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Sleep Induced by a Herbal Agent Polygala tenuifolia versus
that by Alprazolam: A Review with New Data on EEG and
Sleep Duration
Juan Yu1, Tony CH Chow2,4, Sharon L Wu2,4, HM Cheung2,4, Fei Hong1,*, David T Yew2,3,4, *, †
ABSTRACT
This study is the first comparison of an herbal agent with a well-established hypnotic for sleep.
The beneficial effects for sleep of the herb Polygala tenuifolia (with main sedative components
being 3,4-methoxycinnamic acid and phenylpropanoids) and Alprazolam were investigated,
and our results indicated that both could benefit sleep via the shortening of sleep induction
time and the increase in wave forms of electroencephalogram (EEG) associated with stages 1,
2 and 3 of the non-rapid eye movement (NREM) sleep. Increase of numbers of theta waves,
v waves, delta waves and k complex were observed in mice, indicating deeper and better
quality of sleep. There was an obvious increase in the duration of theta plus delta waves in
both Polygala and Alprazolam treated groups, while the wave duration was slightly longer
in the Polygala group than the Alprazolam group. When the Alprazolam treated group was
added with Polygala, the theta plus delta wave duration increased and exceeded that from
Alprazolam treatment alone. Similarly, increase of duration of k complex was also observed
in both Polygala and Alprazolam treated groups. This study illustrated that the herbal
agent Polygala tenuifolia could have at least similar efficacy in the induction of sleep as the
manufactured drug Alprazolam.
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Introduction
There have been studies of actions on herbal
medicine on the nervous system and Polygala
tenuifolia is one of the phytochemicals that is
known for its effects on the nervous system [1,
2, 3]. The genus Polygala is an angiospermic
plant located in particular in Asia, from the
mid part of China to Mongolia and Russia. It
is also cultivated and used in India and Korea
and cultivated in Canada and Brazil in smaller
quantities [4]. In India, Polygala had not only

