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Neurodegenerative disorders are defined as hereditary and
sporadic conditions which are characterized by progressive
loss of structure or function of neurons in sensory, motor,
and cognitive systems. Alzheimer’s disease, Parkinson’s dis-
ease, and depression are well-known examples of neurode-
generative disorders. The World Health Organization esti-
mates that, by 2040, neurodegenerative diseases will surpass
cancer as the principal cause of death in industrialized
countries. Despite various advances in the understanding of
the diseases, pharmacological treatment by conventional
medicine has not obtained satisfactory results. Therefore,
complementary and alternative medicine (CAM) can be a
potential candidate for the preventative treatment of the dis-
orders. The aim of this special issue is to demonstrate the
clinical evidence and explore the acting mechanisms of CAM
in treating neurodegenerative disorders.

Alzheimer’s disease is a well-recognized neurodegenera-
tive disease characterized by a progressive deterioration of
cognitive function and memory. At present, there are no
effective treatments that can stop or reverse the progression
of the disease. Pharmaceutical interventions that aim to delay
the deterioration of this disease have been extensively stud-
ied. Although cholinesterase inhibitors and an N-methyl-D-
aspartate receptor antagonist have been widely used for treat-
ing the syndromes of the disease, these drugs have not shown
promising results and their uses are always limited by their
undesirable side effects. In this special issue, several studies

have shown that CAM can be useful for the management of
the disease.

Although the pathological cause of Alzheimer’s disease
has not been fully understood, the deposition of beta-amy-
loid is believed to be one of the risk factors. Therefore, neu-
rotoxicity induced by beta-amyloid is commonly used as a
cellular or animal model of Alzheimer’s disease. In this issue,
an animal study showed that oral administration of Yi-
Chi-Tsung-Ming-Tang (Table 1) ameliorated beta-amyloid
injection-induced learning and memory impairments. Fur-
ther investigation by biochemical analysis showed that
the herbal decoction decreased amyloid accumulation and
reversed acetylcholine decline in the hippocampus of the
animals treated with beta-amyloid.

There are two studies on cellular model of Alzheimer’s
disease with Flemingia macrophylla and Uncaria rhyncho-
phylla, respectively. Beneficial effects of both medical herbs
have been suggested for the management of Alzheimer’s dise-
ase. By using bioassay-guided fractionation, rhynchophylline
and isorhynchophylline have been identified as the active
ingredients of Uncaria rhynchophylla. The neuroprotective
effect of these chemical ingredients has been suggested to be
mediated by inhibiting intracellular calcium overloading and
tau protein hyperphosphorylation.

Depression is a chronic mental disorder clinically charac-
terized by a pervasive low mood, loss of interest or pleasure in
daily activities, low self-esteem, and a high suicidal tendency.
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Table 1: Composition of herbal formulae.

Herbal formulae Component herbs#

Yi-Chi-Tsung-Ming-Tang
Astragali Radix, Cimicifugae Rhizoma, Ginseng Radix, Glycyrrhizae Radix et Rhizoma, Paeoniae Radix
Alba, Phellodendri Chinensis Cortex, Puerariae Lobatae Radix, and Viticis Fructus.

Shu-Yu-San
Albiziae Flos, Acori Tatarinowii Rhizoma, Bupleuri Radix, Curcumae Radix, Gardeniae Fructus, Menthae
Herba, Polygalae Radix, Poria, and Ziziphi Spinosae Semen.

Kai-Xin-San Acori Tatarinowii Rhizoma, Ginseng Radix et Rhizome, Polygalae Radix, and Poria.

Baihe-Dihuang-Tang Lilii Bulbus and Rehmanniae Radix.

Danggui-Shaoyao-San
(Toki-Shakuyaku-San)

Alismatis Rhizoma, Angelicae Sinensis Radix, Atractylodis Macrocephalae Rhizoma Chuanxiong
Rhizoma, Paeoniae Radix Alba, and Poria.

#
Official name listed in Pharmacopoeia of China (2010 Edition), Chinese Medical Science and Technology Press, Beijing, China.

Although the monoamine theory of depression has been
extensively investigated, it is unable to fully explain the
pathophysiology of depression. In recent years, a huge
amount of evidences suggesting a causal relationship bet-
ween the incidence of major depressive disorders and neuro-
degenerative processes such as the decreased neurotrophic
factors, altered neuronal plasticity, neuronal atrophy, or des-
truction in the hippocampus and cortex has been published.

At present, there are several types of antidepressants
available for pharmaceutical management of the disease
including tricyclic antidepressants, monoamine oxidase inhi-
bitors, selective serotonin reuptake inhibitors, noradrenergic
reuptake inhibitors, serotonin, and noradrenaline reuptake
inhibitors. However, due to the multiple pathogenic factors
involved in depression, many antidepressant drugs show low
response rates and may cause adverse side effects such as
cardiotoxicity, hypertensive crisis, sexual dysfunction, and
sleep disorder. Therefore, a number of herbal remedies have
been suggested to be safe, better tolerated, and efficacious
antidepressants. In this issue, several research articles have
shown that herbal prescriptions, including Shu-Yu-San, Kai-
Xin-San, Baihe-Dihuang-Tang, and Danggui-Shaoyao-San
(Table 1), are effective antidepressants on animal model of
depression.

In this special issue, we have collected a couple of clinical
studies on the application of CAM in treating neurodegen-
erative diseases. Although the scale of these studies is small,
all of them have demonstrated a promising effect of CAM
on neurodegenerative diseases. For example, a study of Toki-
Shakuyaku-San (Danggui- Shaoyao-San in Chinese phonetic
name), a six-herb Chinese medicine (Table 1), on patients
with mild cognitive impairment and Alzheimer’s disease
showed that treatment with Toki-Shakuyaku-San for eight
weeks significantly increased regional cerebral blood flow
in the posterior cingulate and tended to improve cognitive
impairment in these patients. Another randomized clinical
trial showed that Saffron (flower of Crocus sativus) supple-
ment improved retinal flicker sensitivity in patients with
early age-related macular degeneration and the beneficial
effect of the herbal drug was extended over a 14-month
follow-up study.

In this special issue, a large amount of evidences have
shown that CAM can be an efficacious treatment for neuro-
degenerative disorders. However, a large-scale, double-blind,

and placebo-controlled trial is still needed to demonstrate
the clinical effect of CAM on these diseases.
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The arcuate nucleus (ARC) in the basal of hypothalamus plays an important role in appetite regulation and energy balance.
We sought to investigate the central neuroendocrine mechanism of appetite decrease and weight loss under chronic stress by
observing the regulatory effects of Xiaoyaosan decoction in the expression of leptin receptor (ob-R) and neuropeptide Y (NPY) in
the ARC. Our results showed that bodyweight and food intake of rats in the 21-day stress group increased slower than those of
the normal group. Higher contents of Leptin and ob-R were noted in the 21-day stress group compared with control rats, while
NPY expression was not statistically different. Xiaoyaosan powder can significantly downregulate the contents of leptin and ob-R
in the hypothalamus of stressed rats. These findings suggest that increase of ob-R expression in the ARC is possibly one key central
neuroendocrine change for the somatic discomfort. Weight loss and decreased food intake in rats caused by the binding of leptin
to ob-R in hypothalamus do not appear to utilize the NPY pathway. This study also suggests that ob-R in the ARC may act as the
target of Xiaoyaosan in regulating the symptoms such as appetite decrease and bodyweight loss under chronic stress.

1. Introduction

The body needs timely adjustment of physiological status
to adapt to stress. Moderate stress is beneficial to the body;
while excessive stress can influence the body’s mental and
physical health. Studies show that stressful events signifi-
cantly affect body’s feeding behaviors [1] and that, long-
term, chronic, and repeated stresses can cause decreased
food intake and bodyweight loss in rats [2–6]. Previous
experiments of this research team also suggested that
chronically stressed rats presented abnormalities of emotions
and behaviors such as depression and anxiety, which were
mostly accompanied by slow increases of food intake and
bodyweight along with other changes [7, 8]. At present, most
research focuses on the central neuroendocrine mechanisms
of abnormalities of emotions and behaviors such as stress-
induced depression and anxiety; while there are few studies

on the mechanisms underlying food intake and bodyweight
changes under stress.

The hypothalamic nucleus group is required for the
regulation of energy balance. Specifically, the ARC in the
basilar part of hypothalamus plays an important role in
appetite regulation and energy balance. Neuropeptide Y
(NPY) is a polypeptide with biological activity composed of
36 amino acids that is widely distributed in the mammalian
central and peripheral nervous systems. In hypothalamus,
NPY content is the highest; while expression of NPY neurons
in hypothalamus is the most in the ARC [9]. Leptin receptor
(ob-R) belongs to a family of cytokines. The hormone
receptor ob-R plays a role by binding with specificity
of leptin to regulate many physiological functions. Also,
ob-R is widely distributed in the central nervous system
of normal rats and hypothalamus nucleus groups such as
the ARC, paraventricular nucleus, ventromedial nucleus,
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and orsomedial [10, 11]. Studies show that ob-R and NPY
coexist in the ARC [12–14] and that the binding of ob-R with
leptin can influence the synthesis and secretion of NPY and,
thus, regulate food intake and energy metabolism [15–17].
Specifically, NPY can enhance appetite and promote food
intake. Conversely, binding of ob-R can inhibit appetite and
decrease food intake. In energy metabolism, feeding behavior
and bodyweight, NPY and ob-R oppose and assist each
other.

Studies showed that NPY can regulate emotional and
behavioral changes caused by stress and can induce antistress
and antianxiety effects in multiple-stress animal models [18,
19]. The hypothalamic-pituitary-adrenal (HPA) axis and
NPY influence each other [20–23], and NPY is regarded as
the “stress molecule” [24, 25], which plays an important
role in the common core mechanism of psychological and
somatic stress responses. However, there is still no systematic
study on the mechanism of ob-R change in central nervous
system under stress and the mechanism of how NPY
and ob-R regulate appetite and energy metabolism under
stress.

The Xiaoyaosan prescription originated from the book
Taiping Huimin Heji Jufang in the Song Dynasty (960–
1127 A.D.) and was composed of eight crude drugs, such
as Radix Angelicae Sinensis, Radix Paeoniae Alba, Radix
Bupleuri, Rhizoma Atractylodis Macrocephalae, Radix Et
Rhizoma Glycyrrhizae, Poria, Rhizoma Zingiberis Recens,
and Herba Menthae Haplocalycis. Xiaoyaosan is prescribed
to sooth the liver, tonify spleen, and nourish blood. The
finished products (pill, decoction, etc.) were always used
to treat mental diseases such as depression for centuries in
China [26, 27]. Now, they are being used for multiple-system
diseases such as mental disorders, neurological diseases,
digestive system diseases, respiratory diseases, endocrine
diseases, and gynecologic diseases [28–30]. The reliability of
the therapeutic effect of Xiaoyaosan in relieving symptoms
of chronic stress has been widely proved. For example,
Xiaoyaosan can influence the expression of the genes encod-
ing proopiomelanocortin (POMC), corticotropin releasing
factor (CRF), encephalin, and preprodynorphin [31, 32].
Xiaoyaosan also reversed chronic immobilization stress-
(CIS-) induced decreases in brain-derived neurotrophic
factor(BDNF) and increases in tyroxine hydroxylase (TrkB)
and neurotrophin 3 (NT-3) in the frontal cortex and the
hippocampal CA1 subregion [7]. Xiaoyaosan can interfere
with metabolic network abnormalities of chronic unpre-
dictable mild stress or CIS model animals, and we should
further seek or elucidate the targets or receptor of char-
acteristic metabolic molecules of antistress effect of drugs
[33–35].

Based on the regulating effect of ob-R and NPY in the
ARC on appetite and energy metabolism and the defined
anti-stress effect of Xiaoyaosan, we studied changes in NPY
and ob-R in the ARC of rats stressed by chronic immobiliza-
tion in order to elucidate the possible mechanisms of appetite
decrease and bodyweight loss under chronic stress. At the
same time, we also studied the regulating effect of Xiaoyaosan
decoction on the above changes.

2. Materials and Methods

2.1. Animals. The healthy male Sprague Dawley (SD) rats
with bodyweight of 180 ± 20 g were purchased from Beijing
Vital River Laboratory Animal Technology Limited Com-
pany. Standard animal feeding room: room temperature:
21 ± 1◦C; relative humidity: 30% to 40%; Light condition:
(light for 12 h: 07:00 to 19:00, darkness for 12 h: 19:00 to
07:00); ad libitum purified water. The rats were randomly
divided into 4 groups, namely, the control group, the 7-day
stress group, the 21-day stress group, and the Xiaoyaosan-
treated group, which were also stressed. In each group,
there were 24 rats in 8 cages and 3 rats in each cage.
The rats in the normal control group were fed routinely
for 21 days; continuous immobilization stress for 3 h/day
for 7 days was conducted for the rats in the 7-day stress;
continuous immobilization stress for 3 h/day for 21 days
was conducted for the rats in the 21-day stress groups;
while continuous immobilization stress for 3 h/day was
conducted for the rats in the Xiaoyaosan-treated group for
21 days. Xiaoyaosan was intragastrically administered 30 min
before chronic immobilization stress. The rats were fed and
provided with water ad libitum. All the animals in the study
were maintained in accordance with the guidelines of China
legislations on the ethical use and care of laboratory animals.
All efforts were made to minimize animal suffering and the
number of animals needed to produce reliable data.

2.2. Preparation of Extracts of Xiaoyaosan. Composition
proportions of Xiaoyaosan prescription: Poria : Radix
Paeoniae Alba : Radix Et Rhizoma Glycyrrhizae: Radix
Bupleuri : Radix Angelicae Sinensis : Rhizoma Atractylodis
Macrocephalae: Herba Menthae Haplocalycis : Rhizoma
Zingiberis Recens equaled to 3 : 3 : 1.5 : 3 : 3 : 3 : 1 : 1. All 8
crude drugs were purchased from Beijing Tongrentang
(Bozhou) Decoction Pieces Limited Company and
authenticated by Dr. B. Liu, Department of Botany,
and Beijing University of Chinese Medicine. All crude drugs
were extracted by the Chinese medicine preparation room
of China-Japan Friendship Hospital as previously described
[7]. Extraction steps were performed as follows: Poria, Radix
Paeoniae Alba, and Radix Rhizoma Glycyrrhizae were boiled
and extracted three times with 10 volumes (2 h), 8 volumes
(1 h), and 8 volumes (1 h) of water to obtain the extraction
liquid (A). Radix Bupleuri, Radix Angelicae Sinensis, Rhizoma
Atractylodis Macrocephalae, Herba Menthae, and Rhizoma
Zingiberis Recens were soaked with 10 volumes of water for
12 h to obtain the volatile oil, drug liquid (B), and drug
residue (C). Subsequently, C was boiled in 8 volumes of
water for 1 h and extracted twice to obtain the extraction
solution (D). Extraction solutions A, B, and D were mixed to
form the water extraction liquid (E). Next, E was filtered and
centrifuged (3000 r/min for 40 min). The supernatant was
collected and vacuum dried at 70◦C. Then, the dried product
and the volatile oil were processed into dry decoction for use.
The extraction rate was 18.8%. Xiaoyaosan (was dissolved in
deionized water and administered by intragastric injection
at a dose of) was 3.854 g/kg·d, and deionized water was used
in all groups.
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2.3. Chronic Immobilization Stress (CIS) Procedure. A previ-
ously described chronic constraint method [31] was used in
which rats were bound to a binding rack (type T binding
platform: the base: width of 10 cm, length of 20 cm, thickness
of 2.8 cm; the upper part of binding platform for rat binding:
length of 22 cm, maximum width of 6.6 cm; the front end
had small frames for fixing the head and small grooves
suitable for placing limbs; the upper binding platform had
two adjustable soft belts which could, respectively, fix the
chest and abdomen of animal) for 3 h every day. Binding time
points were randomly selected from 7:00 am to 16:00 pm in
an effort to avoid the animal adaptation to a fixed binding
time. Moreover, before administration, bodyweight and food
intake of rats (including those at 0 day) were weighed.
Daily food intake was calculated by subtracting the intraday
surplus food amount from the feeding amount at the last one
day.

2.4. ELISA for Measurement of Leptin, NPY, and ob-R Content
in Hypothalamus. On the 22nd day of the trial, 6 rats
in the normal control group, the 21-day stress group,
and the Xiaoyaosan-treated group were anaesthetized with
an intraperitoneal injection 10% chloral hydrate (0.35 to
0.40 mL/100 g bodyweight). Subsequently, the hypothalamus
was removed and placed a 2 mL EP tube, immediately frozen
on liquid nitrogen (http://www.iciba.com/liquid nitrogen)
and stored below −20◦C. To create a hypothalamus
homogenate: the hypothalamus specimen was boiled in
1 mL normal saline for 3 min. Then, 0.5 mL of 1 N glacial
acetic acid was added, and the mixture was homogenized
with hand-held electric homogenizer. Next, 0.5 mL of 1 N
NaOH was added for neutralization. The solution was mixed
uniformly and centrifuged at 3500×g for 20 min at 4◦C. The
supernatant was collected and stored at −20◦C. According
to the kit instructions, leptin, ob-R, and NPY contents in
hypothalamus were detected by ELISA method.

2.5. Double-Labeling Immunofluorescence for NPY and ob-R
in the ARC of Hypothalamus. On the 8th day of the trial
for the 7-day stress group and on the 22nd day of the trial
for the normal control group, the 21-day stress group and
Xiaoyaosan-treated group, samples were acquired (the same
as following test). 6 rats in each group were anaesthetized
with an intraperitoneal injection of 10% chloral hydrate
(0.35 to 0.40 mL/100 g bodyweight), and the left ventricular
ascending aortic perfusion fixation of the heart was carried
out. Firstly, the samples were quickly washed with 0.9%
NaCl solution (precooled to 4◦C in advance) by perfusion,
and then 4% paraformaldehyde solution was perfused with
continuously. Perfusion was stopped when the tail tip
hardened. Rats were sacrificed by decapitation and the whole
brain was taken out. The whole brain was placed into 4%
paraformaldehyde solution, stored at 4◦C, and fixed for 12 h.
Brain tissues were transferred into sucrose solutions with
concentration of 20% and 30% for dehydration and stored
at 4◦C. The constant temperature freezing microtome (Leica
CM1900) was used for sectioning, and section thickness was
about 30 μm.

The main steps of double-labeling immunofluorescence
were as follows: (1) washed with 0.05 M TBS three times,
5 min once; (2) incubated in 0.05 M TBS containing 0.5%
TritonX-100 for 1 h in the incubator at 37◦C; (3) washed with
0.05 M TBS three times, 5 min each; (4) added 0.05 M TBS
blocking liquid containing 10% donkey serum (Millipore
Corporation, USA) and 0.5% TritonX-100 and incubated
for 1 h at room temperature; (5) removed blocking liquid
and adding 1 : 500 of rabbit antineuropeptide Y polyclonal
antibody (Millipore Corporation, USA) diluted with 0.05 M
TBS containing 2% donkey serum and 0.5%TritonX-100 and
incubated at 4◦C overnight; (6) washed with 0.05 M TBS
containing 2% donkey serum and 0.5% TritonX-100 for
three times, 5 min each; (7) added 1 : 200 of Alexa Fluor@ 594
donkey anti-rabbit IgG (Invitrogen, USA, dilution liquid,
the same as antibody I) and incubated for 4 h at room
temperature, protected from light; (8) washed with 0.05 M
TBS for three times, 5 min each; (9) added the blocking
liquid (the same as step (4)) and incubated for 1 h at room
temperature; (10) removed the blocking liquid and adding
1 : 50 of Goat anti-ob-R polyclonal antibody (Santa Cruz
Biotechnology, Inc., USA) diluted with 0.05 M TBS contain-
ing 2% donkey serum and 0.5% TritonX-100. The mixture
was incubated for 40 h at 4◦C; (11) washed for three times,
5 min each (the same as step (6)); (12) added 1 : 200 of Alexa
Fluor@ 488 donkey anti-goat IgG (Invitrogen, USA, dilution
liquid, the same as antibody I). The mixture was incubated
for 4 h at room temperature, protected from light; (13)
washed with 0.05 M TBS for three times, 5 min each; (14)
mounted the section on glass slide, and HardSet Mounting
Medium with DAPI (Vector H-1500, USA) was used for
sealing. Tris was purchased from Sigma Company; TritonX-
100, paraformaldehyde, NaCl, and sucrose were purchased
from Beijing Chemical Reagent Limited Company.

ZEISS LSM510 META laser scanning confocal micro-
scope was used for imaging and analysis of 10 slices in each
group. The integral optical density (IOD), NPY and ob-R
colocalization area, and NPY or ob-R weight colocalization
coefficient were calculated and selected for statistics from
analytic results. weight colocalization coefficient represents
sum of intensities of colocalizing pixels in channel 1 or
2, respectively, as compared to the overall sum of pixel
intensities above threshold and in this channel. Value range
of 0-1 (0: no colocalization, 1: all pixels colocalization). The
number of positive neurons was measured with Image Pro
Plus.

2.6. In Situ Hybridization for NPY mRNA and ob-R mRNA
in the ARC. Six rats in each group were injected intraperi-
toneally with 10% chloral hydrate (0.35 to 0.40 mL/100 g
bodyweight), left ventricular ascending aortic perfusion
prefixation was carried out, and postfixation of 4%
paraformaldehyde was conducted (3 to 8 h). Subsequently,
brain tissues were transferred into sucrose solutions with
concentration of 20% and 30% for dehydration. The specific
steps were the same as in the double-labeling immunoflu-
orescence experiment described above. 0.9% NaCl solu-
tion, post-fixation solution of 4% paraformaldehyde, and
20% and 30% sucrose solutions were prepared with
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RNase-Free water. Constant temperature freezing microtome
(Leica CM1900) was used for sectioning, and section thick-
ness was about 14 to 15 μm.

In situ hybridization assay kits of rat NPY and ob-R
were purchased from Wuhan Boster Biological Engineering
Limited Company. (1) mRNA sequences of rat ob-R target
gene: (a) 5′-ATTTT CCACC CAAAA TTCTG ACTAG
TGTTG-3′; (b) 5′-ATCTG GCTAT ACAAT GTGGA TCAGG
ATCAA-3′; (c) 5′-AAGTT CCTAT GAGAG GGCCT GAATT
TTGGA-3′. (2) mRNA sequences of rat NPY target gene:
(a) 5′-TACCC CTCCA AGCCG GACAA TCCGG GCGAG-
3′; (b) 5′-CTGCG ACACT ACATC AATCT CATCA CCAGA-
3′. According to the kit instructions, in situ hybridization
staining was conducted. All the used solutions were prepared
with RNase-Free water. Elite ABC Kit was purchased from
Vector, USA; DEPC, Tris, and DAB were purchased from
Sigma, USA.

ZEISS Primo Star microscope was used for imaging,
and Image-Pro Plus 6.0 Image Analysis System was used
for image analysis. Nine slices in each group were selected
from the ARC positions (area of 150 μm × 150 μm). In
addition, the number of positive cells (cells) and integral
optical density (IOD) were counted. IOD = measured value
of IOD/total measured area.

2.7. RT-qPCR for NPY mRNA and ob-R mRNA in the ARC.
Six rats in each group were anaesthetized with intraperi-
toneal injected 10% chloral hydrate (0.35 to 0.40 mL/100 g
bodyweight). Brain tissues were rapidly taken out, imme-
diately frozen on liquid nitrogen, and stored at −80◦C.
Solutions were prepared with DEPC-treated water, and
vessels were soaked in DEPC water and sterilized at high
temperature.

Oven temperature of the constant temperature freezing
microtome (Leica, Germany) was adjusted to −10◦C. The
section thickness was set as 60 μm (the maximum setting),
and shook the hand shank of frozen section to turn back
5 rings with forward 1 ring, then, 300 μm brain tissue was
sectioned, and effective tissue slices were selected and placed
onto clean glass slides. The ARC was taken out on dry ice
with a flat needle, placed into RNase-Free 1.5 mL EP tube,
immediately frozen in liquid nitrogen, and stored at −80◦C.

Brain tissues were completely homogenized with a hand-
held electric homogenizer (KONTES, USA), and the total
RNA of the ARC was extracted by using the Trizol method
and stored at −70◦C. According to the instructions of
GoTaq@ 2-Step RT-qPCR System kit (Promega Corporation,
USA), reverse transcription reaction and quantitative deter-
mination of cDNA were conducted.

According to Genebank sequences and the literatures [36,
37], NPY, ob-R, β-actin primers were designed. Among them,
And β-actin acted as the internal reference. Beijing AuGCT
DNA-SYN Biotechnology Co., Ltd. was entrusted to synthe-
size the primers. Primers: NPY, Forward: 5′-TGTGGACTG-
ACCCTCGCTCTAT-3′101, Reverse: 5′-TGTAGTGTC-
GCAGAGCGGAGTA-3′239, NM 012614.1, 139 bp; ob-R,
Forward: 5′-TCTGCCTGAAGTTATAGATGATTTG-3′492,
Reverse: 5′-GTCACTCCAGACTCCTGAGCCATCC-3′957,

NM 012596.1, 466 bp; β-actin, Forward: 5′-GCTTCTCTT-
TAATGTCACGCACG-3′24, Reverse: 5′-CCATCCAGGCTG
TGTTGTCC-3′266, NM 031144.2, 243 bp.

According to GoTaq@ 2-Step RT-qPCR System and
“Primed Synthesis Report Sheet” of AuGCT, 25 μL GoTaq@
qPCR Master Mix reaction system was prepared and
mixed uniformly. Real-time fluorescent quantitative PCR
instrument (Bio-rad Chromo4 CFB-3240, USA) was used
for fluorescent quantitative PCR amplification. Optimum
conditions of qPCR: NPY & β-actin: 95◦C 2 min; 95◦C 15 s,
60◦C 1 min, 40 cycles; 60 to 95◦C. ob-R & β-actin: 95◦C
5 min; 95◦C 30 s, 59◦C 40 s, 72◦C 1 min, 30 cycles; 72◦C
10 min.

DEPC (diethyl pyrocarbonate), agarose, and Trizol
reagent were purchased from Sigma Company, USA; chlo-
roform, isopropyl alcohol, and anhydrous alcohol were pur-
chased from Beijing Chemical Reagent Limited Company.

Fluorescent quantitative PCR results were used to cal-
culate relative expressions of NPY mRNA and ob-R mRNA
using the previously described of 2−ΔΔCT method [38, 39].
ΔΔCT = (mean target gene CT value − mean internal
reference gene CT value)− (mean reference gene CT value−
mean internal gene CT value). Also, β-actin acted as the
internal reference gene. To calculate the relative expression
of each sample (CT), the beta-actin CT value was subtracted
from each sample gene CT value. 2−ΔΔCT was used for
variance analysis and histogram.

2.8. Statistical Processing. Data were expressed as mean ±
standard error of mean (x± SEM). Using SPSS 17.0 software
and one-way ANOVA was applied for general data. In
addition, LSD method was adopted for the comparisons
between groups. Repeated measurement process of general
linear model (GLM) in SPSS17.0 was used to conduct one-
way ANOVA analysis for repeated measured data (body-
weight and food intake), and multivariate analysis process
of variance was used to make comparisons between groups
on each time point (LSD method). P < 0.05 was considered
statistically significant.

3. Results

3.1. Bodyweight and Food Intake of Rats with Constraint Stress
for 21 Days Significantly Reduced; While Xiaoyaosan Prevented
This Effect. Before constraint stress, there was no significant
difference in bodyweight and food intake among the 3 groups
of rats (Table 1). From the 2nd day of constraint stress,
bodyweight of simple stress rats was significantly lower than
that of the normal control group at the same time point
(P < 0.05 or P < 0.01). From the 6th day of constraint
stress, bodyweight of the Xiaoyaosan-treated group was
significantly lower than that of the normal control group at
the same time point (P < 0.05 or P < 0.01). From the 16th
day to 21st day, bodyweight of the Xiaoyaosan-treated group
was significantly higher than that of simple stress rats at the
same time point (P < 0.05 or P < 0.01).

Table 2 shows that from the 2nd day of constraint stress,
food intake of stress rats was significantly lower than that of
the normal control group at the same time point (P < 0.05 or
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Table 1: Changes of bodyweight (g, x± SEM).

Day The control group The 21-day stress group The Xiaoyaosan group

Day 0 211.167± 1.989 210.750± 2.122 213.080± 2.256

Day 1 222.375± 2.302 219.208± 2.430 223.560± 2.619

Day 2 228.083± 2.417 220.125± 2.366∗ 226.520± 2.684

Day 3 236.458± 2.685 224.958± 2.401∗∗ 229.480± 2.331∗

Day 4 244.625± 2.985 230.417± 2.969∗∗ 237.400± 2.682

Day 5 245.167± 3.170 233.833± 3.002∗∗ 241.080± 2.666

Day 6 255.417± 3.033 239.250± 2.928∗∗ 246.280± 2.846∗

Day 7 263.667± 3.154 245.208± 3.092∗∗ 252.440± 3.181∗

Day 8 265.250± 3.168 242.625± 3.139∗∗ 250.040± 3.098∗∗

Day 9 277.250± 3.227 255.083± 3.528∗∗ 262.640± 3.550∗∗

Day 10 283.125± 3.483 259.708± 3.470∗∗ 263.160± 4.052∗∗

Day 11 290.708± 3.685 265.917± 3.782∗∗ 270.720± 3.954∗∗

Day 12 295.375± 3.978 267.917± 3.618∗∗ 275.040± 4.121∗∗

Day 13 300.042± 3.999 272.167± 4.720∗∗ 279.280± 4.336∗∗

Day 14 306.333± 4.059 274.792± 4.113∗∗ 285.360± 4.331∗∗

Day 15 310.167± 4.370 279.167± 4.039∗∗ 289.800± 4.115∗∗

Day 16 316.208± 4.258 282.708± 4.206∗∗ 297.040± 4.112∗∗�

Day 17 320.958± 4.519 286.458± 4.276∗∗ 302.880± 4.151∗∗�

Day 18 324.875± 4.473 290.792± 4.391∗∗ 310.120± 4.278∗��

Day 19 329.542± 4.592 295.625± 4.455∗∗ 316.200± 4.279∗��

Day 20 336.375± 4.996 297.125± 4.804∗∗ 322.680± 4.165∗��

Day 21 344.083± 4.132 302.208± 4.942∗∗ 326.920± 4.209∗��

Nthe control group = 24, Nthe 21-day stress group = 24, Nthe xiaoyaosan group = 24.
∗P < 0.05, ∗∗P < 0.01 versus the control group; �P < 0.05, ��P < 0.01 versus the 21-day stress group.

Table 2: Changes of food intake (N = 8, g, x± SEM).

