reso-
nance energy transfer signals were measured with a
microplate reader (Tecan Infinite 200 PRO, M€annedorf,
Switzerland; excitation: 320 nm; emission: 665 nm). The
standard cAMP curve included with the kit was used to
determine cAMP production.

Study design of clinical test

The study design was approved by the Institutional Review
Board of Lion Corporation. All the study procedures were
conducted according to the Helsinki Declaration and ethical
guidelines for epidemiology research authorised by the
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Japanese government. Written informed consent was
obtained from all participants.
This double-blind placebo-controlled crossover trial was

conducted over two 4-day periods (Tuesday–Friday), sepa-
rated by a 3-day washout period. Participants were randomly
allocated to either group I or II (Fig. 1). They ingested four
sake yeast tablets (125 mg sake yeast powder per tablet) or
four placebo (cellulose) tablets per day for 4 days, 1 h before
bedtime. Supplementation effects were evaluated by mea-
suring EEG activity and GH amount secreted, and by having
participants fill in a sleep questionnaire.

Participants

One-hundred and eight Japanese volunteers were recruited.
They were all weekday full-time employees, and were
assessed for eligibility with the Pittsburgh Sleep Quality
Index (PSQI) questionnaire (Buysse et al., 1989). Before

starting the clinical trial, 35 volunteers who already had good
sleep quality (PSQI < 5; Buysse et al., 1989) and five
volunteers who declined to participate were excluded. Thus,
68 participants proceeded to the clinical trial (average
age � SE = 38.2 � 1.1 years; 35 female and 33 male;
PSQI average � SE = 6.8 � 0.2).
The participants were instructed to maintain their usual

lifestyle, and to not ingest excessive alcohol or caffeine
amount. They were asked to not take substances, such as
medicinal drugs and supplements, which could affect sleep
quality. During the trial, eight participants dropped out (three
caught influenza, three could not maintain their usual
lifestyle, one took an antihistamine drug, and one consumed
an excessive alcohol amount). Data analysis was conducted
for 60 participants (average age � SE = 37.7 � 1.1 years;
29 female and 31 male; PSQI average � SE = 6.8 � 0.2;
Fig. 1).

EEG measurement and sleep-stage evaluation

Electroencephalographic data were collected at a sampling
rate of 128 Hz to analyse the participants’ daily sleep using
a single-channel portable EEG device (Sleepscope, Sleep-
well, Osaka, Japan) with disposable Ag/AgCl surface elec-
trodes placed on their foreheads and behind their ears at
home (Takahashi et al., 2013). Sleep stage during each 30-s
epoch was evaluated by EEG data visual analysis. The
participants were instructed to record EEG in their home for
four nights per test condition. EEG data were classified into
four different sleep stages: awake; REM sleep; light (stage 1
and 2) NREM sleep; and deep (stage 3 and 4) NREM sleep.
Delta power during the first SWS cycle was calculated to
evaluate sleep depth during SWS, and this was used as the
primary clinical endpoint. Additionally, sleep latency, sleep
efficiency, total sleep time, light NREM sleep time, deep
NREM sleep time, REM sleep time and awaking time were
calculated. Time courses of EEG power density at different
frequencies (0.5–2.0, 4.0–8.0, 8.0–12 and 0.5–35 Hz) for
120 min after sleep onset were calculated. For individual
records, average and standard deviation (SD) of each
frequency epoch were calculated. Any epoch data that
exceeded the average +3 9 SD were excluded from the
analysis. The appropriate epoch data in each frequency
were calculated as relative values, based on the mean of the
0.5–35 Hz record for 120 min after sleep onset in the
placebo condition (n = 52). Of the 60 participants, EEG data
for eight were not recorded correctly because of discon-
nected electrodes and were excluded from the statistical
analysis.

Urinary GH concentration

Urine samples were collected every morning on awakening.
Urinary GH and creatinine concentrations were measured
at Macrophi (Kagawa, Japan). Briefly, GH amount was
determined with an enzyme-linked immunosorbent assay kit

Assessed for
eligibility (n = 108)

Exclude (n = 40)
Not meet criteria (n = 35)
Decline to participation (n = 5)

Randomised (n = 34 x 2 group)

Group I : intake of sake yeast tablets for 4 days
Group II : intake of placebo tablets for 4 days

Group I : intake of placebo tablets for 4 days
Group II : intake of sake yeast tablets for 4 days

