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Abstract

Background: Literature data indicate that brain-derived neurotrophic factor (BDNF), cyclic-AMP response
element-binding protein (CREB) and phospho-CREB (pCREB) may have a place in depression. BDNF belongs to
the neurotrophin family that plays an important role in proliferation, survival and differentiation of different cell
populations in the mammalian nervous system. The herbal mixture used in the present study consists of Fuphoria
longana, Houttuynia cordata and Dioscorea japonica. The purpose of the present study was to determine the
neuroprotective effect of herbal mixture. We also tested the hypothesis that administration of herbs reverses
memory deficits and promotes the protein expression of BDNF in the mouse brain.

Methods: Mice were randomized into four different treatment groups (n = 10/group). Normal and stress groups
received regular lab chow without stress and under stress conditions, respectively, for 3 weeks. The animals in the
stress group were immobilized for 4 hours a day for 2 weeks. Different doses of herbal mixture (206 and 618 mg/kg)
were administered for 3 weeks to those mice under stress conditions. Mice were analyzed by behavioral tests and
immunoblotting examination in the hippocampus and cortex. An additional in vitro investigation was performed to
examine whether herbs induce neurotoxicity in a human neuroblastoma cell line, SH-SY5Y cells.

Results: No significant toxicity of herbs on human neuroblastoma cells was observed. These herbs demonstrated an
inductive effect on the expression of BDNF, pCREB and pAkt. For spatial working memory test, herbal mixture fed mice
exhibited an increased level of spontaneous alternation (p < 0.01) compared to those in stress conditions. Moreover,
herbal mixture produced highly significant (p < 0.01) reduction in the immobility time in the tail suspension test. Mice
in the herbal mixture groups demonstrated lower serum corticosterone concentration than mice in the stress group

(p < 0.05). Effects of the oral administration of herbal mixture on protein levels of BDNF in the hippocampi and cortices
were significant.

Conclusions: Our study showed that herbal mixture administration has antidepressant effects in mice. It is proposed
that adverse events such as stress and depression can modulate the expression of molecular players of cellular
plasticity in the brain.
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Background

Specific data from the Global Burden of Disease 2010
study confirmed that mental and substance use disorders
account for 7.4% of disease burden worldwide which is
greater than HIV/AIDS and tuberculosis (5.3%), diabetes
(2%) or transport injuries (3.3%) [1]. Depression in par-
ticular is projected to become the leading cause of dis-
ability and the second leading contributor to the global
burden of disease in approximately 10 years [2]. As a het-
erogeneous disorder with unclear etiology, depression in-
cludes disturbance of neurogenesis, genetic predisposition,
deficiency of monoamines, hypercortisolemia, reduction
of neurotrophins, inflammation and oxidative stress [3].

It has been proposed that brain-derived neurotrophic
factor (BDNF), as one of neurotrophins, may be a key
player in depression since it is involved in regulation of
neuronal differentiation, survival, function and plasticity
[4]. This neurotrophic hypothesis of depression claims
that decreased levels of BDNF contribute to the hippo-
campal atrophy seen in depressed patients [5]. Depres-
sive symptoms are also associated with decreased serum
level of BDNF [6]. These evidences have already led to
clinical trials of antidepressant medications for treating
major depression, although there are some gaps in the
clinical outcomes depending on the classes of psycho-
tropic drugs and uncertainty about whether drugs that
specifically target depressive symptoms are feasible and
safe. The transcription of BDNF is dependent on cyclic-
AMP response element-binding protein (CREB).

CREB is a transcriptional factor implicated in the con-
trol of adaptive neuronal responses. It has been found
that calcium ions in neurons bind to a calcium response
element within the BDNF gene which triggers phosphor-
ylation of CREB and subsequent activation of BDNF
transcription [7]. Depression is accompanied by down-
regulated and decreased phosphorylated CREB (pCREB).
A growing number of clinical and experimental studies
have demonstrated that structural and functional modifi-
cations of hippocampus from antidepressant treatments
most likely require the transcription and protein expres-
sion of CREB, despite some inconsistencies in its mRNA
and protein levels depending on the brain regions where
such molecule is expressed [7]. CREB is regulated by sev-
eral pathways including protein kinase B (PKB/Akt).

Antidepressant medications are effective at treating
depression, but discontinuation rates are high because
adverse effects are common [8]. For example, selective
serotonin reuptake inhibitors (SSRIs) frequently cause
gastrointestinal problems, insomnia, headache, anxiety
and sexual dysfunction although they are the most com-
monly prescribed antidepressants [9]. Considering the
side effects of synthetic antidepressants, natural plants
can be alternative sources of new antidepressant drugs
due to their more tolerable and less toxic properties.
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Therefore, the current study was performed as the pro-
gress toward finding reliable alternatives to depression.