Day The control group The 21-day stress group The Xiaoyaosan group

Day 0 22.556± 0.733 23.794± 1.160 24.188± 0.715

Day 1 23.825± 0.498 19.856± 0.551∗∗ 20.594± 0.575∗∗

Day 2 25.162± 1.067 22.200± 0.359∗ 21.981± 0.736∗∗

Day 3 25.963± 1.165 22.056± 0.908∗∗ 23.138± 0.445∗

Day 4 25.000± 0.678 21.940± 0.592∗∗ 22.456± 0.488∗∗

Day 5 26.744± 1.293 22.248± 0.602∗∗ 21.681± 0.608∗∗

Day 6 25.794± 0.978 22.950± 0.391∗∗ 21.831± 0.563∗∗

Day 7 27.806± 1.011 23.088± 0.409∗∗ 23.275± 0.548∗∗

Day 8 23.644± 1.631 19.440± 0.725∗ 20.119± 0.672∗

Day 9 24.163± 1.570 23.502± 0.476 22.975± 0.832

Day 10 26.531± 1.032 24.279± 0.660 24.337± 1.153

Day 11 26.094± 1.173 22.575± 0.567∗ 23.250± 0.802∗

Day 12 26.669± 1.093 24.115± 0.540∗ 23.631± 0.860∗

Day 13 27.131± 0.977 23.877± 0.968∗ 23.919± 0.871∗

Day 14 26.575± 1.394 23.502± 0.707∗ 23.931± 0.342

Day 15 25.544± 0.877 22.771± 0.544∗ 24.113± 0.656

Day 16 26.631± 1.198 23.954± 0.986 24.194± 0.876

Day 17 26.538± 0.751 22.403± 0.673∗∗ 24.544± 0.622�

Day 18 26.713± 0.811 23.081± 0.660∗∗ 24.812± 0.606

Day 19 26.381± 0.943 22.103± 0.793∗∗ 24.337± 0.425�

Day 20 26.988± 1.000 22.125± 1.338∗∗ 24.079± 0.757

Day 21 26.281± 1.008 21.719± 1.164∗∗ 24.763± 0.528�
∗
P < 0.05, ∗∗P < 0.01 versus the control group; �P < 0.05 versus the 21-day stress group.
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Figure 1: Changes in bodyweight and food intake in three groups. Each point represents the mean values and vertical bars represents SEM.

P < 0.01). From the 2nd day to 13th day of constraint stress,
food intake of the Xiaoyaosan-treated group was significantly
lower than that of the normal control group at the same time
point (P < 0.05 or P < 0.01); while in the 3rd week of
constraint stress, the food intake showed an increasing trend.
Compared with the control group, there was no significant
difference. Particularly on the 17th day, 19th day, and 21th
day, the food intake of the Xiaoyaosan-treated group was
significantly higher than that of stress rats (P < 0.05).

Figure 1 shows that in the 3rd week of constraint stress,
bodyweight and food intake of simple stress rats were
significantly lower than those of the normal group and the

Xiaoyaosan-treated group. In the 1st week and 2nd week
of constraint stress, the bodyweight and food intake of the
Xiaoyaosan-treated group was lower than that of the normal
control group. In the 3rd week, the bodyweight and food
intake significantly increased and showed a trend close to
those of the rats of the normal control group.

3.2. Hypothalamic Leptin and ob-R Protein Expression in
the 21-Day Constraint Stress Group Is Significantly Increased;
While NPY Expression Shows No Obvious Change. For NPY
content in rat hypothalamus, among the normal con-
trol group (23.715 ± 1.964 ng/L), the 21-day stress group
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(27.071 ± 1.053 ng/L) and the Xiaoyaosan-treated group
(23.463 ± 1.517 ng/L), there were no significant differences
(P > 0.05) (see Figure 2(a)). ob-R expression in rat hypotha-
lamus of the 21-day stress group (10.644 ± 0.311μg/L) was
significantly higher than that of the normal control group
(8.798 ± 0.230μg/L) (P < 0.01); while ob-R content in
rat hypothalamus of the Xiaoyaosan-treated group (5.938 ±
0.421μg/L) was significantly lower than that of the 21-day
stress group and the normal control group, with obvious
statistical significance (P < 0.01) (see Figure 2(b)). The
Leptin content in rat hypothalamus of the 21-day stress
group (1.506 ± 0.049μg/L) was significantly more than that
of the normal control group (1.231± 0.031μg/L) (P < 0.01);
while the Xiaoyaosan-treated group (1.322± 0.022μg/L) was
significantly lower than that of the 21-day stress group (P <
0.01) (see Figure 2(c)).

3.3. Double-Labeling Immunofluorescence Results Show That
ob-R Protein Expression in the ARC of the 21-Day Group Is
More Than That of the Normal Group; While NPY Protein
Expression Has No Obvious Change. NPY neurons were
labeled with red fluorescence (II), widely distributed in the
form of granules or block mass; while ob-R neurons were
labeled as green fluorescence (I). Yellow staining sites were
double-staining neurons of ob-R and NPY (III). Microscopic
observation shows that compared to the control group, ob-
R-positive cells in the ARC of the 7-day stress group and the
21-day stress group are increased; while positive expression
neurons of NPY are reduced. Compared to the stress groups,
ob-R-positive expression cells in the ARC of the Xiaoyaosan-
treated group are reduced; while positive expression neurons
of NPY are increased (see Figure 3).

Semiquantitative statistical analysis shows that for NPY
IOD and positive neurons number in the ARC, the 7-day
stress group (IOD: 91.452 ± 23.361, ×106; positive neurons
number: 319.500±31.201) and the 21-day stress group (IOD:
109.685±15.836,×106; positive neurons number: 323.700±
37.392) are different from the normal control group (IOD:
128.389±33.972,×106; positive neurons number: 372.000±
42.848) and the Xiaoyaosan-treated group (IOD: 134.692 ±
36.194, ×106; positive neurons number: 411.400 ± 31.219),
but there is no significant difference (P > 0.05) among the
4 groups. The ob-R IOD and positive neurons number in
the ARC of the 21-day stress group (IOD: 15.710 ± 1.683,
×106; positive neurons number: 76.100 ± 6.602) is signifi-
cantly higher than that of the normal control group (IOD:
10.734 ± 1.444, ×106; positive neurons number: 49.400 ±
8.275) and the Xiaoyaosan-treated group (IOD: 11.114 ±
1.734, ×106; positive neurons number: 46.200 ± 8.779),
P < 0.05.

Among 4 groups of double-labeling immunofluorescence
staining, there is no significant difference (P > 0.05) in
colocalization area (the normal control group: 36.995 ±
5.089, ×102, μm2; the 7-day stress group: 28.073 ± 5.100,
×102, μm2; the 21-day stress group: 27.291 ± 3.098, ×102,
μm2; the Xiaoyaosan-treated group: 44.237 ± 9.341, ×102,
μm2), NPY weighted colocalization coefficient (the normal
control group: 0.071± 0.011; the 7-day stress group: 0.091±

0.009; the 21-day stress group: 0.088±0.009; the Xiaoyaosan-
treated group: 0.071±0.009) or ob-R weighted colocalization
coefficient (the normal control group: 0.654 ± 0.066; the
7-day stress group: 0.548 ± 0.099; the 21-day stress group:
0.616± 0.056; the Xiaoyaosan-treated group: 0.656± 0.082)
(see Figure 3).

3.4. In Situ Hybridization Results Show That Compared with
the Control Group, Positive Expression of ob-R mRNA in
the ARC of Stress Rats Is Significantly Increased; While Pos-
itive Expression of NPY mRNA Is Unchanged with Stress
Time. Combination of in situ hybridization staining image
analysis and semiquantitative statistical analysis shows that
the positive expression of NPY mRNA of the 7-day stress
group is obviously more than that of the normal control
group. However, among the 4 groups, there is no significant
difference between positive expression IOD and cells of NPY
mRNA (see Figure 4). NPY mRNA IOD: the normal control
group 0.035 ± 0.006, the 7-day stress group 0.042 ± 0.011,
the 21-day stress group 0.045 ± 0.010, and the Xiaoyaosan-
treated group 0.029 ± 0.006. NPY mRNA cell numbers: the
normal control group 24.333± 5.427, the 7-day stress group:
25.500 ± 5.513, the 21-day stress group 26.278 ± 3.896, and
the Xiaoyaosan-treated group 23.722± 3.761.

ob-R mRNA localized to the cytoplasm and nucleus
of the normal control group and the Xiaoyaosan-treated
group, while the 7-day stress group and the 21-day stress
group mainly have nucleus expressions, especially for rats
with constraint stress for 21 days. Semiquantitative analysis
suggests that the positive expression IOD of ob-R mRNA of
the 7-day stress group (0.044 ± 0.005), 21-day stress group,
(0.034 ± 0.005), and the Xiaoyaosan-treated group (0.032 ±
0.005) is significantly more than that of the normal control
group (0.019 ± 0.002) (P < 0.05 or P < 0.01). The positive
ob-R mRNAs in the 7-day stress group (40.333 ± 5.014) and
the 21-day stress group (30.889 ± 4.191) were significantly
increased, compared with those of the normal control group
(16.111 ± 4.470), P < 0.05 or P < 0.01; while those of the
Xiaoyaosan-treated group (25.500±3.623) were significantly
reduced, compared than those of the 7-day stress group (P <
0.05) (see Figure 5).

3.5. RT-qPCR Results Show That Compared with the Normal
Control Group, Relative Expression of NPY mRNA in the
ARC of Stress Rats Is Significantly Reduced; While Relative
Expression of ob-R mRNA Is Significantly Increased. Relative
expression of NPY mRNA and ob-R mRNA was calculated
using the 2−ΔΔCT method. As for relative expression of
NPY mRNA, compared with the normal control group,
the relative expression of the 7-day stress group was 0.113
(coefficient of variation (CV): 0.021 to 0.593), the 21-
day stress group was 0.038 (CV: 0.009 to 0.156), and the
Xiaoyaosan-treated group was 0.213 (CV: 0.098 to 0.463).
Compared with the 21-day stress group, the relative content
of NPY mRNA of the Xiaoyaosan-treated group was 5.540
(CV: 1.535 to 20.000). This suggests that compared with the
normal control group, relative expression in NPY mRNA
of the 7-day stress group, the 21-day stress group, and
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Figure 2: Differences in Leptin, NPY, and ob-R contents in hypothalamus. Each bar represents the mean values and vertical bars represent
SEM. ��P < 0.01 as compared with the control group; ��P < 0.01 as compared with the 21-day stress group.

the Xiaoyaosan-treated group was significantly reduced as
shown in Figure 6 (P < 0.01).

Compared with the normal control group, relative
content of ob-R mRNA in the 7-day stress group was 0.950
(CV: 0.287 to 3.150), that in the 21-day stress group was 2.969
(CV: 1.161 to 7.595), and that of the Xiaoyaosan-treated
group was 1.286 (CV: 0.480 to 3.447). Compared with the
21-day stress group, relative content of ob-R mRNA of the
normal control group was 0.337 (CV: 0.132 to 0.862), that of
the 7-day stress group was 0.320 (CV: 0.130 to 0.786), and
that of the Xiaoyaosan-treated group was 0.433 (CV: 0.241
to 0.778). Figure 6 shows that relative expression of ob-R
mRNA of the 21-day stress group was significantly increased
compared with that of the normal control group (P < 0.05);
while relative expression of the Xiaoyaosan-treated group

was significantly reduced compared with that of the 21-day
stress group (P < 0.05).

4. Discussion

In this study, bodyweight and food intake of stressed rats
increased more slowly than the normal rats with length-
ening of chronic immobilization stress, in compliance with
previous literatures and the previous research results of this
research team [2–8]; while Xiaoyaosan can ameliorate the
above changes.

The hypothalamus contains massive neuropeptide ner-
vous pathways that promote appetite (NPY/Agouti-related
peptide (AgRP)) and neuropeptide nervous pathways that
inhibite appetite (POMC/Cocaine-amphetamine regulated



Evidence-Based Complementary and Alternative Medicine 9

200

150

100

50

0

N
P

Y
 I

O
D

 (
×1

06
)

20

15

10

5

0

O
b-

R
 I

O
D

 (×
10

6
)

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

Figure 3: Continued.



10 Evidence-Based Complementary and Alternative Medicine

N
P

Y-
po

si
ti

ve
 n

eu
ro

n
s 

n
u

m
be

r

O
b-

R
-p

os
it

iv
e 

n
eu

ro
n

s 
n

u
m

be
r

500

400

300

200

100

0

100

80

60

40

20

0

0.15

0.1

0.05

0 0

N
P

Y
 w

ei
gh

te
d 

co
lo

ca
liz

at
io

n
 c

oe
ci

en
t

0.8

0.6

0.4

0.2

0b
-R

 w
ei

gh
te

d 
co

lo
ca

liz
at

io
n

 c
oe

ci
en

t

N
P

Y
 a

n
d 

O
b-

R
 c

ol
oc

al
iz

at
io

n
 a

re
a 

(×
10

6
,μ

m
2
)

60

40

20

0

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

The control group

The 21-day stress group

The 7-day stress group

The Xiaoyaosan group

P < 0.05
versus the 21-day stress group

Figure 3: Double immunofluorescence for NPY and ob-R in the ARC. (A–D) Representative images of NPY, ob-R, and colocalization in
ARC. (A) The control group. (B) The 7-day stress group. (C) The 21-day stress group. (D) The Xiaoyaosan-treated group. In each figure,
ob-R was labeled with green fluorescence (I), NPY was labeled with red fluorescence (II), and co-loalization of NPY and ob-R was double-
labeled in yellow (III). Scale bars = 50 μm for all images. NPY and Ob-R colocalization area, NPY or Ob-R IOD, and weighted colocalization
coefficient were analyzed with Zeiss LSM Image Examiner, and the number of positive neurons was measured with Image Pro Plus. Each
bar represents the mean values and vertical bars represent SEM. �P < 0.05 as compared with the 21-day stress group. 3V means the third
ventricle.
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Figure 4: In situ hybridization for NPY mRNAin the ARC. (A–D) Representative images of NPY mRNA in ARC. (A) The control group. (B)
The 7-day stress group. (C) The 21-day stress group. (D) The Xiaoyaosan-treated group. Scale bars = 100 μm for A (I) and 10 μm for other
images. IOD of NPY mRNA labeling and cells of NPY mRNA labeling were measured with Image Pro Plus. Each bar represent the mean
values and vertical bars represent SEM.

transcript (CART)). These nerves that promote appetite and
inhibit appetite are sent by the ARC and projected onto other
nucleus groups/brain areas of the hypothalamus, such as
the lateral hypothalamic area (LHA), ventromedial nucleus
(VMN), dorsomedial nucleus (DMN), and paraventricu-
lar nucleus (PVN), constituting the “appetite regulation
network” (ARN) [40–42]. The ARN is the key the central

system regulating food intake and bodyweight balance.
Peripherally secreted appetite regulation signals, such as lep-
tin, can cross the blood-brain barrier to reach hypothalamus
nucleus group and influence appetite by affecting these two
types of peptides [43].

Leptin is a polypeptide hormone secreted mainly by
white adipose tissues. A number of electrophysiological and
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Figure 5: In situ hybridization for ob-R mRNAin the ARC. (A–D) Representative images of ob-R mRNA in ARC. (A) The control group. (B)
The 7-day stress group. (C) The 21-day stress group. (D) The Xiaoyaosan-treated group. Scale bars = 100 μm for A (I) and 10 μm for other
images. IOD of ob-R mRNA labeling and cells of ob-R mRNA labeling were measured with Image Pro Plus. Each bar represent the mean
values and vertical bars represent SEM. �P < 0.05 or ��P < 0.01 as compared with the control group; ΔP < 0.05 as compared with the 7-day
stress group.
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Figure 6: RT-qPCR detection of NPY mRNA and ob-R mRNA in the ARC. To calculate the relative amount of NPY or ob-R gene expression
the formula (ΔCT = CTtarget gene − CTinternal reference) is used and analyzed with 2−ΔCT for statistics. Each bar represent the mean values and
vertical bars represent SEM. ��P < 0.01 as compared with the control group; �P < 0.05 or ��P < 0.01 as compared with the 21-day stress
group.

behavioral studies show that leptin regulates food intake
and energy homeostasis mainly by means of the central
nervous system (especially hypothalamus) [41, 44]. Also,
hypothalamus is the main target of leptin [45].

ob-R is a high-affinity receptor of leptin, belonging to the
class I cytokine super family. Current studies suggest that ob-
R gene has at least 6 (a to f) splicing isomers [46]. Among
them, ob-Rb is a long receptor, and it is the main functional
receptor. ob-Rb is mainly expressed in the hypothalamus,
and it has limited expression in peripheral tissues [47, 48].
Therefore, ob-Rb is the main action receptor of leptin.

Leptin binds with ob-R in the hypothalamus, which can
play a role in inhibiting appetite, reducing energy intake and
increasing energy expenditure. Therefore, this study firstly
detected leptin and ob-R contents in hypothalamus. The
results show that compared with the control group, leptin
and ob-R contents in the hypothalamus of the 21-day stress
group are significantly increased, which suggests that CIS
can increase Leptin levels in the hypothalamus and stimulate
an increase in ob-R (mainly ob-Rb) expression, and the
combination specificities of the two damages the balance of
hypothalamus “appetite regulation network.”

As ob-R (mainly ob-Rb) is widely expressed on the ARC,
VMN, DMN, PVN, periventricular nucleus. and neurons
in the lateral hypothalamic area [10, 11]; these areas are
the main areas for regulating food intake and bodyweight.
Among them, the ARC in the bottom of the third ventricle
plays an important role in energy metabolism regulation
by leptin [49]. For NPY/AgRP neuron and POMC/CART
neuron in the ARC, the former can promote appetite,
inhibit energy expenditure, and inhibit degradation of
alpha-melanocyte-stimulating hormone (α-MSH); the later-
secreted POMC can inhibit appetite and promote energy
expenditure. The binding of leptin and ob-R can inhibit
generation of NPY/AgRP neurons and release of NPY and

AgRP. On the other hand, it can promote generation of
POMC neuron and release of POMC and thus regulates
the body’s energy metabolism [50]. This study further
detected ob-R protein and gene expressions in the ARC of
stress rats. The results show that constraint stress (especially
stress for 21 days) can induce ob-R protein and gene
expressions in the ARC to be significantly higher than
those of normal rats, which suggests that greatly increased
leptin in the hypothalamus binding to ob-R in the ARC
disrupts the homeostasis of NPY/AgRP-expressing neurons
and POMC/CART-expressing neurons that regulate food
intake and energy metabolism.

NPY is one of the most expressed neuropeptides in
central nervous tissues, distributed in brain tissues and
spinal cord but not the cerebellum. As a neurotransmitter,
neurohormone, and neuromodulator, NPY is involved in
the complexity of stress response. It not only regulates the
emotional and behavioral changes caused by stress, such as
anxiety and depression, but also promotes appetite mainly
by means of the hypothalamus. Also, NPY neurons are
abundant in the hypothalamus, especially in the ARC [9, 51].

Studies show that after 8 weeks of moderate psycholog-
ical stress, NPY expression in the hypothalamus paraven-
tricular nucleus, arcuate nucleus, and other areas of rats
is significantly reduced [19], and NPY expression in the
hippocampus area and ARC of rats receiving CIS for 21
days is reduced [52]. This study detected NPY content in
the hypothalamus of rats receiving constraint stress by ELISA
and observed NPY protein and gene expression in the ARC of
restrained rats by means of immunofluorescence and in situ
hybridization. Although there were changes in NPY protein
and gene expressions, compared with the normal rats, the
differences were not statistically significant. While RT-qPCR
results show that NPY mRNA expression in the ARC of CIS
rats is significantly reduced, in line with previous results
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[19, 52]. We hypothesize that after chronic stress, the binding
of leptin with ob-R in the ARC possibly causes a decrease in
NPY expression and inhibits appetite to reduce food intake
and thus reduces the increase in bodyweight.

However, many studies show that while food intake of
chronically stressed rats is reduced, NPY mRNA expression
in the arcuate nucleus is increased. For example, Sergeyev
et al. [53] investigated the rats exposed to repeated, unpre-
dictable, and mild stress for 3 weeks. As a result, NPY mRNA
expression in the arcuate nucleus significantly increased;
while the expression on hippocampal dentate gyrus was
reduced [53]. Makino et al. proved that for acute stress (2 h)
or chronic repeated immobilization stress (2 h daily, for 14
days), NPY mRNA expression in the arcuate nucleus was
significantly increased [54]. The inconsistent results of NYP
mRNA expression in the ARC induced by chronic stress:
(1) As a “stress molecule” [24, 25], NPY and the HPA axis
interact [20–23]. Psychological stress can activate the HPA
axis to promote an increase in glucocorticoid secretion. In
vitro and in vivo experimental studies show that gluco-
corticoid can stimulate the neurons in ARC to synthesize
NPY, and there are response fragments upstream of the
NPY gene encoding region carrying glucocorticoid [55]. This
could possibly explain the significant increase of NPY mRNA
expression in the hypothalamus after psychological stress. (2)
Additional reports show that increases in blood glucose can
upregulate NPY expression in hypothalamus [56]. Therefore,
an increase in the of body’s blood glucose after stress is
possibly another explanation for the significant increase of
NPY mRNA in hypothalamus. (3) The significant increase
of NPY mRNA in hypothalamus after psychological stress is
possibly associated with a neuropeptide and neurotransmit-
ter secretion disorder caused by psychological stress, but it is
necessary to carry out further research.

The results of this study from double-labeling immuno-
fluorescence, in situ hybridization, and RT-qPCR demon-
strate that ob-R protein and gene expression in the ARC of
CIS rats are significantly increased. While various observa-
tion methods show that NPY protein and gene expressions
have inconsistent changes (there were differences only for
RT-qPCR assay), suggesting that the intermediate link of
rat bodyweight is decreased and food intake loss of rats
caused by the binding of leptin with ob-R in hypothalamus
does not mainly pass through the NPY nervous inhibition
pathway, but it possibly passes through another nerve
pathway (possibly POMC, etc.).

Immobilization is a widely used method of nerve
stimulation in stressed animal models. Immobilization stress
deprives an animal of freedom of activity and is similar to
the human psychosomatic disease process. It is an example
of psychological frustration stress [57], mainly embodied in
body’s emotional disorder and behaviors such as depression,
anxiety, and abnormal changes in appetite and bodyweight.
Traditional Chinese prescription Xiaoyaosan is used to
treat emotional disorders such as depression, anxiety, and
irritation, and some symptoms such as dizziness, head
fullness, dry eye, sense of pharyngeal foreign body, chest
and hypochondrium distending pain, two-hypochondrium
distending pain, chest and hypochondrium dull pain, breast

distending pain, epigastric fullness discomfort after eating,
spiritlessness, languidness, sigh, premenstrual irritability,
menstrual abdominal distending pain, sexual dysfunction,
bad sleep, stool dry pond, lusterless complexion (http://dict
.cnki.net/dict result.aspx?searchword=%E9%9D%A2%E8%
89%B2%E5%B0%91%E5%8D%8E&tjType=sentence&style
=&t=lusterless+complexion), premenstrual breast distend-
ing pain, premenstrual chest and hypochondrium distending
pain, menstrual breast distending pain, and small and wiry
pulse and has functions of dispersing stagnated liver Qi
for relieving Qi stagnation and nourishing blood and
strengthening spleen, suitable for liver depression and spleen
deficiency syndrome [30, 58]. It has been proven through
systematical evaluation that for the treatment of depression,
Xiaoyaosan is effective and has no side effects [28].
Therefore, Xiaoyaosan has become a prescription preferred
by domestic scholars for resisting chronic stress, and its
chronic stress resistance has been widely researched. Also, a
certain progress has been achieved [7, 31–35]. Therefore, we
studied the effectiveness of selected extraction of Xiaoyaosan
as an intervention to regulate NPY and ob-R in the ARC of
stress rats. We show through immunofluorescence staining,
in situ hybridization, or RT-qPCR, that Xiaoyaosan decreases
ob-R protein and gene expression in the ARC of stressed rats.

5. Conclusion

The results of this study show that for somatic discomfort
symptoms such as appetite decrease and bodyweight loss
under chronic stress, increase of ob-R expression in the
ARC is possibly a central neuroendocrine mechanism. Also,
leptin signaling through ob-R in hypothalamus does not
appear to utilize the NPY nervous inhibition pathway, and
we presume that it possibly passes through another nervous
pathway (possibly POMC, etc.). Therefore, the molecular
basis of decreased regulation of ob-R expression in the
ARC and intracellular signal transduction pathway requires
further research. In addition, the results of this study suggest
that a decrease in ob-R in the ARC is possibly the target
of Xiaoyaosan, regulating somatic discomfort states with
appetite decrease and weight loss induced by chronic stress.
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This study investigated the neuroprotective activity of red ginseng extract (RGE, Panax ginseng, C. A. Meyer) against kainic acid-
(KA-) induced excitotoxicity in vitro and in vivo. In hippocampal cells, RGE inhibited KA-induced excitotoxicity in a dose-
dependent manner as measured by the MTT assay. To study the possible mechanisms of the RGE-mediated neuroprotective
effect against KA-induced cytotoxicity, we examined the levels of intracellular reactive oxygen species (ROS) and [Ca2+]i in
cultured hippocampal neurons and found that RGE treatment dose-dependently inhibited intracellular ROS and [Ca2+]i elevation.
Oral administration of RGE (30 and 200 mg/kg) in mice decreased the malondialdehyde (MDA) level induced by KA injection
(30 mg/kg, i.p.). In addition, similar results were obtained after pretreatment with the radical scavengers Trolox and N, N′-
dimethylthiourea (DMTU). Finally, after confirming the protective effect of RGE on hippocampal brain-derived neurotropic
factor (BDNF) protein levels, we found that RGE is active compounds mixture in KA-induced hippocampal mossy-fiber function
improvement. Furthermore, RGE eliminated 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals, and the IC50 was approximately
10 mg/ml. The reductive activity of RGE, as measured by reaction with hydroxyl radical (•OH), was similar to trolox. The second-
order rate constant of RGE for •OH was 3.5–4.5 × 109 M−1·S−1. Therefore, these results indicate that RGE possesses radical
reduction activity and alleviates KA-induced excitotoxicity by quenching ROS in hippocampal neurons.

1. Introduction

Panax ginseng C. A. Meyer (Araliaceae) is one of the most
widely used medicinal plants, particularly in traditional
oriental medicine, for the treatment of various diseases. It has
a wide range of pharmacological and physiological actions
[1, 2]. Red ginseng extract (RGE) derives from a ginseng
plant that has been cultivated for 4–6 years or more and
goes through an extensive cleaning, steaming, and drying
process [3]. Heat treatment of ginseng at 98–100◦C for 2-
3 h under high pressure increases the production of nonpolar
or lesspolar saponins such as Rg3, Rg5, Rg6, Rh2, and RK1.
These improved biologically active ginseng products result
from changes in the chemical constituents that occur during
steaming treatment [4]. In addition, the content of maltol

(3-hydroxy-2-methyl-4-pyrone) is increased by heat pro-
cessing of ginseng. The antioxidant activity of phenolic
compounds is correlated with their chemical structures.
The structure-activity relationships of some phenolic com-
pounds (e.g., flavonoids, phenolic acids, and tannins)
have previously been studied [5–7]. In general, the free
radical scavenging and antioxidant activity of phenolics
(e.g., flavonoids and phenolic acids) mainly depends on
the number and position of hydrogen-donating hydroxyl
groups on the aromatic ring of the phenolic molecules
and is affected by factors such as the glycosylation of
aglycones and other H-donating groups (–NH, –SH).
There have been many reports on antioxidant compo-
nents that generally focus on phenolic acids [5, 8, 9].
RGE has both stimulatory and inhibitory effects on the
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central nervous system (CNS) and may modulate neuro-
transmission [10]. Some studies have reported that RGE
has antioxidant, memory enhancing, antihypertensive, and
antistress effects [11, 12]. Red ginseng protected smokers
from oxidative damage and reduced cancer risk associated
with smoking [13]. RGE has been reported to scavenge
hydroxyl radicals (•OH), DPPH, and superoxide radicals
[14].

Excitatory amino acids (EEAs) such as glutamate are
well known as the primary neurotransmitters that mediate
synaptic excitation in the vertebrate CNS [15]. Glutamate
has dual actions on CNS neurons, acting as an excitatory
neurotransmitter at physiologic concentrations and as a
neurotoxic substance when present in excess. Glutamate
has also been implicated in the initiation of nerve cell
death under conditions of stroke, epilepsy, and other forms
of central nervous system insult. Glutamate kills neuronal
cells through either a receptor-mediated pathway or the
inhibition of cysteine uptake and the oxidative pathway
[16]. KA is a glutamate analogue with excitotoxic properties
[17, 18]. It is well known that KA induces elevations of
intracellular Ca2+ and extracellular glutamate levels via
coactivation of N-methyl-D-aspartate (NMDA) receptors.
Glutamate-evoked Na+ influx has also been proposed to
contribute to the acute form of neurotoxicity [19, 20].
Hippocampal mossy fiber (MF) sprouting is a potential
therapeutic target for epilepsy [21, 22]. The induction
of BDNF protein is most evident in the MF pathway
[21].

Reactive oxygen species (ROS) are by-products generated
by cellular oxidative metabolism. Oxidative stress is a causal,
or at least an ancillary, factor in the neuropathology of several
adult neurodegenerative disorders [23]. ROS are known to
play a role in KA-induced neuronal damage. Accumulating
evidence indicates that hippocampal oxidative insults might
be involved in KA-induced neurotoxicity in vivo [24, 25]
and in vitro. Direct evidence of free radical generation
during KA stimulation of cultured retinal neurons was
provided by electron spin resonance (ESR) spectroscopy
[26, 27]. ESR is a sophisticated spectroscopic technique that
detects free radicals or inorganic complexes in chemical
and biological systems [28]. ESR spectroscopy of spin-
trapped radicals has become the method of choice for
the detection and identification of free radicals formed
in biological systems [29, 30]. The spin-trapping tech-
nique utilizing nitrones has been applied to the detec-
tion of free radicals for over thirty years. Nitrone spin
traps are used in ESR studies because they specifically
react with free radicals to form a radical adduct with a
longer lifetime than the initial free radical. For biological
applications, nitrone spin traps such as 5, 5-dimethyl-l-
pyrroline-N oxide (DMPO) have been used most frequently
[29].

Despite the widespread use of RGE, knowledge of its
mechanism of action or protective effects on glutamate-
mediated toxicity is limited. In this study, to elucidate these
issues, we investigated the protective effect and possible
mechanism of RGE on kainate-induced excitotoxicity in
hippocampal neurons.

2. Materials and Methods

2.1. Chemicals and Reagents. RGE was kindly provided by the
Korea Ginseng Cooperation (Daejeon, Republic of Korea).
RGE yielded 4.37% saponins: the main components of
ginsenosides were Rb1 (12.6%), Rb2 (6.2%), Rc (6.9%),
Rd (3.4%), Re (6.4%), Rf (2.1%), Rg1 (15.8%), and Rg3

(1,4%). Those constituents are well standardized and qual-
ified by the Korea Ginseng Cooperation. KA ((2S,3S,4S)-
carboxy-4-(1-methylethenyl)-3-pyrrolidineacetic acid) was
purchased from Tocris (Ellisville, MO, USA). BDNF was
purchased from Abcam Inc. (Cambridge, MA, USA).
The OXYTEK thiobarbituric acid reacting substances
(TBARS) assay kit was purchased from Alexis (Farmin-
dale, NY, USA). 6-Carboxy-2′,7′-dichlorofluorescin diac-
etate (DCFH-DA) and fura-4/AM were purchased from
Molecular Probes Inc. (Eugene, OR, USA). DMPO was
purchased from Enzo (Plymouth Meeting, PA, USA). Fer-
rous sulfate (Fe2SO4·7H2O), hydrogen peroxide (H2O2,
30%), diethylenetriamene pentaacetate (DTPA), DPPH,
6-hydroxy-2,5,7,7-tetramethyl-chromane-2-carboxylic acid
(Trolox), DMTU, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), and all other chemicals were of
high quality and were obtained from Sigma (St. Louis, MO,
USA).

