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Abstract

This study was investigated to know whether pachymic acid (PA), one of the predominant triterpenoids in Poria cocos (Hoelen)
has the sedative-hypnotic effects, and underlying mechanisms are mediated via y-aminobutyric acid (GABA)-ergic systems. Oral
administration of PA markedly suppressed locomotion activity in mice. This compound also prolonged sleeping time, and reduced
sleep latency showing synergic effects with muscimol (0.2 mg/kg) in shortening sleep onset and enhancing sleep time induced by
pentobarbital, both at the hypnotic (40 mg/kg) and sub-hypnotic (28 mg/kg) doses. Additionally, PA elevated intracellular chloride
levels in hypothalamic primary cultured neuronal cells of rats. Moreover, Western blotting quantitative results showed that PA in-
creased the amount of protein level expression of GAD,, ., over a broader range of doses. PAincreased a- and B-subunits protein
levels, but decreased y-subunit protein levels in GABA, receptors. The present experiment provides evidence for the hypnotic
effects as PA enhanced pentobarbital-induced sleeping behaviors via GABA,-ergic mechanisms in rodents. Taken together, it is
proposed that PA may be useful for the treatment of sleep disturbed subjects with insomnia.
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INTRODUCTION mains largely under recognized and inadequately treated.
Medical science has exploited natural resources since time
Poria cocos (Hoelen) (Fam. Polyporaceae) is one of the immemorial and the success of modern medical science as
most important well-known traditional Chinese medicines the potential sources of drugs to prevent and cure human as
(TCM) that has been practiced for treating a range of sleep well as veterinary health problems. The sedative-hypnotic
disorders such as insomnia, either in single herb or in herbal medications, including benzodiazepines and non-benzodi-
formula in Asian countries (Chen et al., 2011). It grows around azepines, are the most common treatments for insomnia.
the roots of pine trees in China, Japan, Korea, and North However, concerns regarding patterns of inappropriate use,
America (Lee et al., 2012). It has traditionally been used as dependence and adverse effects have led to caution in pre-
diuretic and sedative agents (Spelman et al., 2006) in Chinese scribing those sedative-hypnotic medications. Patients with
herbal prescriptions. In addition, it has also been used for the insomnia are generally subdivided into three categories: sleep
improvement of appetite, exclusion of sputum and edema, and onset insomnia, sleep maintenance insomnia and terminal in-
the treatment of palpitation and insomnia (Kaminaga et al., somnia (early-morning awakening coupled with an inability to
1996). Earlier studies have shown that the main ingredients return to sleep) (Rosenberg, 2006). It has been shown that
of this herb medicine are a group of triterpenoid compounds. sleep deprivation has a great impact on the everyday life of
Pachymic acid (PA), a lanostane type triterpenoid possess healthy subjects, affecting alertness, attention, concentration,
anti-emetic, anti-inflammatory, and anti-cancer properties (Tai cognitive abilities, memory, mood, and pain.
et al., 1995; Cuella et al., 1996; Kaminaga et al., 1996; Giner Pharmacological evidence suggests that the molecular
et al., 2000; Li et al., 2004; Gapter et al., 2005). target of medicinal plants those having sedative-hypnotic ac-
Insomnia has high prevalence rates and is associated with tivity has been mainly focused on the benzodiazepine site of

significant personal and socio-economic burden, yet it re- GABA, (GABA,-BZD) receptors (Abourashed et al., 2004).
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GABA, receptors are the principal inhibitory neurotransmitter
in the vertebrate CNS, which are mainly located postsynap-
tically and mediate the majority of fast synaptic inhibition in
the brain. They also represent the major sites of action for
both benzodiazepines and barbiturates. These receptors are
CI- sensitive ligand gated ion channels that can be assembled
from seven subunit classes: o,-6, -3, v-3, 5, p0-3, 6, m and ¢
of GABA, R structure (Sieghart and Sperk, 2002; Rudolph and
Mohler, 2004, 2006). They play an important role in neuronal
firing patterns and activity of neuronal networks and serves as
targets for numerous classes of drugs, used both in clinical
practice and as research tools.