Three different ingredients of traditional Korean medi-
cine for depression were selected to observe the effects of
them in cell culture and animal experiment. Euphoria
longana Lam., especially a dried longan seed extract, con-
tain high levels of antioxidant polyphenolic compounds
[10]. Longan seed extracts are found to possess anticancer
properties by inducing apoptosis [11]. Houttuynia cordata
Thunb. is a single species of its genus and the whole plant
of H. cordata is used for the treatment of diabetes [12].
Reported pharmacological activities of plant include anti-
cancer [13], anti-inflammatory [13] and antioxidant [14].
The rhizome of Dioscorea japonica Thunb. has been used
to strengthen stomach function, improve anorexia, elimin-
ate diarrhea, dilute sputum, and moisturize skin in trad-
itional Chinese medicine [15]. An ethanol extract of the
rhizome of D. japonica showed considerable cytotoxic
activity against some human tumor cell lines [16]. These
three natural plants have been used as traditional herbal
medicines in the treatment of neurological disorders in
Korea. However, few studies have evaluated their anti-
depressant effects. The effects of these three herbs on
BDNE pCREB and pAkt are currently unknown. In this
experiment, one human neuroblastoma cell line was used
to investigate the neuroprotective effect of herbs. We also
tested the hypothesis that administration of herbs reverses
memory deficits and promotes the protein expression of
BDNF in the mouse brain. To test the hypothesis, three
different settings of neuronal cell culture, behaviour study
and their brains have been used in the present study.

Methods

Preparation of herbal extracts

All medicinal herbs used were purchased from DY Herb
(Seoul, Korea). Each herb was boiled in 30% ethanol
mixed filter-purified drinking water for 2 h at 100°C in a
reflux condenser. For the cellular experiment, aqueous
extract of each herb was freeze-dried and the dried extract
was reconstructed with distilled water and filtered through
0.2 um filter (Millipore, MA, USA). In addition, the result-
ing dry powder of each herb was mixed with the same
ratio and added into the feed in the animal studies.

Cell culture

Human neuroblastoma SH-SY5Y cells were obtained
from American Type Culture Collection (Rockville, MD,
USA). Cells were maintained in Dulbecco’s modified
Eagle’s minimum essential medium (DMEM, Invitrogen,
Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (FBS, Invitrogen, Carlsbad, CA, USA), 100 unit/
ml penicillin and 100 pg/ml streptomycin (Gibco-BRL,
Rockville, MD, USA) with further addition of trypsin-
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EDTA (Gibco-BRL, Rockville, MD, USA) in condition of
95% air and 5% CO, at 37°C.

Cell viability assay

Cell viability was determined by 3-(4,5-dimethylthizaol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT, Abcam,
Cambridge, MA, USA) assay. SH-SY5Y cells were seeded
in 12-well plates (Corning Incorporated, USA) at a density
of 5 x 10° cells/well, stabilized at 37°C for 16 h in DMEM
medium supplemented with FBS and cultured with the
indicated concentrations of herbs for 24 h. The medium
was removed and the cells were incubated with 2 mg/ml
of MTT solution. After incubation for 4 h at 37°C and 5%
CO,, the supernatants were removed and dimethyl sulfox-
ide (DMSO, Sigma, USA) was added. The reactants were
measured in terms of optical density (OD) at 580 nm with
a microplate reader (UV max, Molecular Devices, USA).
The optical densities were converted into percentages
using the following formula: Cell viability (%) = OD sam-
ple/OD negative control x 100. Negative control cells were
treated with complete DMEM alone.