2.2. Animals. Male ICR mice (Samtako, Osan, Korea)
weighing 30–35 g were used for in vivo experiments (n =
7-8). Animals were housed in acrylic cages (45 cm ×
60 cm × 25 cm) with water and food available ad libitum
under an artificial 12 h light/dark cycle (light on at 7 : 00)
and constant temperature (22 ± 2◦C). Mice were housed
in the departmental room for 1 week before testing to
ensure adaptation to the new environment. All experiments
involving animals were performed in accordance with the
National Institutes of Health Guide for the Care and Use
of Laboratory Animals (NIH publication no. 85-23, revised
1985). The Institutional Animal Care and Use Committee of
Chungbuk National University approved the protocol.

2.3. Primary Hippocampal Neuronal Cell Culture and KA
Exposure. Primary cultures of rat hippocampal neurons
were prepared from the hippocampi of E18-19 Sprague-
Dawley (SD) rat embryos and cultured according to a
previously described method [31]. The hippocampi were
dissected and incubated with 0.25% papain in Ca2+ and
Mg2+-free Hank’s balanced salt solution at 37◦C for 20 min.
Cells were then mechanically dissociated with fire-polished
Pasteur pipettes by trituration and plated on poly-L-lysine
coated coverslips in 35 mm culture dishes. Cells were
maintained in Neurobasal/B27 medium containing 0.5 mM
L-glutamine, 25 μM glutamate, 25 μM 2-mercaptoethanol,
100 unit/mL penicillin, and 100 μg/mL streptomycin in a
humidified atmosphere of 95% air and 5% CO2 at 37◦C,
with half of the medium changed every 2 days. Hippocampal
neurons were cultured for 12–14 days before KA (100 μM)
exposure. RGE (0.01–1.0 mg/mL) was added 0.5–1 h before
KA treatment.
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2.4. Cell Viability Assay. Cell viability assays were performed
as described [32]. After exposure for the indicated times,
neurons were assayed for viability using MTT (Sigma, St.
Louis, MO, USA), which was added at a final concentration
of 5 mg/mL for 4 h. MTT was removed, and neurons
were lysed in 200 μL of dimethyl sulfoxide (DMSO). The
absorbance was measured at 570 nm on a SpectraMax M2
multimode microplate reader (Sunnyvale, CA, USA). The
data are expressed as the percentage of unexposed neurons
that remained in the presence of KA.

2.5. Intracellular ROS Measurement. Production of ROS
in neurons was determined using DCFH-DA (Molecular
Probes, Eugene, OR, USA) as previously described [33].
Cultures were incubated with 10 μM DCFH-DA at 37◦C
for 30 min. After DCFH-DA was removed, the cells were
recorded. DCFH-DA-loaded cells were placed in a Spec-
traMax M2 multiwell fluorescence microplate reader (Sun-
nyvale, CA, USA) with excitation at 515 nm and emission
552 nm. The protein concentration was determined by the
Bradford assay.

2.6. Intracellular Calcium Measurement. The acetoxymethyl
ester form of fura-4 (Molecular probes, Eugene, OR, USA)
was used as the fluorescent Ca2+ indicator. Hippocampal
cells were incubated for 60 min at room temperature with
5 μM fura-4/AM and 0.001% Pluronic F-127 in a HEPES-
buffered solution composed of (in mM) 150 NaCl, 5 KCl,
1 MgCl2, 2 CaCl2, 10 HEPES, and 10 glucose. The pH was
adjusted to 7.4 with NaOH. The cells were then washed
with HEPES-buffered solution and placed on a SpectraMax
M2 multiwell fluorescence microplate reader (Sunnyvale,
CA, USA). Emitted fluorescence was calculated using a
fluorescence analyzer and converted to intracellular free Ca2+

concentration [Ca2+]i.

2.7. Lipid Peroxidation Assay. Lipid peroxide formation was
analyzed by measuring the TBARS in homogenates, as
described by Suematsu et al. [34]. The OXYTEK TBARS assay
Kit was used for these measurements. Lipid peroxidation
was determined using their protocol by measuring the
absorbance at 532 nm and was expressed as nmol of malondi-
aldehyde (MDA)/mg of protein. The protein concentrations
of hippocampi were determined using the Bradford assay.

2.8. Western Blotting Assay. Cells were harvested, washed
twice with ice-cold PBS, and lysed in a lysis buffer for
30 min on ice, with vortexing every 5 min. Lysates were then
centrifuged at 14,000 rpm for 5 min to remove insoluble
material. Protein concentrations were determined by the
Bradford method (Bio-Rad) using BSA as a standard.
For BDNF, protein was separated on 16% SDS-PAGE
gels. The gels were subsequently transferred onto PVDF
membranes (Amersham Hybond TM-P, GE Healthcare,
Buckinghamshire, UK) by electroblotting for 2 h at 60–75 V.
Membranes were then blocked with 5% nonfat milk solution
in Tris-NaCl buffer (TNT) containing 0.5% Tween-20 and
incubated with primary antibodies as indicated. Monoclonal

donkey anti-rabbit IgG horseradish peroxidase-conjugated
secondary antibodies were used at 1 : 3,000. Proteins were
detected by enhanced chemiluminescence using a commer-
cial kit (Amersham).

2.9. 1,1-Dipheny-2-picrylhydrazyl (DPPH) Assay. The scav-
enging of the stable free radical DPPH by RGE was assayed
spectrophotometrically [35]. DPPH in ethanol (0.1 mM)
(control) was mixed thoroughly with various concentrations
of RGE (0–10 mg/mL), and the absorbance was read at
517 nm. The degree of DPPH radical scavenging activity
of RGE was calculated as a percentage of inhibition (%
inhibition), where

% inhibition =
⎡
⎣
(
Acontrol − Asample

)

Acontrol

⎤
⎦× 100. (1)

2.10. •OH Scavenging Activity by ESR. •OH was generated by
the Fenton Reaction System, and the generated •OH rapidly
reacted with the nitrone spin trap DMPO [29]. The resultant
DMPO/•OH adduct was detected with an ESR spectrometer.
RGE (0.2 mL) at various concentrations was mixed with
DMPO (0.2 M, 0.2 mL), Fe2SO4 (2.0 mM, 0.2 mL), and H2O2

(2.0 mM, 0.2 mL) in a phosphate buffer solution (100 mM,
pH 7.2), and the mixture was transferred to a quartz flat cell
for ESR measurements. The mixture was performed in an
ESR cavity at room temperature (24-25◦C). After reaction,
the ESR spectrum was recorded at room temperature
using an ESR (JEOL JESTE-300) spectrometer (JEOL, Inc.,
Tokyo, Japan) equipped with a TE102 cavity. Experimental
conditions were as follows: magnetic field, 339.3 ± 10 mT;
power, 2.2 mW; modulation frequency, 9.44 GHz; amplitude,
10 × 10; sweep time, 0.5 min. The results were indicated as
the time required to produce a 50% inhibition or decrease in
signal peak height (IH50) by ESR.

2.11. Statistical Analysis. Data were presented as means ±
SEM. For statistical comparisons, the results were analyzed
using one-way analysis of variance (ANOVA). A P value <
0.05 was considered statistically significant. In the case of
significant variation, the individual values were compared
with the Holm-Sidak test.

3. Results

3.1. Protection from Kainate Toxicity by RGE. To evaluate the
protective effect of RGE against KA-induced cytotoxicity, we
examined cell death in primary hippocampal neurons by the
MTT assay. Neurons were exposed to KA at concentrations
of 0, 30, 50, 70, and 100 μM for 48 h (Figure 1(a)). Figure 2
shows that cell death is rapid, with growth inhibited to
55.1±1.0% of control levels after 48 h of KA exposure. When
cells were exposed to 100 μM KA, cell death was significant
after 48 h (Figure 1). Exposure of hippocampal neurons to
100 μM of KA for 48 h elicited a significant decrease in cell
survival, whereas KA-induced neuronal loss was inhibited by
63.1± 1.8% and 74.4± 1.4% by adding 0.01 and 1.0 mg/mL
of RGE, respectively (Figure 1). Additionally, 76.8±1.9% and
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Figure 1: RGE prevents KA-induced neuronal loss in primary cultured hippocampal cells. (a) Concentration data for KA-induced toxicity
in primary cultured hippocampal neurons. Examination of the dose effect of KA on neuronal viability by the MTT assay. Neurons were
exposed to KA at concentrations of 0, 30, 50, 70, and 100 μM for 48 h. (b) Protection of hippocampal neurons against KA-induced cell loss
by RGE. Neurons were exposed to 100 μM KA at 1 h after 0.01–1.0 mg/mL of RGE, Trolox (100 μM), or DMTU (100 μM) treatment. Cell
viability at 48 h after KA exposure was measured by the MTT assay. All data are presented as means ± SE. ###P < 0.001 versus the control
group. ∗∗∗P < 0.001 versus the KA group.

76.9± 0.1% inhibition of cell death were achieved by 100 μM
trolox and DMTU, respectively. When we explored the role of
non-N-methyl-D-aspartate (NMDA) receptors in excitotoxi-
city, KA-induced cell death was blocked by 20 μM 6-cyano-7-
nitroquinoxaline-2,3-dione (CNQX), a non-NMDA receptor
antagonist. These results indicate that RGE can protect
neurons against KA-induced cytotoxicity.

3.2. Effects of RGE against Oxidative Stress. Because KA
induces oxidative damage in cultured murine neurons,
we examined whether RGE affected 100 μM KA-induced
ROS levels in primary hippocampal neuronal cells by the
DCFH-DA assay. Low levels of ROS were found in control
(2, 582 ± 124 fluorescence intensity), and these values were
considered physiological. In contrast, a significant increase
in ROS concentration was seen, with an intensity value of
3, 424 ± 79, after treatment with 100 μM KA for 48 h. As
shown in Figure 2, ROS levels displayed intensity values of
3, 056 ± 89 and 2, 883 ± 157 at doses of 0.1 and 1.0 mg/mL
of RGE, respectively. Trolox and DMTU also exhibited an
inhibition in ROS production at the highest KA dose of
100 μM (Figure 2). Taken together, these results indicate that
100 μM KA treatment elevates ROS production and that
pretreatment with 0.1 to 1.0 mg/mL of RGE significantly
decreases ROS production (Figure 2). These results indicate
that RGE can protect neurons against KA-induced excitotox-
icity through its antioxidant effects.

3.3. Inhibition of Ca2+ Influx. In oxidative glutamate toxicity,
a 100-fold increase in intracellular ROS results in the

elevation of cytosolic Ca2+, which precedes cell death. To
investigate the mechanism of protection of RGE against KA-
induced neurotoxicity, we examined whether RGE could
inhibit KA-induced intracellular [Ca2+]i elevation in cul-
tured hippocampal neurons. We measured [Ca2+]i levels
using the Ca2+ indicator, fura-4. As shown in Figure 3,
100 μM KA treatment led to a significant elevation of [Ca2+]i

(data not shown). The % inhibition of [Ca2+]i elevation by
RGE in hippocampal neurons was 4.4±0.04%, 10.1±0.02%,
and 18.9 ± 0.04%, at doses of 0.01, 0.1, and 1.0 mg/mL,
respectively, where [Ca2+]i levels in normal controls were
considered 100% (Figure 3). Treatment with RGE at doses
of 0.01, 0.1, and 1.0 mg/mL inhibited KA-induced [Ca2+]i

elevation in a dose-dependent manner. In contrast, treat-
ment with trolox, DMTU, or CNQX made slight effect.
These results indicate that 100 μM KA treatment of cultured
hippocampal neurons elevates [Ca2+]i and that this effect is
attenuated by treatment with RGE at concentrations of 0.01,
0.1, and 1.0 mg/mL.

3.4. Inhibition of MDA Levels by RGE. Free radicals may be
one of the major causes of excitotoxicity lesions. Therefore,
we estimated free radical generation using a TBARS assay.
TBARS levels, an indicator of lipid peroxidation, were
significantly increased in the hippocampi of mice treated
with KA dose-dependently when compared to the control
group (vehicle) that had not received the stressor agent.
However, pretreatment with 30 and 200 mg/kg doses of RGE
for 10 days significantly prevented KA-induced increase in
TBARS levels. Complete inhibition of lipid peroxidation was
observed at 200 mg/mL of RGE (Figure 4). Animals treated



Evidence-Based Complementary and Alternative Medicine 5

2400

3000

3600

Fl
u

or
es

ce
n

ce
 (

in
te

n
si

ty
)

∗ ∗

Control 30 50 70 100

KA (μM)

(a)

2400

3000

3600

Fl
u

or
es

ce
n

ce
 (

in
te

n
si

ty
)

#

∗∗∗

∗∗∗ ∗∗∗

∗∗∗

∗∗

RGE (mg/ml)

D
M

T
U

Tr
ol

ox

C
N

Q
X

KA (100 μM) KA (100 μM)

Control 0.01 0.1 1 100 100 20 (μM)—

(b)

Figure 2: Effects of RGE and scavengers against oxidative stress in primary cultured hippocampal cells. (a) Concentration data for KA-
induced ROS levels in primary cultured hippocampal neurons. Examination of the dose effect of KA on neuronal ROS level by the DCFH-
DA assay. Neurons were exposed to KA at concentrations of 0, 30, 50, 70, and 100 μM for 48 h. (b) Protection of hippocampal neurons
against KA-induced ROS levels by RGE. Neurons were exposed to 100 μM KA at 1 h after 0.01–1 mg/mL of RGE, trolox (100 μM), or DMTU
(100 μM) treatment. All data are presented as means± SE. ###P < 0.001 versus the control group. ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001 versus
the KA group.
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Figure 3: Effect of RGE and scavengers on [Ca2+]i influx in primary cultured hippocampal cells. (a) Concentration data for KA-induced
[Ca2+]i in primary cultured hippocampal neurons. Examination of the dose effect of KA on neuronal [Ca2+]i by the Ca2+ indicator with
fura-4. Neurons were exposed to KA at concentrations of 0, 30, 50, 70, and 100 μM for 48 h. (b) Protection of hippocampal neurons against
KA-induced [Ca2+]i by RGE. Neurons were exposed to 100 μM KA at 1 h after 0.01–1.0 mg/mL of RGE, trolox (100 μM), or DMTU (100 μM)
treatment. All data are presented as means ± SE. ###P < 0.001 versus the control group. ∗P < 0.05, and ∗∗P < 0.01, ∗∗∗P < 0.001 versus the
KA group.
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Figure 4: Effect of RGE and scavengers on MDA levels in KA-treated hippocampal tissue homogenates. Male mice were grouped (n = 5
or 6/group) and pretreated (i.p. injection) with RGE (30–200 mg/kg) and scavengers such as trolox (50 mg/kg, i.p.) and DMTU (50 mg/kg,
i.p.), or NaCl (0.9%). Thirty minutes after the final RGE or saline pretreatment, seizures in the KA, scavengers + KA, and RGE + KA groups
were induced by KA injection (30 mg/kg, i.p.); the mice in the saline group received an equal volume of 0.9% NaCl. All data are presented as
means ± SE. ###P < 0.001 versus the control group. ∗∗P < 0.01, ∗∗∗P < 0.001 versus the KA group.
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Figure 5: DPPH radical-scavenging activity of RGE. 0.01–
1.0 mg/mL of RGE was used. Trolox, as a positive control, scavenged
100% of the DPPH radical at 0.25 mg/mL. All data are presented as
means ± SE. ∗∗∗P < 0.001 versus the control group.

only with RGE at both doses presented no alteration in
TBARS levels (data not shown).

3.5. DPPH Radical Reduction Activity of RGE. The activity
of ginseng is generally explained by its antioxidative efficacy.
To identify the redox potential of RGE, the reduction
of the DPPH radical was analyzed in mixed solutions
(RGE+DPPH). Figure 5 shows that RGE scavenged the
DPPH radical in a dose-dependent manner, and the IC50 of
RGE was approximately 10 mg/mL (Figure 5). Trolox used as

a positive control scavenged 100% of the DPPH radical at
0.25 mg/mL.

3.6. •OH Reduction Activity of RGE. •OH generated by
the Fenton Reaction System was trapped by DMPO, which
could be detected by an ESR spectrometer. The typical
1 : 2 : 2 : 1 ESR signal of the DMPO/•OH adduct (AN =
AH = 14.4 G) was observed as shown in Figure 6(a). Each
spectrum was obtained 15 min after the start of the Fenton
Reaction. RGE inhibits the Fenton Reaction by reaction with
•OH. In addition, as shown in Figure 6(b), the signal of
the DMPO/•OH adduct gradually decreased over time. The
decay rate showed approximately a pseudo-first-order kinet-
ics over the period of measurement (10 min), and the half-
life of the DMPO/•OH signal was estimated to be 8.15 min.
The order of reduction activities in the Fenton Reaction
System was DMTU > RGE > trolox. The RGE reduction
activity was similar to trolox. The activities of DMTU, RGE,
and trolox were 5.76, 7.5–8, and 8.17 min, respectively. The
second-order rate constants were estimated to be 3.4 ×
109 M−1·S−1 for trolox and 4.7 × 109 M−1·S−1 for DMTU.
From these results, it is possible to estimate the apparent
second-order rate constant of RGE for •OH. Therefore, we
demonstrated that RGE reacts with •OH and has reduction
activity and that the second-order rate constant of RGE for
•OH is approximately 3.5–4.5× 109 M−1·S−1.

3.7. Alterations in BDNF Protein Levels after KA Injury. In
search of endogenous substances having protective action
against EAA, we investigated alterations in hippocampal
BDNF expression induced by KA (Figure 7). BDNF pro-
tein was decreased after KA exposure. Downregulation of
hippocampal BDNF protein induced by KA was increased
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Figure 6: Reduction activity of RGE on •OH. (a) ESR spectra of the DMPO/•OH adduct were generated in a Fenton Reaction System. The
solutions with a final volume of 0.1 mL contained 2.0 mM ferrous sulfate, 2.0 mM H2O2, and 100 mM phosphate buffer (pH 7.2). Reactions
were started by the addition of ferrous ammonium sulfate (2.0 mM final concentration), and the steady-state ESR spectra were recorded
at 15 min after the Fenton Reaction. Upper line, DMPO/•OH adduct; lower line, RGE (1.0 mg/mL). (b) Time course of •OH degradation
induced by the Fenton Reaction System. DMPO/•OH adduct, RGE (1.0 mg/mL), trolox (1.0 mM), and DMTU (1 mM).
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Figure 7: Effect of RGE and scavengers on BDNF levels in KA-
treated hippocampal neurons. Immunoblots of lysed embryonic
rat hippocampi 2 days following administration of RGE or KA are
shown. Neurons were exposed to KA at concentrations of 0, 30,
50, 70, and 100 μM for 48 h. Neurons were exposed to 100 μM KA
at 1 h after 0.01–1.0 mg/mL of RGE, trolox (100 μM), and DMTU
(100 μM) treatment. GAPDH levels were measured to confirm
equal protein loading.

above control levels by RGE treatment. Decrease in BDNF
expression in response to KA was antagonized by CNQX.
Moreover, slight changes in BDNF expression were noted in
trolox and DMTU treatment. Collectively, these data suggest

that RGE is an active compound in KA-induced hippocampal
mossy-fiber function improvement.

4. Discussion

Our results clearly demonstrate that RGE, one of the
most widely used medicinal plants, has significant antiox-
idant/neuroprotective effects against kainic acid- (KA-)
induced excitotoxicity in vitro and in vivo. We found that
RGE reduced in vitro toxicity induced by KA, a potent
neurotoxin. KA inhibited cell death and the generation of
[Ca2+]i and ROS in hippocampal neurons and increased
MDA and BDNF levels in hippocampal tissue. In addition,
RGE possesses •OH reduction activity in the Fenton Reaction
System as measured using the ESR spectrometer.

KA is a specific agonist of the KA receptor and a selective
ionotropic glutamate agonist. Glutamate toxicity is the major
contributor to pathological cell death within the nervous
system and appears to be mediated by ROS [36]. Oxidative
glutamate toxicity has also been implicated in the initiation
of nerve cell death under conditions of stroke, epilepsy,
and other forms of central nervous system insult. •OH is a
strong oxidant. ESR is the preferred tool for detecting and
identifying free radicals and is widely used. The ESR spin-
trapping technique is the only viable spectroscopic technique
for detecting •OH under physiologically relevant conditions
[29, 30, 37]. For •OH signal detection, we used the Fenton
Reaction System, as shown in Figure 6. RGE inhibits the Fen-
ton Reaction by reaction with •OH because of its fast initial
velocity and high second-order rate constant. DPPH and ESR
spin-trapping data are good pieces of evidence that indicate
the radical reduction activity of RGE (Figures 5 and 6)
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[38, 39]. Additionally, we estimated the second-order rate
constant of RGE/•OH to be 3.5–4.5× 109 M−1·S−1.

The mammalian hippocampus plays a pivotal role in
a diverse set of cognitive functions, including memory.
Glutamatergic signaling in the hippocampus changes during
oxidative stress. Cultured rat hippocampal neurons are a
useful model for studying the glutamate system. In the
toxicity experiments shown in Figure 1, RGE exerted neu-
roprotective effects against glutamate-induced neurotoxicity.
These effects may be explained by the redox antioxidant
system, although we cannot rule out the involvement of other
mechanisms. Antioxidants in foods and medicinal plants (or
herbs) have attracted interest in recent years. Ginsenosides,
the main pharmacologically active constituents of ginseng,
consist of four hydrophobic ring steroid-like structures with
hydrophilic sugar moieties. Free, monomeric, dimeric, or
trimeric sugars are bound to hydroxyl groups (•OH) on
carbon-3, -6, and -20 of ginsenosides. They also exist as
stereoisomers. This epimerization is known to occur by the
selective attack of •OH after the elimination of the glycosyl
residue at C-20 during the steaming process. In addition,
less-polar ginsenosides such as RGE are known to be easily
produced by the elimination of H2O at C-20 of the RG
species under high pressure and temperature conditions as
in autoclaving. Phenolic compounds are commonly found
in plants and have been reported to have multiple biological
effects, including antioxidant activity [8, 40, 41]. Phenolic
compounds and maltol have strong free radical scavenging
activities [42, 43]. In addition, the chelating activity of the
hydroxypyrone structure, like other iron chelators such as
desferrioxamine (DFO), is very important. Based on these
reasons, it is possible that the activity of the phenol extract
of RGE is due to its hydrogen-donating ability or chelating
ability.

Intracellular calcium levels are usually very low
(∼10−7 M). Excessive accumulation of intracellular calcium
is the key process leading to neuronal death or injury.
NMDA receptors activate channels that allow the influx of
extracellular calcium (and sodium) [44]. Overstimulation
of this type of glutamate receptor leads to neuronal calcium
overload. Both AMPA and KA receptors are linked to Na+

permeable channels. Depolarization is initiated primarily
by activation of AMPA receptors and subsequently by
activation of voltage-dependent sodium channels. This leads
to sodium entry and further depolarization. Na+ influx can
be involved in the toxic process by causing osmotic stress
[20] and via depolarization by opening voltage-operated
calcium channels. In addition, Ca2+ influx can damage
neurons by activating various enzymes. If the cell becomes
chronically depolarized, the NMDA receptor will relinquish
its magnesium block and become available for activation
by synaptic glutamate. Its activation is a major source of
calcium entry into the cell. Sustained increase in intracellular
Ca2+ concentration [Ca2+]i initiates the excitotoxic processes
culminating in delayed neuronal death.

KA is toxic mainly in the hippocampus, which has
high-affinity KA binding sites. To search for endogenous
substances having a protective effect against EAA, we inves-
tigated the alterations in hippocampal BDNF expression.

The protein family of neurotrophins consisting of nerve
growth factor (NGF), BDNF, NT-3, NT-4/5, NT-6, and NT-
7 is known to regulate the survival and differentiation of
peripheral nervous system (PNS) and CNS neurons [45].
In the recent years, evidence has accumulated that BDNF
plays an additional important role in hippocampal synaptic
plasticity by either facilitating transmitter release from presy-
naptic terminals or enhancing postsynaptic NMDA receptor
function. Therefore, it is possible that the attenuation of
NMDA neurotoxicity is caused by diffusible factors secreted
by the striatal cells, such as neurotrophins like BDNF.
The substances protecting neurons from stress caused by
ROS such as •OH may have a role in the promotion of
hippocampal mossy-fiber functions in the CNS.

5. Conclusions

RGE protected hippocampal neurons from toxicity due to
KA-induced increases in [Ca2+]i, ROS, and MDA levels.
The RGE reaction with DPPH and •OH possesses radical
reduction activity, and the second-order rate constant for
•OH is 3.5–4.5 × 109 M−1·S−1. RGE alleviates KA-induced
excitotoxicity by quenching ROS in hippocampal neurons.
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This study was to investigate antidepressant activities of Shuyusan (a Chinese herb), using a rats model of depression induced
by unpredictable chronic mild stress (UCMS). The administration groups were treated with Shuyusan decoction for 3 weeks and
compared with fluoxetine treatment. In order to understand the potential antidepressant-like activities of Shuyusan, tail suspension
test (TST) and forced swimming test (FST) were used as behavioral despair study. The level of corticotropin-releasing factor
(CRH), adrenocorticotropic hormone (ACTH), corticosterone (CORT) and hippocampus glucocorticoid receptor expression were
examined. After modeling, there was a significant prolongation of immobility time in administration groups with the TST and
FST. High-dose Shuyusan could reduce the immobility time measured with the TST and FST. The immobility time in high-dose
herbs group and fluoxetine group was increased significantly compared with the model group. After 3 weeks herbs fed, the serum
contents level of CRH, ACTH, and CORT in high-dose herb group was significantly decreased compared to the model group. The
result indicated that Shuyusan had antidepressant activity effects on UCMS model rats. The potential antidepressant effect may
be related to decreasing glucocorticoid levels activity, regulating the function of HPA axis, and inhibiting glucocorticoid receptor
expression in hippocampus.

1. Introduction

In studies of pathogenesis on depression, hypothalamic-
pituitary-adrenal axis (HPA) hyperactivity, and neuroen-
docrine disorders are more recognized; in addition to
monoamine neurotransmitters [1–3]. Hippocampus, as an
important role of brain for cognition, emotion, and memory
function, is the center of motional for learning and memory
consolidation [4]. Studies have proposed that long-term
chronic stress could cause hyperthyroidism of the HPA,
that increased level of corticotropin-releasing factor (CRH),
adrenocorticotropic hormone (ACTH), and corticosterone
(CORT), which led to excessive expression of glucocorticoid
receptor (GR) of HPA [5]. This long-term overexpression

and increased levels of glucocorticoid caused by chronic
stress could lead to hippocampus neuronal cell damage
and lead to depressive symptoms, such as depressed mood,
feeling of worthlessness, insomnia, forgetfulness, sexual
dysfunction, and other symptoms of depression [6, 7].

Traditional Chinese medicine has a good effect in
treatment of depression. An increasing use of traditional
Chinese medicine for depression treatment showed that
traditional prescription drugs exhibited certain clinical
efficacy, enhanced efficacy, and reduced dosages and side
effects of common medicines, in combination with other
antidepressants [8]. In Chinese medicine theory, liver plays
an important role in the pathology of depression. Depression
is commonly caused by emotional stress and injury as well as
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failure of liver catharsis function and stagnation of liver Qi,
(Qi is an energy flow, a vital energy, that circulates the body
to regulate body functions) or life source [9–11]. Shuyusan
has been effective herbs prescription against depression in
our hospital for many years, which shows the effect of
purifying the heart heat and regulating Qi and Blood. Our
previous clinical study showed that Shuyusan could improve
the clinical symptoms of depression, and laboratory study
indicated that Shuyusan could increase 5-hydroxytryptamine
(5-HT) and improve the 5-HT expression of hippocampus
neurons on rats caused by chronic mild unpredictable
stress-induced depression [12–14]. The main component of
Shuyusan was Geniposide, Deoxyschizandrin, and Spinosae
flavonoid glycosides. The Geniposide has a protective effect
for SH-SY5Y cells, which injured by the high-dose corticos-
terone injury model using SH-SY5Y cells [15]. Therefore,
protecting neurotransmitters from injury is one of the most
important neuroprotective roles of Shuyusan whether the
antidepressant activity effect of Shuyusan is dependent on
its interaction with GR receptors in the hippocampus and
could regulate the serum level of CRH, ACTH, and CORT in
the rat of chronic stress-induced depression. In the present
study, we aimed to investigate the effect of Shuyusan on the
behavioral despair tasks, serum level of CRH, ACTH, and
CORT, and expression of glucocorticoid receptor of HPA in
current study.

2. Materials and Methods

2.1. Animals. We used 70 adult male Sprague-Dawley (SD)
rats weighed 180–220 g (license no. SLXK 2009-0007) for
quantitative analysis. SD rats were supplied by the medical
experimental animal center of the Chinese People Liberation
Army (PLA) General Hospital. The 70 SD rats were equally
and randomly assigned into one of six groups, namely,
normal control, model, high-dose treatments, medium-dose
treatments, low-dose treatments with Shuyusan decoction,
and fluoxetine treatment group (N = 10). In addition, tra-
ditional Chinese medicine and Western medicine treatment
groups were administered by Shuyusan herbs decoction
and fluoxetine, respectively. Model and control groups were
treated with saline. One rat in the traditional Chinese
medicine treatment group died at 24 days and hence was
excluded from analysis, but all remaining rats were included
in the final analysis. Protocols were conducted in accordance
with the Guidance Suggestions for the Care and Use of
Laboratory Animals, formulated by the Ministry of Science
and Technology of the People’s Republic of China.

2.2. Drugs, Reagents, and Drug Administration. Shuyusan
(10 g Bupleurum, 15 g Radix Curcumae, 6 g mint, 10 g cape
jasmine fruit, 10 g Poria cocos, 10 g radix polygalae, 10 g
calamus, 15 g spine date seed, and 10 g flower of silk tree
Albizzia in Table 1) was provided by the pharmacy of the PLA
General Hospital. Its main active compounds are spine date
seed, magnoliavine fruit, and cape jasmine fruit. Shuyusan
was boiled, filtrated and concentrated to 5 g/mL liquided at
80◦C water bath, and stored at 4◦C refrigerator. When used,

Table 1: The table of components and ratio of Shuyusan.

