FERMENTED GINSENG AND SLEEP

Fermented Ginseng Improves the First-Night Effect in Humans

Kazuyoshi Kitaoka, PhD'?*; Kaoru Uchida, BS®t; Naoko Okamoto, BS®*; Sachiko Chikahisa, PhD'; Toshitsugu Miyazaki, MS*; Eiji Takeda, MD, PhD?;

Hiroyoshi Séi, MD, PhD!

!Department of Integrative Physiology, Institute of Health Biosciences, University of Tokushima Graduate School, Tokushima, Japan, *Department
of Physiology, Institute of Health Biosciences, University of Tokushima Graduate School, Tokushima, Japan, *Department of Clinical Nutrition,
Institute of Health Biosciences, University of Tokushima Graduate School, Tokushima, Japan, *Research & Development Center, Nagase & Co.,

Ltd., Kobe, Japan

Study Objectives: The goal of this study was to clarify whether gin-
seng fermented by lactic acid bacteria (fermented ginseng, FG), can
improve the first-night effect (FNE) in humans.

Design: Behavioral tests and quantification of mRNA expression relat-
ed to GABAergic neurotransmission in brain (glutamic acid decarboxy-
lase 1, y-aminobutyrate aminotransferase [Abat], y-aminobutyric acid
transporter 1 [GAT1], y-aminobutyric acid transporter 4, y-aminobutyric
acid Areceptor subunit a 1 and y-aminobutyric acid A receptor subunit a
2) were carried out in FG-treated mice. We also performed double-blind
sleep recordings of human subjects given FG or placebo.

Setting: A university-based sleep laboratory.

Patients or Participants: Sixteen healthy male volunteers (aged 20.69
+ 0.44 years) were observed in the human study.

Interventions: At the end of administration, 2 consecutive all-night
polysomnography recordings were performed. Subjects also completed
psychological questionnaires, and urine and saliva samples were taken
to analyze stress-sensitive markers.

Measurements and Results: The light-dark transition test demonstrat-
ed that FG had some anxiolytic effect in mice, but other anxiety mea-
sures were unaffected. The hippocampal mRNA expression showed a
decrease of Abat and GAT1 suggesting an increase of GABA. Other re-
gions (amygdala and cerebellum) showed no differences. Furthermore,
there was some evidence (using simple pairwise comparisons but not
supported in the full ANOVA model) that administration of FG tended to
diminish decreases in total sleep time and sleep efficiency (seen as first
night effects in the placebo group) without affecting sleep architecture.
Conclusions: Our results suggest the administration of FG could im-
prove the FNE in humans. The improvement may be related to an anxi-
olytic effect of FG which acts via GABAergic modification.
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SLEEP STRUCTURE IS DISTURBED DURING SLEEP RE-
CORDING IN A LABORATORY, PARTICULARLY ON THE
FIRST NIGHT. IT IS PRIMARILY CHARACTERIZED BY
shorter total sleep time (TST), reduced sleep efficiency, pro-
longed sleep latency, more awaking time after sleep onset, a
larger percentage of stage 1 sleep, and a delay in the onset of
the first period of REM sleep on the initial all-night polysom-
nography (PSG) recording when compared to recordings in
subsequent nights. This phenomenon is known as the first-night
effect (FNE).'? The FNE is induced by the stressful conditions
of the sleep-recording environment, such as discomfort caused
by the numerous electrodes, limitation of movement by gauges
and cables, monitoring by experimenters, and the novelty of the
recording laboratory.> Many studies have reported that anxiety
and stress disorders enhance FNE.*¢ Therefore, FNE can be
considered to be general response induced by transient and/or
chronic stress in humans.