Quantification of BDNF/pCREB/pAkt expression by
Western blot analysis

SH-SY5Y cells were maintained in serum-free medium
with herbs at 30 pug/ml for 24 h. Cells were then washed
twice with ice-cold PBS and lysed in lysis buffer contain-
ing 62.5 mmol/L Tris—HCI, pH 6.8, 2% SDS, 20% glycerol,
10% 2-mercaptoethanol and protease inhibitors. After in-
cubation for 30 min on ice, cell lysates were centrifuged
and protein concentrations were determined using bi-
cinchoninic acid method (Pierce). Samples of cell lysate
containing 50 pg of total protein were separated by 4-12%
SDS-PAGE and transferred onto nitrocellulose membrane
(Amersham Pharmacia Biotech, Buckinghamshire, UK) by
electroblotting. After blocking with 5% skim milk in
Tris-buffered saline (50 mmol/L Tris—HCI, pH 7.6, 150
mmul/L NaCl, 0.1% Tween-20) for more than 30 min, the
membranes were incubated for 16 h at 4°C with primary
antibodies (anti-BDNE, anti-phosphorylated-CREB, anti-
phosphorylated-Akt, B-actin antibody) and further incu-
bated with horseradish peroxidase-conjugated secondary
antibodies for 1 h. The membranes were visualized by an
enhanced chemiluminescence system (ECL kit; Pierce,
Rockford, IL, USA). Densitometric analysis was performed
by Quantity One (Bio-Rad, Hercules, CA) to scan the sig-
nals. Further assay was carried out to detect BDNF protein
expression in the hippocampus and cortex. The treated
hippocampal and cortical tissues removed and homoge-
nized in lysis buffer containing 50 mM Tris-base (pH 7.5),
150 mM NaCl, 2 mM EDTA, 1% glycerol, 10 mM NaF,
10 mM Na-pyrophosphate, 1% NP-40 and protease inhibi-
tors (0.1 mM phenylmethylsulfonylfluoride, 5 pg/ml apro-
tinin, and 5 pg/ml leupeptin). Thirty pg of tissue lysate
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were electrophoresed using SDS-polyacrylamide gels and
transferred to nitrocellulose membranes, which were then
incubated with anti-BDNF (Cell signaling technology,
Beverly, MA, USA) for 16 h at 4°C. After washing with
TBS-T (0.05%), the blots were incubated with horseradish
peroxidase-conjugated anti-rabbit or anti-mouse IgG, and
the bands were visualized using the ECL system (Thermo
Fisher Scienctific, USA). Band images were obtained
by using a Molecular Imager ChemiDoc XRS"* (Bio-Rad,
Hercules, CA, USA) and band intensity was analyzed
using Image Lab™ software version 2.0.1 (Bio-Rad).

Experimental animals

Protocols for animal use were reviewed and approved by
the Institutional Animal Care and Use Committee at
the Dongguk University Ilsan Hospital and were in ac-
cordance with National Institute of Health guidelines.
Healthy male ICR mice (20-26 g, 6 weeks old) were
obtained from OrientBio (Seoul, Korea) and were allowed
1 week for quarantine and acclimatization. Animals were
housed under the conditions of constant temperature
(22 £ 1°C), relative humidity (55+ 1%) and 12 h light/
12 h dark cycle (light on at 7:00 am). They were housed
in polycarbonate cages and given tap water and com-
mercial rodent chow (Samyang Feed, Daejeon, Korea) ad
libitum. Forty mice were blindly randomized into four dif-
ferent treatment groups (n = 10/group). Normal and stress
groups received regular lab chow without stress and
under stress conditions, respectively, for 3 weeks. The
animals in the stress group were immobilized for 4 h a
day for 2 weeks by being gently inserted into a flexible
triangle shaped vinyl screen that was closed and secured
with nonallergic adhesive tape. Different doses of herbal
mixture (206 and 618 mg/kg which are equivalent to the
recommended adult human dose of 1000 and 3000 mg/
kg, respectively) were administered for 3 weeks to those
mice under stress conditions. The herbal mixture of E.
longana, H. cordata and D. japonica was in a ratio of
1:1:1 by weight. Lab chow with or without herbal mix-
ture was prepared for a mouse to have 1 g/kg/day which
is equivalent to 7 g/60 kg/day for human and was gamma-
irradiated. In order to examine the nutritional status, body
weight was evaluated in mice that were fed with normal
or herb mixture diet. At the end of experiment period, all
animals were immediately decapitated, and their hippo-
campus and cortex of brains were collected and frozen
at -80°C for following analysis. Blood was collected
from the heart by cardiac puncture prior to the excision
of brain, then after centrifugation serum aliquots were
stored at -70°C for further corticosterone determin-
ation. The concentration of serum corticosterone was
measured with the Corticosterone EIA Kit (Enzo Life Sci-
ences, Farmingdale, NY, USA) in accordance with the
manufacturer’s instructions.



Jeon et al. DARU Journal of Pharmaceutical Sciences 2014, 22:77
http://www.darujps.com/content/22/1/77

Step-through passive avoidance test

The apparatus (AP model; O’'Hara Co., Tokyo, Japan)
for the step-through passive avoidance test consisted
of two compartments, an illuminated compartment
[100 mm - 120 mm-100 mm; light at the top of com-
partment (27 W, 3000 Ix)] and a dark compartment
(100 mm - 170 mm - 100 mm). The compartments were
separated by a guillotine door. During the training trial,
a mouse was placed in the safe, illuminated compartment.
As the compartment was lit, the mouse stepped through
the opened guillotine door into the dark compartment.
The time spent in the illuminated compartment was de-
fined as the latency time. Three seconds after the mouse
entered the dark compartment, a foot shock (0.3 mA,
50 V, 50 Hz ac for 3 seconds) was delivered to the floor
grids in the dark compartment. The mouse could escape
from the shock only by stepping back to the safe illumi-
nated compartment. Mice remaining in the light chamber
for more than 120 seconds during the learning stage were
excluded from the following retention trial. The retention
trials were carried out at 24 h after the training trial to
evaluate the retention of avoidance memory. The latency
time was measured for up to 300 seconds without deliver-
ing a foot shock. It was judged that the mouse retained
the avoidance memory when it stayed in the illuminated
safe compartment for 300 seconds.