Plant species Family Plant part Pinyin

Bupleurum Umbelliferae Root Chaihu

Radix curcumae Zingiberaceae Root Yujin

Mint Labiatae Leaf Bohe

Cape jasmine fruit Rubiaceae Fruit Zhizi

Poria cocos Polyporaceae Sclerotium Fuling

Radix polygalae Polygalaceae Root Yuanzhi

Calamus Araceae Rootstock Shichangpu

Spine date seed Rhamnaceae Seed Suanzaoren

Flower of silk tree
Albizzia

Pea family Inflorescence Hehuanhua

it was diluted with distilled water gavages to rats. Prozac (flu-
oxetine hydrochloride dispersible tablets, pantheons France
company, France, Lot: 9711B, 20 mg/tablet), was used in
concentration to 2 mg/mL liquid by distilled water. The
control group was normally fed without any treatment. The
rats in the model, Shuyusan groups, and fluoxetine group
were subjected to a model of unpredictable chronic mild
stress and fed isolation. The model group was fed normally
after 21-day stress stimulation; high-dose Shuyusan group
was administered with Shuyusan contained the herds of
25 g/kg by gastric perfusion one time per day; medium-
dose Shuyusan group was with the herds of 7.5 g/kg; low-
dose Shuyusan group was with herds of 2.5 g/kg; fluoxetine
was dissolved into 2 mL normal saline and was administered
10 mg/kg through gastric perfusion for the fluoxetine group.
The fed dosage of Shuyusan: according to clinical experience,
the effective dosage of normal 60 kilogram adult was to
take 96 gram per day of Shuyusan, so the rat of 200 gram
would take Shuyusan 0.32 gram per day. The rats started
accepting the above treatments in the 21 days and the rats
in treatment groups were continuously administered with
the drugs through gastric perfusion for 21 days. All rats
were included in the final analysis. Rat CRH, ACTH, and
CORT ELISA kit (R&D, United States), GR primary antibody
kit (Santa Cruz), low temperature for high-speed centrifuge
(Sigma, USA), inverted microscope (OLYMPUS Japan),
microplate reader (TECAN, Switzerland), homemade open
boxes, and so forth.

2.3. Model of Depression for Chronic Unpredictable Mild
Stress (CUMS). Adopted model of depression for chronic
unpredictable mild stress (CUMS) and improvement for a
little. The normal control group was housed five rats per
cage and dieted, drunk water, not to any stimulus. The
model group was fed one rat for each cage and received 21
days of stress stimulation, that contains water deprivation
(24 h), fasting (24 h), clamping the tail (1 min), electric shock
foot (20 v, 10 seconds/time, 1 min), forcing swim in ice
water (4◦C, 4 min), tilting cages (45◦C, 12 h), converting the
circadian rhythm, braking (2 h), and thermal stimulation
(40◦C, 5 min), randomly assigned 1-2 kinds of stimulation
daily, and each stimulus repeated 2-3 times.
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2.4. ELISA Analysis of CRH, ACTH, and CORT. After the
end of the experimental period, all rats were intraperitoneally
injected for anesthesia by 10% chloral hydrate (3 mL/kg),
exposed heart, perfused rinse through the ascending aorta by
0.9% saline (37◦C, 250 mL) and perfuse 4% paraformalde-
hyde solution (4◦C, PH = 7.4, 200 mL) until limbs stiff of the
animals. Finally, the brains were removed and repaired block,
stored in 10% polyformaldehyde solution. The organization
of the brain tissue was added an appropriate amount of
saline and mashed, centrifuged for 10 min (3000 rpm), and
extracted the supernatant. Then we removed the ELISA
kit (CRH, ACTH, and CORT) from 4◦C refrigerator and
coordinated to room temperature, removed the reaction
plate, and set blank wells separately (blank comparison wells
did not add sample and HRP-conjugate reagent, other each
step operation is same). The sample test well: we added
sample dilution 40 μL to testing sample well, then added
testing sample 10 μL (sample final dilution is 5-fold), added
sample to wells, did not touch the well wall as far as
possible, and gently mix. After closed plate with closure plate
membrane, we incubate for 30 min at 37◦C, then uncovered
closure plate membrane, discarded liquid, dried by swing,
add washed buffer to every well, still for 30 s then drained,
repeated 5 times, and dried by pat. Then added HRP-
conjugate reagent 50 μL to each well, except blank well; added
chromogen solution A 50 μL and chromogen solution B to
each well, evaded the light preservation for 15 min at 37◦C;
added stop solution 50 μL to each well; stop the reaction.
We took blank well as zero, read absorbance at 450 nm
after added stop solution and within 15 min. In the end, we
detected the concentration in the standard curve according
to OD values of samples.

2.5. Behavior Despair Study. Open-field test: an open-field
method was used to conduct praxeological scoring in all
group rats. The open-field device was made of opaque
materials with 76 cm× 76 cm square, located on the bottom,
which was equally divided into 25 equilateral squares.
Around, there was a wall with the height of 45 cm. The rat
was put in the central square and then measured the square
numbers the rat crossed in 3 minutes (only the squares the
rat entered on four feet could be numbered as the score
of horizontal activity) and the times of standing on hind
limbs were observed. Each rat was measured once for three
minutes, which would be scored by two observers and the
average value was taken. The percentage time spent in this
central zone is considered indicative of exploratory behavior
and may reflect a decrease in anxiety, although this OF
parameter is not sensitive to all anxiolytics and may not
model certain features of anxiety disorders [16, 17].

Forced-Swimming Test (FST). A forced-swimming test was
used to all groups, according to the method of Porsolt [18].
Rats were placed in an open cylindrical container (diameter
10 cm, height 25 cm), containing 15 cm of water at 25 ± 1◦C.
The duration of observed immobility was recorded during
the last 4 min of the 6 min testing period [19, 20]. Rats
are forced to swim in the restricted space from which they

cannot escape and are induced to the characteristic behavior
of immobility. The duration of observed immobility was
recorded during the last 4 min of the 6 min testing period.
When rats ceased struggling and remained floating motion-
less in the water, they were judged to be immobile. Decrease
in the duration of immobility during the FST was taken as a
measure of antidepressant activity.

Tail Suspension Test (TST). The duration of immobility
time induced by tail suspension was measured according
to the method of Steru [21]. Rats both acoustically and
visually isolated were suspended above the floor by adhesive
tape placed approximately 1 cm from the tip of the tail.
The remained immobile time of TST was quantified for
6 min. Rats were considered immobile only when they hung
passively and completely motionless.

2.6. GR-Receptor Determination. Endogenous peroxidase
was inactivated with 3% H2O2. Sections were blocked in
10% normal goat serum at 37◦C for 30 minutes, added
primary antibody at 4◦C overnight, and washed with PBS.
The average optical density of positively stained cells of the
slices obtained above was analyzed using Image-Image Pro
software (Media Cybernetic, Bethesda, Maryland, USA)
to analyse the immunohistochemical positive cells and
integrated optical density (integral optical density, IOD).
Three slices from each group were chosen for the analysis.
For each slice, three images from three different areas,
the layer four to layer five of frontal cortex, region CA1
of hippocampus (located about 600 um away from the
starting point of middle line of A1 area) and region CA3 of
hippocampus (the top point of hippocampus turning area),
were evaluated under 200x objective lens.

2.7. Statistical Analysis. All results are calculated with
means ± SEM. The variance analysis was used to compare
among groups. If P value is less than 0.05, the difference
was considered statistically significant. We use test for homo-
geneity to examine the data: if the data is homogeneous, we
conduct analysis of variance (one-way ANOVA) directly on
the data. Between the two groups, we used the LSD method
to compare any difference. Otherwise, we changed parame-
ters first and then used test for homogeneity again. We only
conduct ANOVA on data which becomes homogeneous after
change of parameters. All statistical analyses were carried out
by using SPSS for Windows (SPSS Inc.).

3. Results

3.1. The Open-Field Test. The results of the open-field test are
reported in Figure 1. It shows observation of rats on activity
(horizontal, vertical). There was no significant difference
before modeling in among groups (F = 1.307, P > 0.05).
After modeling, it was observed that there was significant
changes in the open-field test in these groups. After 3 weeks
herbs fed treatment with high-dose herbs and fluoxetine, the
immobility time was increased significantly, compared with
the model group (high-dose group versus the model group
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Figure 1: Observation of rats on open-field activities (horizontal, vertical). Horizontal movement scores reflect range of motion; vertical
movement scores reflect exploratory behaviors. High scores represent high degree of activity. A: normal group, B: model group, C: fluoxetine
group, D: high-dose Shuyu group, E: medium-dose Shuyu group, and F: low-dose Shuyu group. All data are expressed as the x± s, (n = 10).
�P < 0.05 versus other groups; �P < 0.05 versus model group.
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Figure 2: The FST in each group. Effects of immobility time during
the forced swimming test. The vertical axis shows the immobility
time (sec). High scores represent high degree of depression. A:
normal group, B: model group, C: fluoxetine group, D: high-dose
Shuyusan group, and E: medium-dose Shuyusan group. F: low-dose
Shuyusan group. All data are expressed as the x ± s, (n = 10).
�P < 0.05 versus other groups; �P < 0.05 versus model group.

t = 2.273, P < 0.05; fluoxetine group versus the model group
t = 3.461, P < 0.01).

3.2. The FST in Each Group. The results of FST are reported
in Figure 2. There was no significant difference before mod-
eling in among groups (F = 1.77, P > 0.05). After modeling,

it was observed that there was a significant prolongation
of immobility time in these groups. After 3 weeks herbs
fed treatment with high-dose herbs and fluoxetine, the
immobility time was increased significantly, compared with
the model group (high-dose group versus the model group
t = 2.575, P < 0.05; fluoxetine group versus the model group
t = 3.061, P < 0.01).

3.3. The TST in Each Group. The results of pooling all the
tests performed with TST are reported in Figure 3. There
was no significant difference before modeling among groups
(F = 1.05, P > 0.05). After modeling, it was observed that
there was a significant prolongation of immobility time in
these groups. High-dose Shuyusan herbs also could reduce
the immobility time in TST. After high-dose herbs and
fluoxetine treatment for 3 weeks, the immobility time was
increased significantly, compared with the model group
(high-dose group versus the model group t = 2.763,
P < 0.05; fluoxetine group versus the model group t = 3.182,
P < 0.01).

3.4. Determination of Serum Contents Level of CRH, ACTH,
and CORT. Figure 4 shows the serum contents level change
of CRH, ACTH, and CORT in each group after treatment.
The serum contents level in mode group was significantly
increased for CRH, ACTH, and CORT (CRH: the model
group versus the normal group t = 2.893, P < 0.01; ACTH:
the model group versus the normal group t = 2.904,
P < 0.01; CORT: the model group versus the normal group
t = 3.646, P < 0.01). After 3 weeks herbs fed treatment,
the serum contents level of CRH, ACTH, and CORT in
high-dose group was significantly decreased, compared to
the model group (CRH: high-dose group versus the model
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Figure 3: The TST in each group. Effects of immobility time during
the tail suspension test. The vertical axis shows the immobility
time (sec). High scores represent high degree of depression. A
means normal group, B means model group, C means fluoxetine
group, D means high-dose Shuyusan group, E means medium-dose
Shuyusan group, and F means low-dose Shuyusan group. All data
are expressed as the x ± s, (n = 10).�P < 0.05 versus other groups;
�P < 0.05 versus model group.
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Figure 4: The serum contents level of CRH, ACTH, and CORT.
The serum contents level of CRH, ACTH, and CORT in rats. The
vertical axis shows the value. High scores represent high degree of
depression. A: normal group, B: model group, C: fluoxetine group,
D: high-dose Shuyu group, E: medium-dose Shuyu group, and F:
low-dose Shuyu group. All data are expressed as the x± s, (n = 10).
�P < 0.05 versus normal groups; �P < 0.05 versus model group.

group t = 2.261, P < 0.05; ACTH: high-dose group versus
the model group t = 2.387, P < 0.05; CORT: High-dose
group versus the model group t = 2.478, P < 0.05). Although
the serum contents level of CRH, ACTH, and CORT was
decreased in the low-dose group and the fluoxetine group,
there was no significant difference compared to the model
group.
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Figure 5: Expression of GR-receptor-positive cells in rat hippocam-
pus. Comparison of GR-positive cells in rat hippocampus. The
vertical axis shows the value (n). Low value represent high degree of
depression. A: normal group, B: model group, C: fluoxetine group,
D: high-dose Shuyu group, E: medium-dose Shuyu group, and F:
low-dose Shuyu group. All data are expressed as the x± s, (n = 10).
�P < 0.05 versus normal groups. �P < 0.05 versus model group.
�P < 0.01 versus model group.

3.5. Expression of GR Receptor in the Rat Hippocampus.
Figures 5, 6, and 7 show the number of GR-receptor-
positive cells in the hippocampus of rats in each group.
The GR-receptor positive cells in the hippocampus of rats
in each group change of GR for chronic unpredictable
mild stress mainly manifested in the areas of CA1 and
CA3 of the hippocampus (CA3 region is more prominent).
GR-positive-cells in the hippocampus of normal group
arranged in dense, structured, and distributed in normal.
The immune response in hippocampus of model rats was
significantly decreased, GR-positive cells arranged loose, and
less structured. The number of GR-receptor-positive cells
was significantly decreased compared to the mode group
(CA1 region: the model group versus the normal group t =
2.713, P < 0.05; CA3 region: the model group versus the
normal group t = 5.275, P < 0.01). The number of GR-
receptor-positive cells was significantly increased compared
to the model group in the CA1 region and CA3 region (CA1
region: high-dose group versus the model group t = 2.157,
P < 0.05; CA3 region: high-dose group versus the model
group t = 3.257, P < 0.01). The medium-dose group, low-
dose group, and the fluoxetine group all have increased trend
for the contents of the number of positive cells and IOD, but
there was no significant difference.

4. Discussion

Behavioral studies play an important role in the evaluation
of antidepressant activity effect [22]. The forced swimming
and tail suspension tests are behavioral despair tests, and it is
useful for probing the pathological mechanism of depression
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Figure 6: Expression of GR receptor in the rat hippocampus in the CA1 region. Changes in GR expression in the rat hippocampal CA1
region (immunohistochemistry, ×400). (N) GR expression was normal in the control group. (M) GR expression was subdued in the model
group. (F) GR expression was enhanced in the fluoxetine group. Arrows indicate GR positive neurons. (D) GR expression was enhanced
in the high-dose Shuyusan group. Arrows indicate GR positive neurons. (Z) GR expression was enhanced in the medium-dose Shuyusan
group. Arrows indicate GR positive neurons. (X) GR expression was enhanced in the low-dose Shuyusan group. Arrows indicate GR positive
neurons.
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Figure 7: Expression of GR receptor in the rat hippocampus in the CA3 region. Morphology Changes in GR expression positive cells in the
hippocampus of chronically stressed rat following treatment with Shuyusan in the rat hippocampal CA3 region (immunohistochemistry,
×400). The area of GR-positive cells in the hippocampus was decreased in the model group, and most of the cells were shrunk or lightly
stained. The area of GR-positive cells in the hippocampus was increased in the M- and H-Shuyusan groups. (N) GR expression was normal
in the control group. (M) GR expression was subdued in the model group. (F) GR expression was enhanced in the fluoxetine group. Arrows
indicate GR positive neurons. (D) GR expression was enhanced in the high-dose Shuyusan group. Arrows indicate GR positive neurons. (Z)
GR expression was enhanced in the medium-dose Shuyusan group. Arrows indicate GR positive neurons. (X) GR expression was enhanced
in the low-dose Shuyusan group. Arrows indicate GR positive neurons.

and for the evaluation of antidepressant drugs [23]. FST
and TST had been widely used as preclinical screening
tool of antidepressant drugs [24, 25]. Characteristic of rat
behaviors scored in both tests is termed immobility, which
reflects behavioral despair as seen in human depression [26].

The duration of immobility time in rats that are trapped
and forced to swim is closely related to helplessness. It
was observed from our results that there was a significant
prolongation of immobility time in these groups after
modeling; with high-dose herbs of Shuyusan administer,
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the immobility time increased significantly. It suggests that
Shuyusan has effect in producing significant antidepressant-
like activity, when assessed in FST and TST. Based on the tra-
ditional Chinese medicine theories, as well as achievements
from modern scientific studies and clinical trials, Shuyusan
exhibits therapeutic effects on depression by purifying the
heart heat, resolving phlegm, and regulating Qi and blood.
Previous animal studies have revealed the antidepressant
effects of Shuyusan based on behavioral improvement in rat
models of depression [11, 13].

Many studies suggested that depression is related to
psychological, neuron-endocrine disorders, imbalances of
monoamine neurotransmitter, dysfunction of hippocampus
neurogenesis, and many other factors [27–30]. Long-time
stress and elevated glucocorticoid levels leaded to the
emergence of mood disorders [31]. Steroid hormones can
modulate neuronal transmission by a variety of mecha-
nisms. Hippocampus is rich in glucocorticoid receptors, the
neurons of this area can be damaged by the high level of
glucocorticoid; in the pathogenesis of depression studies,
HPA axis response stress becomes the focus [32, 33]. Beside
monoamine neurotransmitters, the serum level of CRH,
CORT, and ACTH and changes in levels of GR were being
used to evaluate depression [24–26]. Stress is under the influ-
ence of external environmental stimuli and could awaken the
internal psychological corresponding; this response occurs
through the nervous system and hormonal system [34, 35].
HPA hyperactivity is a major pathology-physiological factor
for the depression, the continuous increased CORT in com-
bined with GR overexpressions which in the hippocampus
damage the hippocampus and locus coeruleus, so leads to
atrophy and apoptosis of hippocampus neurons [36, 37].
In addition, hyperactivity of the HPA axis during stress is
inhibited by GR, so that it returned to baseline levels. The
effect of the GR reduced after it damaged so that HPA axis
is more hyperactive and form a vicious cycle [38]. On the
other hand, as hyperactivity of HPA axis, the 5-HT content
is inhibited. As high concentration of CORT could induce
the liver to produce tryptophan pyrrole enzyme, it could
degradate the tryptophan in the blood. Tryptophan is the
precursor of 5-TH, its reduction could lead to synthesis
of 5-TH, so led to 5-HT content decrease in the brain,
thus causing depressive symptoms [39, 40]. In physiological
conditions, the secretion of CRH and ACTH regulated by the
5-TH system. In a stress state, HPA axis function becomes
hyperactive and 5-HT synthesis significantly decreases as
a result of insufficient tryptophan transported into the
central nervous system [41–43]. Results from the present
study demonstrated that Shuyusan could decrease the serum
contents of CRH, ACTH, and CORT. It also could increase
the expression of hippocampus GR receptor in the rat model
of depression. Our results suggested that the mechanisms
of action of Shuyusan were due to decreasing the serum
contents level of CRH, ACTH, and CORT and increasing
the expression of hippocampus GR receptor. Fluoxetine is
selective serotonin reuptake inhibitors’ (SSRIs) medications,
it could increase the levels of NE, 5-HT, and DA in the brain
of rat and was related to downregulation of 5-HT receptor,
but not decreased the serum contents level of CRH, ACTH,

and CORT and increased the expression of hippocampus GR
receptor.

The chronic stress-induced depression model is an
effective model for studying depression and has been widely
utilized in basic research and drug screening for depression
[44, 45]. The model can simulate the core symptoms of
depression, that is, loss of interest, anhedonia, and decrease
of exploring ability and sexual behavior. In fact, helplessness
and anhedonia is the core symptom of depression and
most of the current models only mimic anhedonia. The
currently available chronic mild stress model is probably
the most valid and the most widely used animal model of
depression. Presently, the FST is the most widely used tool
in depression research [45]. The experiment shows that the
immobility time in forced swimming extends. That proved
the replication model of depression in rats were succeed.

In conclusion, our data indicated that high-dose herbs
Shuyusan had antidepressant activity effect on chronic stress-
induced depression model rats. The behavioral indicators
improved compared with model group. We found that CRH,
ACTH, and level of CORT in serum and GR expression in
hippocampus of the high-dose herbs Shuyusan group were
significantly improved, compared with the model group by
ELISA and immunohistochemical methods. Thus, we con-
firmed that Shuyusan has antidepressant activity effect, its
mechanism may be related to decreasing glucocorticoid lev-
els activity, regulating the function of HPA axis, and inhibit-
ing glucocorticoid receptor expression in hippocampus.
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Chronic treatment with levodopa (LD) in Parkinson’s disease (PD) can cause drug induced dyskinesias. Mucuna pruriens endocarp
powder (MPEP) contains several compounds including natural LD and has been reported to not cause drug-induced dyskinesias.
We evaluated the effects of Mucuna pruriens to determine if its underlying mechanistic actions are exclusively due to LD. We first
compared MPEP with and without carbidopa (CD), and LD+CD in hemiparkinsonian (HP) monkeys. Each treatment ameliorated
parkinsonism. We then compared the neuronal firing properties of the substantia nigra reticulata (SNR) and subthalamic nucleus
(STN) in HP monkeys with MPEP+CD and LD+CD to evaluate basal ganglia circuitry alterations. Both treatments decreased
SNR firing rate compared to HP state. However, LD+CD treatments significantly increased SNR bursting firing patterns that were
not seen with MPEP+CD treatments. No significant changes were seen in STN firing properties. We then evaluated the effects
of a water extract of MPEP. Oral MPWE ameliorated parkinsonism without causing drug-induced dyskinesias. The distinctive
neurophysiological findings in the basal ganglia and the ability to ameliorate parkinsonism without causing dyskinesias strongly
suggest that Mucuna pruriens acts through a novel mechanism that is different from that of LD.

1. Introduction

Dopamine replacement therapy with LD+DDCI (dopa
decarboxylase inhibitor) is the most effective pharmacologi-
cal treatment for PD. However, LD+DDCI remains expensive
and out of reach of many PD patients in developing
countries [1] and causes disabling drug-induced dyskinesias,
motor fluctuations, and neuropsychiatric complications in
most PD patients [2–4]. Development of an oral treat-
ment with the same or higher efficacy of LD+DDCI that
does not cause drug-induced complications is an unmet
need.

MPEP in Ayurvedic medicine provides alleviation of
parkinsonism but has been reported to not cause drug-
induced dyskinesias [5–7]. MPEP contains 4-5% natural LD,

which had been implicated as its main mechanism of action
and the reason for not causing drug-induced dyskinesias
(i.e., did not contain enough LD). Despite MPEP being
well-tolerated in clinical trials [8–10], PD patients complain
of inability to consume a large volume (30 g) of this
leguminous protein as it often causes adverse gastrointestinal
side effects. Therefore, despite wide availability of MPEP
as a nutraceutical via Internet marketing and in Ayurvedic
pharmacies, MPEP is rarely utilized as allopathic treatment
for PD even in India [1, 11]. This lack of popularity of MPEP
is related to its gastrointestinal side effects and the erroneous
notion that MPEP simply represents a natural form of low-
dose LD. However, MPEP is ubiquitously used by Ayurvedic
physicians worldwide as an ingredient in medications for the
treatment of PD.
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We recently reported that a newly formulated, simple
MPEP water extract (MPWE) given parenterally significantly
ameliorates parkinsonism with reduced drug-induced dyski-
nesias in the HP rat [12]. This suggested that its anti-PD and
antidyskinetic effects could not be explained by the presence
of small quantities of natural LD alone and that MPWE
is more effective when used alone without the addition
of a DDCI. These surprising findings led us to further
investigate the unique anti-PD and anti-dyskinetic properties
of MPEP and MPWE in the 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-(MPTP-) treated parkinsonian monkey.
Further evaluation of the mechanistic actions of MPEP and
MPWE may increase its potential as an alternative therapy
for PD.

2. Materials and Methods

2.1. Animals. Fourteen adult (6–9 kg) rhesus (Macaca
mulatta) and two cynomolgus (Macaca fascicularis) monkeys
received either intracarotid (ICA) MPTP to induce an HP
state, ICA+systemic (IV) MPTP to induce an overlesioned
HP (OHP) model, or systemic (IM or IV) injections
of MPTP to induce bilateral parkinsonism [13–16]. Each
animal was operant-conditioned behaviorally trained [17]
to accept medications to ensure proper consumption and
clinical oral simulation. Clinical assessments were taken after
MPTP to ensure stability of parkinsonism and at subsequent
treatment exposure using the modified version of the Unified
Parkinson’s Disease Rating scale for primates (mUPDRS)
[15]. Electrophysiological recordings before and after treat-
ments were done in awake, behaving parkinsonian animals.
Standard extracellular single-cell recording techniques were
used as described in detail elsewhere [16]. All procedures
were in compliance with the “Principles of Laboratory
Animal Care” (NIH no. 86–23, revised 1985) and approved
by the institutional animal care and use committee.

2.1.1. Administration of MPTP to Induce Parkinsonism. For
ICA administration of MPTP to create an HP state, animals
were placed under deep general anesthesia, the left common
carotid artery was exposed, and the internal carotid artery
was isolated followed by manual retrograde injection of
MPTP solution (0.5 mg/kg body weight at a concentration
of 1 mg/mL) over a period of 15 minutes. The animal was
allowed to recover and assessed for stability of HP. Depend-
ing on stability of HP state (see below for behavioral testing
details), exposure to ICA MPTP was performed up to 4 times
in each animal. Repeat surgeries were not performed before
2 weeks of observation had been completed and surgical
scar from the previous surgery had healed. The cumulative
ICA MPTP dose ranged from 0.5 to 2.5 mg/kg. A subset of
animals was rendered overlesioned HP (OHP). To achieve an
OHP state, animals were initially treated with ICA MPTP.
Once HP state was stable, the animal received subsequent
injections of IV MPTP (0.2 mg/kg), inducing mild parkin-
sonism in the previously unaffected side. Another set of
animals was rendered bilaterally parkinsonian with systemic
IV or IM injections of MPTP (0.2 mg/kg). Cumulative doses

of systemic MPTP ranged from 0.2 mg/kg to 1.0 mg/kg. Drug
treatments were then given only when animals were stable
parkinsonian for >3 months as determined by no changes
in the mUPDRS ratings (see below) performed twice each
month separated by a minimum of 15 days and operant-
conditioned for a minimum of 6 months such that they were
compliant with oral dosing of medications (see the section
below).

2.1.2. Operant Conditioning for Oral Medication Compliance
without Compromising Enrichment Protocols in Parkinsonian
Primates. The following protocol was used for operant con-
ditioning and behavioral training in each animal to ensure
compliance and complete consumption of antiparkinsonian
medications. Each animal was individually housed such that
visual and olfactory contact with conspecifics was main-
tained at all times. Various types of toys were placed in each
cage and rotated every other week. At any one time, every
cage contained a hanging toy, such as a ball or a mirror and at
least one (usually two) chewing toy, such as a Hercules dental
chew toy, Dental ball, Kong toys, nylabones, or pieces of
wood (Bio-Serv). In some instances, certain animals showed
adverse stress reactions to certain types of toys. In this case,
that toy was removed from the animal’s cage and replaced
with another toy. In addition to the regular feed, monkey diet
was supplemented with fruits, vegetables, nuts, or other types
of “treats” every day. The size, quantity, and time of day that
these “treats” were given (always in the late afternoon after
training) were monitored carefully so as not to interfere with
our behavioral training. Also, each day, Monday–Friday, the
animals were presented with an enrichment activity. These
activities included watching cartoons, “novel” food day,
foraging devices, and special activities such as air-popped
popcorn or bowls of water to play with. On weekends, the
animals were given extra food treats. Cages were checked
for any remaining monkey biscuits or treats each evening;
any remaining food was removed in order to maintain the
appropriate level of food scheduling necessary for operant
training of a food-picking task or voluntary consumption
of medications. All animals were observed for stereotypical
(pacing, rocking, digit-sucking) and self-injurious behaviors
(self-biting, head banging). If any such behaviors were seen,
enrichment for those animals was increased. Oral LD and
MPEP were successfully administered twice daily (AM and
PM) by hiding powdered drug in food treats. MPWE was
typically given orally without the need of hiding it in any
additional foods or liquids. Animals appeared to enjoy
MPWE and voluntarily consumed it completely at each dose.
Improvement in parkinsonism was then assessed by using the
mUPDRS and confirmed through analysis of blood plasma
levels in representative animals at the same time as the
mUPDRS exams. Animals were continuously monitored to
ensure complete consumption and drug compliance during
treatments by investigators. Depending on the desired task
(consumption of treatment or interaction with investigator
to evaluate mUPDRS), any of the enrichment protocols in
Table 1 could be detrimental to operant conditioning. Sim-
ilarly, any of the training conditions could cause behavioral
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Table 1: Conditions for operant conditioning in parkinsonian
primates.

Ideal conditions for training Ideal conditions for enrichment

Single-housed animals Group-housed animals

Supplemental toys without food
(mirrors, chew toys)

Supplemental toys containing
food (foraging devices)

No visual contact with
conspecifics

Visual contact with conspecifics

No sound
Sound (movies, radio, wildlife
sounds)

problems in monkeys due to lack of appropriate enrichment.
To overcome these barriers to operant conditioning, we
limited the time when enrichment was given (all enrichment
was given after training session to maintain food scheduling),
scheduled enrichment only in the afternoon or following
the end of a testing session, and maintained visual, sound,
and olfactory stimuli without interfering with operant
conditioning. The same individuals were involved in the
enrichment, operant conditioning, and husbandry to limit
distress and to reinforce the operant conditioning. Veterinary
care interaction with these monkeys with individuals other
than the persons involved in operant conditioning and
enrichment was limited to yearly physicals and twice a
year TB testing and any other USDA mandated veterinary
checkups.

2.1.3. Clinical Assessment. Behavioral ratings were per-
formed using the mUPDRS in a blinded fashion. A more
detailed description can be found in our previous publica-
tions [15, 16]. Briefly, the mUPDRS consists of subjective-
rater-dependent but validated and reliable blinded evalua-
tions of vocalization/hooting, facial expression, tremor (rest
or action), muscle tone/rigidity, hypokinesia, finger dex-
terity, foot agility, balance/postural instability, spontaneous
gait, dystonia, and circling/dyskinesia. Each item on the
mUPDRS has a range from 0 (no motor deficits) to 4
(very severe impairment) for each limb or body part and is
modeled after the UPDRS was used to rate PD patients in
clinical trials. Animals were also further assessed for drug-
induced dyskinesias using a modified Abnormal Involuntary
Movements Scale (AIMS) previously described for primates
[18, 19]. AIMS scores are represented as the total sum
of dystonic posturing and choreiform movements in the
face, trunk, and each limb. Severity was evaluated using the
following scale: 0 = none; occasional, mild = 1; intermittent,
moderate = 2; continuous, severe = 3. The entire clinical
rating session was videotaped for minimum of 4 hours after
each dose of medication for a minimum of 8 hours of video
in representative animals. mUPDRS and AIMS scores were
taken at stable parkinsonian baseline state, placebo, and at
an average time of 75 minutes after drug treatments. We
established the optimal LD/CD dose for each animal using
blinded testing every 2 weeks at monthly intervals starting at
a dose of 50 mg LD/12.5 mg CD b.i.d. (i.e., LD 100 mg/CD
25 mg/day) and escalated by 100 mg LD every 2 weeks to

achieve no further improvements in mUPDRS scores despite
dose escalation. Thereafter, the lowest dose of LD that
produced the largest improvement in mUPDRS scores was
chosen as the optimal dose of LD in each animal. Thus,
animals were tested on LD treatment for a minimum of 3-4
months to determine their optimal LD dose. All animals were
washed out of LD treatments for 1 month before initiating
MPEP or MPWE treatments. In a similar fashion, optimal
dose of MPEP, and MPWE was also determined and optimal
behavioral plateau that coincided for LD, LD+DDCI, MPEP,
and MPWE was identified. This plateau phase was used
for all the experiments described in this paper to make
comparisons with equipoise and validity.