Researchers admit that neuropsychopharmacology plays
an important role in insomnia therapy, targeting several trans-
mitter and peptide systems, including y-aminobutyric acid
(GABA)-ergic and serotonergic, as well as histaminergic and
hypocretinergic (also known as orexinergic) systems (Wafford
and Ebert, 2008). The GABA neurotransmitter receptors, in
particular the type A subtype (GABA, receptors), have received
considerable attention as the site of action for drugs acting as
anxiolytics, sedatives, anticonvulsants, and muscle relaxants.
These clinically beneficial effects are exhibited by the benzodi-
azepines, which act by allosterically binding to GABA, recep-
tors and enhancing the ability of GABA to increase chloride
conductance. Research into psychoactive plants that may af-
fect the central nervous system (CNS) has flourished, with an
abundance of preclinical in vitro and in vivo studies validating
many phytotherapies. However, as with the development of
many nascent pharmacological strategies, there is still limited
information on the pharmacological studies of PA in the sleep
disorder treatments such as insomnia. Therefore, the pres-
ent study was to determine the sedative-hypnotic effects of
PA on pentobarbital-induced sleeping behaviors. In addition,
we defined the mediation of y-aminobutyric acid (GABA)-ergic
systems to understand the possible mechanisms.

MATERIALS AND METHODS

Reagents and chemicals

Pachymic acid (Fig. 1, purity HPLC, 98%) was purchased
from Chengdu Biopurify Phytochemicals Ltd. (Chengdu, Sich-
uan, China). Muscimol (Tocris Bioscience, Bristol, UK), pen-
tobarbital sodium (Hanlim Pharm. Co. Ltd., Seoul, Korea),
diazepam (Samijin Pharm. Seoul, Korea), dimethyl sulfoxide
(DMSO, Amresco, Solon, Ohio, USA) were also purchased,
respectively. Fetal bovine serum (FBS) and Dulbecco's
Modified Eagle Medium (DMEM) were obtained from GIBCO
(Grand Island, NY, USA). The CI- sensitive fluorescence probe
N-(ethoxycarbonyl-methyl)-6-methoxyquinolinium bromide (MQ-
AE) was purchased from Sigma-Aldrich Co. (St Louis, MO,
USA). The specific rabbit polyclonal antibodies against GABA,
receptors subunits or GAD,,, and the corresponding conju-
gated anti-rabbit immunoglobulin G-horseradish peroxidase
were obtained from Abcam Inc. (Cambridge, UK). Chemilu-
minescent HRP substrate was purchased from Millipore Co.
(Billerica, MA, USA).

Animals

The animals used for behavioral experiments were ICR
male mice (purchased from Samtako, Osan, Korea), weighing
20-25 g, in groups of 10-15. Animals were housed in acrylic
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Fig. 1. Chemical structure of the pachymic acid.

cages (45x60x23 cm) with water and food available ad libitum
under an artificial 12-h light/dark cycle (light on at 7:00 am), at
the relative humidity (50-52%) and at a constant temperature
(22 £ 2°C). To ensure adaptation to the new environment, the
mice were kept in the departmental holding room for 1 week
before the experiment. All the behavioral experiments were
performed between 10:00 and 17:00 h. All of the experiments
involving animals were carried out in accordance with the Na-
tional Institute of Health Guide for Care and Use of Laboratory
Animals (NIH publication No. 85-23, revised 1985), and the
Institutional Animal Care and Use Committee of Chungbuk
National University approved the protocol.

Locomotor activity

Spontaneous locomotor activity was measured automati-
cally with a tilting-type ambulometer (AMB-10, O’Hara, Ja-
pan). Each mouse was placed in the activity cage (20 cm in
diameter and 18 cm in height) and after an adaptation period
of 10 min, the test compound administration protocol was im-
plemented (Park et al., 2005). Diazepam (2.0 mg/kg, p.o) and
PA (1, 3 and 5 mg/kg, p.o) were administered to mice 30 and
60 min prior to the experiment, respectively. The ambulatory
activity was measured for 1 h after the administration of the
agents (Morton et al., 2011).