Y-maze test

This behavioral test was performed at 48 h after the pas-
sive avoidance test. The maze was made of black painted
wood; each arm was 40 cm long, 12 ¢cm high, 3 cm wide
at the bottom and 10 cm wide at the top. The arms con-
verged at an equilateral triangular central area that was
4 cm at its longest axis. Each mouse was placed at the
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centre of the apparatus and allowed to move freely
through the maze for 8 min. The series of arm entries
was recorded visually. Alternation was defined as succes-
sive entry into the three arms on overlapping triplet sets.
Alternation behavior (%) was calculated as the ratio of
actual alternations to possible alternations (defined as the
number of arm entries minus two) multiplied by 100.

Forced swimming test

Mice were placed in a Plexiglas cylinder 25 ¢cm in height
with a 15 c¢m internal diameter containing water at a
temperature of 25+ 1°C and a depth of 10 cm so they
could not escape and could not touch the bottom. Water
was changed between each swim session to prevent pos-
sible effects of an alarm substance released by mice dur-
ing the swim session. There were two swim sessions.
The first was 15 min pre-test swim for 3 days in a row
and a second 5 min swim test. The pre-test facilitates the
development of immobility during the test session
and increases the sensitivity for detecting antidepressant
behavioral effects. The 5 min swim test was used for
analysis of behavior such as swimming, climbing and
immobility.

Tail suspension test

Mice both acoustically and visually isolated were sus-
pended individually by their tails 40 cm above the tabletop
with the use of an adhesive tape placed approximately
1 cm from the tip of the tail. After a few minutes of
vigorous activity, the mice hung passively and completely
motionless. The total immobility period in number of sec-
onds was scored throughout the 6 min test. Mice were
considered immobile with the absence of any limb or body
movements, except for those caused by respiration. A
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Figure 1 Effect of herbs on the cell viability measured by MTT assay. The human neuroblastoma SH-SY5Y cells were incubated at concentrations
of 10, 30 and 50 pg/ml of each herb for 24 h. Values are presented as means + SEM of six determinations.
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decrease in the duration of immobility is indicative of an
antidepressant-like effect [17].

Data analysis

All statistical analyses were conducted with SPSS (ver. 19,
Somers, NY, USA). Values are expressed as means + SEM.
All data were analyzed using Student’s t-test. Statistical
significance was accepted at a p value less than 0.05.

Results

Effect of herbs on cell viability

In order to measure the cytotoxicity of herbs on SH-SY5Y
neuroblastoma cells, a cell viability using MTT assay was
utilized. Cells were treated with herbs at concentrations of
10, 30 and 50 pg/ml for 24 h (Figure 1). The percent-
ages of viable cells were as follows: E. longana 10 pg/ml,
88.53+6.3%; 30 pg/ml, 98.25+6.4%; 50 pg/ml, 99.73 +
10.1%; H. cordata 10 pg/ml, 93.76 £ 1.6%; 30 pg/ml,
95.83 £ 1.2%; 50 pg/ml, 95.61 +1.0%; and D. japonica
10 pg/ml, 96.58 +0.9%; 30 pg/ml, 93.22 + 3.4%; 50 pg/ml,
92.38 + 2.8%. No significant toxicity of herbs on SH-SY5Y
was observed at the indicated concentrations.

Effect of herbs on BDNF/pCREB/pAkt expression

We looked at the inductive effects of herbs on the expres-
sion of BDNF, pCREB and pAkt in cell extracts. For the
control, nonincubated SH-SY5Y cells were analyzed. The
BDNF expression in the SH-SY5Y cell extracts treated
with herbs was significantly higher than that in the control
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Figure 3 Time course of expression of pCREB and pAkt in neuroblastoma SH-SY5Y cells. To evaluate the protein level of pCREB and pAkt
expression, cells were incubated with 30 pg/ml herb. For the control, nonincubated cells were analyzed. The level of pCREB and pAkt in cell
lysates was measured by immunoblotting. Data are presented as means + SEM of three determinations. "P < 0.05 vs. control.
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cells (Figure 2). Immunoblotting analysis confirmed these
results (figure not shown). To determine the expression of
pCREB and pAkt, the cultures were harvested at 30 min,
1 h and 3 h and immunoblotting was performed on the
cell extracts (Figure 3). Compared to the control, the ex-
pression of pCREB treated with 30 pg/ml of E. longana
was 308 + 8%, 150+ 11% and 220+ 10% at 30 min, 1 h
and 3 h, respectively. For H. cordata, it was 102 + 11%,
98 + 15% and 120 + 12% at 30 min, 1 h and 3 h, respect-
ively. In the case of D. japonica, it was 302 £ 11%, 308 +
15% and 350 + 14% at 30 min, 1 h and 3 h, respectively.
The pAkt expression in the cell extracts that were incu-
bated with 30 ug/ml of E. longana was 198 + 11%, 202 +
15% and 126 + 16% at 30 min, 1 h and 3 h, respectively.
For H. cordata, it was 180 + 11%, 175 + 10% and 190 + 9%
at 30 min, 1 h and 3 h, respectively. In the case of D.
japonica, it was 100 £ 10%, 160 +12% and 109 +17%
at 30 min, 1 h and 3 h, respectively. Overall each herb was
able to induce the expression of pCREB and pAkt regard-
less of time course.