2.1.4. Electrophysiology. After recordings were taken during
placebo and on drug treatments, the recordings were sorted
by offline principal component analysis, and interspike
intervals (ISIs) were generated. Acceptable records were com-
prised of at least 400 spikes and had duration between 60 and
120 sec. Firing rates and seven measures of the firing patterns
were employed: the coefficient of variation (CV) of the ISIs,
the burst index (mean of the ISI distribution divided by the
mode [20]), the percent of spikes in bursts and percentage
of time in bursts calculated by the Poisson surprise method
[21], the density discharge histogram (DDH) compared to
the DDH of a random Poisson spike train [22], the range of
the DDH, and the sample entropy [23]. The seven numeric
firing pattern metrics were compared using the Wilcoxon-
Mann-Whitney rank-sum test, and the categorical DDH
classification was compared using Fisher’s 2 × 2 exact test
(grouping together “Poisson” and “bursty” categories).

2.2. Drug Treatments

2.2.1. Preliminary Dose-Finding and Toxicity Studies of MPEP:
Experimental Design and Results. We first completed a
preliminary dose-finding study to determine optimal doses
and toxicity adverse effects of MPEP and MPEP+CD. HP
monkeys were tested on MPEP and MPEP+CD (25 mg) to
find optimal dosing after attaining stable HP state (N = 3).
Each treatment epoch was followed by 2 weeks of washout.
Two separate mUPDRS scores 14 days apart were obtained
on placebo and for each treatment epoch. MPEP was
titrated in these studies from 6 g/day to the highest dose of
18 g/day (N = 11) to evaluate gastrointestinal effects, drug-
induced dyskinesias, or behavioral correlates of psychiatric
symptoms. Blood draw was performed 90 minutes after
administration and consumption of medications (placebo,
LD+CD (250 mg/62.5 mg) and MPEP+CD (4.5 g/25 mg)) to
test the bioavailability of orally administered LD and MPEP
at approximately equivalent doses for pharmacological esti-
mation of dopamine levels. See Table 2 for representative
drug-dosing block design.

In these initial studies, mean mUPDRS scores improved
by 4% (change from 35 to 33.5), 24.2% (35 to 26.5), and
27.1% (35 to 25.5), respectively, with 3 g, 6 g, and 9 g (total
daily dose) of MPEP alone. Optimal dose for MPEP+CD
was determined to be 9 g of MPEP + 50 mg of CD/day.
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Table 2: Dosing regimen for non-human primates. A block design
was devised for each testing session. Each behavioral testing cohort
was varied to maintain blind and to prevent the behavioral rater
from guessing the treatments. Each such block design was repeated
twice for each experiment and videos are independently rated.
Representative animals were videotaped continuously in the room
24 × 5 × 365 days. The postdrug treatment videos were culled
from these videos by the person who administered the drug who
was unblinded. These culled video segments were used for the
scoring along with the rater executed direct observational scoring
of mUPDRS and AIMS. These culled segments began as soon as the
person administering the drug confirmed successful consumption
of the drug and lasted 8 hours from that time. The notion of the
average time of 75 minutes refers to the average time at which
behavioral ratings using mUPDRS and AIMS were scored for the
study. The validity of this time frame for the detection of optimal
effects of LD and LD/DDCI oral treatments has been published
previously. To make meaningful valid comparisons MPEP and
MPWE treatments were also performed at the same time schedule.
The remainder of the video was rated, but it does not have the
observer interaction and it only shows routine animal activity in
its home cage. As expected, LD and LD/DDCI treatments had
behavioral benefits that lasted 180 minutes and then ameliorated.
Effects of MPEP and MPWE lasted longer and appeared to dissipate
only after 6 hours.

Monkey 1 Monkey 2 Monkey 3 Monkey 4 Monkey 5

Block 1 LD Placebo Placebo MPEP MPEP

Block 2 LD Placebo Placebo MPEP MPEP

Block 3 Placebo LD LD Placebo Placebo

Block 4 Placebo LD LD Placebo Placebo

Block 5 MPEP Placebo Placebo LD LD

Block 6 MPEP Placebo Placebo LD LD

Block 7 Placebo MPEP MPEP Placebo Placebo

Block 8 Placebo MPEP MPEP Placebo Placebo

In this experiment, mean mUPDRS score showed no
improvements for the placebo treatments (mean mUPDRS
score of 35 to 35.2) compared to a 49.1% improvement
(mean mUPDRS score changed from 35 to 17.8) at this
optimal MPEP+CD dose. No observable adverse events
were evident at these doses of MPEP alone or MPEP+CD.
Doses at 12 g/day and 18 g/day caused compliance issues and
severe adverse effects with successful consumption. These
included nausea, retching, vomiting, behavior that mimicked
hallucinations, and increased aggression. Serum peak dose
estimation of dopamine levels was 180 pg/mL after placebo
treatment, 27,600 pg/mL after MPEP+CD treatment (4.5 g
MPEP+25 mg CD; ∼225 mg of LD), and 22,220 pg/mL after
LD+CD administration (250/62.5).

2.2.2. Experiment 1: Effects of MPEP, MPEP+CD, and
LD+CD. After finding preliminary optimal doses of MPEP,
we examined the effects of 4.5 g MPEP alone (∼225 mg LD)
(N = 5), 4.5 g MPEP (∼225 mg LD) + 25 mg CD (N = 6)
and 100–200 mg LD + 25–50 mg CD (i.e., daily doses were
9 g MPEP alone (N = 5), 9 g MPEP+50 mg CD (N = 6),
and 200–400 mg levodopa + 50–100 mg CD (N = 6)) in HP
and OHP primates. In a subset of animals, cranial recording

chambers were surgically implanted to permit chronic single-
cell extracellular neuronal recording from the left STN and
SNR in the stable HP state (N = 3), with LD+CD treatment
(N = 2) and with MPEP+CD treatment (N = 1) (a portion
of this study has been presented elsewhere [16]).

2.2.3. Expriment 2: Effects of MPWE and LD. MPEP was
dissolved in sterile water and thoroughly mixed for 30–
45 mins. The mixture was then centrifuged at 14,000–15,000
RPM for 15–20 mins, and the supernatant was extracted
and filtered. The MPWE solution was then stored in sterile
containers at 4◦C. Prior to administration, the MPWE
solution was briefly agitated and dispensed orally. The dosage
concentration of MPWE was based on 4-5% of natural
occurring LD in MPEP such that the MPWE solution had
approximately 24 mg LD per mL.

HP, OHP, and bilateral parkinsonian animals (N = 5)
were treated with placebo, LD+CD or MPWE b.i.d. for 3–
11 days. mUPDRS scores were obtained on placebo, oral
LD (1 to 3.5 tablets LD/CD–100/25), and escalating doses
of 4 mL–36 mL MPWE orally (∼96 mg–864 mg LD, resp.)
until optimal doses were found using a blinded, randomized
design with 2 weeks of washout between treatments. When
compliance was an issue with oral LD+CD, animals received
systemic injections of LD at the equivalent optimal doses
of oral LD (LD methyl ester with benserazide (BZ)).
Drug-induced dyskinesias were assessed using the abnormal
involuntary movements (AIMS) rating scale in animals that
displayed clear LD-induced dyskinesias similar in advanced
PD [15, 18, 19]. Data was analyzed using ANOVA with Tukey
posttest or Chi-square test (mean ± SEM).

3. Results

3.1. MPEP and LD Effects on Parkinsonism and Basal Ganglia
Electrophysiology. mUPDRS scores on placebo were 15.6 ±
2.6 and decreased to 8.0 ± 1.6 with MPEP alone, 7.7 ± 1.5
with MPEP+CD, and 4.5 ± 1.1 with LD+CD, optimal doses
(Figure 1). These doses caused no observable adverse effects.

A portion of this electrophysiological data has been
presented in a previously published report [16]. SNR firing
rate showed significant reduction in SNR on both LD+CD
and MPEP+CD. STN firing rate showed no significant
difference, but a trend toward reduction on MPEP+CD
(Figure 2(a)). SNR firing pattern became more bursty on
LD+CD, measured by Poisson DDH comparison. SNR
patterns changes on MPEP+CD did not reach statistical
significance, but showed a trend toward increased burstiness,
but not as pronounced as LD+CD. STN patterns did
not show a statistical change, although both LD+CD and
MPEP+CD showed a trend toward reduction of the number
of bursty neurons (Figure 2(b)). Median SNR normalized
coefficient of variation was higher on LD+CD than baseline
HP state. On MPEP, the SNR showed a trend toward
increased normalized CV, but it was not significant. There
were no significant changes in the STN (Figure 2(c)). The
proportion of spikes in bursts and proportion of time in
bursts (measured from the Poisson-surprise method) did
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Figure 1: Comparison of mUPDRS scores in parkinsonian pri-
mates with placebo, MPEP alone, MPEP+CD, and LD+CD demon-
strates significant amelioration of parkinsonism after treatments.
∗P < 0.05, ∗∗P < 0.01.

not show any statistically significant changes. However, there
was a trend for both LD+CD and MPEP+CD to make the
SNR more bursty, with MPEP+CD showing a smaller effect
than LD+CD. There was a trend for LD+CD to make the
STN less bursty, and MPEP+CD showed the same trend
to an even larger degree (Figures 2(d) and 2(e)). DDH
range counts were not statistically different in the different
conditions. However, there was a trend for LD+CD to make
the SNR more bursty. MPEP+CD showed a trend toward
making the SNR more bursty but it was not significant
(Figure 2(f)). The burst index was not statistically significant
between groups. However, there was a trend for LD+CD to
make the SNR more bursty, which was not replicated on
MPEP+CD. In fact, there was a trend for MPEP+CD to
reduce the burstiness of SNR. In the STN, the trends were
reversed, but again neither were significant (Figure 2(g)).
Sample entropy did not show any significant differences,
although the MPEP+CD treatment slightly reduced the
SNR sample entropy and slightly increased the STN sample
entropy (Figure 2(h)).

3.2. MPWE Ameliorates Parkinsonism without Causing Drug-
Induced Dyskinesias. mUPDRS scores on placebo were
18.0 ± 5.6, which significantly decreased with optimal
doses of MPWE treatments (5.4 ± 0.4) and LD+CD treat-
ments (5.3 ± 1.9) (Figure 3(a)). Average optimal dose of
LD was 250 mg and optimal dose of MPWE was 20 mL
(∼480 mg LD) b.i.d. in this experiment that included HP,
OHP, and bilateral parkinsonian animals. MPWE caused
no apparent GI problems or drug-induced hallucinations.
However, LD+CD treatments produced significant drug-
induced dyskinesias (AIMS score = 7.3 ± 1.3) in two
bilaterally parkinsonian animals, whereas no apparent drug-
induced dyskinesias were observed with MPWE treatments
(AIMS score = 0) (Figure 3(b)).

4. Discussion

In the present study, we demonstrate that Mucuna pruriens
in powder and water extract form can significantly ame-
liorate behavioral deficits in primate models of PD. We
also demonstrate that the mechanistic actions of Mucuna
pruriens cannot be attributed to LD alone and that Mucuna
pruriens has a unique mechanism of action on the basal
ganglia electrophysiology that is different from that of LD
when tested at equivalent doses. This is a confirmation
of earlier suggestions that the anti-PD effects of Mucuna
pruriens were not simply due to natural LD. Indigenous
medicines based on natural products like Mucuna pruriens
are often unique in that they contain several constituents
in combination. Mucuna pruriens has over 50 known
constituents that have been identified to date (Table 3) and
perhaps others yet to be discovered [24–26]. Identifying
the single component or combination of components in
Mucuna pruriens responsible for its anti-parkinsonian/anti-
dyskinetic effects is daunting. Although identification of
each individual component and its exact quantity required
to reproduce these effects is theoretically possible, such a
task is time consuming and expensive. Mucuna pruriens
is widely farmed in many countries as an intercrop and
is exceedingly inexpensive to produce as a standardized
natural product with uniform efficacy. Thus, this renewable,
natural product may represent a new treatment that is
different from contemporary drug discovery methods where
identification of active ingredients, synthetic manufacture,
safety, and efficacy testing followed by mass marketing
of the synthesized compounds is replaced by a strategy
that focuses on identification of safety and efficacy of a
standardized natural product and its mechanism of action
when used as a whole. While such an approach may sound
counterintuitive, archaic, and confrontational to the current
wisdom of scientific advancement, it is pragmatic and has the
potential to advance the therapy of PD with the possibility
of worldwide availability of inexpensive Mucuna pruriens
formulations.

4.1. Effects of Mucuna pruriens Endocarp Powder. In exper-
iment 1, we found that MPEP had to be dosed at higher
quantities to get maximal effect when compared to LD (100–
200 mg synthetic LD versus 225 mg natural LD in MPEP).
The large volume of MPEP powder (6 g to 18 g/day) in
preliminary studies and in experiment 1 was very difficult
to successfully administer in monkeys due to gastrointestinal
side effects, similar to those of earlier reports [1, 8–10].
These gastrointestinal effects could be in part due to the
large protein content in this leguminous cotyledon powder,
a well-known cause of abdominal bloating, flatulence, and
gastrointestinal irritability. Serum dopamine measurements
demonstrate that bioavailability and peak plasma pharma-
cokinetics of natural LD contained in MPEP and synthetic
LD are quite similar. This finding further strengthens the
notion that MPEP contains additional anti-PD and anti-
dyskinetic agents beyond the 4-5% natural LD content.

Previous reports have demonstrated that LD and other
dopamine replacement therapies can significantly alter firing
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Figure 2: (a) Firing rates of SNR and STN in the HP monkey in stable HP state (baseline) and on LD+CD (Levodopa) and MPEP+CD
(Mucuna) (Kruskal-Wallis P < 0.01, ∗∗P < 0.01 rank-sum using Tukey’s HSD correction, compared to baseline HP state). (b) Poisson
comparison of SNR and STN neurons Pre-LD (stable baseline HP state) (Fisher’s 2 × 2 two-sided exact test grouping “Poisson” category
together with “regular,” ∗P = 0.0164), Post-LD (LD treatments), and Post-MP (MPEP+CD). (c) Coefficient of variation at HP state and
with treatments (Kruskal-Wallis P < 0.05, ∗P < 0.05 rank-sum using Tukey’s HSD correction, compared to baseline HP) (d–g) Measures of
firing patterns in the SNR and STN in HP state and on treatments. (h) Sample entropy of SNR and STN.
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Table 3: Known components of Mucuna pruriens.

Arachidic acid Lysine

Arginine Methionine

Ash 6-Methoxyharman

Aspartic acid
1-Methyl-3-carboxyl-6,7-dihydroxy-1,2,3,4-
tetrahydroisoquinoline

Behenic acid Mucunadine

Beta carboline Mucunain

Beta sitosterol Mucunine

Bufotenine Myristic acid

Calcium Niacin

Carbohydrates Nicotine

Choline Nicotinamide adenine dinucleotide

Cystine Oleic acid

Coenzyme Q-10 5-Oxyindole-3-alkylamine

N,N-Dimethyltryptamine Palmitic acid

N,N-Dimethyltryptamine-N-oxide Palmitoleic acid

L-Dopa Phenylalanine

Cis-12,13-epoxyoctadec-trans-9-cis-acid Phosphorus

Cis-12,13-epoxyoctadec-trans-9-enoic-acid
5-Methoxy-N,N-dimethyltrytamine-N-Oxide

Proline

Fat Protein

Fiber Prurienidine

Gallic acid Prurienine

Glutamic acid Riboflavin

Glutathione Saponins

Glycine SD

Histidine Serine

5-Hydroxytryptamine Serotonin

Indole-3-alkylamine Stearic acid

Iron Thiamin

Isoleucine Threonine

Lecithin Tryptamine

Leucine Tyrosine

Linoleic acid Valine

Linolenic acid Vernolic acid

properties of basal ganglia nuclei. This has been discussed in
our recently published paper in detail [16, 20, 27–34]. We
demonstrate that SNr firing rate is significantly decreased
after treatment with both LD and MPEP. However, LD treat-
ment did not decrease STN firing rate. Interestingly, MPEP
did cause a trend in decreasing STN firing rate. We also
found differential firing patterns between the two treatments.
LD caused a significant increase in SNr bursting activity but
this increase was not seen with MPEP. We also found slight
differences between LD and MPEP in the other measures
of burstiness. Various pharmacological agents are known to
alter basal ganglia firing patterns, which include serotonin,
N-methyl-D-aspartate modulators, and dopamine agonists
[29, 35–37]; the presence of similar compounds in MPEP
may account for the differential bursting firing patterns of
MPEP.

4.2. Effects of Mucuna Pruriens Endocarp Powder Water
Extract. The ameliorative effects of oral MPWE treatments
are similar to the anti-PD effects of LD+CD treatment, a
gold standard for pharmacological therapeutic efficacy in PD,
sans its deleterious side effects in the parkinsonian primate.
As shown in experiment 2, MPWE provides a simple and
inexpensive solution to these problems with gastrointestinal
intolerance of MPEP and demonstrates that the anti-PD and
anti-dyskinetic compounds contained in Mucuna pruriens
are water soluble and effective without the need for concomi-
tant DDCI. This suggests that even monkeys “primed” to
develop drug-induced dyskinesias from repeated exposure to
LD+CD treatments can be successfully treated with MPWE
without causing dyskinesias. Furthermore, the anti-PD and
anti-dyskinetic effects of MPWE were not diminished by
chronic exposure, drug washout, and reexposure. We have
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Figure 3: (a) A water extract of MPEP (MPWE) significantly reduces parkinsonism in the parkinsonian primate at optimal doses similar to
LD+CD (∗P < 0.05) (b) and does not cause dyskinesias (P = 0.045, Chi-square test).

recently shown that LD does not cause dyskinesias in HP
rhesus monkeys [15]. In this context, we demonstrate the
anti-PD properties of MPWE in HP and OHP primates,
models that represent restricted nigrostriatal dopaminergic
loss, and the anti-PD and anti-dyskinetic effects in the
bilateral parkinsonian monkey, a model that represents more
severe PD and readily exhibits drug-induced dyskinesias.
These findings in the MPTP-treated monkey models are
similar to what we have reported in the HP rat [12].
Some investigators have argued that drug-induced abnormal
involuntary movements displayed by the parkinsonian rat
are not equivalent of drug-induced dyskinesias seen in
PD and believe that the phenomenology of drug-induced
dyskinesias in the primate model more closely resembles
clinical drug-induced dyskinesias [38]. We address this in
the current study, confirming the preclinical relevance of
the anti-PD and anti-dyskinetic effects of MPWE without
a DDCI in parkinsonian primates. Taken together, these
studies in the rodent and primate models of PD provide
compelling preclinical evidence of the efficacy and safety for
MPWE. Biochemical measurements previously mentioned
provide proof that LD+CD treatments were appropriately
dosed in animals that developed drug-induced dyskinesias in
the MPWE experiments. We hypothesize that the improved
safety profile of MPWE may be due to additional beneficial
compounds as speculated in previous studies [8, 25, 26].

We escalated the dose of MPWE more than what was
needed to match the optimal anti-PD effects obtained from
LD+CD treatments (MPWE doses up to>1600 mg LD equiv-
alent dose per day). Nonetheless, these animals tolerated
these large doses without adverse effects. MPWE contains
4-5% LD that is identical to the 4-5% LD content reported
for MPEP powder. Since MPWE was administered without a
DDCI, we hypothesize that the effects cannot be entirely due
to LD content in MPWE because LD would be metabolized
via peripheral DDC, suggesting that MPWE may have
DDCI-like activities or other mechanisms to protect LD
degradation via the action of peripheral DDCI. However, our
previous rodent studies suggest that MPWE action cannot

be accounted for just on the basis of its purported DDCI-
like activity [12]. Thus, our rodent studies [12] and the
current experiment collectively provide behavioral evidence
that the anti-PD effects of MPWE cannot be explained by
the presence of 4-5% natural LD alone or the combination
of natural LD and a yet-to-be identified DDCI constituent.
Other water-soluble compounds that remain unidentified
contained in MPWE have to be implicated for the anti-PD
and anti-dyskinetic effects observed in these studies.

4.3. Oral Administration of Antiparkinsonian Treatments
to Parkinsonian Monkeys. This is the first report of any
phytomedicine that has been tested in primates using oper-
ant conditioned methods for oral voluntary consumption
to simulate clinical PD pharmacotherapy, using placebo
controls and a blinded prospective study design. This study
design could represent an ideal method to perform future
preclinical studies of phytomedicines in PD. We found
compliance with oral consumption easier with MPWE
compared to MPEP, MPEP+CD, or LD+CD. Previous studies
with various MPEP formulations [8–10, 39, 40] have a
number of disadvantages that include variable behavioral
assessments, use of concomitant medications, inadequate
washout, lack of LD dose controls, and excess variability
in study populations (see detailed discussion in our recent
report [12]). In the present study, we overcame these
disadvantages by (1) using well-established primate models
of PD that exhibit motor fluctuations and drug-induced
dyskinesias that closely resemble its phenomenology to
patients with PD, (2) ensuring drug compliance to replicate
the clinical experience of PD patients, (3) utilizing the same
behavioral rater for all mUPDRS assessments to eliminate
interrater variability, and (4) ensuring that animals received
no concomitant medications.

5. Conclusion

We demonstrate that Mucuna pruriens and MPWE have
unique mechanistic properties that are differential from LD
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and that the unique combination of constituents within
Mucuna pruriens contributes to both its anti-PD and anti-
dyskinetic effects. This will be advantageous to PD patients
who currently take LD-containing formulations and have
to experience its long-term side effects that often require
invasive surgical intervention. This study also shows that
MPWE contains a yet-to-be investigated portfolio of anti-
PD and anti-dyskinetic agents that could open up new
therapeutic avenues for PD, yet constitute a daunting and
expensive conventional drug discovery approach. While
additional scientific studies to identify these individual anti-
PD and anti-dyskinetic components contained in MPWE
may be warranted, parallel studies to evaluate the clinical use
of MPWE as a safe and effective alternative to LD therapy in
PD is also immediately indicated with our demonstration of
its unique beneficial mechanisms of action.
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Kai-xin-san (KXS), a Chinese herbal decoction being prescribed by Sun Simiao in Beiji Qianjin Yaofang about 1400 years ago,
contains Ginseng Radix et Rhizoma, Polygalae Radix, Acori tatarinowii Rhizoma, and Poria. KXS has been used to treat stress-
related psychiatric disease with the symptoms of depression and forgetfulness in ancient China until today. However, the mech-
anism of its antidepression action is still unknown. Here, the chronic mild-stress-(CMS-) induced depressive rats were applied
in exploring the action mechanisms of KXS treatment. Daily intragastric administration of KXS for four weeks significantly alle-
viated the CMS-induced depressive symptoms displayed by enhanced sucrose consumption. In addition, the expressions of those
molecular bio-markers relating to depression in rat brains were altered by the treatment of KXS. These KXS-regulated brain bio-
markers included: (i) the levels of dopamine, norepinephrine, and serotonin (ii) the transcript levels of proteins relating to
neurotransmitter metabolism; (iii) the transcript levels of neurotrophic factors and their receptors. The results suggested that
the anti-depressant-like action of KXS might be mediated by an increase of neurotransmitters and expression of neurotrophic
factors and its corresponding receptors in the brain. Thus, KXS could serve as alternative medicine, or health food supplement, for
patients suffering from depression.

1. Introduction

Today, a lot of people are suffering from a depressive episode.
If a person encounters these symptoms, for example, anhe-
donia (loss of interest and pleasure), persistent depression,
difficulty in sleeping, suicidal tendency, occuring together
and lasting for more than two weeks without significant
improvement, thus major depression disorder is being diag-
nosed [1]. The major depression disorder (depression) today
is a common psychiatric disorder having an incidence up to
15% and perhaps higher for women at 25% [2], which is esti-
mated to be a major burden on mental health service by the
year of 2020 according to WHO’s prediction.

Currently, several therapies are used for the treatment
of depression, which can be categorized into two parts,

psychotherapy and pharmacotherapy, supplemented with
other therapies, for example, electroconvulsive seizures, deep
brain stimulation, and exercises [3]. The modulation of neu-
rotransmitters, especially restoring the decreased level in the
brain of depressive patients, had become the target for devel-
opment of anti-depression drugs. At least three categories
of antidepression drugs have been developed: (i) the tri-
cyclic anti-depressants, such as imipramine, dothiepin, and
clomipramine, (ii) the selective neurotransmitters reuptake
inhibitors, such as selective serotonin reuptake inhibitors,
and norepinephrine reuptake inhibitors, norepinephrine-
dopamine reuptake inhibitors, and (iii) monoamine oxidase
inhibitors. However, about 30%–40% of patients are not
responding to an initial 4–6-week treatment with these
drugs. About 10–15% of patients fail to improve sufficiently,
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even after several attempts of different treatments, while 12–
15% of depressive patients show no response at all, not
to mention the possible side effects [4]. Therefore, other
theories of the etiology of depression have been proposed,
and the deficiency of neurotrophic factors in the brain is an
important one [5].

Traditional Chinese medicine (TCM) has offered a pos-
sible therapy for the treatment of depression. The records of
treating mental disorders could be found in ancient medi-
cinal books, and a herbal decoction kai-xin-san (KXS) is the
most popular one. The first description of KXS is recorded
in Beiji Qianjin Yaofang <Thousand Formulae for Emergency>
written by Sun Simiao in Tang Dynasty (i.e., 652 AD). This
herbal formula composes of four herbs: Ginseng Radix et
Rhizoma (root and rhizome of Panax ginseng C. A. Mey.),
Polygalae Radix (root of Polygala tenuifolia Wild.), Acori
Tatarinowii Rhizoma (rhizome of Acorus tatarinowii Schott),
and Poria (sclerotium of Poria cocos (Schw.) Wolf). KXS
has been used to treat the diseases having symptoms of
depressed mood and morbid forgetfulness [6]. Although
this decoction has been used frequently, the mechanism of
KXS for anti-depression is still unknown, which therefore
hinders the further clinical application of this herbal for-
mula. Here, we applied chronic mild-stress-(CMS-) induced
depressive rat models to search the mechanism of KXS
on anti-depression. The long-term treatment of a chemical
standardized herbal extract of KXS suppressed the CMS-
induced depression in rats. In the brains of KXS-treated
rats, the levels of neurotransmitters, the mRNA expressions
of crucial enzymes in regulating those neurotransmitters,
and the mRNA expressions of neurotrophic factors and its
receptors were significantly altered.

2. Materials and Methods

2.1. Chemicals. Dopamine hydrochloride, 5-hydroxyindole-
acetic acid, serotonin hydrochloride, and norepinepher-
ine were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Internal standards with isotope labeling were 2-(3,4-
dihydroxyphenyl)ethyl-1,1,2,2-d4-amine HCl (dopamine-
d4, 98 atom % D); 5-hydroxyindole-4,6,7-d3-3-acetic-d2-
acid (5-hydroxyindole-3-acetic acid-d5, 98 atom % D); L-
glutamic-2,3,3,4,4-d5-acid (glutamate-d5, 98 atom % D);
serotonin-α,α,β,β-d4 creatinine sulfate complex (serotonin-
d4, 98 atom % D); norepinepherine-2,5,6,α,β,β-d6 HCl (nor-
epinepherine-d6, 98 atom % D). The internal standards were
purchased from CDN Isotopes (Quebec, Canada). LC-MS-
grade acetonitrile and water were purchased from Capitol
Scientific (Austin, TX, USA). Formic acid was purchased
from Riedel-de Haën Inc. (Hannover, Germany). Imipr-
amine was purchased from Sigma-Aldrich. RNAzol reagent
was purchased from Molecular Research Center (Cincinnati,
OH, USA). High-Capacity cDNA Reverse Transcription Kit
was purchased from Applied Biosystems (Foster City, CA,
USA). KAPA SYBR FAST qPCR Kit was purchased from Kapa
Biosystems (Woburn, MA, USA).

2.2. Preparation of Extract of KXS Decoction. KXS decoction
composed of the following dried raw materials: 4 g Ginseng

Radix et Rhizome (root and rhizome of P. ginseng), 4 g Poly-
galae Radix (root of P. tenuifolia), 100 g Acori Tatarinowii
Rhizoma (rhizome of A. tatarinowii), and 200 g Poria (sclero-
tium of P. cocos). The herbs were purchased from Qingping
Market of Chinese herbs in Guangzhou, China, which
were authenticated by one of the authors, Dr. Tina T.X.
Dong, according to their morphological characteristics. The
voucher specimens were deposited in the Centre for Chinese
Medicine at Hong Kong University of Science and Techno-
logy. The herb materials were combined and boiled in
2,500 mL of water for 2 hours, and the herbs were extracted
twice. For the second extraction of KXS, the residue from the
first extraction was filtered: the same extraction condition
was applied on the filtered residue. Then, the extracts were
combined and concentrated to the powder and stored at
−80◦C. Before the KXS treatment, the powder was re-dis-
solved and vortexed in room temperature. The herbal extract
was chemically standardized as reported previously [7].

2.3. Animals and Drug Treatment. Male Sprague-Dawley
rats weighing 200–220 g were obtained from the Laboratory
Animal Services Center, Chinese University of Hong Kong.
Animals were maintained on a 12-hour light/dark cycle
(lights on at 6 : 00 a.m., lights off at 6 : 00 p.m.) under con-
trolled temperature (22±2◦C) and humidity (50±10%), and
they were given standard diet and water. They were allowed
to acclimatize for 7 days before use. The experiments on ani-
mals have been approved by the Animal Experimentation
Ethics Committee of the Chinese University of Hong Kong
and conformed to the guidelines of “Principles of Laboratory
Animal Care” (NIH publication no. 80-23, revised 1996).
The efforts were made to minimize the number and suffering
of animals. Rats were randomly divided into five groups of
eight individuals. The control animals were given with saline.
For another four groups, the animals were treated simu-
ltaneously with chronic mild stress (CMS). The drugs (KXS
at 0.9 and 2.7 g/kg/day and imipramine at 20 mg/kg) were
intragastrically given daily at 30 min before the stress expo-
sure for the entire 4-week treatment.

2.4. Chronic Mild Stress Procedure. The procedure of CMS
was performed as described previously [8]. In brief, the CMS
protocol consisted of the sequential application of a variety of
mild stressors: (1) food deprivation for 24 hours, (2) water
deprivation for 24 hours, (3) exposure to a empty bottle
for 1 hours, (4) cage tilt (45◦) for 7 hours, (5) overnight
illumination, (6) soiled cage (200 mL water in 100 g sawdust
bedding) for 24 hours, (7) forced swimming at 8◦C for 6
minutes, (8) physically restraint for 2 hours, and (9) exposure
to a foreign object (e.g., a piece of plastic) for 24 hours. These
stressors were randomly scheduled over a one-week period
and repeated throughout the 4 weeks of experiment (see
Figure 1). Nonstressed animals were left undisturbed in their
home cages except during housekeeping procedures such as
cage cleaning.