Ginseng (Panax ginseng, C. A. Meyer, Araliaceae) is one
of the most popular herbs in oriental countries such as Korea,
China, and Japan. The main ingredients of ginseng are ginse-
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nosides, glycosides containing an aglycone (protopanaxadiol
or protopanaxatriol) with a dammarane skeleton. Numerous re-
searchers have contributed to the accumulation of evidence that
ginsenosides are responsible for the pharmacological effects of
ginseng including anti-stress or anxiolytic effects in animals™!?
and humans.'""* Ginseng is orally ingested; therefore, its in-
gredients must meet gastric juices and digestive and bacterial
enzymes in the intestines. Active ingredients thought to be in-
volved in the sedative action of ginseng are protopanaxadiol-
type ginsenosides like Rb1l, Rb2, Rc and Rd." Orally ingested
ginsenosides pass through the stomach and small intestine with-
out decomposition by either gastric juices or liver enzymes into
the large intestine, where ginsenoside is hydrolyzed by colonic
bacteria followed by transit to the circulation: colonic bacteria
cleave the oligosaccharide connected to the aglycone stepwise
from the terminal sugar to generate the major metabolites, 20S-
protopanaxadiol 20-O-beta-D-glucopyranoside (M1) and 20S-
protopanaxatriol (M4)."*!¢ Accumulating evidence strongly
suggests that the metabolites are the active molecules in the
body.'® However, metabolite-producing potential of intestinal
bacteria differ among individuals.''® During the course of
screening bacteria for metabolite-producing potential, we dis-
covered that Lactobacillus paracasei A221'"° was successful in
producing fermented ginseng (FG), including a rich source of
M1. Thus, we hypothesized that FG may constitute a more ef-
ficient means of administration and may provide a more stable
anxiolytic or anti-stress effect.

The final goal of this study was to clarify whether FG ad-
ministration can improve the FNE and therefore act as a useful
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Protopanaxadiol-type

Rbl Rb2 Re Rd
Ginseng 2.67 1.70 3.13 1.08
FG ND 0.06 0.42 0.13

FG: fermented ginseng; ND: Not detectable.

Table 1—Contents (% w/w) of Ginsenosides and their Metabolites in Ginseng and FG

Protopanaxatriol-type Metabolite
Rgl MI M4
0.40 ND ND
0.10 1.42 0.10

functional herb. We performed chronic administration studies in
both animal and human subjects because many human studies
associated with anti-stress or anxiolytic effects of ginseng have
been carried out chronically.'"* Firstly, we confirmed whether
FG has more of an anxiolytic effect than ginseng with behav-
ioral testing in mice with chronic administration. To clarify the
anxiolytic mechanism, we also quantified the mRNA expression
related to GABAergic neurotransmission in the mouse brain. In
human subjects, we then carried out 2 consecutive double-blind
sleep recordings after one-week administration of FG or pla-
cebo. Before and after administration, subjects were completed
psychological questionnaires, and samples were taken to ana-
lyze stress-sensitive markers.

METHODS
Fermenting Organism

The fermenting organism was L. paracasei A221, a homo-
fermentative lactic acid bacterium isolated from a traditional
fermented food." Its 16S rRNA sequence was deposited in the
GenBank database under accession number AB126872. The
genus Lactobacillus bacteria are used as starters for fermented
foods, including yogurt and cheese. Their safety as probiotics
has been traditionally established.® L. paracasei A221 hy-
drolyzed plant glycosides including ginsenoside, glycyrrhizin
(Glycyrrhizae Radix), and soy isoflavone glycoside (Glycine
max). As for ginsenoside, L. paracasei A221 hydrolyzed ginse-
nosides Rb1, Rb2, Rc, and Rd (protopanaxadiol-type), and also
ginsenosides Rgl and Re (protopanaxatriol-type). L. paracasei
A221 was seeded in a culture medium, which was used as a
starter for ginseng fermentation.

Production of Fermented Ginseng

FG was produced by fermentation of a culture medium in-
cluding 15% ginseng mixture (ginseng [aged 5 years, harvested
in Jilin province, China] 84%; yeast extract [Asahi Food &
Healthcare Co., Ltd, Japan] 6.5%; soybean peptide [Fuji Oil
Co., Ltd, Japan] 3%’ and calcium carbonate 6.5%) at 28°C for
10 days. Monitoring of the M1 level in the ginseng culture re-
vealed that 10-day fermentation was necessary for maximal ac-
cumulation of M1 in FG. Following fermentation, the cultured
medium was sterilized (at 121°C for 10 min) and spray-dried.
Under these conditions, no variability of dammarane ingredi-
ents occurred, which was verified by thin layer chromatography
analysis. The contents of ginsenosides and their metabolites M 1
and M4 in FG are shown in Table 1, together with data on gin-
seng.
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Quantification of Anxiety and Gene Expression in Mice

Subjects

Seven-week-old C57BL/6 male mice were used. The ani-
mals were maintained on a 12:12 h light: dark cycle (lights on
at 08:00) at an ambient temperature (25 = 1°C in our animal fa-
cility), and had free access to food and water. These mice were
divided into control (normal diet feeding), ginseng and FG-con-
taining diet groups. Each ginseng was contained in powder diet,
and the intake of the ginseng was set as 50 mg/kg/day. After 20
days of continuous feeding of these diets, behavioral tests and
mRNA quantification were performed. All behavioral testing
was completed between 13:00 and 17:00, and mice were used
only once for each type of behavioral test. The experiments
were approved by the Animal Study Committee of Tokushima
University (No. 06007) and carried out according to the guide-
lines for the Care and Use of Animals approved by the Council
of the Physiological Society of Japan.

