
One out of 5 people has some form of sleep disorder in
Japan.1) Insomnia is not a trivial complaint, as it can produce
impairments in daytime functioning, reduce the quality of
life and increase health-care costs.2,3) In spite of significant
progress being made in the treatment of insomnia in recent
years,4—6) only a small proportion of those who suffer from
insomnia actually receive professional treatment. Many peo-
ple with insomnia do not wish to use actively hypnotic drugs,
because these drugs show some side effects and carry the
risk of tolerance and dependence. As a result, there is an in-
creasing interest in the use of complementary and alternative
medicines, such as herbal supplements,7—9) partly because of
their natural properties and perceived relative absence of
residual effects.

Valerian extract, an herbal product consisting of the root of
Valeriana officinalis L., is widely available on the market as a
traditional medicine for the treatment of insomnia and anxi-
ety. A considerable amount of research has been reported on
the sleep of valerian extract in animals and humans.8—12)

Most of the evidence from randomized clinical trials, with
repeated administration, suggests that valerian extract pro-
duces mild sleep-inducing effects, without causing alteration
of the sleep architecture or significant residual effects.8,9,11,13)

There exists some literature on the valerian combined with
other herbal extracts, such as hops, balm or passion-
flower.14—16) However, there have been no reports on the ef-
fect of valerian when combined with golden root and L-thea-
nine on the sleep-wake cycle in animals. Golden root (Rhodi-
ola rosea L.) is a medicinal plant from the Crassulaceae fam-
ily and is grown in dry and sandy ground, mainly in the Arc-
tic and Alpine regions of the Europe, Asia and America. It
has a long tradition as a medicinal plant with anti-fatigue 
action under stressful conditions in several European coun-
tries.17,18)

L-Theanine (g-glutamylethylamide) is a unique
amino acid presented almost exclusively in the tea plant. It
has been reported that L-theanine has a great contribution to
the taste of green tea, and is synthesized in the root of the

plant. L-Theanine was discovered as a constituent of green
tea in 1949 by Sakato,19) and in 1964 was approved as a food
additive in Japan. Recently, the relaxing activity of green tea
has been widely accepted throughout the world.

In a previous study, we developed a sleep-disturbed model
that was useful for evaluating hypnotic potencies by placing
rats on a grid suspended over water.20,21) The hypnotic effects
of some drugs in rats placed on the grid suspended over
water were more potent than that in rats placed on sawdust.
In the present study, therefore, we studied the hypnotic activ-
ities of the valerian extract preparation (BIM) which is a di-
etary supplement composed of valerian extract, golden root
extract and L-theanine on the sleep-wake cycle using the
sleep-disturbed model.

MATERIALS AND METHODS

Animals Male Wistar rats weighting 230—310 g (Japan
SLC, Shizuoka, Japan) were used. All animals were main-
tained in an air-conditioned room with controlled tempera-
ture (24�2 °C) and humidity (55�15%). They were housed
in aluminum cages with sawdust and kept under a light–dark
cycle (lights on from 7:00 to 19:00). The animals were al-
lowed free access to food and water, except during the exper-
iments. All procedures involving animals were conducted in
accordance with the guidelines for animal experiments at
Okayama University Advanced Science Research Center.

Surgery The animals were anesthetized with pentobarbi-
tal sodium (Nembutal®, 35 mg/kg, i.p., Abbott Laboratories,
North Chicago, IL, U.S.A.) and then placed in a stereotaxic
apparatus (SR-5, Narishige, Tokyo, Japan). For electroen-
cephalogram (EEG) recording, a stainless steel screw elec-
trode was chronically implanted into the right frontal cortex
(A: 0.5, L: 3.0) according to the atlas of Paxinos and
Watson.22) To record the electromyogram (EMG), we im-
planted stainless steel wire electrodes (200 mm) into the dor-
sal neck muscle. A stainless steel screw fixed in the left
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frontal bone served as a reference electrode. The electrodes
were connected to a miniature receptacle, and the whole as-
sembly was fixed to the skull with dental cement. At least 7 d
were allowed for recovery from the surgery.