Pentobarbital-induced sleep

Ten to twelve mice were used for each treatment group. All
experiments were carried out between 1:00 and 5:00 pm. Ani-
mals were fasted for 24 h, prior to the experiment. Pentobar-
bital sodium and muscimol were diluted in 0.9% physiological
saline and administered to each mouse intraperitoneally (i.p.)
to induce sleep. PA was suspended and dissolved in 0.1%
DMSO and administered orally to the mice (0.1 ml/10 g). Mus-
cimol was administered as a reference drug 30 min prior to ad-
ministration of pentobarbital. Pentobarbital was administered
to animals placed in a box 1 h after the oral administration
of test drugs. Those animals that stopped moving in the box
within 15 min after pentobarbital injection were immediately
transferred to another box. Those individuals that stayed im-
mobile for more than 3 min were judged to be asleep. The time
that elapsed from receiving pentobarbital until an animal, posi-
tioned delicately on its back, lost its righting reflex represented
latency to onset of sleeping. The animals were observed con-
stantly, and the time of awakening, characterized by righting of
the animal, was noted. The sleeping time was defined as the
time taken for the animal to regain spontaneous movements
after being transferred to the second box. Animals that failed
to fall asleep within 15 min after pentobarbital administration
were excluded from the experiments (Wolfman et al., 1996;
Darias et al., 1998).

www.biomolther.org



Biomol Ther 22(4), 314-320 (2014)

Primary cell culture

Primary cultures of hypothalamus were prepared from of
8 days old Sprague-Dawley rats as previously described (Ma
et al., 2007). After 8 days in culture, these cells express func-
tional GABA, receptors, with an expression pattern similar to
that of the hypothalamus during postnatal development, but
different from the pattern observed in the adult rats. Briefly,
hypothalamus cells were plated (1.0x10° cells per well) in 96
well microplates that had been coated with poly-L-lysine (50
ug/mL; Sigma, St. Louis, MO, USA), and were cultured DMEM
nutrient and neurobasal A media supplemented with 10%
heat-inactivated fetal bovine serum, glutamine (2.0 mM), gen-
tamicin (100 pg/ml), antibiotic-antimycotic solution (10 ug/ml;
Sigma), and potassium chloride (25 mM); such a high concen-
tration of potassium was necessary to induce persistent de-
polarization, which promotes the survival of granule cells. The
cells were incubated for 6-9 days in a humidified 5% CO,/95%
air atmosphere at 37°C. Cytosine arabinofuranoside (final con-
centration, 10 uM; Sigma) was added to cultures 18-24 h after
plating to inhibit the proliferation of non-neuronal cells.

Measurement of intracellular Cl-influx

The intracellular Cl- concentration ([CI]) of hypothalamic
neuron cells of rats was estimated using CI- sensitive fluores-
cence probe MQAE according to the method of West and Mol-
loy, with a slight modification (West and Molloy, 1996). The
buffer (pH 7.4) contained the following components: 2.4 mM
HPO42', 0.6 mM H,PO,, 10 mM HEPES, 10 mM D-glucose
and 1 mM MgSO,. A variety of MQAE-loading conditions were
assessed. The cells were incubated overnight in medium con-
taining 10 mM MQAE. After loading, the cells were washed
three times in the appropriate CI- containing buffer or CI- free
buffer. The buffer was replaced with buffer with or without the
compounds or with CI- free buffer. Repetitive fluorescence
measurements were initiated immediately using a SpectraMax
M2e Multi-Mode Microplate Reader (Excitation wavelength:
320 nm, emission wavelength: 460 nm; Molecular Devices,
Downingtown, PA, USA). The data is presented as the relative
fluorescence F/F , where F is the fluorescence as a function of
each sample and F is the fluorescence without CI ions. The
F/F, values were directly proportional to [CIT].

Expression of GAD,, . and GABA, receptors subunits

On 8 days of culture, the treatment of the primary cultured
hypothalamic neurons with PA was initiated. PA was suspend-
ed and dissolved in 0.1% DMSO, and then diluted sequentially
in culture medium to final concentrations of 5.0 and 50 uM re-
spectively. The control group was treated with vehicle alone at
the same dilution as that used for drug treatment. The culture
medium was completely replaced with fresh medium contain-
ing the appropriate drug. After treatment of PA, the cells were
harvested and treated with lysis buffer. The extracts were cen-
trifuged at 13,000xg at 4°C for 10 min and the supernatant
was recovered. The concentration of protein in the superna-
tant was determined, and then the supernatant was used for
Western blot analysis. The concentration of total protein was
determined by the modified Lowry method using bovine serum
albumin as a standard. The samples were stored at -20°C for
further use.