2.5. Rat Sucrose Preference Test. Sucrose preference test was
carried out at the end of 4-week CMS exposure. The
test was performed as described previously with minor
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Figure 1: Schedule of chronic mild stress (CMS) procedure. The CMS protocol consisted of the sequential application of a variety of mild
stressors. These stressors were randomly scheduled over a one-week period from Day 1 to Day 7 and repeated for 4 weeks during the entire
experiment.

modifications. Briefly, 72 hours before the test, the rats
were trained to adapt to 1% sucrose solution (w/v): two
bottles of 1% sucrose solution were placed in each cage,
and 24 hours later 1% sucrose in one bottle was replaced
with tap water for 24 hours. After the adaptation, rats were
deprived of water and food for 24 hours. Sucrose prefer-
ence test was conducted at 9 : 00 a.m. in which rats were
housed in individual cages and were free to access to two
bottles containing 100 mL of sucrose solution (1%, w/v) and
100 mL of water, respectively. After 3 hours, the volumes of
consumed sucrose solution and water were measured, and
the sucrose preference was calculated by the following for-
mula: sucrose preference = sucrose consumption/(water con-
sumption + sucrose consumption) ×100% [8].

2.6. Analysis of Neurotransmitters. The rats were sacrificed
by decapitation, and the whole brain tissues were dissected.
Brain tissues were rapidly frozen in liquid nitrogen and kept
in −80◦C for storage. For lysate preparation, the brain tis-
sues were homogenized in ice-cold 0.5 M formic acid with
the concentration of 5 mL/g tissue, in the presence of the
internal standard at 500 ng/g tissue. The lysates were cen-
trifuged 15,000 ×g for 30 min at 4◦C. The supernatant was
separated and stored at −20◦C until the LC-MS analysis.
The detection of neurotransmitters analysis was performed
as described [9]. The chromatographic separation was per-
formed on an Agilent UHPLC 1290 series system (Agilent,
Waldbronn, Germany), which was equipped with a degasser,
a binary pump, an autosampler, and a thermostated column
compartment. The brain sample was separated on an ACE
C18 column (3.0 μm i.d., 100 mm × 2.1 mm). The mobile
phase was composed of 0.1% formic acid in water (A) and
0.1% formic acid in acetonitrile (B) using the following grad-
ient program: 0–2 min, isocratic gradient 1.0% (B); 2–6 min,
linear gradient 1.0–90.0% (B); 6–10 min, isocratic gradient
90.0% (B). A preequilibration period of 4 min was used
between each run. The flow rate was 0.2 mL/min, the column
temperature was 25◦C, and the injection volume was 5 μL.
An Agilent QQQ-MS/MS (6410A) equipped with an ESI
ion source was operated in positive ion mode. The fol-
lowing conditions were optimized: drying gas, nitrogen (10
L/min, 325◦C); capillary voltage, 1950 V; scan mode, SRM.
The detected ion pairs, the acquired fragmentor, and the
collision energy were tuned with the aids of Agilent optimi-
zation software (B02.01). The mass spectrometry calibration
was performed with the autofeature of Agilent Mass Hunter
Chemstation software (version B01.03) using the ESI-L

low-concentration tuning mix supplied with the apparatus.
Agilent Mass Hunter workstation software version B.01.00
was used for data acquisition and processing.

2.7. Total RNA Extraction. Total RNA from brain tissue was
isolated with RNAzol reagent according to the manufac-
turer’s protocol. In details, total brain tissues were added
with RNAzol reagent (1.5 mL/g) and homogenized. The
homogenate was centrifuged at 16,100 ×g for 5 min at 4◦C.
The supernatants were removed, added with diethylpyro-
carbonate-(DEPC-) treated water (prepared by autoclaving
water with DEPC in a 1000 : 1 ratio), and vortexed vigorously
for 15 sec, followed by centrifugation at 13,500 rpm (16,100
×g) for 10 min at 4◦C. The aqueous layer was collected and
added with half volume of 70% ethanol in DEPC-treated
water for RNA precipitation. The RNA pallet was collected
by centrifugation at 16,100 ×g for 10 min at 4◦C and washed
with 70% ethanol in DEPC-treated water twice. After air dry,
the RNA was re-suspended in 200 μL of DEPC-treated water.
Concentrations of extracted RNA were calculated from the
UV absorbance at 260 nm. The quality of RNA was assessed
by absorbance at 260 nm and 280 nm, with the ratio of 260/
280 nm ranging from 1.90 to 2.10 being acceptable.

2.8. Real-Time Quantitative PCR. Isolated RNAs were
reverse transcribed by the moloney murine leukemia virus
(MMLV) reverse transcriptase with oligo-d(T) primer in a
20 μL reaction by using High-Capacity cDNA Reverse Trans-
cription Kit. In details, three μg of total RNA was mixed with
1 μL of 0.5 μg/mL oligo-d(T) primer, 1 μL of 10 mM dNTP
mix, and RNAase/DNAase-free water in a 12 μL reaction.
The mixture was incubated in 65◦C for 5 min. Two μL
of 0.1 M dithiothreitol (DTT), 1 μL of 40 U/μL RNase out,
and 4 μL of 5 × first strand buffer (250 mM Tris-HCl, pH
8.3, 375 mM KCl, 15 mM MgCl2) were added into the reac-
tion mix and incubated at 37◦C for 5 min. One μL MMLV
was added into the reaction and incubated at 37◦C for
50 min. Then, the reaction was incubated at 70◦C for
15 min. Quantification of the cDNA was determined by UV
absorbance at 260 nm and 280 nm by NanoDrop. Appli-
cations were performed in an Applied Biosystems PCR sys-
tem for 40 cycles. Ten μL aliquots of the PCR products
were size-separated by electrophoresis on a 2% agarose
gel. Real-time quantitative PCR was performed by using
SYBR Green Master mix and ROX reference dye, according
to the manufacturer’s instructions of KAPA SYBR FAST
qPCR Kit. In brief, cDNAs were obtained from the reverse
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Figure 2: KXS increases the sucrose consumption in CMS-treated
rats. (a) Five groups of rats were employed for the sucrose prefer-
ence test, as stated in Figure 1. KXS treatment, intra-gastrically, was
administrated daily at 30 min before the stress exposure for 4 weeks
of experimental period. Two doses of KXS were applied including
low dosage at 0.9 g/kg (KXS-L) and high dosage at 2.7 g/kg (KXS-
H). Imipramine at daily dosage of 20 mg/kg was set as a positive
control. (b) Treatment of KXS and imipramine as in (a) but these
were all in normal rats. Values are expressed in the percentage of
normal (unstressed, or no drug, control), as mean ± SEM (n = 8).
∗P < 0.05.

transcription of the RNA from rat brain. SYBR green signal
was detected by M × 3000 ptm multiplex quantitative PCR
machine. Transcript levels were quantified by using the Ct
value method [11], where values were normalized by the
internal-control GAPDH in the same sample. PCR products
were analyzed by gel electrophoresis on a 1.5% agarose gel,
and the specificity of amplification was confirmed by the
melting curves. Primers employed in RT-PCR and real-time
quantitative PCR analyses were listed in Table 1.

3. Results

3.1. KXS Alleviates the Depressive-Like Symptoms Induced
by Chronic Mild Stress. A chemically standardized herbal
extract was prepared according to the ancient recipe: this was
an important prerequisite criterion to ensure the repeatabil-
ity of KXS treatment. KXS was prepared by having Ginseng
Radix et Rhizoma, Polygalae Radix, Acori Tatarinowii Rhi-
zoma, and Poria in a ratio of 1 : 1 : 25 : 50. A standardized
extraction method of herbal extraction and a quantification
of KXS chemically by HPLC-DAD-MS/MS method were
developed previously [7]. In addition, an HPLC-MS/MS fin-
gerprint of KXS was shown in Supplementary Figure avalible
online at doi:10.1155/2012/149256: this was to ensure the
quality of the herbal decoction. By determining the amounts
of marker chemicals from each herb, we recommended that a
standardized KXS extract should contain no less than 20.4±
1.7 mg of ginsenoside Rb1, 8.0 ± 0.6 mg of ginsenoside Rd,
19.0±1.3 mg of ginsenoside Re, 24.6±2.2 mg of ginsenoside
Rg1, 33.6±0.3 mg of 3, 6′-disinapoyl sucrose, 51.4±0.2 mg of
α-asarone, 1112.4±1.9 mg of β-asarone, 21.1 e−3±0.4e−3 mg
of pachymic acid, in 100 g of KXS extract, and the yield of
KXS was 14.3 ± 6% (mean ± SD, n = 3). These parameters
established the chemical standards of KXS for subsequent
studies on animals.

To evaluate the anti-depression efficacy of KXS on animal
model, the depressive rats induced by CMS were employed
for this exploration. The CMS paradigm involved the expo-
sure of animals to a series of mild and unpredictable stressors
for 4 weeks (Figure 1). The effect of KXS treatment on the
percentage of sucrose consumption in CMS-treated rats was
shown in Figure 2(a). Five groups of rats were employed
for the sucrose preference test. Imipramine at daily dosage
of 20 mg/kg was set as a positive control. KXS treatment
was set for two dosages: low dosage (KXS-L) at 0.9 g/kg and
high dosage (KXS-H) at 2.7 g/kg. The applied KXS dosage
here was estimated according to the current clinical usage
in human. A 4-week CMS exposure significantly reduced
the percentage of sucrose consumption by ∼21% in the ani-
mals as compared to the nonstressed control. The long-term
treatment of KXS-H increased the sucrose consumption in
CMS-treated rats (∼20%), as compared to the CMS-treated
control, that is, an improved behavior. The treatment of
imipramine increased the percentage of sucrose consump-
tion in CMS-treated rats (∼18%). The long-term treatment
with KXS-L also showed an increase in tendency (∼15%),
but without statistical significance. Both treatments almost
restored the sucrose consumption back to the normal con-
dition. The treatment of KXS, or imipramine, in normal
rats however did not show any significant effect on the suc-
rose consumption (Figure 2(b)). Thus, KXS exerted a pro-
found anti-depression effect in alleviating the depressive-like
symptom on CMS-induced depressive rats.

3.2. KXS Restores the Decreased Level of Neurotransmitters in
Brain of the Depressive Rats. The developed HPLC-MS/MS
method was employed to determine the total levels of neuro-
transmitters in the brain of CMS-treated rats [9]. The
effects of KXS and imipramine on the amount of
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Table 1: Primer sequences, length of PCR products and optimal annealing temperature for each gene used in real-time quantitative PCR.

Primer Sequence (5′-3′) Source bp Ta (◦C)

TH-S CCA GTT CTC CCA GGA CAT TGG AC
NM 012740.3 312 59

TH-AS GAG GCA TAG TTC CTG AGC TTG TCC

DBH-S GAA GAA TGC TGT GAC TGT CCA CCA G
NM 013158.2 387 59

DBH-AS CAG AGG CTG CAG GTT CCA GTT AC

AADC-S GTT GTC ACC CTA GGA ACC ACA TCT TG
NM 012545.3 444 59

AADC-AS CTC ATG AGA CAG CTT CAC GTG CTT TC

MAOA-S GCC AAA GTT CTG GGA TCT CAA GAA GC
NM 033653.1 204 59

MAOA-AS CAC CAG TGA TCT TGA GCA GAC CAG

MAOB-S GAG AAG AAC TGG TGT GAG GAG CAG
NM 013198.1 342 59

MAOB-AS AGC TGT TGC TGA CAA GAT GGT GGT

COMT-S GGT GAC GCG AAA GGC CAA ATC ATG
NM 012531.2 351 59

COMT-AS CAG GCC ACA TTT CTC CAG GAG AAG

DAT-S GGT TCT ACG GCG TCC AGC AAT TC
M80570.1 291 59

DAT-AS CAT AGG CCA GTT TCT CCC GGA AG

VMAT2-S GGT GGA CTC CTC TAT GAT GCC TAT C
NM 013031.3 351 59

VMAT2-AS CTC CTT AGC AGG TGG ACT TCG AAG

NET-S CAG GTT CAG CAA TGA CAT CCA GCA G
NM 031343.1 282 59

NET-AS GTG ATT CCG TAG GCC ACT CTC TC

DrD2-S AAC TGT ACC CAC CCT GAG GAC ATG
NM 012547.1 236 59

DrD2-AS CTG TCA GGG TTG CTA TGT AGG CC

Adra1A-S TGG TGG GTT GCT TCG TCC TCT G
NM 017191.2 211 59

Adra1A-AS CGA AGA CAC TGG ATT CGC AGG AC

TPH-S CAC CCA GGA TTC AAG GAC AAC GTC
NM 173839.2 421 59

TPH-AS CAC TGT GAA GCC AGA TCG CTC TTT C

SERT-S ATG GTT CGT GCT CAT CGT GGT CAT C
NM 013034.3 268 59

SERT-AS GAT GAA CAG GAG AAA CAG AGG GCT G

Htr1A-S CAT CAG CAA GGA CCA CGG CTA C
NM 012585.1 353 59

Htr1A-AS GGA AGG TGC TCT TTG GAG TTG CC

NGF-S CAC TCT GAG GTG CAT AGC GTA ATG TC
XP 001067130.2 374 59

NGF-AS CTG TGA GTC CTG TTG AAG GAG ATT GTA C

BDNF-S GAG CTG AGC GTG TGT GAC AGT ATT AG
BC087634 229 59

BDNF-AS ATT GGG TAGT TCG GCA TTG CGA GTT C

GDNF-S GCG CTG ACC AGT GAC TCC AAT ATG
AF497634 318 59

GDNF-AS CGC TTC ACA GGA ACC GCT ACA ATAT C

NT3-S ACA AGC TCT CCA AGC AGA TGG TAG ATG
M61179.1 310 59

NT3-AS TCT CCT CGG TGA CTC TTA TGC TCT G

NT4-S TCA GTA CTT CTT CGA GAC GCG CTG
NM 013184.3 135 59

NT4-AS GGC ACA TAG GAC TGT TTA GCC TTG CAT

NT5-S ATG CAG TGA GTG GCT GGG TGA C
S69323.1 229 59

NT5-AS GTT TAG CCT TGC ATT CTG AGA GCC AG

TrkA-S ACC TCA ACC GTT TCC TCC GGT C
M85214. 330 57

TrkA-AS CTC GAT CGC CTC AGT GTT GGA GA

TrkB-S CGG GAG CAT CTC TCG GTC TAT G
M55291.1 221 57

TrkB-AS CAA ATG TGT CCG GCT TGA GCT GG

TrkC-S CAC TGT CTA CTA CCC TCC ACG TG
L03813.1 253 57

TrkC-AS CTC TCT GGA AAG GGC TCC TTA AGG

GAPDH-S AAC GGA TTT GGC CGT ATT GG Lee et al., 2009 [10] 516 57
GAPDH-AS CTT CCC GTT CAG CTC TGG G

Abbreviations: S: sense primer; AS: antisense primer; TH: tyrosine hydroxylase; DBH: dopamine β-hydroxylase; AADC: aromatic acid decarboxylase; MAOA:
monoamine oxidase A; MAOB: monoamine oxidase B; COMT: catechol-O-methyltransferase; DAT: dopamine transporter; VMAT2: vesicular monoamine
transporter 2; NET: norepinepherine transporter; DrD2: dopamine receptor D2; Adra1A: adrenergic receptor α1A; Htr 1A: serotonin receptor 1A; TPH:
tryptophan hydroxylase; SERT: serotonin transporter; Htr1a: serotonin receptor 1A; NGF: nerve growth factor; BDNF: brain derived neurotrophic factor;
GDNF: glial-cell-line-derived neurotrophic factor; NT3: neurotrophin 3; NT4: neurotrophin 4; NT5: neurotrophin 5; Trk A: tyrosine kinase receptor A; Trk
B: tyrosine kinase receptor B; Trk C: tyrosine kinase receptor C; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.



6 Evidence-Based Complementary and Alternative Medicine

Dopamine

∗

∗

∗ ∗ ∗

Norepinephrine

∗∗
∗∗ ∗∗

Normal CMS KXS-L KXS-H Imipramine Normal CMS KXS-L KXS-H Imipramine

120

100

80

60

40

20

0

120

100

80

60

40

20

0

100

80

60

40

20

0

A
m

ou
n

t 
of

 n
eu

ro
tr

an
sm

it
te

r 
(%

 o
f 

n
or

m
al

)

Serotonin

5-HIAA/5-HT

500

400

300

200

100

0

A
m

ou
n

t 
of

 n
eu

ro
tr

an
sm

it
te

r 
(%

 o
f 

n
or

m
al

)

Figure 3: KXS restores the decreased level of neurotransmitters in depressive rats. The treatment of KXS in the rats was as that in Figure 2.
The total brain was collected after the treatment. The amounts of dopamine, norepinepherine, serotonin, and 5-HIAA in rat brains were
analyzed by LC-MS. Two doses of KXS were applied including low dosage at 0.9 g/kg (KXS-L) and high dosage at 2.7 g/kg (KXS-H). The
imipramine at dose of 20 mg/kg was set as the positive control. Values are showed as the mean ± SEM (n = 8). ∗P < 0.05 ∗∗P < 0.01.

neurotransmitters in the brains were summarized in
Figure 3. In the CMS-treated rat brains, the reductions
of norepinepherine, dopamine, and serotonin were signif-
icantly revealed: the decrease was from 20 to 50%. Imi-
pramine treatment was able to fully reverse the effects of
CMS on the amounts of norepinepherine, dopamine, and
serotonin in the brain. The treatment with KXS, both low
and high doses, was effective in reversing the effect of
CMS on norepinepherine and dopamine; that is, the levels
returned to normal control (Figure 3).

Here, the amounts of serotonin and 5-hydroxyindole-
acetic acid (5-HIAA), a metabolite of serotonin, were ana-
lyzed in the KXS-treated rat brains. The ratio of 5-HIAA to
serotonin could be used as an index for the turnover of sero-
tonin [12, 13]. The amount of serotonin was markedly
reduced in the CMS-treated rat brains (Figure 3). In parallel,
the amount of 5-HIAA was markedly increased, that is,
an increase of serotonin breakdown. This CMS-induced
phenomenon could be significantly reversed by the treatment
of KXS, as well as the control treatment of imipramine

(Figure 3). The reduced 5-HIAA/5-HT ratio suggested that
the turnover of serotonin was decreased by the treatment of
KXS.

3.3. KXS Regulates the mRNA Expression of Proteins Relating
to the Regulation of Neurotransmitters. The mRNA levels of
proteins relating to the regulation of dopamine and nore-
pinephrine (see Table 1) were determined by quantitative
PCR: these proteins included tyrosine hydroxylase, dop-
amine β-hydroxylase, monoamine oxidase B, catechol-O-
methyltransferase, dopamine transporter, norepinepherine
transporter, dopamine receptor 2, and norepinepherine
receptor. The mRNAs encoding enzymes accounting for the
metabolism of dopamine and norepinepherine were signifi-
cantly altered, except tyrosine hydroxylase and monoamine
oxidase B, in the CMS-treated rat brains (Figure 4). As com-
pared to CMS control, the KXS treatment could significantly
increase the mRNA levels of tyrosine hydroxylase at ∼3-fold
under KXS-H, dopamine β-hydroxylase at ∼2-fold under
both KXS-L and KXS-H, and monoamine oxidase B from
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Figure 4: KXS regulates the mRNA expression of proteins relating to catecholamine metabolism in depressive rats. The treatment of KXS in
the rats was as that in Figure 2. The total RNA was isolated from the rat brains. The mRNA expression was analyzed by real-time quantitative
PCR. Two doses of KXS were applied including low dosage at 0.9 g/kg (KXS-L) and high dosage at 2.7 g/kg (KXS-H). The imipramine at
dose of 20 mg/kg was set as the positive control. Values are showed as the mean ± SEM (n = 8). ∗P < 0.05.
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1.8-fold to 2.5-fold under KXS-L and KXS-H, respectively
(Figure 4). In contrast, the level of mRNA encoding catechol-
O-methyltransferase was markedly reduced in the KXS-
treated depressive rats. Increase of synthesizing enzymes and
decrease of degrading enzymes could account for the resto-
ration of dopamine and norepinepherine back to the nor-
mal concentration. For the transporters of dopamine and
norepinepherine, the mRNA levels of dopamine transporter
and norepinepherine transporter were significantly increased
in the CMS-treated rat brains (Figure 4). This tendency
could be reversed by the imipramine treatment, while the
KXS treatment had no effect. For dopamine receptor D2
and norepinepherine receptor 1A (adrenergic receptor α1A),
CMS could significantly downregulate the mRNA level of the
receptors in rat brains (Figure 4). Here, both KXS and imi-
pramine treatments could restore the decreased levels back
to the normal condition.

The mRNA levels of regulating proteins relating to sero-
tonin metabolism (see Table 1) were also determined. The
mRNAs encoding tryptophan hydroxylase, aromatic acid
decarboxylase and monoamine oxidase A were determined.
These mRNAs were significantly reduced under the CMS
treatment (Figure 5). The KXS treatment in both dosages
restored the mRNA levels of tryptophan hydroxylase, aro-
matic acid decarboxylase, and monoamine oxidase A. Imi-
pramine could only restored the levels of mRNAs encod-
ing aromatic acid decarboxylase, and monoamine oxidase
A (Figure 5). The mRNA expressions of transporter and
receptor for serotonin were also determined under the her-
bal treatment. The CMS-suppressed mRNA levels of these
proteins were restore by the treatment of KXS significantly,
except serotonin receptor 1A (Figure 5).

3.4. Effect of KXS on mRNA Expression Levels of Proteins
Related to the Regulation of Neurotrophic Factors. The defi-
ciency of neurotrophic factors in the brain was one of the the-
ories in accounting for depression. Here, the expression levels
of mRNA encoding NGF, BDNF, GDNF, NT3, NT4, and
NT5 and their related receptors were explored. In the CMS-
treated rat brains, the mRNA expressions of neurotropic
factors were significantly reduced in all cases (Figure 6). The
treatment of KXS in CMS-treated rats could increase the
expressions of NGF, BDNF, GDNF, NT3, and NT5 mRNAs
but not the mRNA of NT4. In contrast, the treatment of
imipramine did not show any effect on the CMS-reduced
mRNA expression of those neurotropic factors, except GDNF
(Figure 6). In addition, the mRNA expressions of Trk A, Trk
B, and Trk C receptors were determined: these expressions
showed a reduction in the CMS-treated rat brains (Figure 7).
In parallel, the levels of Trk A, Trk B and Trk C receptors
in the CMS-treated rat brains were restored under the
treatment of KXS. Imipramine treatment could only restore
the CMS-suppressed Trk A and Trk B receptors (Figure 7).

4. Discussions

KXS, an ancient Chinese herbal decoction, has been
used in Chinese medicinal herbal mixture in treating

anti-depression; however, the action mechanism of which in
brain functions has not been revealed. Here, we provided
different lines of evidence to support the anti-depression role
of KXS in CMS rat model system. The intake of KXS in the
CMS-treated rats could result in the following: (i) the sucrose
consumption was increased; (ii) the amounts of dopamine,
norepinephrine, and serotonin, as well as its metabolic
proteins including the transporters and receptors, were regu-
lated; (iii) the amounts of NGF, BDNF, GDNF, NT3, NT4,
and NT5, as well as their receptors including Trk A and
Trk B, were increased. Under this scenario, the regulation
of neurotransmitters and neurotropic factors could lead to
a result of the improved behavior of those CMS-treated rats.
However, the molecular targets of KXS in the brains have not
been revealed, in particular this herbal mixture is containing
numerical amount of chemicals [7].

The four individual herbs of KXS are known to affect
our nervous system and frequently applied in the treatment,
or the prevention, of anti-depression, no matter in a form
of single herb or in an herbal mixed formula [14]. In KXS,
the four herbs could be separated into two herb pairs. The
pair of Ginseng Radix et Rhizoma and Polygalae Radix is
to invigorate the Xin-qi, while that of Acori Tatarinowii
Rhizoma and Poria is to eliminate the dampness. The pharm-
acological effects of active chemicals deriving from these
four herbs on anti-depression have been reported. The total
saponins derived from Ginseng Radix et Rhizoma, especially
ginsenosides, are the main chemicals with strong neuro-
trophic and neuroprotective effects [15]. Indeed, the sapo-
nins of Ginseng Radix et Rhizoma were shown to reverse
the reduction in sucrose preference index in CMS-treated
rats through enhancing the amount of monoamine neuro-
transmitter [16] and the expression of BDNF mRNA in
hippocampus and frontal cortex of the brain [17]. In CMS-
treated rats, the oligosaccharide ester of Polygalae Radix
increased sucrose consumption, reduced the levels of cortis-
tatin, adrenocorticotropic hormone, and corticotropin-rele-
asing factor in serum, and also enhanced the expression of
glucocorticoid receptor mRNA [18, 19]. The water extract of
Acori Tatarinowii Rhizoma could significantly shortened the
motionless time of forced swimming and the despair time of
tail suspension in mouse animal models of depression [20].
Compared to other herbs, the studies of neuronal function
of Poria are very limited, in spite of its widely application
in treating mental disorder by herbalists. In line to its
clinical usages, the water extract of Poria protected cultured
PC12 cells through suppressing the oxidative stress and the
apoptosis induced by Aβ [21]. The triterpenoids from Poria
could regulate the expressed 5-HT3A receptors in Xenopus
oocytes [10]. Although each herb showed the potent effect
in anti-depression, a herbal mixed formula of four herbs was
frequently applied clinically instead of a single form, accord-
ing to the usages of Chinese medicine.

The first catecholamine theory of depression was pro-
posed in 1965 [22]. Thus, the aim of the drug development
was to restore the decreased levels of neurotransmitters in
the synaptic cleft or in the depressive brain. Dopamine, nore-
pinepherine, and serotonin were regarded as the crucial neu-
rotransmitters in the etiology of depression. Indeed, many
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Figure 5: KXS regulates the mRNA expression of proteins relating to serotonin in depressive rats. The treatment of KXS in the rats was
as that in Figure 2. The total RNA was isolated from the rat brains. The mRNA expression was analyzed by real-time quantitative PCR.
Two doses of KXS were applied including low dosage at 0.9 g/kg (KXS-L) and high dosage at 2.7 g/kg (KXS-H). The imipramine at dose of
20 mg/kg was set as the positive control. Values are showed as the mean ± SEM (n = 8). ∗P < 0.05.

drugs targeting to the neurotransmitter metabolism have
been developed, for example, reserpine, tetrabenazine, ipro-
niazid, and imipramine [4]. In the present studies, KXS treat-
ment tended to restore the levels of dopamine, norepine-
pherine and serotonin in the CMS-treated rat brains: the
restored levels were similar to that in the nonstressed group.
Compared to the positive control imipramine, one of the
first-generation tricyclic anti-depression drug and norepine-
pherine and serotonin reuptake inhibitors, KXS showed sim-
ilar effects, which implied that it might exert anti-depression
actions by modulating dopaminergic, noradrenalinergic, and
serotoninergic neuronal systems.

In order to explore the mechanism of neurotransmitter
regulation, the mRNA expression levels of related proteins
were evaluated. For dopamine and norepinepherine, they
share the same biosynthesis pathway at the start point, while
that of serotonin has a distinct pathway (Figure 8). In the
treatment of KXS in those CMS-treated rats, the enzymes
responding for synthesis of dopamine/norepinephrine, and
serotonin were increased, for example, tyrosine hydroxylase,
dopamine β-hydroxylase, and aromatic acid decarboxylase.
Under the CMS treatment, the brain receptors for dopamine
and norepinepherine, and the transporter of serotonin were
increased. Based on the results, KXS might regulate the
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Figure 6: KXS increases the mRNA expression of neurotrophic factors in depressive rats. The treatment of KXS in the rats was as that in
Figure 2. The total RNA was isolated from the rat brains. The mRNA expression was analyzed by real-time quantitative PCR. Two doses of
KXS were applied including low dosage at 0.9 g/kg (KXS-L) and high dosage at 2.7 g/kg (KXS-H). The imipramine at dose of 20 mg/kg was
set as the positive control. Values are showed as the mean ± SEM (n = 8). ∗P < 0.05.

neurotransmitter systems by acting on synthesis, storage,
and upregulating the receptors in order to compensate for
the deficient availability of neurotransmitters caused by
the depressive state. Although imipramine could upregulate
the levels of neurotransmitters, the regulations on those
aforementioned proteins are very different to that of KXS
treatment.

The theory of neurotrophic factors in the etiology
of depression has attracted much attention. The theory
holds that the normal physiology of neuron is supported
and maintained with the help of a series of neurotrophic
factors, including NGF, BDNF, GDNF, NT-3, NT-4, and

NT-5. If the deficiency of neurotrophic factors occurred, the
neuron cannot survive and/or grow healthy, which will sub-
sequently lead to neurodegenerative disorders, for example,
depression. Postmortem analyses of brain tissues from
patients with major depression showed a reduction in brain
BDNF [23] and in serum BDNF [24, 25], whereas brain
infusion of BDNF produced anti-depressant-like action in
animals [26]. In addition, NGF was also found to have novel
anti-depressant-like action in rats, but did not appear to have
biochemical actions similar to that of other anti-depress-
ants [27]. In the present study, the CMS-treated rat showed
a decrease in the expression of neurotrophic factors and its
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Figure 7: KXS increases the mRNA expression of neurotrophic
receptors in depressive rats. The treatment of KXS in the rats was as
that in Figure 2. The total RNA was isolated from the rat brains. The
mRNA expression was analyzed by real-time quantitative PCR. Two
doses of KXS were applied including low dosage at 0.9 g/kg (KXS-
L) and high dosage at 2.7 g/kg (KXS-H). The imipramine at dose of
20 mg/kg was set as the positive control. Values are showed as the
mean ± SEM (n = 8). ∗P < 0.05.

corresponding receptors. However, KXS could increase the
expression levels of neurotrophic factors and its receptors in
restoring abnormal growth state of neuron under depress-
ion. Indeed, our preliminary results suggested that the appli-
cation of KXS onto cultured astrocytes could induce the
expression of neurotrophic factors (Zhu et al., unpublished
results). For imipramine in CMS-treated rats, only the
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Figure 8: Synthesis and degradation of dopamine, norepinephrine,
and serotonin. The detailed pathway of the synthesis and degra-
dation of dopamine, norepinepherine (a) and serotonin (b) were
shown. The arrows indicate the up- and downregulation of
the corresponding mRNA level by the treatment of KXS. TH:
tyrosine hydroxylase; AADC: aromatic acid decarboxylase; MAOB:
monoamine oxidase B; COMT: catechol-O-methyl-transferase;
DOPAC: dihydroxyphenylacetic acid; 3-MT: 3-methoxytyramine;
DBH: dopamine β-hydroxylase; DOPEG: dihydroxyphenylglycol;
NM: normetanephrine; TPH: tryptophan hydroxylase; 5-HTP: 5-
hydroxytryptophan; MAOA: monoamine oxidase A; 5-HIAA: 5-
hydroxyindole-3-acetic acid.

expression of GDNF level was elevated, which was also con-
sistent with a previous report [28].

Based on our current study, KXS might have multitargets
in the brain for anti-depression. These findings are in line
with previous studies. KXS treatment in rats has been shown
to enhance the learning and memory abilities [29]. In paral-
lel, KXS, in different ratio of the four herbs, was found to
exert profound effects in anti-depression [16]. Thus, KXS
could be a valuable herbal formula for the treatment of anti-
depression, either as a form of health food supplement or a
prescribed drug. More importantly, the toxicity of long-term
intake of KXS has been very minimal, which has made it be
used over a thousand of years in human [30].