Washout period: 3 days 

8 dropout

Data analysis 
Successfully recorded EEG data (n = 52)
Successfully collected urine (n = 54)
OSA sleep questionnaire (n = 60)

Figure 1. Flow chart of participation and study design. The flow chart
shows the study design of the clinical trial. We divided 68 participants
who met the criteria randomly into two groups, groups I and II.
Participants in each group ingested four tablets of sake yeast or
placebo, respectively, daily for 4 days. During the study period, 8
participants dropped out.
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(DGH00, R&D systems, MN, USA), according to the
manufacturer’s instructions. Creatinine concentration in the
urine samples was determined with a creatinine (urinary)
colorimetric assay kit (Cayman Chemical, MI, USA),
according to the manufacturer’s instructions. GH concen-
tration was corrected for urinary creatinine (pg mg�1 crea-
tinine). Because six participants forgot to collect urine,
these participants’ data were excluded from the statistical
analysis.

Sleep questionnaire

The participants filled out the Ogri–Shirakawa–Azumi sleep
questionnaire (OSA; Yamamoto et al., 1999) every morning
within 30 min of rising to assess the subjective effects of sake
yeast on sleep quality. The OSA sleep questionnaire has 16
questions rated on a scale of 1–4, and consolidates results
into five factors: ‘sleepiness on rising’ (calculated from
questions 2, 4, 8 and 14); ‘initiation and maintenance of
sleep’ (from questions 3, 7, 10, 13 and 16); ‘frequency of
dreams’ (from questions 9 and 12); ‘refreshed on rising’ (from
questions 1, 5 and 11); and ‘sleep duration’ (from questions 6
and 15). Sixty OSA responses for the statistical analysis were
evaluated.

Statistical analysis

All statistical analysis was performed using Statlight version
2 software (Yukms, Kanagawa, Japan). For biochemical
analysis of adenosine A2a receptor activity, cAMP produc-
tion was averaged across five trials and evaluated by
Tukey–Kramer test. A value of P < 0.05 was considered
significant. In the clinical trial, the first day under each sake
yeast and placebo condition was considered an adaptation
period, and data from those days were excluded from
statistical analysis. For each participant, EEG parameters,

OSA scores and GH urinary concentrations from the
remaining test period were averaged, and the differences
between the sake yeast and placebo conditions were
analysed by paired t-tests. A two-tailed P-value of <0.05
was considered statistically significant.

RESULTS

Sake yeast stimulated human adenosine A2a receptors
in vitro

Because adenosine A2a receptor activation results in an
increase in the intracellular concentration of cAMP, the
receptor activating activity was quantified by measuring the
intracellular concentration of cAMP in HEK cells expressing
human A2a receptors after incubation with 80 different
foodstuffs. From this primary screening, it was found that
sake yeast powder significantly increased cAMP production
(Fig. 2a). The EC50 concentration, which is equal to 50% of
activation with an excess concentration (1.0 lM) of NECA,
was 40 lg mL�1. The sake yeast-induced increase in the
intracellular cAMP level was completely inhibited by a
selective antagonist of adenosine A2a receptors,
ZM241385, in a dose-dependent manner with an IC50 value
of 73 nM (Fig. 2b), indicating that the sake yeast treatment
activated human adenosine A2a receptors.

Sake yeast ingestion increased EEG delta power in the
first cycle of SWS and enhanced GH secretion during
sleep in the clinical trial

Then, a double-blind, randomised, placebo-controlled clinical
trial was conducted on 68 healthy volunteers to test whether
sake yeast affects human sleep. EEG parameters are
summarised in Table 1. Ingestion of sake yeast tablets
significantly (P = 0.03) increased the EEG delta power in the
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Figure 2. (a) Effects of various amounts of sake yeast powder or 1.0 lM NECA on intracellular cAMP concentration in A2a receptor-expressing
HEK cells. (b) Suppression of sake yeast (50 lg mL�1)-induced increase in cAMP production by the adenosine A2a receptor antagonist
ZM241385 (0.1 and 1.0 lM). y axis shows cAMP level normalized to the signal from 1.0 lM of cAMP as 100%. Error bar shows SE. n= 5; **P <
0.01; *P < 0.05; NS, not significant.
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first SWS cycle by 110% compared with ingestion of the
placebo. The time courses data of EEG power density in
Fig. 3 showed that the major effect of sake yeast intake was
the increasing of EEG delta power density among other
frequency bands. No significant differences were observed in
sleep latency, sleep efficiency and total amounts of sleep,
light NREM sleep, deep NREM sleep, REM sleep or waking,
indicating that sake yeast intake did not affect sleep archi-
tecture defined by the length of REM and NREM sleep and of
wakefulness.
As GH secretion during sleep is known to be well-