Equal amount of protein was added to each lane, and so-
dium dodecyl! sulfate polyacrylamide gel electrophoresis was
performed using 10% polyacrylamide gels. Proteins were
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Fig. 2. Effects of PA and diazepam on locomotor activity test in
mice. Ambulation activity was measured for 1 h, 30 min after oral
administration of diazepam and 1 h after the administration of
PA. Each column represents the mean with S.E.M (n=10). The
significance of the effects of the compounds was assessed using
analysis of variance (ANOVA). Where there was significant vari-
ability, the individual values were compared using Dunnett’s- test.
*p<0.05, **p<0.01, compared with that of control.

transferred to PVDF membranes (Hybond-P, GE Healthcare,
Amersham, UK) using a semidry transfer system. The blots
were blocked for 1 h at room temperature with 5% (w/v) BSA
(applied to all primary antibodies excepting for GAPDH) and
5% (w/v) skim milk (only applied to GAPDH) in Tris-buffered
saline solution (TBS) containing 0.1% Tween-20. The mem-
brane was incubated with specific rabbit polyclonal antibodies
against GABA, receptors subunits (diluted 1:2,500 in TBS con-
taining 0.1% Tween-20, 5.0% BSA) and rabbit anti-GAD,, .,
polyclonal antibody (diluted 1:2,500 in TBS containing 0.1%
Tween-20, 5.0% BSA). Blots were then washed and incu-
bated with the horseradish peroxidase conjugated secondary
antibodies: goat anti-rabbit IgG (diluted 1:3,000 in TBS con-
taining 0.1% Tween-20, 1.0% BSA). Immunoreactive bands
were developed with a BM chemiluminescence detection kit
(Roche Diagnostics, Mannheim, Germany). The quantitative
analysis of detected bands was performed with densitometric
scanning, and all values were normalized to the amount of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in the
sample, which was measured as follows. All of the immunob-
lots were stripped, incubated with sheep anti-GAPDH (1:2,500
in TBS containing 0.1% Tween-20) subsequently incubated
with anti-sheep IgG-conjugated secondary antibodies: rabbit
anti-sheep IgG (1:3,000 in TBS containing 0.1% Tween-20),
and developed to confirm equal protein loading.

Statistical analysis

All statistical analysis was conducted using SigmaStat soft-
ware (SPSS Inc., Chicago, IL, USA). The data are expressed
as mean + S.E.M. The significance of the effects of the com-
pounds was assessed by analysis of variance (ANOVA). In
the case of significant variation, the individual values were
compared using post hoc Dunnett’s test. For the subhypnotic
pentobarbital dosage test, For statistical test of the sub-hyp-
notic pentobarbital dose, Chi square test was used to com-
pare the proportion of sleep onset between the group treated
with a sub-hypnotic dose of pentobarbital alone and each of
the other groups. A p-value of less than 0.05 was considered
to be significant.



>

Sleep latency (min)
N
1

(mg/kg)

o [Z77TTT7TT T

0 T T T
CONTO02 1 3
MUSC PA
Pentobarbital 40 (mg/kg)

Shah etal. PA Enhances Sleeping Behaviors in Mice

g 150 A

E . dkk
2 00 N
%’ 100 *kk s
£ N
8 50 s
@ N
s S
© N

0 T T T
CONTO0.2 1 3
MUSC PA
Pentobarbital 40 (mg/kg)

(mg/kg)

Fig. 3. Effects of PA on onset and duration of sleep in pentobarbital-treated mice. Mice were food deprived for 24 h prior to the experiment.
Pentobarbital (40 mg/kg, i.p) was administered to mice following administration of muscimol or PA. The sleep latency (A) sleep time (B)
were recorded. Each column represents the mean with S.E.M (n=10). The significance of the effects of the compounds was assessed using
analysis of variance (ANOVA). Where there was significant variability, the individual values were compared using Dunnett’s- test. *p<0.05,

**p<0.01, ***p<0.005, compared with that of control.

Table 1. Effects of PA on sleep onset of mice treated by subhypnotic
dose of pentobarbital (28 mg/kg, i.p.)

Dose No. falling Sleep time
Group )
(mgrkg) asleep/total (min)

Control 0 8/15 304 +338
Muscimol 0.2 10/14** 429 +3.9*
PA 1 11/14 37.0+23

3 12/14 38.1+3.0

5 12/13*** 79.1 £8.1%**

Each value represents the mean (+S.E.M.) of 13-15 observations.
*p<0 .05 and ***p<0.005 compared to control.

RESULTS

Effects of PA and diazepam on locomotor activity test in
mice

The locomotor activity of mice treated with different dose of
PA or diazepam was compared with that of mice treated with
vehicle. It was found that PA at a dose of 5 mg/kg significantly
inhibited locomotor activity in mice. Moreover, diazepam (2
mg/kg) also showed significant decrease in locomotor activity
in mice (Fig. 2).