Antidepressant effect of herbal mixture

We examined whether herbal mixture attenuated de-
pression in mice under stress conditions. We first per-
formed the Y-maze test for spatial working memory.
Only the stress mice displayed a reduced level of spon-
taneous alternation in the Y-maze test compared to that
of the normal control group (p < 0.01, Figure 4A). How-
ever, mice in the experimental group, which were fed
herbal mixture for 3 weeks, exhibited an increased level
of spontaneous alternation (p < 0.01, Figure 4A). In ad-
dition, the total number of maze arm entries was not dif-
ferent among the groups (Figure 4B). We then examined
the effects of herbal mixture on learning and memory
using a passive avoidance test. Administration of low dose
herbal mixture attenuated the learning memory impairment
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induced by stress (p < 0.05, Figure 4C). This finding indi-
cates that herbal mixture improved the stress induced
memory impairment under stress conditions. We further
examined the effect of herbal mixture on the forced swim
test. In 5 min swim test, normal mice were immobile
for 229.91 £ 1.0 sec and stress mice were immobile for
237.20 £ 0.4 sec (p < 0.01, Figure 5A). The immobility was
the sum of the durations of floating, twitching and kicking
behaviors. We observed that herbal mixture administra-
tion did not induce any significant change in immobility
when compared to the stress group. But it trended in favor
of herbal mixture. When climbing and swimming be-
haviors were combined, stress mice were less active with
2.80 + 0.4 sec than those in normal group with 10.09 + 1.0
(p < 0.01, Figure 5B). Herbal mixture caused improvement
of activity compared with stress group but as a non-
significant trend. The effects on immobility and swimming
observed after the administration of high dose of herbal
mixture were similar to those observed after the adminis-
tration of low dose of herbal mixture. On the other hand,
herbal mixture produced highly significant reduction in
the immobility time in the tail suspension test (p < 0.01,
Figure 5C). Figure 6 illustrates the serum corticosterone
concentration among groups. Mice in the herbal mixture
groups demonstrated lower serum corticosterone concen-
tration than those in the stress group (p < 0.05). As
expected, mice exposed to the chronic stress paradigm
had elevated corticosterone level compared to those in the
normal group (p <0.05). Effects of the oral administration
of herbal mixture on protein levels of BDNF in the hip-
pocampi and cortices are shown in Figure 7. Statistical
analysis indicated a significant effect of administration
with herbal mixture. There were 54.55% (p < 0.01) and
52.15% (p < 0.01) increase in the levels of BDNF in the
hippocampal tissues after administration with 206 and
618 mg/kg herbal mixture as compared with stress group,
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Figure 7 Effects of the oral administration of herbal mixture on protein levels of BDNF in the hippocampi (A) and cortices (B). Data are
P < 0.01 vs. stress.

respectively. In the cortical tissues, 206 mg/kg herbal mix-
ture significantly increased the BDNF level (46.03%, p <
0.01 vs. stress) similar to that of 618 mg/kg herbal mixture
(48.49%, p < 0.01 vs. stress).

Discussion

Numerous medicinal herbs have been employed as a
form of mixture or decoction since their effects can be
manifested after total and final reaction by their con-
stituent compounds when administered to humans. The

herbal mixture used in the present study consists of E.
longana, H. cordata and D. japonica which demon-
strated an inductive effect on the expression of BDNF,
PCREB and pAkt. These herbs have been used as a
therapeutic agent for cerebral disease especially in Korea
in conjunction with Sasang Constitutional Medicine
which takes a typological constitution approach to holistic
medicine by balancing an individual’s psychological, social
and physical aspects to achieve wellness and increased
longevity.
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The present study demonstrated that oral administration
of herbal mixture in both doses (206 and 618 mg/kg) allevi-
ated stress induced learning and memory deficits for mice
by remaining in the well-lit side of a two compartment
apparatus and not entering the dark where it received
the electrical stimulus. Since mouse innately gravitates
to darkness, the animal has to suppress this instinct
through pairing the aversive stimulus (electrical stimulus)
with the desired compartment (dark chamber). Animals
that do not remember the aversive stimulus will cross over
earlier than animals that remember. In addition, it was
clear that the level of exploratory activities was not af-
fected by the spatial working memory of mice. Herbal
mixture treatment also decreased the immobility time in
the tail suspension test. In order to understand the mo-
lecular mechanism of herbal mixture induced antidepres-
sant effects in the brain, the present study investigated
BDNF protein levels in hippocampus and cortex of mice
under stress and compared values with herbal mixture fed
mice under stress. Treatment with herbal mixture showed
a significant increase in BDNF translation level.