Behavioral Testing

Light-Dark Transition

A chamber divided equally into 2 compartments (22 cm x
24 cm x 30 cm) was used for the light-dark transition test. The
light compartment consisted of a white floor and transparent
walls and lid. The dark compartment consisted of a black floor,
walls, and lid and was completely enclosed except for a small
(15 cm x 5 cm) opening to allow movement between the dark
and light compartments. Mice were placed in the dark compart-
ment, and the latency to go into the light compartment for the
first time was recorded as an assessment of anxiety. The per-
centage of time spent and the number of entries into the light
field were also recorded for 5 min. A greater amount of time
spent and number of entries into the light side of the chamber
have been shown to be an index of lowered anxiety behavior.”!

Elevated Plus Maze

Mice were placed in the center of an apparatus consisting of
2 opposing runways. One of the runways contained the closed
arms (6 cm x 30 cm) of the maze, which had walls 15 cm high.
The other runway consisted of the open arms (7 cm x 30 cm)
of the maze, which had no walls. The maze was elevated to
70 cm above the floor. Behavior of the mice in the maze was
monitored for 5 min. The path taken by the mouse was recorded
automatically. The percentage of distance traveled, time spent,
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Table 2—Quantified Genes and their Primer Sequence Used in this Study

Gene Accession number Sense Anti-Sense

glutamic acid decarboxylase 1 (GADI) NM_008077 208-227 5’-cagtcetccaagaaccetget-3° 405-386 5’-ggtggagcgatcaaatgtct-3’
y-aminobutyrate aminotransferase (Abat) NM_172961 565-584 5’-ttctccaaagaggagetgga-3”  759-740 5’-atatttcagccgtgggaatg-3’
y-aminobutyric acid transporter 1 (GAT1) NM_ 178703 1376-1395 5’-gettgetgttectggtttte-3’  1573-1554  5’-ccatggtgagtggtgtcate-3’
y-aminobutyric acid transporter 4 (GAT4) NM_ 172890 440-459 5’-cgtgggccatcttctaccta-3’ 636-617  5’-gccatcggatatagccaaga-3’
y-aminobutyric acid A receptor subunit o 1 (Gabral) NM_010250 24-43 5’-tgactatctttgggectgga-3’ 222-203 5’-ggtgacgaaaatgtcggtct-3’
y-aminobutyric acid A receptor subunit o 2 (Gabra2) NM_ 008066 1028-1047  5’-cttgggacgggaagagtgta-3> 1220-1201  5’-gcttcagetggcttgttete-3”

and the number of entries into the open arms were recorded
automatically as an index of lowered anxiety behavior.”

mRNA Expression in Mouse Brain

After behavioral tests, mice were decapitated and the brain
was removed from the skull. The brain was sectioned by
brain matrix (myNeuroLab, USA), and the hippocampus (Hi),
amygdala (Am) and cerebellum (Cb) were extracted from the
section by fine tweezers, frozen rapidly in liquid N2, and stored
at —80°C. The total RNA was extracted with TRIzol reagent
(Invitrogen, USA), and 2-step quantitative real-time RT-PCR
was performed. Reverse transcription of total RNA was carried
out with a first strand cDNA synthesis kit (Invitrogen, USA),
and the amount of cDNA generated was quantified with the
SYBR Pre Mix Ex Taq (TAKARA, Japan) using the Light Cy-
cler system (Roche Diagnostics, USA) with 50 reaction cycles.
The endogenous glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene was used to normalize quantification of mRNA
target, and nonspecific amplifications were verified by a dis-
sociation curve. The quantified gene and the specific primer se-
quences used in this study are shown in Table 2.

Statistics

Results are presented as the mean =+ standard deviation (SD).
Behavioral tests were analyzed by Kruskal-Wallis test, fol-
lowed by the post hoc multiple Mann-Whitney U test. Gene
expressions were analyzed by analysis of variance (ANOVA),
followed by the Scheffe post hoc test. For all comparisons, the
criterion for significance was P < 0.05.