correlated with sleep depth, also the urinary concentration
of GH on rising of participants was measured. Sake yeast

ingestion significantly (P = 0.03) increased GH secretion
during sleep by 137%, from 3.17 � 0.41 (pg mg�1 crea-
tinine) in the placebo group to 4.33 � 0.62 in the sake yeast
group (Table 1). In contrast, the creatinine concentration was
unchanged between the placebo and sake yeast groups
(P = 0.64).

Sake yeast supplementation improved subjective sleep
quality

Table 2 shows the OSA scores from the sake yeast and
placebo groups. Compared with the placebo condition, there
was a significant improvement in ‘sleepiness on rising’

Table 1 Objective sleep parameters analysed by EEG and urine analysis on sake yeast and placebo conditions

Evaluated factor Sake yeast Placebo N P-value

EEG
Delta power
during first NREM (9105 lV²)

2.90 � 0.31 2.64 � 0.27 52 0.03*

Sleep latency (min) 11 � 1 10 � 2 52 0.48
Sleep efficiency (%) 92 � 0 93 � 0 50 0.64
Total sleep time (min) 340 � 7 334 � 7 50 0.43
Light NREM sleep (min) 212 � 6 208 � 7 50 0.49
Deep NREM sleep (min) 36 � 5 33 � 5 50 0.23
REM sleep (min) 92 � 3 93 � 3 50 0.87
Awaking (min) 16 � 1 17 � 1 50 0.36

Urine analysis
GH in urine (pg mg�1 creatinine) 4.33 � 0.62 3.17 � 0.41 54 0.03*
Creatinine in urine (mg mL�1) 1.60 � 0.07 1.55 � 0.08 54 0.64

The numbers in the table represent means � SE.
EEG, electroencephalogram; NREM, non-rapid eye movement; REM, rapid eye movement.
*P < 0.05.
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(P = 0.02) on sake yeast supplementation (higher scores
denote improvement). A tendency toward improved ‘re-
freshed on rising’ scores (P = 0.06) was also observed. No
significant differences or tendencies were observed for
‘initiation and maintenance of sleep’, ‘frequency of dreams’
or ‘sleep duration’. Sake yeast supplementation produced no
adverse events during the study period.

DISCUSSION

The present results showed that 500 mg sake yeast powder
supplementation improved both objective and subjective
measures of sleep quality in healthy participants. Sake yeast
has a long history of use in food in Japan, giving assurance
that sake yeast supplementation is safe. Sake yeast supple-
mentation produced no adverse events during the study
period. The current findings indicated that the daily sake
yeast intake had ample potential for improving sleep quality.
The biochemical data revealed that the incubation with sake
yeast increased the intracellular cAMP level in human A2a

receptor-expressing cells, and that this effect was completely
attenuated by the A2a receptor antagonist ZM241385. These
results indicated that sake yeast directly activated human A2a

receptors, and suggested that sake yeast affected sleep
in vivo by this mechanism. Practically, in mice sake yeast-
induced NREM sleep was abolished by an intraperitoneal
pretreatment with an A2a receptor-selective antagonist
ZM241385 (unpublished data).
The EEG analyses indicated that sake yeast ingestion

increased the delta power in the first cycle of SWS without
changing the sleep architecture composed of awake state,
REM state and SWS duration. It differed from benzodi-
azepines, widely used to treat insomnia, which alter sleep
architecture by reducing SWS sleep (Borb�ely et al., 1983;
Parrino and Terzano, 1996). Because sake yeast intake
induced natural and deep sleep in healthy participants
without disturbing the balance of sleep architecture, it might
offer the advantage of inducing physiological deep sleep,
differing from medication with sleeping pills.