Chronic stress may lead to psychotic symptoms inclu-
ding depression and suicide [18]. Studies have shown
that the hippocampus is affected by stress. Depression
invoked by stress has been associated with neuronal
atrophy and decreased volume of hippocampus [19-21].
Several clinical reports have shown depression-induced
deregulation of serum BDNF concentration. Depressed
patients were characterized by low serum BDNF levels
[6,22,23], implying an inverse relationship between serum
BDNEF levels and the severity of depression. Support for
this comes from a number of studies demonstrating that
treatment with antidepressants has been shown to increase
BDNF levels in serum [6,23,24] and plasma [25]. It is spec-
ulated that lower BDNF levels may be caused by dys-
regulation of BDNF expression. This was evidenced
with decreased BDNF mRNA and protein levels in post-
mortem hippocampus and frontal cortex of suicide vic-
tims [26]. Recent reports further support the speculation
that antidepressant treatment increased BDNF protein
levels in serum [27] and in both prefrontal cortex and
hippocampus [28]. In the current study, herbal mixture
administration with low and high dose increased the
BDNF protein levels in hippocampus and cortex com-
pared to the stress group. Herbal mixture might have sig-
nificantly increased the BDNF transcript levels as well
although they were not evaluated in our study.

Several types of stressors have been known to disrupt
BDNF expression. For example, single (one day) or repea-
ted (7 days) immobilization for 2 hours per day markedly
reduced BDNF mRNA levels in the dentate gyrus and
hippocampus [29]. This was later confirmed by other in-
vestigators who used the same stress paradigm [30]. Other
types of stressors such as footshock [31], early maternal
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deprivation [32], social defeat [33] and chronic unpre-
dictable stress before pregnancy [34] were correlated with
decreased BDNF expression. In our study using im-
mobilization as a stressor, no significant changes in BDNF
protein level were observed in hippocampus and cortex. It
can be proposed that stress induced changes in BDNF pro-
tein level may be involved in other brain regions. The other
hypothesis is that immobilization stress duration was too
long enough to neutralize the downregulation of BDNF
expression. Interestingly, brief immobilization stress can
induce BDNF expression as part of a compensatory re-
sponse to preserve hippocampal homeostasis to cope with
new stress [35].

Our study provides further data that herbal mixture is
able to modulate serum corticosterone level in mice under
stress conditions. This effect could be either of peripheral
origin through a direct action of herbal mixture on adrenal
glands, or of central origin via the hypothalamic-pituitary-
adrenal axis. The inverse relationship between memory
performance and corticosterone level in stress conditions
from our study confirms the past report that chronic stress
in rodents has mostly impairing effects on memory [36].
Moreover, a long term immobilization stress has been
shown to affect spatial memory [37] which is in accordance
with our data of short term immobilization paradigm.

Conclusions

In conclusion, our study showed that herbal mixture
administration has antidepressant effects in mice. Each
herb induced the expression of BDNF, pCREB and pAkt.
The administration of herbal mixture significantly in-
creased BDNF protein expression in mouse hippocampus
and cortex.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

SJ and CL designed the study. QFL and GWK carried out the experiment.
BK and SCP drafted the manuscript. All authors read and approved the final
manuscript.

Author details

'Dongguk University Research Institute of Biotechnology, Seoul 100-715,
Republic of Korea. “Department of Neuropsychiatry, Graduate School of
Oriental Medicine, Dongguk University, Gyeongju, Republic of Korea.
3Department of Korean Neuropsychiatry, Dongguk University Bundang
Oriental Hospital, Sungnam, Republic of Korea. “Department of Korean
Neuropsychiatry, Dongguk University llsan Oriental Hospital, Goyang,
Republic of Korea. *School of Biomedical Sciences, Charles Sturt University,
Bathurst, NSW 2795, Australia.

Received: 18 September 2014 Accepted: 14 November 2014
Published online: 28 November 2014

References

1. Baxter AJ, Ferrari AJ, Erskine HE, Charlson FJ, Degenhardt L, Whiteford HA:
The global burden of mental and substance use disorders: changes in
estimating burden between GBD1990 and GBD2010. Epidemiol Psychiatr
Sci 2014, 23:1-11.