Effects of PA on the onset and duration of sleep in
pentobarbital-treated mice

Oral administration of PA decreased the latency of sleep
and increased total sleep time when given with hypnotic dose
of pentobarbital (40 mg/kg). PA produced a dose-dependent
prolongation of pentobarbital-induced sleep time at the doses
of 3 and 5 mg/kg, respectively. PA (5 mg/kg) significantly re-
duced the latency of sleep. Pretreatment of mice with musci-
mol (0.2 mg/kg, i.p.) as a positive control, 30 min before the
administration of pentobarbital also produced an increase in
the sleeping time and a decrease in the sleep latency of sleep

(Fig. 3).

Effects of PA on sleep onset of mice treated by
sub-hypnotic dosage of pentobarbital
PA reduced the sleep onset and increased the duration of
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Fig. 4. Effects of PA on chloride influx in primary cultured hypotha-
lamic neuron cells. After the culture of hypothalamic neurons for 8
days, the cells were incubated with MQAE overnight, and then PA
(0.1, 1 and 10 uM) and pentobarbital (PENT 10 uM) were added
1 h prior to measurement. Each column represents the mean with
S.E.M (n=3). The significance of the effects of the compounds was
assessed using analysis of variance (ANOVA). Where there was
significant variability, the individual values were compared using
Dunnett’s- test. ***p<0.005, compared with that of control.

sleep time induced by sub-hypnotic dose of pentobarbital (28
mg/kg. i.p.). Pretreatment of muscimol also increased the rate
of sleep onset and prolonged the sleep time at sub-hypnotic
dosage of pentobarbital (Table 1).

Effects of PA on chloride ion influx in primary cultured
hypothalamic neuronal cells

Intracellular CI- influx in primary cultured hypothalamic neu-
ron cells was measured. The measured data is presented as
the relative fluorescence F/F, where F is the fluorescence as
a function of each sample and F is the fluorescence with-
out chloride ions. The F/F values were directly proportional
to intracellular chloride ion concentration. Treatment of hypo-
thalamic neuron cells with PA at 1 uM and 10 pM produced
a significant increase in intracellular chloride ion influx dose-
dependently. Additionally, Pentobarbital (10 uM) also showed
significant increase in the influx of ClI- in primary cultured hy-
pothalamic neurons (Fig. 4).
Effects of PA on GAD, . expression

In order to confirm PA affects pentobarbital-induced sleep-
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Fig. 5. Effects of PA on the expression of GAD. Immunobolts of
lysed neuronal cells which were treated for 1 h following PA are
shown. GAPDH levels were need for the normalization of the pro-
tein expression. Each column represents the mean with S.E.M
(n=3). The significance of the effects of the compounds was as-
sessed using analysis of variance (ANOVA). Where there was
significant variability, the individual values were compared using
Dunnett’s- test. *p<0.05, compared with that of control.

ing behaviors through the synthesis of GABA, 8 days primary
cultured neuronal cells were treated with broader range of PA
concentration (5 and 50 uM, respectively) for 1 h and they
were sacrificed to examine the effects of these drugs on the
abundance of GAD,, in the hypothalamus. PA treatment at
50 uM significantly increased the protein content of GAD
(Fig. 5).

65/67

Effects of PA on of GABA, receptors subunits expression

Primary cultured neuronal cells of hypothalmus were tr-
eated with PA (5 uM) and pentobarbital (PENT 10 uM) for 1 h
and they were sacrificed to examine the effects of these drugs
on the abundance of GABA, receptor subunits in the cerebella
(Fig. 6). We performed expression patterns on 3a-subunits
(a3, a4 and ab), 2p-subunits (1 and B2) and y-subunit (y3) in
GABA, receptor in primary cultured cerebella granule cells in
rat. Treatment of cells with PA produced over-expressed pro-
tein levels for a- and B-subunits in GABA, receptors in this
culture model. However, PA treatment with cell decreased
y-subunits in GABA, receptors in rats. Pentobarbital (posi-
tive control) increased expression for a4, o5, p1, p2 and y3-
subunits, but decreased abundance for a,-subunits in GABA,
receptors in rat.