SLEEP RECORDINGS IN HUMANS
Participants

Sixteen healthy male volunteers (aged 20.69 + 0.44 years)
were studied. All subjects had regular sleep and wake habits,
did not drink alcohol and/or smoke in their daily life, and had
no psychiatric disorders as determined by preliminary ques-
tionnaire. All volunteers signed informed consent forms pri-
or to entering the study. They were randomly divided into 2
groups: FG group and placebo group. Their body constitution
and customary sleep patterns were obtained from a preliminary
questionnaire as shown in Table 3. No significant differences,
estimated by unpaired #-tests, were seen between the 2 groups.
Each group was administrated FG or placebo for 8 days. FG
was encapsulated. For placebo, microcrystalline cellulose was
used instead of FG. The intake of FG was 1845 mg/day (One
capsule contains 205 mg FG, and 3 capsules were taken 3 times
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per day after meals). On the 8th day, the experimenter checked
the accuracy of administration by counting residual capsules
and verbal inquiry.

This human study was performed in double-blind fashion and
was approved by the ethics committee of Tokushima University
Hospital (No. 467), which conforms to the principal outline by
the Declaration of Helsinki.

PROCEDURE

During the 8 days, participants were administrated FG or
placebo. They were advised to maintain their usual sleep-wake
habits (their daily wake-sleep time and sleep duration) and were
instructed to refrain from excessive alcohol consumption, un-
usual physical exercise, and taking naps. On the 7th and 8th
day, all-night PSG recordings were obtained between 23:00
(light off) and 07:00 (light on). These recordings were per-
formed in individual, temperature-controlled and electrically
shielded rooms within the laboratory, using a Neurofax PSG
system (Nihon Koden, Japan). Thus, the total time in bed was
fixed. The administration was continued until the second PSG
recording night.

PSG Recordings

Electroencephalograms (EEG) were recorded from C4-Al
and C3-A2 as in the international 10-20 system. Electroocu-
lograms (EOG) were recorded from the right and left outer
canthus and electromyograms (EMG) from the chin muscles.
Electrocardiogram, respiratory movement, and arterial oxygen
saturation were recorded simultaneously. Electrode impedance
was kept below 5 kQ. The sampling rate was 200 Hz. The EEG
and EOG recordings were amplified with a bandwidth from 0.5
Hz to 60 Hz. The EMG was band-pass filtered between 5 Hz
and 60 Hz. On-line monitoring was performed on the Neurofax
in 30-sec periods successively, as displayed on the screen. After
recordings, EEGs were scored manually into sleep stages for
every 30-sec epoch according to the criteria of Rechtschaffen
and Kales,” using the Polysmith sleep analysis program (Neu-
rotronics, USA).

Sleep Architecture and Variables

TST was the amount of actual sleep time within the total
recording. Sleep latency was estimated by the time from the
initiation of recording to the first epoch of stage 2. REM la-
tency was defined as the time from the first epoch of stage 2
to the first REM period which continued for more than 3 min.
Wake after sleep onset (waking time excludes the time from
the initiation of recording to the first epoch of stage 2, WASO)
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Table 3—Body Constitution and Customary Sleep of Study Participants Preliminary Questionnaire

Placebo (n = 8)

mean SD P-value
21.25 2.19 NS
62.53 6.87 NS
169.00 9.26 NS
22.00 3.01 NS
00:15 00:42 NS
6.88 0.64 NS

FG (n=8)

Variable mean SD

age (y) 20.13 1.13
weight (kg) 66.44 6.48
height (cm) 176.54 3.92
BMI 21.33 2.10
bedtime (AM) 00:37 00:31
sleep time (h) 7.06 0.68

Data are given as mean and SD. FG: fermented ginseng; BMI: body mass index; NS: not significant.

and the number of awakenings referred to the arousals to wake-
fulness during the total sleep period. WASO and the number
of awakenings show the amounts and frequency of sleep inter-
ruption respectively. The sleep efficiency index was calculated
by dividing TST by the total time in bed (fixed in our study)
multiplied by 100. Sleep stages 1, 2, 3, 4, REM and wake were
expressed in minutes.

Assessment of Subjective Sleep Quality

After waking, subjects completed the Kwansei-gakuin
sleepiness scale (KSS), an assessment scale for the evaluation
of subjective sleep and waking quality. The KSS consists of
22 Japanese sentences and is a newly developed measure for
Japanese researchers based on the Stanford Sleepiness Scale
(Supplement 1). The participant was instructed to choose any
items that agreed with his feelings within the 22 sentences. A
count was allotted for each of the 22 items (0.58-6.49) as the
grade of sleepiness. The count of grade was decided by using
Thurstone’s method of equal-appearing intervals. The score of
KSS was obtained by the average of all counts of grade chosen
by the participant.”* When wakefulness level is high, the aver-
age score is close to 0.58, and when wakefulness level is low,
the score is close to 6.49.