been an allopathic medicine for hypoglycemia,
but also an anticancer agent, a CNS tranquillizer
and a hypolidemic agent [4]. The root of a species
of Polygala tenuifolia is used specially as an herbal
medicine in China under the name Yuan Zhi
for thousands of years. The main components
of this herb were clearly deciphered chemically
and the characteristic ones include tenuifolin,
polygalaxanthone III, and 3, 6’-disinapoly
sucrose [5], while Xu et al. identified in detail
the xanthones: 7-hydroxy-1 -methoxy-2,3-
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methylenedioxyxanthone(1), 1, 7-dihydroxy-2,
3-dimethoxyxanthone(2), 1,3,6-trihydroxy-2,
7-dimethoxyxanthone(3),7-hydroxy-1,2,
3-trimethoxyxanthone(4),1,2,3,6,7pentamethoxyxanthone(5),1,3,7-trihydroxy2,6-dimethanoxyxanthone
(6),7-hydroxy-1methoxyxanthone(7) and 1,7-dihydroxy-3,4dimethoxyxanthone(8) [6]. Along with jujube
seed, polygala was employed as one of the
sedative agents in Chinese medicine and their
actions had been associated with transmitters
such as GABA, serotonin and dopamine [7].
In fact, in studies of Polygala, two groups of
compounds most related to sleep and which
exert sedative effects are 3,4-methoxycinnamic
acid and phenylpropanoids [8,9]. Effects of
Polygala on sleep have been studied in mice that
demonstrated decreased locomotor activities.
Increase of total sleep time and reduced sleep
latency after induction by pentobarbital were
also observed [10]. In Japan, this chemical from
Polygala had been used as an anti-stress agent
[11]. Both mechanisms were proposed as the
result of 3,4,5-trimethoxycinnamic acid inside
the root of Polygala acting as 1) an GABAa
agonist 2) an agent which upregulates glutamic
acid decarboxylase and 3) an agent which
upregulates the gamma subunit of GABAa
receptor [10]. Its anxiolytic and sedative effects
were further tested in X maze and open field with
mice. Again, its synergetic effect was induced
with pentobarbital injection which was found
to shorten sleep latency and prolong duration of
sleep [12]. The saponins and pyrones in Polygala,
though less known, would also be sedative and
cause hypnosis [12,13]. In addition, Polygala
roots produced little toxic effect below 3.94 g/
Kg [12] although the saponin inside the Polygala
might produce gastrointestinal irritation [14].
Sleep, apart from induction time and total
sleeping time, is a behavioral process which needs
to be deciphered with physiological devices like
the electroencephalogram (EEG). In this work,
we reported the study of different components of
the EEG in the mice under normal (not induced)
sleep, and compared with the EEG patterns
generated when sleep was induced by 1) Polygala
root and 2) a well-established sedative western
drug Alprazolam. This is the first time that
Polygala was compared and reviewed with other
western agents. The EEG of the mice as that of
human was complicated and in order to decipher
changes, all of the non-rapid eye movement
(NREM) sleep waves would be evaluated, and
as possible be quantified at a defined period
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of sleep and be compared. Waveforms to be
quantified include the k waves, the v wave
and the w waves (indicating stage 2, 3 of
sleep), while delta and theta waves indicating
deep beginning sleep (stages 3 and stage 1,
respectively) [15-21]. Induction time, sleep
time (total), and wakeful time within a period
of 3 hours of sleep in the mice would also be
assessed. There were very few EEG recordings
found on mice in literature and the majority
was done on diseased models [22]. One of the
first EEG recordings of drug treatment was
performed by Meerlo et al. who tested gamma
hydroxybutyrate as a vigilant and sleeping
agent. The conclusion of that work was that
gamma hydroxybutyrate worked only on a
high dose and did not seem to produce natural
form of sleep [23].
Apart from sleep, Polygala had been associated
with other CNS benefits which include
enhancing learning and memory in mice [24]
and improving cognition in the scopolamine
treated rat [25]. Studies further indicated that
several species of Polygala including P. tenuifolia,
P. senega and P. sabulosa would all be used
[4,12,13] in different parts of the world.
In western medicine, the classical medications
for sleep can be divided into three categories; the
first group is the benzodiazepine receptor agonists
that include the frequently used temazepam and
trizolam. These drugs act on the benzodiazepine
sites of the GABA complex and enhance stage 2
sleep. In general, the action is a result of increased
inhibition of GABA by shifting of chloride ion
leading to hyperpolarization and stabilization
of neuronal membranes. The second group of
hypnotics includes Zolpidam, zaleplon and
Eszoplclone. Zolpidam can be absorbed quickly
and is good for induction of sleep, and it acts
through omega I receptors of the benzodiazepine
group. Zaleplon is also good for the induction
of sleep, but it is not related to either diazepine
or barbiturate; instead, it interacts with the
GABA diazepine complex. Eszoplclone interacts
with another GABA receptor site close to the
diazepine receptor [26-28]. Zopiclone and
related z compounds are dominating the markets
and are nondiazepine hypnotics for treating
insomnia. This group of hypnotics not only
increases GABA transmissions but also increases
low amplitude waves and reduces rapid eye
movement (REM) sleep [29,30]. Another group
of sedative which is also used for sleep, sedation
of anxiety includes the Alprazolam which is
grouped with the benzodiazepines [31,32]. This