EEG and EMG Recordings EEG and EMG were
recorded with an electroencephalograph (Model EEG 5113,
Nihon Kohden, Tokyo, Japan) from 9:00 to 15:00. The
recording was carried out according to the method described
previously.21,23) The signals were amplified and filtered (EEG,
0.5—30 Hz; EMG, 16—128 Hz), then digitized at a sampling
rate of 128 Hz and recorded using the data acquisition pro-
gram SleepSign ver.2.0 (Kissei Comtec, Nagano, Japan). The
EEG and EMG were measured in a cylindrical plastic cage
(diameter, 26 cm; height, 31 cm). A grid floor was placed in-
side the plastic cage. The cage was filled with water up to
1 cm below the grid surface. The stainless steel rods of the
grid (3 mm wide) were set 2 cm apart from each other. The
observation cage was placed in a sound-proof and electri-
cally-shielded box (70�60�60 cm).

Sleep-Wake State Analysis The sleep-wakefulness
states were automatically classified by 10-s epochs as wake-
fulness, non-rapid eye movement (non-REM) and REM sleep
by SleepSign ver.2.0 according to the criteria previously de-
scribed.20,24) The power spectrum densities, integrated and
averaged, could be divided into 4 frequency areas: delta wave
(0.5—4 Hz), theta wave (4—8 Hz), alpha wave (8—13 Hz)
and beta wave (13—30 Hz). The sleep-wakefulness state was
characterized as follows: wakefulness, low-amplitude EEG
(delta, theta, alpha and beta waves) and high-voltage EMG
activities; non-REM sleep, high-amplitude slow or spindle
EEG (delta, theta, alpha and beta waves) and low-EMG ac-
tivities; REM sleep, low-voltage EEG (except for theta wave)
and EMG activities (Fig. 1).

Calculation for Delta Activities during Non-REM Sleep
The delta activity (0.5—4 Hz) during non-REM sleep was
determined using a program of SleepSign ver.2.0. The data
of delta power in non-REM sleep were expressed as a per-
centage of the average delta activity in non-REM sleep dur-
ing the entire recording period of each control group.

Drugs Valerian extract and BIM, containing 400 mg of

valerian extract, 100 mg of golden root extract and 50 mg of
L-theanine, were provided by Morishita Jintan Co., Ltd.
(Osaka, Japan). The ethanolic extracts from the roots of Vale-
riana officinalis L. and Rhodiola rosea L. were extracted
with 70% ethanol. These extracts were concentrated and
spray-dried with 8% or 2% maltodextrin and 1% silicon
dioxide. L-Theanine was purchased from Wako Pure Chemi-
cal Industries, Ltd. (Osaka, Japan). The preparation was dis-
solved in water and administered orally at 9:00, and EEG and
EMG were measured for 6 h after drug administration. Eight
rats were used in each group, and a counterbalanced design
for drug dosage was used. Drugs were administered at inter-
vals of 7 d when the same rats were used for repeated experi-
ments. Each rat was subjected to experimentation 4 times.

Data Analysis and Statistics Values shown are
means�S.E.M. Statistical analyses were performed using the
software Dr. SPSS II (Nankodo Co., Ltd., Tokyo, Japan).
One-way analysis of variance (ANOVA) with the Scheffe test
was used for estimating the drug effects. Sleep latency was
defined as the time from drug administration up until the first
12 consecutive 10-s epochs of sleep.

RESULTS

Effects on Sleep Latency Both valerian extract and the
BIM caused a dose-dependent decrease in sleep latency. A
significant shortening of sleep latency was observed at a dose
of 1000 mg/kg for each drug. The potency of the BIM is
somewhat less potent than that of valerian extract (Fig. 2).

Effect on Sleep Parameters Valerian extract caused no
significant effects on total time of wakefulness, non-REM
sleep and REM sleep, even at a dose of 1000 mg/kg. The
BIM at a dose of 1000 mg/kg also had no significant effects
on the total times of wakefulness, non-REM sleep and REM
sleep (Fig. 3).