DISCUSSION

PA, a lanostane type triterpenoid, one of the major constitu-
ents from Hoelen, has been reported to possess anti-emetic,
anti-inflammatory, and anti-cancer properties (Tai et al., 1995;
Cuella et al., 1996; Kaminaga et al., 1996; Giner et al., 2000;
Li et al., 2004; Gapter et al., 2005). The ultimate goal of the
present study was to determine the hypnotic effects of PA on
pentobarbital-induced sleeping behaviors, and also to eluci-
date the possible underlying mechanism of sleep, possibly via
GABA ,-ergic transmission and CI- channel activation. Both in
vivo and in vitro studies were conducted to evaluate hypnotic
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Fig. 6. Effects of PA on expression of GABA, receptors subunits.
Immunobolts of lysed neuronal cells which were treated for 1 h fol-
lowing PA are shown. GAPDH levels were need for the normaliza-
tion of the protein expression. Each column represents the mean
with S.E.M (n=3). The significance of the effects of the compounds
was assessed using analysis of variance (ANOVA). Where there
was significant variability, the individual values were compared
using Dunnett’s- test. *p<0.05, ***p<0.005, compared with that of
control.

effects of PA. First of all, the locomotor activity was performed
in mice. Experimental animals showed that the oral adminis-
tration of PA 5 mg/kg) significantly inhibited locomotor activity
in mice (Fig. 2). Moreover, diazepam (2 mg/kg) also produced
significant inhibition of locomotor activity in tested animals.
Thus, this evidence supports the hypothesis that locomotor
activity was suppressed due to an interaction with the benzo-
diazepine site on the GABA, receptors. Earlier reports sug-
gest that the increase and decrease of pentobarbital-induced
sleep time can be a useful tool for examining the stimulatory or
inhibitory effects on CNS, especially for investigating influenc-
es on GABA,-ergic systems in CNS (de Sousa et al., 2005;
Ma et al., 2007). Therefore, in an effort to explore the hypnotic
effects of PA, we investigated the effects of different doses
of PA and muscimol in mice with pentobarbital treatment. We
observed that that both PA and muscimol (GABA, receptors
agonist) potentiated the sedative-hypnotic effects of pento-
barbital in mice by decreasing sleep latency and increasing
sleep duration. Experimental data showed that PA decreased
the latency of sleep and increased total sleep time when given
with hypnotic dose of pentobarbital (40 mg/kg). PA produced a
dose-dependent prolongation of pentobarbital-induced sleep
time. Notably, PA (5 mg/kg) only showed significant reduction
in the latency of sleep. Muscimol (a GABA, agonist), also pro-
duced an increase in the sleeping time and a decrease in the
latency of sleep (Fig. 3). Additionally, PA also increased the
rate of sleep onset and the duration of sleep time induced by a
sub hypnotic dose of pentobarbital (28 mg/kg, Table 1). Thus,
it is important to state that PA prolonged pentobarbital-induced
sleep behaviors and interact with pentobarbital on the CNS via
GABA,-ergic mechanisms in CNS.

Benzodiazepine drugs have been used extensively for the
treatment of insomnia, in addition to other central nervous



system disorders. These drugs act through potentiating of the
effects of the inhibitory neurotransmitter of GABA, by binding
to a specific site on the GABA, receptors to produce allosteric
enhancement of anion flux through this ligand-gated chloride
channel (McKernan and Whiting, 1996; Barnard et al., 1998;
Mohler et al., 2002). To confirm the effects of PA on producing
increased sleep activity due to an interaction with the benzo-
diazepine site on the GABA, receptors, we focused to know
whether PA acted to initiate intracellular CI- channel opening of
GABA, receptors. We observed that PA (1.0 and 10 uM) pro-
duced a significant increase in intracellular chloride ion influx
dose-dependently in hypothalamus culture model. Reports
suggest that muscimol and other GABA, receptors agonists
cause potentiating of CI- influx when administered with pento-
barbital or other agonists (Chistina Grobin et al., 1999). More-
over, Pentobarbital (10 uM) also showed significant increase
in the influx of CI- in primary cultured hypothalamic neurons
(Fig. 4). Thus, we hypothesize that this might have resulted
through the activation of the GABA, receptors and hyperpo-
larization of the neuronal membrane (Imamura and Prasad,
1998).