Jeon et al. DARU Journal of Pharmaceutical Sciences 2014, 22:77
http://www.darujps.com/content/22/1/77

20.

21.

22.

23.

24,

Bryant K, Wicks MN, Willis N: Recruitment of older African American

males for depression research: lessons learned. Arch Psychiatr Nurs 2014,
28:17-20.

Hung CJ, Wu CC, Chen WY, Chang CY, Kuan YH, Pan HC, Liao SL, Chen CJ:
Depression-like effect of prenatal buprenorphine exposure in rats.

PLoS One 2013, 8:282262.

Davies AM: The role of neurotrophins in the developing nervous system.
Neurobiol 1994, 25:1334-1348.

Duman RS, Monteggia LM: A neurotrophic model for stress-related mood
disorders. Biol Psychiatry 2006, 59:1116-1127.

Shimizu E, Hashimoto K, Okamura N, Koike K, Komatsu N, Kumakiri C,
Nakazato M, Watanabe H, Shinoda N, Okada S, lyo M: Alterations of serum
levels of brain-derived neurotrophic factor (BDNF) in depressed patients
with or without antidepressants. Biol Psychiatry 2003, 54:70-75.

Tao X, Finkbeiner S, Arnold DB, Shaywitz AJ, Greenberg ME: Ca2+ influx
regulates BDNF transcription by a CREB family transcription
factor-dependent mechanism. Neuron 1998, 20:709-726.

Crawford AA, Lewis S, Nutt D, Peters TJ, Cowen P, O'Donovan MC, Wiles N,
Lewis G: Adverse effects from antidepressant treatment: randomised
controlled trial of 601 depressed individuals. Psychopharmacol (Berl) 2014,
231:2921-2931.

Ferguson JM: SSRI antidepressant medications: adverse effects and
tolerability. Prim Care Companion J Clin Psychiatry 2001, 3:22-27.
Rangkadilok N, Worasuttayangkurn L, Bennett RN, Satayavivad J:
Identification and quantification of polyphenolic compounds in Longan
(Euphoria longana Lam.) fruit. J Agric Food Chem 2005, 53:1387-1392.
Panyathep A, Chewonarin T, Taneyhill K, Vinitketkumnuen U, Surh YJ:
Inhibitory effects of dried longan (Euphoria longana Lam.) seed extract
on invasion and matrix metalloproteinases of colon cancer cells.

J Agric Food Chem 2013, 61:3631-3641.

Kumar M, Prasad SK, Krishnamurthy S, Hemalatha S: Antihyperglycemic
activity of Houttuynia cordata Thunb. in streptozotocin-induced diabetic
rats. Adv Pharmacol Sci 2014, 2014:809438.

Kim SK, Ryu SY, No J, Choi SU, Kim YS: Cytotoxic alkaloids from Houttuynia
cordata. Arch Pharm Res 2001, 24:518-521.

Cho EJ, Yokozawa T, Rhyu DY, Kim SC, Shibahara N, Park JC: Study on the
inhibitory effects of Korean medicinal plants and their main compounds
on the 1,1-diphenyl-2-picrylhydrazyl radical. Phytomedicine 2003,
10:544-551.

Wu IN: Chinese Materia Medica. New York: Oxford University Press; 2005:264.
Kim KH, Choi SU, Choi SZ, Son MW, Lee KR: Withanolides from the
rhizomes of Dioscorea japonica and their cytotoxicity. J Agric Food Chem
2011, 59:6980-6984.

Saleem AM, Taufik Hidayat M, Mat Jais AM, Fakurazi S, Moklas M, Sulaiman
MR, Amom Z: Antidepressant-like effect of aqueous extract of Channa
striatus fillet in mice models of depression. Eur Rev Med Pharmacol Sci
2011, 15:795-802.

Dwivedi Y: Brain-derived neurotrophic factor: role in depression and
suicide. Neuropsychiatr Dis Treat 2009, 5:433-449.

Sala M, Perez J, Soloff P, Ucelli di Nemi S, Caverzasi E, Soares JC, Brambilla P:
Stress and hippocampal abnormalities in psychiatric disorders. Eur
Neuropsychopharmacol 2004, 14:393-405.

Campbell S, Marriott M, Nahmias C, MacQueen GM: Lower hippocampal
volume in patients suffering from depression: a meta-analysis. Am J
Psychiatry 2004, 161:598-607.

Frodl T, Schaub A, Banac S, Charypar M, Jager M, Kimmler P, Bottlender R,
Zetzsche T, Born C, Leinsinger G, Reiser M, Moller HJ, Meisenzahl EM:
Reduced hippocampal volume correlates with executive dysfunctioning
in major depression. J Psychiatry Neurosci 2006, 31:316-323.

Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry JM: Decreased
serum brain-derived neurotrophic factor levels in major depressed
patients. Psychiatry Res 2002, 109:143-148.

Gonul AS, Akdeniz F, Taneli F, Donat O, Eker C, Vahip S: Effect of treatment
on serum brain-derived neurotrophic factor levels in depressed patients.
Eur Arch Psychiatry Clin Neurosci 2005, 255:381-386.

Yoshimura R, Mitoma M, Sugita A, Hori H, Okamoto T, Umene W, Ueda N,
Nakamura J: Effects of paroxetine or milnacipran on serum brain-derived
neurotrophic factor in depressed patients. Prog Neuropsychopharmacol
Biol Psychiatry 2007, 31:1034-1037.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Page 11 of 11

Lee HY, Kim YK: Plasma brain-derived neurotrophic factor as a peripheral
marker for the action mechanism of antidepressants. Neuropsychobiology
2008, 57:194-199.

Dwivedi Y, Rizavi HS, Conley RR, Roberts RC, Tamminga CA, Pandey GN:
Altered gene expression of brain-derived neurotrophic factor and
receptor tyrosine kinase B in postmortem brain of suicide subjects.
Arch Gen Psychiatry 2003, 60:804-815.

Huang TL, Lee CT, Liu YL: Serum brain-derived neurotrophic factor levels
in patients with major depression: effects of antidepressants. J Psychiatr
Res 2008, 42:521-525.

Réus GZ, Stringari RB, Ribeiro KF, Ferraro AK, Vitto MF, Cesconetto P,

Souza CT, Quevedo J: Ketamine plus imipramine treatment induces
antidepressant-like behavior and increases CREB and BDNF protein
levels and PKA and PKC phosphorylation in rat brain. Behav Brain Res
2011, 221:166-171.

Smith MA, Makino S, Kvetnansky R, Post RM: Stress and glucocorticoids
affect the expression of brain-derived neurotrophic factor and
neurotrophin-3 mRNAs in the hippocampus. J Neurosci 1995,
15:1768-1777.

Ueyama T, Kawai Y, Nemoto K, Sekimoto M, Toné S, Senba E:
Immobilization stress reduced the expression of neurotrophins and their
receptors in the rat brain. Neurosci Res 1997, 28:103-110.

Rasmusson AM, Shi L, Duman R: Downregulation of BDNF mRNA in the
hippocampal dentate gyrus after re-exposure to cues previously
associated with footshock. Neuropsychopharmacology 2002, 27:133-142.
Roceri M, Hendriks W, Racagni G, Ellenbroek BA, Riva MA: Early maternal
deprivation reduces the expression of BDNF and NMDA receptor
subunits in rat hippocampus. Mol Psychiatry 2002, 7:609-616.

Pizarro JM, Lumley LA, Medina W, Robison CL, Chang WE, Alagappan A,
Bah MJ, Dawood MY, Shah JD, Mark B, Kendall N, Smith MA, Saviolakis GA,
Meyerhoff JL: Acute social defeat reduces neurotrophin expression in
brain cortical and subcortical areas in mice. Brain Res 2004, 1025:10-20.
Huang Y, Shi X, Xu H, Yang H, Chen T, Chen S, Chen X: Chronic
unpredictable stress before pregnancy reduce the expression of
brain-derived neurotrophic factor and N-methyl-D-aspartate receptor in
hippocampus of offspring rats associated with impairment of memory.
Neurochem Res 2010, 35:1038-1049.

Marmigére F, Givalois L, Rage F, Arancibia S, Tapia-Arancibia L: Rapid induction
of BDNF expression in the hippocampus during immobilization stress
challenge in adult rats. Hippocampus 2003, 13:646-655.

Wolf OT: HPA axis and memory. Best Pract Res Clin Endocrinol Metab 2003,
17:287-299.

Kitraki E, Kremmyda O, Youlatos D, Alexis M, Kittas C: Spatial performance
and corticosteroid receptor status in the 21-day restraint stress
paradigm. Ann N Y Acad Sci 2004, 1018:323-327.

doi:10.1186/540199-014-0077-2

Cite this article as: Jeon et al.: Alteration in brain-derived neurotrophic
factor (BDNF) after treatment of mice with herbal mixture containing
Euphoria longana, Houttuynia cordata and Dioscorea japonica. DARU
Journal of Pharmaceutical Sciences 2014 22:77.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Preparation of herbal extracts
	Cell culture
	Cell viability assay
	Quantification of BDNF/pCREB/pAkt expression by Western blot analysis
	Experimental animals
	Step-through passive avoidance test
	Y-maze test
	Forced swimming test
	Tail suspension test
	Data analysis

	Results
	Effect of herbs on cell viability
	Effect of herbs on BDNF/pCREB/pAkt expression
	Antidepressant effect of herbal mixture

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