Sampling of Stress-Sensitive Substances and Psychological
Questionnaires

The Japanese version of the Profile of mood state (POMS,
Kanekoshobo, Japan) and State-trait anxiety inventory (STAI,
Jitsumukyoiku-shuppan, Japan) questionnaires were completed
to measure psychological stress just before and after the ad-
ministration week. The results of POMS are shown in the to-
tal mood disturbance score and can be calculated by summing
scores across all subscales (vigor-activity is scored negatively)
(=32 to 200). The results of STAI are shown in the total score
(40 to 160). Simultaneously, saliva and urine were collected
to estimate the salivary cortisol, secretory immunoglobulin A
(SIgA), and urinary 8-hydroxydeoxyguanosine (8-OHdG). Sal-
ivary cortisol was quantified by radioimmunoassay (Gamma-
Coat Cortisol, Japan Schering, Japan). SIgA was estimated by
enzyme immunoassay (EIA s-IgA test, Medical and Biological
Laboratories, Japan). Urinary 8-OHdG was measured by ELI-
SA (New 8-OHdG Check, Nikken SEIL, Japan). The collection
time was fixed between 16:00-18:00.
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Statistics

Results are presented as the mean =+ standard deviation (SD).
A 2 x 2 mixed model ANOVA (groups X nights) was used for
the PSG data. When ANOVA was significant, a Scheffe post
hoc test was performed. The effects of administration on the
stress-sensitive markers and questionnaires were analyzed by
using the Wilcoxon signed rank test because of their wide dis-
persion. P < 0.05 was considered statistically significant.

RESULTS
Quantification of Anxiety and mRNA Expression in Mice

Twenty-four mice were tested on the light-dark transition
test. The results are shown in Figure 1. The Kruskal-Wallis test
showed a significant difference in the latency to enter the light
side of the apparatus (H = 6.805, P < 0.05, Figure 1A). The
post hoc test indicated that the administration of FG induces a
shorter latency than the control (P < 0.05). The percentage of
time spent (H=2.899, P=0.236, Figure 1B) and the number of
entries (H=1.085, P=0.588, Figure 1C) into the light were not
significantly different.

Figure 2 shows the results of the elevated plus maze, using
24 mice. The percentage of distance traveled (H = 4.854, P =
0.088, Figure 2B) and time spent (H =4.998, P =0.082, Figure
2 C) in the open arms was close to the level of significance. The
total distance traveled (H = 1.236, P = 0.539, Figure 2A) and
the entry times into the open arms (H =2.100, P =0.348, Figure
2D) were not statistically different.

The mRNA expression of GABAergic factors is shown in
Figure 3. Twelve mice were quantified. One-way ANOVA dem-
onstrated a significant difference in Abat (F s 5.634,P<0.05,
Figure 3B) and GAT1 (F,, = 5.108, P < 0.05, Figure 3C) ex-
pression in the hippocampus. The post hoc test clarified that
the FG-treated mice exhibit smaller Abat and GAT1 expression
than the ginseng and control group (P < 0.05). Other genes and
regions were not significantly different.

Sleep Recordings in Human Subjects

Figure 4 shows the changes of TST, sleep latency and sleep
efficiency between the first and second nights in the FG and
placebo group. The TST was significantly different between the
FG and placebo groups (groups: F, |, =5.713, P < 0.05, nights:
F1,14 =4.769, P <0.05, interaction: F, ,=2.378, P=0.145, Fig-

1,14
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Figure 1—Results of the light-dark transition test in FG and gin-
seng treated mice. The data represent the mean = SD. FG-treated
mice (open bars; n = 8) showed a significantly shorter latency to
move from the dark into the light area than control (filled bars;
n = 8, A). Ginseng-treated mice (hatched bars; n = 8, A) did not
show a significant difference. There was no significant difference
in the time spent in the light area (B) and entry times in light field
(C). *P<0.05.

ure 4A). The post hoc test showed a tendency in the first night
(P =0.053). Sleep efficiency differed significantly between the
2 groups (groups: F,,,=6.169, P <0.05, nights: F| |, =6.107,
P <0.05, interaction: F |, = 3.385, P = 0.087, Figure 4C). The
post hoc test revealed a significant difference in the first night
(P < 0.05). No significant difference was observed in sleep la-
tency (groups: /7, |, = 0.008, P=0.928, nights: ', |, =0.093, P=
0.765, interaction: F, | = 0.055, P=0.818, Figure 4B).