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latter group of milder sedatives to induce sleep
is effective for acute treatments of insomnia
[32]. Other agents like melatonin and related
compounds that restore diurnal rhythm are
also used as insomnia medication, and reported
a reduced latency of getting into sleep and the
increased duration of sleep [33].
Materials and Methods
The animal experiments were approved by the
Department of Health, HKSAR government.
Twelve-week old male ICR (Institute for Cancer
Research, Sutton, UK) mice weighing around
30 g each were used in this study. Mice were
individually housed and kept in a room with
temperature controlled at 22-25℃ and under a
12-hour light/dark cycle. Food and water were
available ad libitum.
Electroencephalogram setup: Mice were
anchored with EEG electrodes on the head in the
following coordinates: frontal: 1.7 mm lateral to
midline, 1.5 mm anterior to bregma; parietal:
1.7 mm lateral to midline, 1.0 mm anterior to
lambda. The electrodes were mounted to the
skull by dental cement and later connected to
a connector plug during recording. The mice
were connected to the EEG setup for another 8
days of habituation and received the following
treatment for 8 days.
Extraction of herbal formula: Roots of Polygala
tenuifolia were bought from local pharmacy
in Hong Kong and crushed into powder with
grinding machine, followed by boiling in
deionized water (5 g to 120 ml) for 60 minutes.
Decoction was filtered and freeze dried for
storage and dissolved in 0.9% saline upon usage
[38].
Mice were divided into 4 groups and treatments
were given to mice orally every day for 8 days.
The treatments were 0.9% Saline (5 ml/kg/day),
Alprazolam (0.6 mg/5 ml/kg/day), Polygala
herbal formula (0.374 g/5 ml/kg/day), and
Alprazolam (0.6 mg/5 ml/kg/day) plus herbal
medicine (0.374 g/5 ml/kg/day). All drugs
were dissolved in 0.9% saline and given in 5
ml/kg/day. After the 8th day’s treatment, EEG
signals were recorded by a signal amplifier and
data requisition system (Tongren Technologies,
China) for 3 hours. For each of the three groups
of animals (n=3 to 4 animals for each group),
namely saline control, polygala herbal formula
and Alprazolam, EEG was measured in every
animal every 15 minutes, each for 30 seconds in
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the first hour of sleep and the same for the second
and third hours. For comparison of wave forms/
durations, only the 30 second strips of the
last 45 minutes of each hour was used. Three
recording strips were selected from each of the
three animals from each group for analysis.
The recording experiments were repeated two
times.
Results
Analyzing the complex waveforms is difficult
and the investigators relied on the defined
waveforms in the literatures as specified before in
this paper. Only the non-REM (NREM) sleep
was analyzed. The sleep cycles of the mice in
our experiments usually lasted for around three
hours and hence the EEG was recorded for 120
seconds when they were in the first hour, second
hour and the third hour of sleep. Electrodes
were anchored previously onto the skull at two
defined positions on the days before recording so
that they got habituated to the devices. During
sleep the lengths of k complexes, delta and theta
waves were recorded. Theta waves (stages 1 to 2
sleep) and delta and k waves (stage 3 deep sleep)
(Figure 1a,b) represent total sleep waves while
those of v and w waves (Figure 1c), as well as
saw-edged waves (drug related beta wave) were
defined as stage 2 (superficial or beginning of
deep sleep) [34] (Figure 1d). The rest of the
sleep periods would compose of sleep spindles
(Figure 1e) or other mixed waves. We had
focused on the theta, v wave, k wave, and delta
wave that were the most important components
of the sleep cycle.
Our cohort of mice usually slept in the morning
after food intake. The sleeping duration was
usually for more than 3 hours. The behavioral
pattern of actual sleep recorded was that the eyes
were closed and the tail was curved and hanging
relaxed at the side of the body with the tip of the
tail pointing forward. At the time, theta waves
began to appear in the EEG as well. If they were
put into the dark chamber for sleep at 10:30 in
the morning, the usual induction time to total
motionless deep sleep as recorded was 50 min
± 3 minutes (n=3) whilst induction time after
feeding Alprazolam was 31 ± 7.5 minutes and
feeding the herbal formula with Polygala was
25 ± 0 minutes. The feeding time of the latter
two medications was also set at 10:30 am.
After feeding of the medication, the mice too
were returned to the dark chambers for video
recording on sleep. At the same time, EEG
796
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control in initiating v/w waves sleep (beginning
of deep sleep). However, preliminary segmental
studies appeared to indicate the Polygala and
Alprazolam had different advantage over the
control: the Alprazolam acted on the initial
first hour better (20 v/w waves in Alprazolam
versus 16 v/w waves in control in 30 second
strip in the first while the Polygala appeared to
do better than control in the subsequent hours
(e.g. average 23 v/w waves in Polygala versus 17
v/w waves in control in 30 seconds during the
third hour of sleep). Likewise, when Alprazolam
was combined with the herb in the treatment of
sleep, the sleep markers increased compared with
just using Alprazolam alone (40 ± 8.0 v/w waves
for Alprazolam plus polygala versus 21 ± 2.2 v/w
waves for Alprazolam per 30 second strip).