The EEG result of an increase in the delta power in the first
cycle of SWS was in good agreement with the observed
increase in urinary GH levels. GH is secreted mostly during
the first SWS cycle, and the amount of GH secretion depends
on the quality of the first SWS cycle (Gronfier et al., 1996;
Van Cauter and Copinschi, 2000). For instance, pharmaco-
logical enhancement of the first SWS cycle leads to
increased GH secretion (Van Cauter et al., 1997). Accord-
ingly, it was inferred that sake yeast intake contributed to the
increase in GH secretion by deepening sleep during the first
cycle of SWS (Table 1). The role of GH in metabolic
homeostasis is well studied, and GH deficiency is associated
with disorders of lipid metabolism, decrease in lean body
mass and cognitive impairment (Daniel et al., 1990; Maruff
and Falleti, 2005; Salomon et al., 1989). Although GH is
indispensable for homeostasis of these various functions, the
amount of GH secretion decreases with aging (Feinberg,
2000; Van Cauter et al., 2000). The depth of SWS also tends
to decline with aging (Landolt et al., 1996; Landolt and
Borb�ely, 2001). Thus, it was expected that sake yeast intake
will have beneficial effects on maintaining metabolic, vascular
and brain functions, especially in older people, by improving
sleep quality in the first SWS cycle and thereby enhancing
GH secretion. Further case studies will be conducted to test
this hypothesis.
Given that sleep quality is usually subjectively assessed, it

was of great interest to know whether participants experi-
enced a change in their quality of sleep after ingesting sake
yeast. In this regard, the result of the subjective OSA
questionnaire was remarkable. The result revealed that the
sake yeast supplementation improved the subjective sense
of ‘sleepiness on rising’. The subjective improvement pre-
sumably reflected good sleep resulting from improved deep
SWS after taking the sake yeast tablets.
The active ingredients in sake yeast and the mechanism of

action on sleep are of great interest. Sake yeast is classified
as the same yeast, Saccharomyces cerevisiae, as baker’s
yeast and beer yeast. Unlike sake yeast, however, baker’s
yeast and beer yeast do not activate adenosine A2a recep-
tors. Interestingly, sake yeast, and not other yeasts, contains
a large amount of S-adenosyl-L-methionine (SAM) and
methylthioadenosine (MTA), a deaminated metabolite of
SAM (Shiozaki et al., 1984), probably owing to the unique
condition in the production process for sake. The identical
chemical structure of SAM and MTA is thioadenosine;
therefore, these ingredients were termed as thioadenosine
analogues. Thioadenosine is a derivative of adenosine, the
ligand of endogenous A2a receptors and, in fact, activates
human A2a receptors in vitro (EC50 in HEK cells expressing
the receptors: SAM, 155 lM; MTA, 21.7 lM; preliminary data).
Given that A2a receptors are crucially involved in sleep

regulation (Hayaishi and Urade, 2002; Huang et al., 2005,
2011; Urade et al., 2003), it was speculated that thioadeno-
sine analogues in the ingested sake yeast stimulated human
A2a receptors in the brain and enhanced SWS, resulting in
deep sleep. To test this hypothesis, it has been investigated

Table 2 Subjective effects of sake yeast on sleep quality

Evaluated factor
Sake
yeast Placebo

P-
value

Sleepiness on rising 16.7 � 0.6 15.5 � 0.6 0.02*
Initiation and maintenance of
sleep

19.5 � 0.6 19.1 � 0.5 0.44

Frequent dreaming 23.3 � 0.8 23.3 � 0.8 0.95
Refreshed on rising 16.6 � 0.6 15.5 � 0.5 0.06
Sleep length 15.8 � 0.8 15.2 � 0.6 0.42

According to the OSA questionnaire method, each score from 16
questions was standardised and categorised into five factors as
indicated. Higher scores indicate better subjective condition.
The numbers in the table represent means � SE.
n = 60; *P < 0.05.
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whether thioadenosines induce sleep in A2a receptor KO
mice, and whether A2a receptor antagonists attenuate the
sleep-inducing effect of thioadenosines in wild-type mice.
Furthermore, it is planned to investigate whether or not A1

receptors mediate the sake yeast-induced sleep-promoting
effect using A1-receptor KO mice and A1 receptor antago-
nists.
Pharmacokinetic analysis is important to understand how

long sake yeast affects sleep after the intake. As thioadeno-
sine analogues disappeared in blood within 120 min after
oral administration of sake yeast in mice, the effect may be
limited in the early sleep period (first cycle of SWS in the case
of humans).
In conclusion, it has been shown in this study that sake

yeast activated human A2a receptors and that its supple-
mentation improved human sleep quality in a clinical trial.
Sake yeast supplementation increased the delta power
during the first cycle of SWS without changing other sleep
parameters and also upregulated GH secretion during sleep.
Because of its efficacy and safety, sake yeast ingestion is a
promising way to support daily high-quality, deep sleep.
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