The changes in sleep structure are demonstrated in Figure
5. A significant difference was shown in wake (groups: F, , =
6.171, P <0.05, nights: F,,=6.662,P<0.05, interaction: 7 |,
= 3.446, P = 0.084, Figure 5A). The post hoc test indicated a
significant difference in the first night (P < 0.05). In other states,
significant differences were not observed (Stage 1; groups: F |,
= 0 805, P =0.385, nights: 7, |, = 3.597, P = 0.079, interaction:

=0.001,P=0.977, Figure 5B, Stage 2; groups: F| |, =2.884,
P O 112, nights: F, , = 2.945, P = 0.108, interaction: F'

1,14 114

0.378, P = 0.549, Figure 5C, Stage 3; groups: F, ,=2773,P=
0.118, nights: F,,,=0.052,P=0.823, interaction: F, ,,=0.084,
P = 0.776, Figure 5D, Stage 4; groups: F,,=0.149, P 0.705,

nights: F,= 0251, P =0.625, interaction: £, |, = 0.330, P =
0 575, Figure 5E, REM; groups: F| |, =0.651, P=0.433, nights:

F,,=7879, P<0.05, interaction: F ) = 0767, P = 0.540,
Figure 5F).
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Figure 2—The results of the elevated plus maze test in FG and
ginseng treated mice. The data represent the mean + SD. FG-
treated mice (open bars; n = 8) showed a tendency towards an
increased running distance (B) and more time spent (C) in the
open arms in comparison to control (filled bars; n = 8); however,
this was not significant. The tendency of ginseng-treated mice
(hatched bars; n = 8) was weaker than FG-treated mice. The total
running distance (A) and entry times in open arms (D) were not

significantly different.

Figure 6 demonstrates the change in the number of awak-
enings, WASO and REM latency. The number of awakenings
was significantly different between the FG and placebo groups
(groups: F |, =5.993, P <0.05, nights: F, |, =26.577,P <0.01,
interaction: 7, |, = 2.429, P = 0.141, F1gure 6A). The post hoc
test showed a 51gn1ﬁcant difference in the first night (P < 0.05).
WASO also differed significantly between the 2 groups (groups:

= 7.486, P < 0.05, nights: F, |, = 6.909, P < 0.05, interac-
tion: F, |, = 3.339, P =0.089, Figure 6B). The post hoc test re-
vealed a significant difference in the first night (P <0.05). REM
latency was not significantly different (groups: F, , = 0.867, P
=0.367, nights: F', |, =5.694, P<0.05, interaction: F,=0.112,
P =0.743, Figure 6C).

The results of the psychological questionnaires and stress-
sensitive substances are shown in Table 4. Significant decreases
were observed in the total STAI (z =2.100, P < 0.05) and KSS
score (z = 1.960, P < 0.05) in the FG group. No significant dif-
ferences were observed in POMS or any of the stress-sensitive
substances monitored.

114

DISCUSSION

In the human study, 8-day administration of ginseng ferment-
ed by food-derived lactic acid bacteria tended to diminish (using
simple pairwise comparisons made in the absence of statistically
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Figure 3—The expression of mRNA associated with GABAer-
gic neuromodulation (glutamic acid decarboxylase 1; GADI,
y-aminobutyrate aminotransferase; Abat, y-aminobutyric acid
transporter 1; GAT1, y-aminobutyric acid transporter 4; GAT4,
y-aminobutyric acid A receptor subunit o 1;Gabral, y-aminobutyric
acid A receptor subunit a 2; Gabra2) in FG and ginseng treated
mice brain (hippocampus; Hi, amygdala; Am, cerebellum; Cb).
The data represent the mean = SD. Only the hippocampus of FG-
treated mice (open bars; n = 4) showed a significantly smaller ex-
pression in GABA catabolic enzyme (Abat, B) and predominant
neuronal GABA transporter (GAT1, C) in comparison to ginseng
(hatched bars; n = 4) and control (filled bars; n = 4), respectively.
No significant differences were seen in other genes or regions ex-
amined.