5. Conclusions

The treatment of KXS could alleviate the depression-like
symptoms in CMS-induced rats. The anti-depressive action
of KXS might be accounted by modulating the neurotrans-
mitters system and increasing the expression of neurotrophic
factors in the brain. This herbal extract is being chemi-
cally standardized and therefore could serve as alternative
medicine or health food supplement for patients suffering
from depression. Since KXS is a mixture of compounds,
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the identification of active ingredients here will be further
evaluated.
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Baihe Dihuang Tang (BDT) is a renowned Chinese herbal formula which is commonly used for treating patients with mental
instability, absentmindedness, insomnia, deficient dysphoria, and other psychological diseases. These major symptoms closely
associated with the depressive disorders. BDT was widely popular use for treating emotion-thought disorders for many years in
China. In the present study, the antidepressant-like effect of BDT in mice was investigated by using the forced swim test (FST)
and the tail suspension test (TST). The underlying mechanism was explored by determining the effect of BDT on the level of
cerebral monoamine neurotransmitters. BDT (9 and 18 g/kg, p.o. for 14 days) administration significantly reduced the immobility
time in both the FST and the TST without changing locomotion in the open field-test (OFT). Moreover, BDT treatment at the
dose of 18 g/kg inhibited reserpine-induced ptosis. Meanwhile, BDT enhanced 5-HT and NA levels in mouse cerebrum as well as
decreased the ratio of 5-HT compared to its metabolite, 5-HIAA, (turnover, 5-HIAA/5-HT) after TST. The results demonstrated
that the antidepressant-like effect of BDT is mediated, at least partially, via the central monoaminergic neurotransmitter system.

1. Introduction

Depression is a mental illness that significantly affect a
person’s thoughts, behavior, feelings, and physical well-being
and has become a major global psychiatric problem. In
whole globe, approximately 450 million people suffer from
depression or behavioral disorder. According to prediction,
depression will become the second common disease by the
year 2020 [1]. The classical antidepressants include the tri-
cyclic antidepressant (TCA), monoamine oxidase inhibitor
(MAOI), selective serotonin reuptake inhibitor (SSRI), nora-
drenergic reuptake inhibitor (NARI), and serotonin and
noradrenaline reuptake inhibitor (SNRI) [2, 3]. Although
these drugs show excellent efficacy, most of them frequently
produce undesirable adverse effects. So it is urgent to explore

more promising antidepressants for clinical needs of de-
pressed patients.

Traditional herbal formulae have been clinically used
for thousands of years in China. Nowadays, the use of
traditional herbal formulae has provided us a prospective
alternative in the treatment of depression [4, 5]. Baihe
Dihuang Tang (BDT) is a renowned Chinese herbal formula
and firstly described in “synopsis of the Golden Chamber”
(Jinkui Yaolue) written by Zhang Zhong Jing in the early
3th century. It is composed of two component herbs: lily
bulb (Bulbus Lilii) and rehmannia root (Radix Rehmanniae).
BDT is commonly used in folk for the therapeutic treatment
of mental instability, absentmindedness, insomnia, deficient
dysphoria, and other psychological diseases [6]. These major
symptoms closely associated with the depressive disorders.
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BDT is widely popular use for treating emotion-thought
disorders for many years in China. Some clinical studies
have demonstrated antidepressant-like effects of BDT[7, 8].
Recently, pharmacological studies also have authenticated
that plants of the BDT and some of their chemical con-
stituents, including saponins, iridoids, and polysaccharides,
displaying nervous system activities. Prepared Rehmannia,
steamed roots of Rehmannia glutinosa, have effects on
depression-like disorders, and antioxidation may be one of
the mechanisms underlying its antidepressant action [9].
Catalpol, an iridoid glycoside, contained richly in Rehman-
nia, is found to be neuroprotective effect antioxidative
ability, reduces cognitive impairment significantly [10–12]
and therapeutic potential against inflammation-related neu-
rodegenerative diseases [13]. As the component herbal drug,
lily bulb or saponins from lily bulb also have depressant-like
effects involved in the serotonergic system [14, 15] and the
hypothalamic-pituitary-adrenal (HPA) axis in animal [16].

In the present study, we aim to investigate the antide-
pressant-like effects of BDT by using the forced swim and
tail suspension tests in mice. The underlying mechanism of
antidepression is explored by measuring the levels of mono-
amine neurotransmitters in mouse cerebrum.

2. Materials and Methods

2.1. Chemicals and Reagents. Desipramine, norepinephrine
(NE), dopamine (DA), serotonin (5-HT), 8-O-acetylharpag-
ide, and 5-hydroxyindoleacetic acid (5-HIAA) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Reserpine injec-
tion (1 mg/mL) was produced by Guangdong Bangmin Phar-
maceutical Co., Ltd. Ginsenoside Re, quercetin, was supplied
by the State Drug Analysis Institute (Beijing, China). All
other reagents and solvents used in the study were of analyti-
cal grade.

2.2. Plant Materials and Preparation of BDT. Bulbus Lilii
(BL) and Radix Rehmanniae (RR) were purchased from
Tongrentang Chinese Pharmaceutical Co. Ltd. (Beijing,
China). The two herbs were ground into a coarse powder,
respectively. BDT was formulated by mixing the two herbal
powders in relative proportions according to a ratio of
2 : 1 (BL : RR). The herbal powder mixture was boiled in
8 volumes of water (v/w) in reflux for 60 minutes. The
extraction procedure was repeated twice for 45 minutes.
The pooled extract was filtered to remove debris. The
concentrated extract was then dried by lyophilization to
obtain the extract at a yield of 32.84% (w/w). The extract
was stored in the desiccator at 4◦C until use. Contents of
total saponins [17], total flavonoids [18], total iridoids [19],
and total polysaccharides [20] in BDT extract were measured
by modified methods, using ginsenoside Re, quercetin, 8-
acetylharpagide, and dextran as standards, respectively. The
results indicated that BDT contained saponins, flavonoids,
total iridoids, and total polysaccharides at concentrations of
0.91%, 0.52%, 0.66%, and 4.36% (w/w), respectively.

2.3. Animal and Treatment. Male ICR mice weighting 20–
25 g were obtained from the Laboratory Animal Centre,

General Hospital of PLA, Beijing, China. The animals were
maintained on a 12 h light/dark cycle under regulated
temperature (22 ± 2◦C) and humidity (50 ± 10%) and
fed with standard diet and water ad libitum. They were
allowed to acclimate three days before use. The experimental
protocols for the present study have been approved by the
Ethics Committee of the PLA General Hospital and were
conducted in accordance with the Guide for the Care and
Use of Laboratory Animals (China Ministry of Health). All
experiments were performed between 09:30–14:00, and each
animal was used only once.

The animals were randomly assigned into groups of 50
individuals. Distilled water was given to animals in group
1 (Vehicle group). Animals in group 2 were administered
with positive compounds (Desipramine 20 mg/kg). Animals
in groups 3, 4, and 5 received intragastric doses of BDT
extract powder at 4.5 g, 9 g and 18 g/kg, respectively. The
drugs were given daily between 9:30 and 10:30 AM for 14
days. The test was conducted 2 h after the last treatment. The
mice, after performing TST behavioral tests, were sacrificed
for the determination of monoamine neurotransmitters.

2.4. Forced Swim Test (FST). The forced swim test was
performed according to the method described by Porsolt
et al. [21] with modifications. Briefly, mice were forced to
swim in a transparent glass vessel (25 cm in high 14 cm in
diameter) filled with 10 cm of water at 24 ± 2◦C. The total
duration of immobility (seconds) was measured as described
previously [22] during the last 4 minutes of a single 6-
minute test session. Mice were considered immobile when
they ceased struggling and remained floating motionless in
the water except the movements necessary to keep their heads
above the water.

2.5. Tail Suspension Test (TST). Tail suspension test was
carried out according to the method of Steru et al. [23].
Briefly, mice were suspended 5 cm above the floor by means
of an adhesive tape placed approximately 1 cm from the tip of
the tail. The total duration of immobility (s) was quantified
during a test period of 6 minutes. Mice were considered
immobile only when they hung passively.

2.6. Open-Field Test (OFT). The ambulatory behaviour was
assessed in an open-field test as described previously [24, 25].
The open-field apparatus consisted of a square wooden arena
(40 cm × 60 cm × 50 cm) with black surface covering the
inside walls. The floor of the wooden arena was divided
equally into 12 equal squares marked by black lines. Each
mouse was placed individually into the center of the arena
and allowed to explore freely. The number of squares crossed
by the mouse and the number of rearings on the hind paws
were recorded during a test period of 5 minutes. The arena
floor was cleaned between the trials with a detergent, and
the test was carried out in a temperature-, noise-, and light-
controlled room.

2.7. Reversal of Reserpine-Induced Ptosis in Mice. The
reserpine test was performed according to the method



Evidence-Based Complementary and Alternative Medicine 3

described by Bourin et al. [26] with modifications. Reserpine
(2.5 mg/kg) was given intraperitoneally to the animals, and
ptosis was evaluated 120 minutes after reserpine treatment.
Animals were placed on a shelf (20 cm above the tabletop)
and the score of eyes ptosis was calculated as described
previously [27], eyes open = 0; one-quarter closed = 1; half
closed = 2; three-quarters closed = 3; completely closed = 4.

2.8. Measurement of Monoamine Neurotransmitter Levels. To
explore the detailed neurochemical mechanisms involved in
the antidepressant-like effect of BDT, mice receiving BDT
for 14 days were used for the determinations of NE, DA,
5-HT, and 5-HIAA (The metabolite of 5-HT) levels in the
brain after TST. Mice were sacrificed by decapitation. Whole
brains were rapidly removed from mice, weighted and frozen
in liquid nitrogen immediately. The tissue samples were
stored at −80◦C until assay. Samples were homogenized in
10 volumes of tissue lysis buffer (0.6 mmol/L Perchloric acid,
0.5 mmol/L Na2EDTA and 0.1 g/L L-Cysteine) centrifuged at
15,000 g for 15 minutes. The supernatant was mixed with
equal volume of buffer (1.2 mol/L K2HPO4, 2.0 mmol/L
Na2EDTA) and centrifuged at 15,000 g for 15 minutes. The
resulting supernatant was used for assay. The contents of
5-HT, NA, DA, and 5-HIAA were measured as described
previously using high-performance liquid chromatography
(HPLC) with fluorescence detection with minor modifica-
tions [28]. The supernatant was analyzed by HPLC using an
Alltech Alltima C18 column (particle size 5 mm, 4.6 mm ×
250 mm). HPLC separation was achieved by an isocratic
elution (1 mL/min) with a mobile phase consisting of 87%
buffer solution (50 mmol/L citric acid, 50 mmol/L sodium
acetate, 0.5 mmol 1-sodium heptanesulfonate, 5 mmol/L
triethylamine, and 0.5 mmol/L Na2EDTA, PH = 3.8) and
13% methanol (v/v). The eluate was monitored by fluo-
rescence detector set at emission wavelength 280 nm and
excitation wavelength 315 nm. Calibration curve and limit
of quantitation were listed (Table 2, Supplementary Material
available online at doi:10.1155/2012/419257). The concen-
tration of 5-HT, NE, DA, and 5-HIAA was estimated using
a calibration curve of standard solution. The monoamine
neurotransmitter levels was expressed as μg/g wet weight of
tissue.

2.9. Statistical Analysis. The results were expressed as
mean ± SEM. Multiple group comparisons were performed
using one-way analysis of variance (ANOVA) followed by
Dunnett’s test in order to detect intergroup differences. A
significant difference was determined when P < 0.05.

3. Results

The FST and TST are the most widely used as behavioural
tools for assessing antidepressant activity [29, 30]. The results
of BDT on the immobility duration in FST are demon-
strated in Figure 1. Compared with the vehicle group, only
BDT administration for 14 successive days at dose 18 g/kg
decreased the immobility time by 33.8% (P < 0.05). The
same treatment regimen with BDT at doses of 9 and 18 g/kg
also significantly decreased the immobility time in TST. The
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Figure 1: The effect of Baihe Dihuang Tang (BDT, 4.5, 9, 18 g/kg,
p.o.) or desipramine (20 mg/kg, p.o.) on the immobility duration of
in the forced swimming test. Values given are the mean± SEM (n =
10). ∗P < 0.05 and ∗∗P < 0.01 as compared with vehicle group.
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Figure 2: The effect of Baihe Dihuang Tang (BDT, 4.5, 9, 18 g/kg,
p.o.) or desipramine (20 mg/kg, p.o.) on the immobility duration of
mice in tail suspension test. Values given are the mean ± SEM (n =
10). ∗P < 0.05 and ∗∗P < 0.01 as compared with vehicle group.

duration of immobility was reduced respectively by 37.3%
and 42.2% when compared with the vehicle (Figure 2).
Under the same experimental conditions, the similar effects
were observed in mice treated with desipramine at a dose
of 20 mg/kg, which served as a positive control of the
experiment. The reduction in the duration of immobility for
mice given with desipramine was 55.9% and 46.1% in FST
and TST, respectively (Figures 1 and 2).

As shown in Figure 3, BDT or desipramine administered
for 14 successive days did not significantly affect the number
of crossings and rearings in the open-field test (OFT) when
compared with the vehicle group. It was an indication that
the locomotor activity in mice OFT was not affected by the
treatment of BDT or desipramine.

As shown in Figure 4, treating with BDT only at
daily doses of 18 g/kg for 14 days significantly antagonized
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Table 1: The effect of BDT on the monoamine neurotransmitter levels and 5-HIAA/5-HT turnover ratio in brain after mouse TST.

Group Dose Ratio of brain/body (%)
Monoamine neurotransmitter level (μg/g wet tissue)

5-HIAA/5-HT
NA DA 5-HT 5-HIAA

Normal — 1.16± 0.024 1.08± 0.04 1.21± 0.05 1.49± 0.04 0.48± 0.05 0.32± 0.03

Vehicle — 1.19± 0.031 0.77± 0.07## 0.97± 0.09 1.07± 0.15## 0.35± 0.07 0.32± 0.02

Desipramine (mg/kg) 20 1.25± 0.056 1.15± 0.03∗∗ 1.01± 0.03 1.87± 0.05∗∗ 0.55± 0.03 0.29± 0.01

BDT (g/kg) 4.5 1.18± 0.025 0.78± 0.08 1.04± 0.02 1.23± 0.13 0.39± 0.09 0.31± 0.05

9.0 1.26± 0.071 0.79± 0.07 1.01± 0.05 1.48± 0.11∗ 0.42± 0.05 0.28± 0.06

18.0 1.21± 0.053 0.91± 0.06∗ 1.02± 0.07 1.74± 0.06∗∗ 0.51± 0.04∗ 0.25± 0.02∗

Values were expressed as mean ± SEM (n = 10). ##P < 0.01 as compared with the normal group. ∗P < 0.05 and ∗∗P < 0.01 as compared with the vehicle
group.
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Figure 3: The effect of Baihe Dihuang Tang (BDT, 4.5, 9, 18 g/kg, p.o.) or desipramine (20 mg/kg, p.o.) on the crossings (a) and rearings (b)
in the open-field test in mice. Values given are the mean ± SEM (n = 10). ∗P < 0.05 and ∗∗P < 0.01 as compared with vehicle group.
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Figure 4: The effect of Baihe Dihuang Tang (BDT, 4.5, 9,
18 g/kg, p.o.) or desipramine (20 mg/kg, p.o.) on reserpine-induced
palpebral ptosis in mice. Values given are the mean± SEM (n = 10).
∗P < 0.05 and ∗∗P < 0.01 as compared with vehicle group.

ptosis induced by reserpine. The same treatment protocol
using desipramine at 20 mg/kg also significantly antagonized
reserpine-induced ptosis.

The data shows BDT has no effect on brain/body of
mice (Table 1). The levels of NA, DA, 5-HT, and 5-HIAA
in the brain of mice after TST were measured and recorded
as shown in Table 1. Compared with normal group, the
significantly decreased responses to the TST exposure on 5-
HT and NA levels were revealed in mice brain. BDT at 9
and 18 g/kg significantly increased 5-HT levels (P < 0.05,
P < 0.01, resp.), while BDT at 18 g/kg significantly elevated
5-HT metabolite, 5-HIAA, level (P < 0.05). NA level was
significantly increased after treatment with the higher dose of
BDT (18 g/kg). As positive control, desipramine (20 mg/kg)
produced an increase in the levels of monoamines 5-HT
and NE. No significant changes in DA were observed in
any treatment regimen after mice TST. The 5-HT turnover,
as represented by the ratio of 5-HIAA/5-HT, was calcu-
lated. The significant difference in the 5-HT turnover were
observed in group 5 received oral dose at 18 g/kg of BDT
(P < 0.05) (Table 1).

4. Discussion

Forced swim test and tail suspension test are the widely
used animal models of depression for the screening of
antidepressive activity [21, 23]. In these tests, animals are
under stress from which they cannot escape in the confined
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space. After an initial period of struggling, they would
become immobile. Such immobility represented a hopeless
state similar to human mental depression and amenable to
reversal by antidepressant drugs [21, 23]. In the present
study, the antidepressive effects of BDT were assessed by
using the two classical animal models. In addition, the effect
of BDT on locomotion was evaluated by the OFT for exclud-
ing false-positive effects attributable to any psychostimulant
effect of BDT. After treated with BDT at 9 and 18 g/kg
for 14 days, the mice showed a significant reduction of
immobility time in both forced swim (Figure 1) and tail
suspension tests (Figure 2). Moreover, BDT treatment did
not increase the number of crossings and rearings (Figure 3).
Our finding suggested that the reduction of immobility time
elicited by BDT treatment in FST and TST was not related
to a psychostimulant effect, but rather an antidepressant-like
effect of BDT.

Depression has been associated with disturbances of
brain monoamine neurotransmitters [31, 32]. As inhibitor,
reserpine can irreversibly inhibit the vesicular uptake of
monoamines, including noradrenaline, dopamine and 5-hy-
droxytrytamine and its metabolites. Therefore, we explored
the underlying antidepressive mechanism of BDT on the
reserpine-induced animal depression model which is based
on the monoamine hypothesis of depression [33]. Ptosis is
observed as depletion of monoamines reserves or stimulation
of monoamines reuptake [34, 35]. In the reserpine-induced
ptosis test, the results indicated that antidepressant-like effect
of BDT may be involved in the preservation of monoamine
neurotransmitters.

The dysfunction of the central nervous system involving
the neurotransmitter 5-HT, NA, and DA has been suggested
to play an important role in the pathogenesis of depression.
For further evidence for antidepressant-like effect of BDT
related to monoamine neurotransmitters, the contents of
NE, DA, 5-HT, and 5-HIAA in brain were measured in
TST. the TST is commonly used to detect and characterize
the efficacy of antidepressant drugs and possesses greater
sensitivity than the FST [36]. Our results show that BDT (9
and 18 mg/kg) increased the 5-HT levels in a dose-dependent
manner in mice brain. These effects were similar to those
observed with the positive drug desipramine. As the ratio
of neurotransmitter compared to its metabolites (turnover)
can be used as an index of neurotransmitter metabolism,
the reduction of turnover indicates a slowdown in the
metabolism of neurotransmitters [37]. In present study, the
decreased turnover (5-HIAA/5-HT) was observed, indicat-
ing a reduction in 5-HT metabolism. Our results suggest that
BDT can cause serotonergic activation in the brain, which
is consistent with the behavioral changes exhibited in TST.
In parallel with the serotonergic system, the noradrenergic
system is also important in depression and in mediating
behavioral effects of antidepressant drugs [38]. NE level in
brain of mice with BDT treatment also showed an increase
after TST. The increase is consistent with the effect on
reserpine-induced ptosis. Thus, the current study confirmed
that the serotonergic system and noradrenergic system might
be implicated in the antidepressant-like effect of BDT.

In conclusion, BDT possess antidepressant-like effect in
the FST and TST in mice. The results demonstrated that
the antidepressant-like effect of BDT is mediated, at least
partially, via the central monoaminergic neurotransmitter
system.

Acknowledgments

M. L. Chen and J. Gao contributed equally to this work. This
study is supported in part by the National Natural Science
foundation of China (no. 30973599).

References

[1] J. H. Kim, S. Y. Kim, S. Y. Lee, and C. G. Jang, “Antidepressant-
like effects of Albizzia julibrissin in mice: Involvement of
the 5-HT1A receptor system,” Pharmacology Biochemistry &
Behavior, vol. 87, no. 1, pp. 41–47, 2007.

[2] N. Bouvier, T. Trenque, and H. Millart, “Development of
antidepressants drugs: experience and prospects,” Presse Med-
icale, vol. 32, no. 11, pp. 519–522, 2003.

[3] C. B. Nemeroff, “Stress, menopause and vulnerability for
psychiatric illness,” Expert Review of Neurotherapeutics, vol. 7,
supplement 1–3, no. 11, pp. S11–S13, 2007.

[4] Y. Z. Zhang, N. J. Yu, L. Yuan et al., “Antipressant effect of
total flavonoids extracted from Xiaobuxing Tang in forced
swimming test and learned helpness in rats and mice,” Chinese
Journal of Pharmcology and Toxicology, vol. 22, no. 1, pp. 1–8,
2008.

[5] G. K. Singh, D. Garabadu, A. V. Muruganandam, V. K. Joshi,
and S. Krishnamurthy, “Antidepressant activity of Asparagus
racemosus in rodent models,” Pharmacology Biochemistry and
Behavior, vol. 91, no. 3, pp. 283–290, 2009.

[6] H. W. Chen and S. F. Yin, “The progress on treatment
of depression in TCM,” Heilongjiang Journal of Traditional
Chinese Medicine, vol. 40, no. 2, pp. 53–55, 2011.

[7] S. J. Quan, “Therapeutic effect of Baihe Dihuang Tang on
the depressive patients,” New Journal of Traditional Chinese
Medicine, vol. 31, no. 2, pp. 16–17, 1999.

[8] W. Chen, S. H. Zhao, S. F. Xu et al., “Therapeutic effect
of Baihe Dihuang Tang on the patients with post-stroke
depression,” Chinese Journal of Gerontology, vol. 24, no. 5, pp.
417–418, 2004.

[9] D. Zhang, X. S. Wen, X. Y. Wang, M. Shi, and Y. Zhao,
“Antidepressant effect of Shudihuang on mice exposed to
unpredictable chronic mild stress,” Journal of Ethnopharma-
cology, vol. 123, no. 1, pp. 55–60, 2009.

[10] B. Jiang, J. H. Liu, Y. M. Bao, and L. J. An, “Catalpol
inhibits apoptosis in hydrogen peroxide-induced PC12 cells
by preventing cytochrome c release and inactivating of caspase
cascade,” Toxicon, vol. 43, no. 1, pp. 53–59, 2004.

[11] D. Q. Li, Y. L. Duan, Y. M. Bao, C. P. Liu, Y. Liu, and L. J.
An, “Neuroprotection of catalpol in transient global ischemia
in gerbils,” Neuroscience Research, vol. 50, no. 2, pp. 169–177,
2004.

[12] D. Q. Li, Y. Li, Y. X. Liu, Y. M. Bao, B. Hu, and L. J. An,
“Catalpol prevents the loss of CA1 hippocampal neurons and
reduces working errors in gerbils after ischemia-reperfusion
injury,” Toxicon, vol. 46, no. 8, pp. 845–851, 2005.

[13] Y. Y. Tian, L. J. An, L. Jiang, Y. L. Duan, J. Chen, and B.
Jiang, “Catalpol protects dopaminergic neurons from LPS-
induced neurotoxicity in mesencephalic neuron-glia cultures,”
Life Sciences, vol. 80, no. 3, pp. 193–199, 2006.



6 Evidence-Based Complementary and Alternative Medicine

[14] L. L. Yin, C. A. Peng, Y. Zhang et al., “The expression of 5-
HT in brian treated with the Longshan lily, the famous-region
drug, in chronic depression mice model,” Lishizhen Medicine
and Materia Medica Research, vol. 23, no. 2, pp. 357–358, 2012.

[15] Q. P. Guo, Y. Gao, and W. M. Li, “The depressive effect of active
parts from lily on monoamine neurotransmitters in rat brian,”
Chinese Traditional Patent Medicine, vol. 31, no. 11, pp. 1669–
1672, 2009.

[16] Q. P. Guo, Y. Gao, and W. M. Li, “Influence of the lilium
saponins on HPA axis of the depression model rats,” Chinese
Pharmacological Bulletin, vol. 26, no. 5, pp. 699–700, 2010.

[17] S. Hiai, H. Oura, H. Hamanaka, and Y. Odaka, “A color
reaction of panaxadiol with vanillin and sulfuric acid,” Planta
Medica, vol. 28, no. 2, pp. 131–138, 1975.

[18] C. C. Chang, M. H. Yang, H. M. Wen, and J. C. Chern,
“Estimation of total flavonoid content in propolis by two
complementary colometric methods,” Journal of Food and
Drug Analysis, vol. 10, no. 3, pp. 178–182, 2002.

[19] L. D. Kotenko, M. Y. Yakubova, N. A. Tselishcheva, M. T.
Turakhozhaev, and T. A. Badalbaeva, “Quantitative determi-
nation of the total iridoids in plants of the genus Lagochilus,”
Chemistry of Natural Compounds, vol. 30, no. 6, pp. 669–672,
1994.

[20] X. G. Xi, X. L. Wei, Y. F. Wang, Q. Chu, and J. Xiao,
“Determination of tea polysaccharides in Camellia sinensis by
a modified phenol-sulfuric acid method,” Archives of Biological
Sciences, vol. 62, no. 3, pp. 669–676, 2010.

[21] R. D. Porsolt, A. Bertin, and M. Jalfre, “Behavioral despair in
mice: a primary screening test for antidepressants,” Archives
Internationales de Pharmacodynamie et de Thérapie, vol. 229,
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Positron emission tomography (PET) is used to observe the cerebral function widely and is a good method to explore the
mechanism of acupuncture treatment on the central nervous system. By using this method, we observed the cerebral function of 6
patients suffering from ischemic stroke after receiving EA treatment at Baihui(GV20) and right Qubin(GB7). The results were: (1)
the glucose metabolism changed significantly on primary motor area (M1), premotor cortex (PMC), and superior parietal louble
(LPs) bilaterally, as well as the Supplementary Motor Area (SMA) on the unaffected hemisphere right after the first EA treatment.
(2) The glucose metabolism on bilateral M1 and LPs changed significantly after three weeks of daily EA treatments. (3) The glucose
metabolism on other areas such as insula, putamen, and cerebellum changed significantly. It demonstrated that EA at Qubin and
Baihui couldactivate the cerebral structures related to motor function on the bilateral hemispheres.We concluded that EA was very
helpful for the cerebral motor plasticity after the ischemic stroke. Also based on this study we assumed that the brain plasticity
should be a network and that acupuncture participated in some sections of this course.

1. Introduction

Acupuncture has been used in stroke rehabilitation in China
for over 3000 years. However, its mechanisms are still under
discussion. Most researchers used biochemical or anatom-
ical tests to observe the animals or electrophysiological
tests to observe human beings and tried to explain the
mechanisms [1–3]. Unfortunately what they got was just
indirect evidence. PET (positron emission tomography), a
vivo functional examination technology can be done without
invasive procedures. Its image reflects not only the structure
of the organs and tissues, but also their physiological
and biochemical changes. It can clearly reflect the change
of corresponding functional areas of brain after stimulus.
Therefore PET is called “vivo molecular biological imaging”
[4]. Since the functional changes can be detected visually,
it has been widely used in the study of the brain function

[5–7] and the central nervous mechanism of acupuncture
effect [8, 9]. However, no research was done with involving
movements. We believed that the study on the changes of
glucose metabolism after EA with movements which could
activate the cerebral motor functional areas could reflect
impact of EA on motor function more accurately, compared
with the study in the resting state after accepting the EA.

EA has a nearly 200-year history. French physician Louis
Berlioz was the first to apply the electricity on acupuncture
needles in his clinical work in 1810. He believed that the
current generated by the battery might enhance the thera-
peutic effect of the acupuncture needles [10]. In China, EA
appeared for the first time in the Journal of Acupuncture and
Moxibustion 1934 and Tang Shicheng proposed that EA with
pulsed current generated by the electronic tube could be used
clinically. It was probably Zhu longyu in Shaanxi Province,
China who brought about the therapeutic EA officially in
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Figure 1: (a) First test chart flow diagram. (b) Second test chart
flow diagram.
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Figure 2: Schematic diagram of GV20 and GB7.

1950s. He invented the EA stimulator successfully in 1953
and found that EA has a significant analgesic effect in 1956
[11]. Since then EA has been widely used in acupuncture
anesthesia and other diseases treatment. After nearly 60 years
of clinical and experimental applications, EA has become
one of the most widely used medical therapeutic methods. It
promoted the development of clinical and scientific research
on acupuncture somehow. The amount of stimulation of EA
is more objective than the traditional manual acupuncture,
so it has been used in acupuncture clinical or experimental
studies for control studies. A large number of studies have
shown that EA has a significant treatment effect on stroke
[12, 13], and in the department where I worked, EA was a

routine clinic treatment for stroke. So we used EA in this
study.

So far the researches on stroke recovery mechanisms
have found (1) the recovery of an animal experimental focal
cerebral ischemia (sensory or motor cortex) was related to
the reorganization in the adjacent unaffected cortex around
the lesion [14, 15]; (2) the activation of the supplementary
motor area (SMA) is considered with the recovery of motor
function [16]; (3) during the recovery process, a certain
number of cells and tissues of the unaffected hemisphere
change [17].

Therefore, we observed cerebral glucose metabolism in
stroke patients before and after EA treatments with patients’
fist-clenching movement, in order to explore the effect of
head acupoints on multiple cerebral areas above mentioned
and to interpret the mechanism of acupuncture on stroke
patients’ motor function recovery.

2. Patients and Methods

2.1. Patients. Six right-handed stroke patients (3 males, 3
females) were recruited for the study. Each patient received
an explanation of the study protocol and signed an informed
consent prior to participating in the study. Patients accepted
short-term movement task training before the experiment.

Inclusion criteria were (i) first-ever ischemic stroke
(confirmed by computerized tomography (CT) scan or
magnetic resonance imaging (MRI)) involving the right
basal ganglion region; (ii) age 50–75 years; (iii) admission
within 1–3 months of onset; (iv) upper extremity motor
function of patients was damaged, but patients could finish
the movements that the study required (muscle strength was
3-4); (v) for the diabetic patients with the controlled blood
sugar, the blood sugar was tested on the dates of the scan for
the correction.

Patients were excluded if they: (i) had severe diabetes and
severe heart disease and (ii) were taking any central nervous
system depressants or stimulant drugs in the previous
month.

2.2. Instrument and Methods

2.2.1. Instrument: Positron Emission Tomography (PET). PET
scanner (ECAT EXACT HR+, Siemens Co. Germany) was
used with the scanning mode of three dimensions (3D), and
the thickness of each slice was 3 mm with septa retracted and
scatters correction. The EXACT HR+ had a 15.2-cm axial
FOV, sufficient to image the whole brain in a single scan.