The classical view of neuronal activity relies on the balance
between two modes of transmission, excitation mediated by
glutamate and inhibition mediated by GABA. Glutamic acid
decarboxylase (GAD) is the rate-limiting enzyme in GABA bio-
synthesis which also plays an important role in maintaining
GABA levels in the brain (Tillakaratne et al., 1995). Therefore,
alteration of expression levels of this enzyme may change
GABA transmission in the brain. In order to confirm the PA
affects pentobarbital-induced sleeping behaviors through the
synthesis of GABA, we investigated the expression levels of
GAD,,., in 8 day in vitro cultured neuronal cells, which is re-
sponsible for GABA production. PA treatment at 50 uM signifi-
cantly increased the protein content of GAD, .. (Fig. 5).

It is noteworthy to mention that the analysis of subunit ex-
pression is an important tool to understand the underlying
basic pharmacology and functional significance of GABA, re-
ceptors subunits in various brain regions. The most abundant
GABA, receptors subunits composition, a1B2y2, is present
in most brain areas, including the hypothalamus and these
subunits are related to the hypnotic/sedative effects of GABA,
receptors agonists (Rudolph and Mohler, 2006). There is a
wide diversity of GABA, receptor subtypes, and those most
highly expressed in the CNS include the a1py2, a2py2, a3py2
and a5py2 isoforms. In vitro work examining the expression
of GABA, receptors subunits by hypothalamic neuronal cells
has indicated that the developmental change in subunits from
a1B2y2 in young neuroanl cells to a1a6B2y2 in mature cells
alters substantially the pharmacodynamics of GABA, recep-
tors expressed by these cells as they develop (Mathews et
al., 1994). We examined expression patterns of 3a-subunits
(a3, a4 and a5) 2B-subunits (1 and f2) and y-subunit (y3) in
GABA, receptors in 8 day in vitro primary cultured neuronal
cells, to assess the regulation of GABA, receptors expression.
Treatment of cells with PA produced over-expressed protein
levels for a- and B-subunits in GABA, receptors in this culture
model. However, PA treatment with cell decreased y-subunits
in GABA, receptors in rats. Pentobarbital (positive control) in-
creased expression for a4, a5, 1, B2 and y3-subunits, but de-
creased a3-subunits in GABA, receptor (Fig. 6). This complex
and varied expression supports the hypothesis that GABA
may play a role in cellular and synaptic differentiation. Thus,
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we hypothesize that these results suggest the stimulation of
receptors affects their expression.

Most sedative-hypnotics used in the treatment of insomnia
target the GABA, receptors. It is revealed that anxiolytic, an-
ticonvulsant, myorelaxant, as well as amnestic, sedative and
hypnotic actions of these drugs are due to their “general” in-
hibitory effect on neuronal activity (Rudolph and Mohler, 2004).
There is growing fact that the search for novel plant-derived
pharmacotherapies for psychiatric illness has progressed sig-
nificantly in the past decade. With time a considerable number
of herbal constituents whose behavioral effects and pharma-
cological actions have been well characterized may be good
candidates for further investigations that may ultimately lead
to clinical use of these constituents. The potential benefits of
herbal remedies such as St. John’s wort and Kava-kava in
psychiatric practice have been addressed previously (Zhang,
2004). Both in vivo and in vitro studies were performed to
evaluate PA as potential sleep therapeutic agent. In the pres-
ent investigation, PA alone showed effect in chloride influx and
expression of GAD in primary neuronal model. Some drugs
such as Honokiol showed enhanced sleeping behaviors with
pentobarbital induction (Ma et al., 2008). Moreover, specific
sleep studies such as EEG (Electroencephalogram) provide
the drugs alone effect (Qu et al., 2012). The present study
was to determine the sedative-hypnotic effects of PA on pen-
tobarbital-induced sleeping behaviors. Of a note, we tested
PA in pentobarbital- treated mice. In addition, we defined the
mediation of y-aminobutyric acid (GABA)-ergic systems to un-
derstand the possible mechanisms. Thereby, we suggest that
PA held promise for a new class of compounds as potential
agents in the treatment of sleep disorders, such as insomnia.

In conclusion, our study provided evidence that PA en-
hanced hypnotic effects in pentobarbital-treated mice. Addi-
tionally, this invention illustrates the enhancement may result
from CI- channel activation and GABA,-ergic transmission.
Thus, PA deserves further investigation to understand the
underlying pharmacological characteristics. The present find-
ings provide compelling evidence to support a critical role of
this compound an attractive candidate as an improved treat-
ment for insomnia, a concept which is currently being tested
in multiple clinical studies. We are going to continue to further
experiments whether PA induces sleep in animals, using EEG
sleep analysis method.
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