-

Relative mRNA levels
[=1]
wn

b

significant Group by Night interaction terms in the full ANOVA
models) the decrease of TST and sleep efficiency that was ob-
served as part of the FNE in the placebo group. These results,
although not meeting stringent statistical criteria for efficacy,
suggested that the administration of FG could attenuate the FNE
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Figure 4—The change of total sleep time (A), sleep latency (B)
and sleep efficiency (C) during 2 consecutive nights in the FG
(open circles; n = 8) and placebo groups (filled circles; n = 8).
The data represent the mean + SD. Total sleep time and sleep effi-
ciency were significantly increased during the first night in the FG
group. However, no significant difference was observed in sleep
latency. *P < 0.05.

in humans. With respect to sleep latency, however, a difference
was not observed between the 2 groups. In a previous study of
a large healthy subject sample,* the value of sleep latency on the
first night was greater than that observed in our placebo subjects
(19.1 vs. 14.8). Suetsugi et al. have reported that placebo admin-
istration improved the FNE in healthy young subjects,” and in
our study placebo administration may have improved FNE. Sig-
nificant differences were observed in the amount of time spent
awake, the number of awakenings, and WASO, but the amounts
of stage 1-4 and REM sleep were not significantly different.
These data indicate that the attenuation of the FNE observed in
our study was the result of reduction of WASO.

In the psychological questionnaires, the STAI score was
significantly reduced at the end of the trial in the FG group.
Also, the score on KSS was significantly reduced between the
first night and second night. In the mouse study, the light-dark
transition test demonstrated that FG has more of an anxiolytic
effect than a control or ginseng diet. The elevated plus maze test
also indicated the same tendency. Furthermore, we confirmed
that chronic administration of FG decreased the mRNA expres-
sion of GABA catabolic enzyme (Abat) and neuronal GABA
transporter (GAT1) in mouse hippocampus, which suggests that
there is an increase of GABA concentration in the hippocampal
synaptic cleft. These GABAergic modifications may be a main
factor underlying the anxiolytic effect of FG. Our results sug-
gest that the administration of FG induces some anxiolytic and/
or anti-stress effect as reported in other studies’"* via GABAer-
gic function. It is possible that these effects are followed by the
attenuation of the FNE observed in our human study.

Both in vivo and in vitro studies have provided evidence that
ginsenosides modify GABAergic neurotransmission. Carr et
al. suggested that GABAergic neuromodulation, especially the
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Table 4—Psychological Questionnaires and Stress-Sensitive Substances

FG (n=38) Placebo (n = 8)
Variable Before SD After SD P-value Before SD After SD P-value
administration administration administration administration
STAI 100.5 15.82 93.63 17.47 <0.05 87.63 10.26 84.25 11.37 NS
POMS 56.17 36.92 49.63 41.54 NS 44.25 26.86 34.5 26.46 NS
Cortisol (pg/dL) 0.26 0.07 0.30 0.08 NS 0.43 0.26 0.39 0.16 NS
SIgA (ng/mL) 400.78 302.53 283.15 124.22 NS 169.61 82.23 202.29 56.59 NS
8-OHdG (ng/mL) 15.54 9.57 17.53 10.97 NS 14.53 7.58 10.89 10.2 NS
Variable First night SD Second night SD P-value  First night SD Second night SD P-value
KSS 4.38 0.57 3.61 0.91 <0.05 4.05 0.81 4.01 1.11 NS

Data are given as mean and SD. FG: fermented ginseng; STAI: State-trait anxiety inventory; POMS: Profile of mood state; SIgA: secretory immunoglobulin A;
8-OHdG: 8-hydroxydeoxyguanosine; KSS: Kwansei-gakuin sleepiness scale; NS: not significant.
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Figure 5—The change of sleep structure during 2 consecutive
nights in the FG (open circles; n = §) and placebo groups (filled
circles; n = 8). The data represent the mean + SD. A significant
decrease in wake state (incorporating both wake after sleep onset
and latency to fall asleep) was shown on the first night in the FG
group (A). Other states (Stage 1-4, REM) did not change (B—F).

The amounts were estimated by total time. *P < 0.05.