Figure 1a: Theta wave (arrows).

Figure 1b: Delta waves (arrows).

Figure 1c: 1 indicates V wave. 2 indicates K wave.

Figure 1d: Saw-edge beta wave.

Figure 1e: 1 indicates V waves. 2 indicates sleep spindle.

recording was performed as in the materials and
methods.
Using the EEG wave, the numbers of v and w
waves were counted within strips of 30 seconds
once every hour in all groups of mice which
represented the stage 2 sleep (beginning of deep
sleep). These results from the Alprazolam group,
the herbal group, the control group presented
were respectively 20.5 ± 3.8 per 30 seconds in the
Alprazolam group, 20.4 ± 3.16 per 30 seconds in
the Polygala group and 14.6 ± 3.3 per 30 seconds
in the control (n= 9). These results indicated that
both Polygala and Alprazolam were better than
797
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When one compared the theta wave (designated
as a wave form for first stage of sleep (i.e. light
sleep) [35, 37] of the EEGs of mice fed with
Polygala, Alprazolam and control saline and the
recordings were taken once every hour (starting
from the 45th minute of the first hour) for
three hours, theta wave duration was found to
increase in the first hour, decreased substantially
in the second hour and increased again in the
third hour (Figure 2). When the duration of
theta waves per unit time was compared between
the three groups of Polygala, Alprazolam and
control saline, the theta durations in Polygala
fed and Alprazolam fed animals per 30 seconds
of recording in the first and second hours of sleep
were higher than that of control (Figure 2). By
the third hour, the theta duration per 30 sec was
still higher in the EEG of Polygala fed mice than
that of control (Figure 2).
When the theta duration representing light sleep
and the delta duration representing deep sleep of
stage 3 (now denoted as N3 stage since stage 4
had been taken out [36]) were added together,
in the saline control as per 30 seconds, the
total theta plus delta duration of the first hour
was 9.67 ± 0.58 sec, the second hour was 7.83
± 0.29 seconds in the second hour and 8.33 ±
0.58 sec in the third hour. For the Polygala fed
mice, theta plus delta duration was 16.17 ± 0.29
seconds in the first hour, 12.17 ± 0.58 seconds in
the second and 11.67 ± 0.58 in the third hour.
In the Alprazolam group, the theta plus delta
duration was 11.67 ± 1.04 seconds in the first
hour, 7.5 ± 0.50 seconds in the second hour
and 7.00 ± 0 seconds in the third hour. There
was an obvious increase in the duration of theta
plus delta waves in the Polygala and Alprazolam
treated groups, while the theta plus delta duration
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was slightly longer in the Polygala group than
the Alprazolam group. When the Alprazolam
treated group was added with Polygala, the theta
plus delta wave duration increased to 13.17 ±
1.26 seconds in the first hour, 10 ± 2 seconds in
the second hour and 8.67 ± 0.58 seconds in the
third. It was better than treatment of Alprazolam
alone but did not reflect a simple addition. The
comparisons were illustrated in Figure 3.
When the number K complex [37] in the EEGs
were counted per 30 seconds in the three groups,
bearing in mind that K complex occurred in
stage 3 deep sleep, again the Polygala fed mice
reported 9.00 ± 1.00 K wave at the first hour,
8.00 ± 1.73 in the second hour and 6.33 ± 1.53
in the third hour while in the Alprazolam group,
the K complex number was 7.33 ± 1.53 in the first
hour and 6.34 ± 0.59 in the second hour and 4.8 ±
1.1 in the third hour. Those fed with control saline
was 4.00 ± 1.73 in the first hour, 3.33 ± 1.15 in
the second hour and 3.00 ± 1.00 in the third hour.
There was an obvious upregulation of Polygala and
Alprazolam treated animals. The comparisons were
illustrated in Figure 4.

Figure 2: Shows duration (seconds) of theta waves appeared per 30 second strip during the
first three hours of sleep under different treatments. HF represents Polygala herbal formula; AP
represents Alprazolam; C represents controls. Means with standard deviation. Statistical analyses
were performed using two-way repeated measures ANOVA, F(2, 12) = 32.30, p< .0001, followed
by Tukey’s test.

Discussion
Our results indicated that both the herb of
Polygala and Alprazolam could benefit sleep
via the shortening of sleep induction time and
the increase in wave forms of EEG related to
both stages 1, 2 and stages 3 of the NREM
sleep. The increase of theta waves, v waves, delta
waves as well as k complex in either duration or
number proposed that deeper or better quality
sleep occurred in the experimental animals on
both herbal and western hypnotics. As well the
additional of the Chinese herb together with
Alprazolam would produce an enhanced effect
over the use of a single agent, noting however,
that the combined effect is not a simple addition
of the two agents. This is the first time that a
Chinese herbal agent has been compared with a
well-established sedative of the benzodiazeprne
group and also the first time when comparison
was performed with various wave forms of
the EEG. This study illustrated that herbal
agents could have at least similar efficacy in the
induction of sleep as the manufactured western
drugs. In some aspects (e.g. total theta and
delta durations) Polygala might look perhaps
better than Alprazolam. Although in this study
that the herbal agent appeared in some criteria
to have slightly better effect than Alprazolam
on these aspects of sleep, one would have to be

Figure 3: Shows duration (seconds) of delta plus theta waves appeared per 30 second strip
during the first three hours of sleep under different treatments. Means with standard deviation.
Statistical analyses were performed using two-way repeated measures ANOVA, F(3, 8) = 24.75, p=
.0002, followed by Tukey’s test.

careful in comparison because there are many
group of anti-insomnia drugs on the market and
Alprazolam is one of the drugs that would have
a sedative effect and works well initially in naïve
patients (not treated before) for insomnia [28].
This study also indicated the possible values of
the individual markers (waves) in the EEG that
can be of value in sleep experiments.
Preliminary studies in this laboratory when trying
to counteract the insomniac ability of caffeine by
798
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Figure 4: Shows number of k complex appeared in a 30 second strip during the first,
three hours of sleep under different treatments. Means with standard deviation. Statistical
analyses were performed using two-way repeated measures ANOVA, F(3, 8) = 9.430, p=
.0053, followed by Tukey’s test.
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