Effects on Delta Activity during Non-REM Sleep
Both valerian extract and the BIM caused no significant ef-
fects at a dose of 1000 mg/kg of each drug on the delta activ-
ity during non-REM sleep (Table 1).
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Fig. 1. Representative EEG, EMG and EEG Power Value in Rats during Wakefulness, Non-REM Sleep and REM Sleep



DISCUSSION

In the present study, it was found that both valerian extract
and the BIM caused a significant shorting of sleep latency. In
a previous study, we reported that valerian extract at doses of
1000 and 3000 mg/kg showed a significant shortening in
sleep latency in the sleep-disturbed rat model.25) That is to
say, reproducible results were obtained with valerian extract.
On the other hand, the BIM showed a lower effect on sleep
latency compared with the same dose of valerian extract. The
BIM is a combined drug consisting of the valerian extract,
golden root and L-theanine (4 : 1 : 0.5). Moreover, there are
no reports that golden root and L-theanine are effective for
sleep latency. Therefore, it is reasonable to presume that the
effect on sleep latency of the BIM may be attributable to the
presence of not golden root and L-theanine but valerian ex-
tract. It had been reported that golden root and L-theanine
had an anti-fatigue effect17,18) and relaxing activity, respec-
tively. From these findings, however, it was revealed that
these effects were not involved in sleep inducing-effect of the
BIM.

Next, to clarity whether the BIM shows an effect on the
other sleep parameters, the total times of wakefulness, non-
REM sleep and REM were measured. As a result, no observ-
able effects were obtained with the BIM in total times of
each sleep state same as the valerian extract. In addition,
similar to valerian extract, the BIM also caused no significant
changes on the delta activity, which is an indicator of sleep
quality. The detailed mechanisms of valerian extract, which
is the major proportion in the BIM, with regard to the hyp-
notic effect are not yet clear. Santos et al.26,27) reported that

an aqueous extract of valerian inhibited (3H) g-aminobutyric
acid (GABA) uptake and induced the Ca2�-independent re-
lease of (3H)-GABA. Ortiz et al.28) also reported that valerian
extract increased both K�- and veratridine-stimulated (3H)-
GABA release and caused the inhibition of (3H)-GABA up-
take. From these findings, it seems likely that the extracellu-
lar GABA level increased by valerian extract resulted in the
hypnotic effects.

In conclusion, the BIM may be useful as a treatment for
insomnia without causing an alteration of the sleep-wake
cycle. On the other hand, the detailed mechanisms of the
hypnotic effects of the BIM are not yet clear. Further re-
search will be needed to examine the possibility of its safety
and health benefits.
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Table 1. Effects of Valerian Extract and the Valerian Extract Preparation on Delta Activity during Non-REM Sleep in Sleep-Disturbed Rats

EEG activity (% of control)
Dose (mg/kg, p.o.)

0—1 1—2 2—3 3—4 4—5 5—6 (h)

Valerian extract
Control 100.0�10.7 100.0�11.4 100.0�9.2 100.0�8.2 100.0�7.2 100.0�8.7

300 107.4�8.2 102.9�8.7 124.1�16.6 87.2�11.5 95.7�12.2 91.2�12.6
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Valerian extract preparation
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100 65.0�10.3 73.6�13.6 90.1�12.6 94.6�9.8 81.8�12.5 75.6�11.4
300 80.7�12.7 82.8�17.2 100.6�14.7 108.3�17.2 88.1�18.0 91.2�12.2

1000 111.8�24.2 105.5�19.4 120.7�26.7 118.7�28.4 109.2�29.5 114.9�26.7

Values represent means�S.E.M. (n�7—8). Drugs were administered orally.

Fig. 2. Effects of Valerian Extract and the Valerian Extract Preparation on
Sleep Latency in Sleep-Disturbed Rats

Columns and vertical bars represents the mean�S.E.M. (n�7—8). Drugs were ad-
ministered orally. ∗ Significantly different from control group at p�0.05.

Fig. 3. Effects of Valerian Extract and the Valerian Extract Preparation on
the Total Time of Each Sleep State in Sleep-Disturbed Rats

Columns represents the mean of each sleep time (n�7—8). Drugs were administered
orally, and EEG and EMG were measured for 6 h.
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