GABA-benzodiazepine-chloride channel receptor complex is
involved in the anxiolytic effect of ginseng,’ and Naval et al.
reported that extract of ginseng induced the release of GABA
in cultured neurons.” Additionally, Yuan et al. demonstrated
that the extract of American ginseng (Panax quinquefolium L.)
suppresses the unit activity in the nucleus tractus solitarius via
GABAergic neurotransmission.”’” However, dopaminergic inhi-
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Figure 6—The change in the number of awakenings (A), wake
after sleep onset (WASO, B) and REM latency (C) between 2 con-
secutive nights in the FG (open circles; n = 8) and placebo groups
(filled circles; n = 8). The data represent the mean + SD. The num-
ber of awakenings and WASO were significantly decreased on the
first night in the FG group. However, REM latency was not sig-
nificantly different. *P < 0.05.

bition has also been reported, as Kim et al. demonstrated that
intraperitoneal injection of ginsenoside Rbl and Rgl in mice
inhibits the hyperactivity and conditioned place preference in-
duced by methamphetamine and cocaine.”®** The same group
also reported that ginsenoside Rb1, Rc, Re, and Rgl noncom-
petitively inhibit the activity of tyrosine hydroxylase in bovine
adrenal.*® Furthermore, Cho et al. reported that ginsenoside
Rb1 activates estrogen receptor o and f in cultured cells®' and it
is known that the estrogen receptor B has an anxiolytic effect.*
Although we have clarified that the administration of FG in-
duces GABAergic modification, the results do not exclude the
involvement of other mechanisms such as dopaminergic neu-
rotransmission and nuclear receptors. The anxiolytic function
of FG might be induced by activation of a number of, or all
of the pathways described. Therefore, further investigation is
needed for the full elucidation of this mechanism.
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On the other hand, in stress-sensitive substances (Salivary
cortisol, SIgA and urinary 8-OHdG), administration of FG
did not induce a significant difference. Tode et al. reported a
decrease in plasma cortisol concentration following 30-day
administration of Korean red ginseng (6 g/day) in post meno-
pausal women with climacteric syndromes."* Lee et al. also
showed a decrease in the plasma level of 8-OHdG following
4-week administration of red ginseng (1.8 g/day) in smokers.*
However, the duration and/or amount of ginseng administered
in their studies was greater than in our human study. It may be
considered that the duration and/or dose of FG in our study was
smaller than the effective duration and dose for stress-sensitive
substances. In addition, differences in the criteria for selecting
subjects may also contribute to the different results observed. In
the previous studies, participants who had some stressful state
(climacteric syndromes or smoking) were used, but in our study
the participants were healthy young male nonsmokers.

We did not investigate the acute effect of FG in sleep archi-
tecture in this study. Our study setting emphasized the effects
of chronic administration of FG because many human studies
associated with anti-stress or anxiolytic effects of ginseng have
been carried out utilizing chronic administration.'"* It is likely
that the chronic effect of FG does not differ from the acute one
because our present animal studies demonstrated chronic ad-
ministration of FG has an anxiolytic effect similar to previous
acute studies.”'® However, the possibility that acute administra-
tion of FG disrupts sleep cannot be eliminated in the present
study. Further acute studies may be needed to fully clarify the
efficacy of FG on the FNE.

In conclusion, chronic administration of FG showed some
preliminary evidence of improving the FNE. This anti-stress or
anxiolytic effect may be induced, at least partially, by the modi-
fication of GABAergic neurotransmitters. The present results
suggest that FG may be an effective functional herb for coping
with stress and/or anxiety.
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Supplement 1—English translation of Kwansei-gakuin sleepi-
ness scale (KSS)

Name: Date: / /

Please circle below all that apply.
1. Feeling full of vitality (0.58)
2. Feeling full of energy (0.82)
3. Working efficiently (1.22)
4.  Walking with a light gait (1.56)
5. Having a sense of a broad perspective (1.71)
6. Not having difficulty thinking (2.11)
7. Being somewhat alert (2.38)
8.  Feeling sluggish (3.03)
9. Feeling relaxed (3.46)
10. Feeling neither sluggish nor refreshed (3.63)
11. Not being attentive (3.95)
12. Being easily distracted (4.21)
13. Feeling somewhat sleepy, but not mindful
of it when active (4.39)
14. Feeling like my mind is not sharp (4.68)
15. Thinking is slow (4.86)
16. Feeling like my mind is cloudy (5.10)
17. Having tired eyes (5.37)
18. Feeling like my eyelids are heavy (5.54)
19. Wanting to lie down (5.74)
20. Fighting to stay awake (6.17)
21. Having eyes that close unconsciously (6.33)
22. Feeling like falling over due to sleepiness (6.49)
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Thank you for your cooperation.

A count allotted for each of 22 items (0.58-6.49) indicates
the grade of sleepiness decided by using Thurstone’s
method of equal-appearing intervals. (Not shown in ac-
tual questionnaire). The score of KSS was obtained by
the average of all counts of grade which the participant
chose. When wakefulness level is high, the average score is close
to 0.58
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