2.2.2. Methods. The temperature of the examination room
was 22–24◦C. The tracer was 18 fluoride-deoxyglucose (18F-
FDG, produced by accelerator CTIRDS111, and its purity
>95%, 148–185 MBq), which was administered by intra-
venous injection at 110 mCi/kg (bodyweight). The patients
had the earplugs and eye patches on to block auditory and
visual stimuli until the end of the scan. Before each scan the
patient’s head was placed into a supporting device, localized
by laser, and fixed in a position where superior and inferior
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Figure 3: Continued.
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Figure 3: (a) EA instant effect: brain glucose metabolism of the stroke patients increases. The red represented the areas with increased
glucose metabolism, and the green arrow referred to M1. (b) The glucose metabolism on the left precentral gyrus increased. (c) The glucose
metabolism on the right precentral gyrus decreased. (d) The glucose metabolism on the left midfrontal gyrus increased. (e) The glucose
metabolism on the right midfrontal gyrus decreased. (f) Three weeks of EA treatment effect: brain glucose metabolism alteration. The
red represented the areas with increased glucose metabolism, and the green represented the areas with decreased glucose metabolism. The
glucose metabolism alteration areas included bilateral M1, temporal lobe, and so forth. (g) Left superior frontal gyrus glucose metabolism
increased. (h) Left precentral gyrus glucose metabolism increased. (i) Right precentral gyrus glucose metabolism decreased.

laser lines were parallel to the orbit mastoid (OM) line and
the cerebrum and the cerebellum were covered.

2.2.3. Procedure Details. The observation was conducted
as the followed steps. (1) The patient laid flat on the
examination table and made fist-clenching movements reg-
ularly (the affected hand) at a frequency of about 0.5 Hz
(metronome interrupter, Nikko, P1440, Japan) continuously
for 20 minutes. Five minutes after the movements started,
18 fluorine deoxyglucose (18F-FDG) (4mci) was injected

into the vein of the unaffected hand. 40 minutes after the
injection, the patients had the PET scans (Figure 1(a)). (2)
On the following day, the patient accepted acupuncture
treatment at Baihui (GV20) and right Qubin (GB7, on the
affected hemisphere) (Figure 2) for 20 minutes. The needles
were connected to an electroacupuncture (EA) therapeutic
apparatus. Then the same procedure as the first step was
repeated, the images of the second time were collected
(Figure 1(b)). (3) After three weeks of EA daily treatment the
patients got the same PET scan as the first step.
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Figure 4: Schematic diagram of the relationship between the structures of the motor system.

Needling process: the acupuncture pointes were cleaned
with 75 percent alcohol. The needles were the single-
use, disposable stainless steel acupuncture needles (Huatuo,
Suzhou Medical Supplies Co. Ltd; Suzhou, China), with a
diameter of 0.25 mm and a length of 25 mm. The needles
were inserted horizontally into both acupuncture points,
forming a less than 30 angle with the skin surface. Depth
of needle insertion was approximately 10 mm. Then two
needles were connected to a commercial electro-acupuncture
device (model SDZ-V, Suzhou Medical Supplies Co. Ltd;
Suzhou, China). The frequency was 2 Hz with continuous
waves. The intensity of the stimulation was increased to the
point where the patient reported the needling reaction and
then it was adjusted gradually to a comfortable intensity and
remained at that level for 20 minutes.

2.2.4. Image Analysis. PET data were processed and analyzed
by statistical parametric mapping (SPM99) (Institute of
Neurology, University of London, London, UK) and the
Matlab 6.1 program (Mathworks Inc., Sherborn, MA, USA)
was used. Brain images were anatomically normalized to
a standard brain template (FDG-PET version adapted to
the MNI-MRI template by Montreal Neurological Institute)

by linear (affine) and nonlinear transformations to mini-
mize intersubject anatomical variations by using an SPM
routine. To identify brain regions in which the perfusion
and glucose metabolism had changed following EA, linear
contrasts were used to test for regionally specific differ-
ences between groups, producing paired t-statistic maps in
Talairach standard space. These t-statistics were transformed
to corresponding Z maps, which constituted the statistical
map (SPM-Z). The peak voxel-based significance of statistics
was set at uncorrected P < 0.05.

3. Results

(1) EA instant effects: the significant increase of glucose
metabolism was found on the unaffected side: the Primary
motor area (M1), the precentral gyrus (the 4th Area), the
supplementary motor area (SMA), the medial frontal gyrus
(the 6th area), premotor cortex (PMC), the central frontal
gyrus (the 6th Area), and the superior parietal lobule (LPs,
the 7th Area) (Table 1(a), Figures 3(a), 3(b), and 3(d)). The
decrease of glucose metabolism was found on M1, PMC, and
LPs in the affected side (Table 1(b), Figures 3(c) and 3(e)).
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Table 1: (a) Talairach coordinates and t value of peak activation of activated fields that showed increased cerebral glucose metabolism of the
patients after electro-acupuncture, (b) Talairach coordinates and t value of peak activation of activated fields that showed decreased cerebral
glucose metabolism of the patients after electro-acupuncture.

(a)

Peak Corrected Coordinates

t value P value x y z

GPrC (Area4) L 3.10 0.0087 −8 −26 70

GFd (Area6) L 2.99 0.0101 −16 −12 58

LPs (Area7) L 2.79 0.0134 −32 −42 50

GFm (Area6) L 3.20 0.0075 −36 2 36

GFd (Area6) R 3.05 0.0092 10 −14 56

GTm (Area37) L 5.91 <10−4 −44 −68 8

GTs (Area22) L 3.75 0.0036 −54 −48 18

Cerebellum L 3.51 0.0049 −8 −66 −10

Putamen L 3.01 0.0097 −12 16 −4

P < 0.05, and the coordinates indicated the location of maximally significant activity.

(b)

Peak Corrected Coordinates

t value P value x y z

GPrC (Area4) R 3.89 0.0030 32 −16 76

GFm (Area6) R 3.36 0.0060 26 16 68

LPs (Area7) R 2.23 0.0302 2 −60 68

GFd (Area9) R 4.17 0.0021 6 62 26

GFm (Area10) R 2. 51 0.0200 48 54 4

GTm (Area21) R 5.38 <10−4 60 0 −26

GFm (Area6) L 2.39 0.0236 −34 10 60

P < 0.05, and the coordinates indicated the location of maximally significant activity.

(2) After three weeks daily EA treatments, the increase
of glucose metabolism (Table 2(a), Figures 3(f), 3(g), and
3(h)) was found on the unaffected hemisphere (left side); and
the decrease of glucose metabolism (Table 2(b), Figures 3(f)
and 3(i)) was found in the affected hemisphere. Among these
areas, M1 and LPs were related to motor function.

(3) Besides these areas related to motion directly, the
other areas where glucose metabolism had changed included
middle temporal gyrus, superior temporal gyrus, putamen,
and cerebellum.

4. Discussion

(1) Huang Di nei jing su wen pointed out that the Head is
the Smart House. It means that the human’s meridian Qi
concentrates in the head and face through meridians and
branched channels. It also pointed out that Qi goes out of
the brain. It means that the driving force comes from the
brain. Therefore, the limbs are controlled by the brain. Motor
dysfunction, hemiplegia, is the main symptom of stroke. And
the location of this disease is in the brain.

In this study, head acupoints took the role of local
treatments. Furthermore, it is very important to select the
points on Governor and Foot Gallbladder meridians to treat
stroke. Since the Governor meridian goes through the spine

upto the neck and brain and is the governor of the Yang of
the body; and the Foot Gallbladder meridian goes through
the body side up to the top of the head and its meridian
sinew intercrosses the musculature of meridians on two sides
of the body, and goes along with the Yang Heel Vessel. Their
main function is to treat paralysis after stroke and all other
kinds of symptoms in the head. Previous research showed
that the acupuncture treatments at those points alleviated
brain damage after ischemic stroke in the monkeys and rats
[18, 19]. And some studies demonstrated that the GV20
is located in the area of the frontal lobe of the anterior
precentral sulcus [20]. So we selected these two points.
Based on traditional Chinese medical theories, acupuncture
on these two points can activate Qi of the Governor and
Gallbladder meridians, regulate the channels’ function, and
balance Yin and Yang of the body, thus contribute to the
improvement of motor function of limbs. Other previous
clinical studies have shown that: stimulating Baihui could
well regulate central bioelectrical activity in cerebral cortex
of stroke patients and was conducive to the resurrection of
the nerve cells of the penumbra or awakening dormant brain
cells. So the link between the functional areas of cerebral
cortex and compensatory function were strengthened [21,
22].

(2) It helped us realize that noninvasive functional exam-
ination in vivo could clearly reflect the changes of biological
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Table 2: (a) Talairach coordinates and t value of peak activation of activated fields that showed increased cerebral glucose metabolism of the
patients after three weeks of daily electro-acupuncture treatments, (b) Talairach coordinates and t value of peak activation of activated fields
that showed the decreased cerebral glucose metabolism of the patients after three weeks of daily electro-acupuncture treatments.

(a)

Peak Corrected Coordinates

t value P value x y z

GPrC (Area4) L 4.59 0.0029 −46 −10 56

GFm (Area6) L 2.68 0.0217 −68 18 20

LPs (Area7) L 2.25 0.0291 −14 54 34

GFd (Area9) L 3.75 0.0036 −54 −50 22

Cerebellum R 3.14 0.0082 28 −40 −50

P < 0.05, and the coordinates indicated the location of maximally significant activity.

(b)

Peak Corrected Coordinates

t value P value x y z

GPrC (Area4) R 3.39 0.0058 10 −24 78

GFd (Area45) R 2.72 0.0147 50 28 4

thalamus R 3.11 0.0085 20 −10 12

GTs (Area22) R 2.95 0.0107 74 −26 4

GTm (Area21) R 2.80 0.0131 60 −2 −20

Cuneus (Area19) R 2.61 0.0173 24 −90 30

GTs (Area38) R 1.96 0.0441 50 16 −10

GFs (Area6) L 2.39 0.0238 −26 −8 70

P < 0.05, and the coordinates indicated the location of maximally significant activity.

metabolism of cerebral nervous tissue after acupuncture
by using PET. Asking the patients to move their hands to
activate or deactivate the glucose metabolism was helpful
in identifying which cerebral motor areas were engaged and
we could obtain the direct evidence from spatial and time
aspects, which could reflect the effect of acupuncture on the
motor recovery of stroke patients more objectively than in
the resting condition.

(a) Instant effect of EA: the results of the study showed
that after EA, the bilateral M1, PMC, and LPs, as well as
SMA of the unaffected hemisphere had significant changes
in glucose metabolism, with remarkable increase in these
regions of the unaffected hemisphere and decrease in the
affected hemisphere. Acupuncture activated not only the
cerebral tissues of the affected hemisphere, but also the
related regions of the unaffected hemisphere, particularly
SMA. The results confirmed the previous research: the
activation of the SMA was considered to be related to
the recovery of the motor function [23, 24]. In humans
with unilateral stroke, previous studies have found increased
excitability [25] and, sometimes, increased cerebral blood
flow in the contralateral cortex [26, 27]. Some of these
contralesional changes are related to enhanced ipsilesional
function. It demonstrated that acupuncture could activate
bilateral motor areas of the brain and initiate excitement of
the nerve tissue related to the motor activity and it played

a role of compensation, which is important for the recovery
of neural tissue of the semidark band and the activation of
potential functional regions.

(b) Effect of three weeks of EA treatments: after three
weeks of daily acupuncture treatments, the changes in the
region related to the motor ability directly was only the
M1, but still showed the same trend as the instant effects:
bilateral changes with increased glucose metabolism on the
unaffected hemisphere and decreased metabolism on the
ipsilesional hemisphere. It showed that the contralateral
hemisphere played an important role in the stroke recovery
process [28, 29] and that EA treatment for stroke patients had
played a good role in the recovery of motor function.

(3) We adopted a functional description to describe
the experimental results since different cerebral structures
often have the same function. M1 is in the precentral gyrus
and paracentral lobule, equivalent to Brodmann area 4 and
controls voluntary movements. PMC is located in Area 6 in
the front of the precentral gyrus. SMA mainly is located in
area 6 in the internal and upper dorsolateral hemisphere.
They are related to the state of readiness before exercises. This
function division indicated that the region of programming
the movement preparation and controlling the movement
implementation cannot be limited to a special area and may
involve a lot of “modules” in a dynamic network. After
EA treatment, these areas had the metabolic changes. It
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demonstrated that the EA on head acupoints may improve
the recovery of motor function through the regulation of
“module” of this network.

(4) After EA at Qubin (GB7) and Baihui (GV20), the
changes took place not only in the motor areas but also in the
insular cortex, temporal lobe, occipital lobe, putamen, and
cerebellum. These changes may be related to the specificity of
the acupoints. However, some literatures also mentioned that
metabolic changes on the areas such as the insular cortex,
parietal lobe, thalamus, putamen, and cerebellum were rele-
vant to the movement [30, 31]. In the central nervous system,
no functional areas are simple and independent. Only motor
function is involving multiple areas (Figure 4 [32]). These
areas connected closely with ipsilateral and contralateral
cortex or nuclei and interacted with each other by both exci-
tatory and inhibitory mechanisms. It is a complex network.
So the metabolic function changes in these areas were most
likely indirect evidence of the changes of motor function. We
believed that EA at head acupoints may activate all levels of
the structures related to the motor function (Figure 4): EA
at Baihui (GV20) and Qubin (GB7) may affect the structure
of motion system in two ways directly or indirectly at all
levels. One way was that the stimuli went up through the
brain stem, cornuposterius medullae—trigeminal lemnis-
cus, spinothalamic tract—thalamus—cerebral cortex, and
interacted between the cerebral cortices and influenced on
subcortical structures. The other possible way was that
EA at head acupoints may produce weaker bioelectrical
signals in local neuromuscular tissue, thereby creating a
weaker biological magnetic field and penetrating the skull,
directly to influence the cerebral cortex and its associated
areas [33] and then to adjust movement structure at all
levels through the neural network. This presumption needed
further experimental study.

(5) The increased or decreased changes of glucose
metabolism after acupuncture reflected the degrees of the
excitement and inhibition of the related cerebral areas. Those
excitement and inhibition had the important role. Because
the neurons have an extensive mutual connection, they may
excite or inhibit each other and serve to conduct sequential
processing and transmission of the complicated information.
The inhibition of some neurons may be the aftereffect of
excitement of some other neurons or the initiation of the
excitement in other sites. The metabolic decrease in some
cerebral areas was likely a compensative mode of other areas.
Hence, we should pay more attention to which cerebral
areas were involved and how much changes happened. When
acupuncture activated some areas, it also induced changes
in relative areas. It can be thought that the regulation of
acupuncture should be a relatively specific network effect and
a multiple regulation course.

In conclusion, EA at head points might activate the
cerebral motor areas bilaterally and induce the excitation
of nerve tissue related to motion, and the activation of
other regions demonstrated that the reorganization of the
injured motor function was a neural network behavior, and
that acupuncture may act on multiple aspects of the neural
network, thus further contributing to the recovery of motor
function.
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Danggui-Shaoyao-San (DSS), a famous Chinese herbal formula, has been widely used in the treatment of various diseases. Previous
studies have shown that DSS produces antidepressant-like effect in rodents. This study aims to investigate the mechanism(s) under-
lying the antidepressant-like action of DDS. The results showed that DSS treatment significantly antagonized reserpine-induced
ptosis in mice. In addition, DSS treatment significantly increased sucrose consumption in chronic unpredictable stress- (CUS-)
treated mice. DSS treatment also markedly attenuated CUS-induced decreases in noradrenaline and dopamine concentrations in
mouse brain. Furthermore, DSS treatment significantly reversed CUS-induced increase in serum malondialdehyde (MDA) content
and decrease in serum superoxide dismutase (SOD) activity in mice. The results suggest that the antidepressant-like activity of DSS
is probably mediated by the modulation of central monoamine neurotransmitter systems and the reduction of oxidative stress.

1. Introduction

Depression is a prevalent psychiatric disease affecting the
quality of life of many people. Based on latest available
data from the World Health Organization, depression is
expected to become the second leading cause of disease-
related disability by the year 2020. It is generally believed that
monoamine neurotransmitters including serotonin (5-HT),
noradrenaline (NA), and dopamine (DA) are involved in the
pathogenesis of depression, and most antidepressant drugs
exert their action by elevating monoamine neurotransmitters
concentrations [1, 2]. Oxidative stress, which is defined as a
disturbance in the balance between the production of reac-
tive oxygen species (ROS) and antioxidant defense systems,
has also been shown to play a role in the pathogenesis of
neuropsychiatric disorders [3, 4]. Furthermore, preclinical
studies have demonstrated that the inhibition of oxidative
stress may contribute to the therapeutic effects of some
antidepressant drugs [5–8].

Danggui-Shaoyao-San (DSS) is a traditional herbal
medicine which is widely used in China, Japan, and Korea.

DSS, the herbal formula, is first recorded in “JinKuiYaoLue”
and it consists of six medicinal herbs (Table 1). The herbal
drug was traditionally used to relieve menorrhalgia and other
abdominal pains of women [9]. Recently, a clinical study
has showed that DSS is effective in treating insomnia [10],
which is a symptom and predictor of depression [11]. Pre-
clinical studies have showed that DSS possesses antioxidative,
antithrombotic, cognitive enhancing, and neuroprotective
effects [9, 12, 13]. Moreover, a previous report suggested that
DSS treatment could significantly decrease immobility time
in the forced swim test in mice [14]. The herbal prepara-
tion was also effective in improving chronic stress-induced
behavioral alterations in rats, which were related to the
central arginine vasopressin system [14]. However, the action
mechanism for the antidepressant-like effect of DSS is still
not fully elucidated. In this study, we aim to explore different
antidepression mechanisms of DSS by investigating its effect
on the monoamine neurotransmitter systems. In addition,
the effects of DSS on brain monoaminergic neurotransmitter
and serum antioxidant status were examined in an animal
model of depression [15, 16].
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Table 1: Composition of Danggui-shaoyao-san (DSS).

Components Ratio

(1) Dang gui (Angelica sinensis (Oliv.) Diels., root) 3

(2) Bai Shao (Paeonia lactiflora Pall., root) 16

(3) Fu Ling (Poria cocos (Schw.) Wolf., fungus nucleus) 4

(4) Bai Zhu (Astractylodes macrocephala Koidz., root and
rhizome)

4

(5) Chuan Xiong (Ligusticum chuanxiong Hort., rhizome) 8

(6) Ze Xie (Alisma orientale (Sam.) Juzep., rhizome) 8

2. Materials and Methods

2.1. DSS Preparation. All the crude drugs of DSS were
purchased from Zhejiang Provincial Hospital of Traditional
Chinese Medicine (Zhejiang Province, China). They were
identified and authenticated by Associate Professor KR.
Chen, College of Pharmacy, Zhejiang Chinese Medicine
University, where voucher specimens (number 100925) had
been kept. Aqueous extract of DSS was prepared as following
procedure of Kou et al. [12]. In brief, six medicinal materials
were mixed in proportion and were macerated for 1 h with
eight volumes of distilled water and then decocted for
1.5 h. Next, the cooled extract was filtered. The extraction
procedure was repeated twice. The extracted fractions were
pooled and concentrated using a rotary evaporator. The
yield of the extract was 29.32% on dry weight basis. DSS
extract contained 1.43% of paeoniflorin as analyzed by
high-performance liquid chromatography (Figure 1). HPLC
analytical conditions were as follows: a Waters Nova-Pak C18
HPLC column (4.6 × 250 mm) was used for the separation.
Separation was achieved by an isocratic elution with a
mobile phase consisted of acetonitrile and 0.04% phosphoric
acid (16 : 84, v/v) at a flow rate of 1.0 mL/min. The eluate
was monitored by a diode array detector at wavelength of
230 nm.

2.2. Chemical Reagents. 5-Hydroxytryptamine (5-HT),
noradrenaline (NA), and dopamine (DA) were purchased
from Sigma-Aldrich (St. Louis, MO). Paeoniflorin was
purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
Other reagents were analytical grades made in PR China.

2.3. Animals. Male ICR mice weighing 20–25 g were ob-
tained from the Laboratory Animal Services Center, Zhejiang
Chinese Medicine University, Hangzhou, Zhejiang. The
animals were individually maintained on a 12 h light/dark
cycle (lights on at 6:00 a.m., lights off at 6:00 p.m.) under
controlled temperature conditions (22 ± 2◦C) and given
standard food and water ad libitum. They were allowed
to acclimatize for seven days before use. All experiments
conformed to the guidelines of the “Principles of Laboratory
Animal Care” (NIH publication number 80-23, revised
1996) and the legislation of the People’s Republic of China
for the use and care of laboratory animals. The experimental
protocols were approved by the Animal Experimentation
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Figure 1: High-performance liquid chromatography analysis of
DSS.

Ethics Committee of Zhejiang Chinese Medicine University.
Effort was made to minimize the number and suffering of the
animals.

2.4. Reversal of Reserpine-Induced Ptosis in Mice. The animals
were randomly assigned into five groups of eight individuals:
control group (physiological saline), control plus DSS-H
group (3 g/kg), reserpine plus vehicle group (physiological
saline), reserpine plus DSS-L group (1.5 g/kg), and reserpine
plus DSS-H group (3 g/kg). DSS and physiological saline
were given intragastrically daily between 9:30 to 10:30 a.m.
for seven days. The doses used in the present study were
selected on the basis of Xu et al. [14] and our preliminary
tests. Sixty minutes after the last dose, mice in reserpine
groups were injected intraperitoneally with 2.5 mg/kg of
reserpine. The degree of ptosis of each animal was recorded
at 60 min after the injection of reserpine. For the evaluation
of ptosis, mice were placed on a shelf (20 cm above the
bench top). The degree of ptosis was rated according to the
following rating scale: 0, eyes open; 1, one-quarter closed;
2, half closed; 3, three-quarters closed; 4, completely closed
[17].

2.5. Chronic Unpredictable Stress (CUS). Mice were ran-
domly assigned into four groups of eight individuals: control
group, CUS plus vehicle group (physiological saline), CUS
plus DSS-L group (1.5 g/kg), and CUS plus DSS-H group
(3 g/kg). The CUS procedure was performed as described
by Mao et al. [6], with a slight modification. Briefly, mice
in stressed groups were individually housed and exposed
to the following stressors once daily for 21 days: 24 h food
deprivation, 24-h water deprivation, 7 h cage tilt (45◦), 24 h
exposure to a foreign object (e.g., a piece of plastic), 1 min
tail pinch (1 cm from the end of the tail), 21 h soiled cage
(200 mL water in 100 g sawdust bedding), and overnight
illumination. DSS and physiological saline were given intra-
gastrically 30 min before each stressor once every day for 21
days. Control (unstressed) animals were undisturbed except
for necessary procedures such as routine cage cleaning.

2.6. Sucrose Preference Test. Sucrose preference test was car-
ried out 1 day after CUS starting at 09:30 am. The test
was performed as described previously [18] with minor
modifications. Briefly, 72 h before the test, mice were trained
to adapt 1% sucrose solution (w/v): two bottles of 1% sucrose
solution were placed in each cage, and 24 h later 1% sucrose
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in one bottle was replaced with tap water for 24 h. After
adaptation, mice were deprived of water and food for 12 h,
followed by the sucrose preference test, in which mice were
free to access to two bottles containing 100 mL of 1% sucrose
and 100 mL of tap water, respectively. After 1 h, the volumes
of consumed sucrose solution and water were recorded, and
sucrose preference was calculated as calculated using the
following formula:

Sucrose preference

= Sucrose consumption
Water consumption + sucrose consumption

× 100%.

(1)

2.7. Blood and Tissue Collection. Twenty-four hours after the
behavioral test (2 days after CUS), between 09:30 am to 11:30
am, mice were sacrificed by decapitation to obtain venous
blood samples on ice. Different groups of mice were used
for each time point. Serum was separated by centrifugation
at 4000 g for 10 min at 4◦C and stored at −80◦C until assay.
Following blood collection, their whole brains were quickly
removed, frozen in liquid nitrogen and stored at−80◦C until
assayed.

2.8. Measurement of Monoamine Neurotransmitter Levels.
Brain 5-HT, NA, and DA levels were measured by HPLC
coupled with electrochemical detection method as described
previously [19]. Briefly, each frozen tissue sample was
homogenized by ultrasonication in 200 Al of 0.4 M perchlo-
ric acid (solution A). The homogenate was kept on ice for
1 h and then centrifuged at 12,000 g (4◦C) for 20 min. The
pellet was discarded. An aliquot of 160 μL of supernatant was
added to 80 μL of solution B (containing 0.2 M potassium
citrate, 0.3 M dipotassium hydrogen phosphate, and 0.2 M
EDTA). The mixture was kept on ice for 1 h and then
centrifuged at 12,000 g (4◦C) for 20 min again. Twenty
μL of the resultant supernatant was directly injected into
an ESA liquid chromatography system equipped with a
reversed-phase C18 column (150 4.6 mm I.D., 5 μm) and an
electrochemical detector (ESA CoulArray, Chelmstord, MA,
USA.). The detector potential was set at 50, 100, 200, 300,
400, and 500 mV, respectively. The mobile phase consisted
of 125 mM citric acid-sodium citrate (pH 4.3), 0.1 mM
EDTA, 1.2 mM sodium octanesulfonate, and 16% methanol.
The flow rate was 1.0 mL/min. 5-HT, NA, and DA were
identified and quantified by comparing their retention times
and peak areas to those of standard solutions. The contents
of 5-HT, NA, and DA were expressed as ng/g wet weight
tissue.

2.9. Measurement of MDA Level and SOD Activity. Serum
MDA level was determined by measuring thiobarbituric-acid
reacting substances [20]. Serum SOD was determined based
on its ability to inhibit the oxidation of oxymine by O2−

produced from the xanthine/xanthine oxidase system [21].
Protein concentration was determined by the Coomassie
blue protein binding [22] using bovine serum albumin (BSA)
as a standard. The detailed procedures of measurements

Table 2: Effect of DSS on reserpine-induced ptosis in mice.

Treatment Ptosis mean score

Control 0.0

Control + DSS-H 0.0

Reserpine + vehicle 2.2 ± 0.4##

Reserpine + DSS-L 0.4 ± 0.3∗∗

Reserpine + DSS-H 0.5 ± 0.3∗∗

Values given are the mean ± SEMs (n = 8).
##P < 0.01 as compared with the control; ∗∗P < 0.01 as compared with the
reserpine-treated control.
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Figure 2: Effect of DSS treatment on the percentage of sucrose
consumption in CUS-treated mice. Values given are the mean ±
SEMs (n = 8). ##P < 0.01 as compared with the nonstressed control;
∗P < 0.05 as compared with the CUS-treated control.

followed the manufacture instruction in different reagent
kits (Nanjing Jiancheng Institute of Biological Engineering,
China).

2.10. Statistical Analysis. Data are expressed as means ±
SEM. Significant differences between means were performed
using one-way analysis of variance (ANOVA) followed by
Dunnett’s test. A difference was considered statistically
significant when P < 0.05.

3. Results

The effect of DSS on reserpine-induced ptosis in mice was
given in Table 2. One-way ANOVA showed a significant
difference on the mean score of ptosis among groups
(F(4, 35) = 97.9, P < 0.01). Treating the animals with DSS-
H did not provide any significant change on the mean score
of ptosis when compared with the controls. The reserpine
injections resulted in a significant increase in the mean
score of ptosis in the animals (P < 0.01) compared with
the controls. Treating the animals with DSS-L or DSS-
H significantly decreased the mean score of ptosis in the
reserpine-treated mice (P < 0.01 and P < 0.01, resp.)
compared with the reserpine-treated control.

The effect of DSS on the percentage of sucrose consump-
tion in CUS-treated mice was given in Figure 2. One-way
ANOVA showed a significant difference on the percentage
of sucrose consumption among groups (F(3, 28) = 6.3,
P < 0.01). A 21-day CUS exposure significantly reduced



4 Evidence-Based Complementary and Alternative Medicine

∗

#

Control Vehicle DSS-L DSS-H

Chronic unpredictable stress

0

1

2

3

4

5

6

7

8
M

D
A

 le
ve

l (
n

m
ol

/m
g 

pr
ot

)

(a)

##

∗∗ ∗∗

Control Vehicle DSS-L DSS-H

Chronic unpredictable stress

0

20

40

60

80

100

120

140

SO
D

 a
ct

iv
it

y 
(U

/m
g 

pr
ot

)

(b)

Figure 3: Effect of DSS treatment on serum antioxidant status in CUS-treated mice. The antioxidant status was assessed by measuring MDA
level (a) and SOD activity (b). Values given are the mean ± SEMs (n = 8). #P < 0.05; ##P < 0.01 as compared with the nonstressed control;
∗P < 0.05; ∗∗P < 0.01 as compared with the CUS-treated control.

the percentage of sucrose consumption in the animals
(P < 0.01) compared with the control (i.e., non-CUS-
treated mice). Long-term treatment with DSS-H significantly
increased the percentage of sucrose consumption in CUS-
treated mice (P < 0.05) compared with the CUS-treated
control.

The effect of DSS on brain monoamine neurotransmitter
levels in CUS-treated mice was given in Table 3. One-way
ANOVA showed a significant difference on the concentra-
tions of 5-HT, NA, and DA in mouse brain among groups
(F(3, 28) = 12.9, P < 0.01, F(3, 28) = 21.6, P < 0.01, and
F(3, 28) = 3.7, P < 0.05, resp.). A 21-day CUS exposure
significantly decreased the concentrations of 5-HT, NA, and
DA in mouse brain (P < 0.01, P < 0.01, and P < 0.05,
resp.) compared with those of the controls. DSS-H treatment
significantly increased the concentrations of NA and DA
in brain of CUS-treated mice (P < 0.01 and P < 0.01,
resp.) compared with the CUS-treated control, while DSS
treatment did not produce a significant influence on brain
5-HT concentrations.

The effect of DSS on serum antioxidant status in CUS-
treated mice was given in Figure 3. The antioxidant status
was assessed by measuring MDA level (Figure 3(a)) and
SOD activity (Figure 3(b)). One-way ANOVA showed a
significant difference on MDA level and SOD activity among
groups (F(3, 28) = 4.1, P < 0.05, and F(3, 28) = 7.6,
P < 0.05, resp.). A 21-day CUS exposure significantly
increased MDA level (P < 0.05) and reduced SOD activity
(P < 0.01) when compared with those of the controls.
DSS-L or DSS-H treatment significantly increased SOD
activity in CUS-treated mice (P < 0.05 and P < 0.01,
resp.) compared with the CUS-treated control. DSS-H
treatment also significantly decreased MDA level in CUS-
treated mice (P < 0.05) compared with the CUS-treated
control.

4. Discussion

Several hypotheses have been suggested for the patho-
logical mechanism of depression. The early hypothesis

Table 3: Effect of DSS treatment on brain monoamine neurotrans-
mitter levels in CUS-treated mice.

Treatment 5-HT (ng/g) NA (ng/g) DA (ng/g)

Control 1016.2 ± 43.1 1433.5 ± 66.7 1444.4 ± 59.8

CUS + vehicle 713.2 ± 18.4## 1012.2 ± 34.6## 1254.8 ± 38.6#

CUS + DSS-L 779.0 ± 47.9 1002.7 ± 33.4 1369.8 ± 19.1

CUS + DSS-H 831.0 ± 27.4 1181.8 ± 27.2∗ 1445.1 ± 56.6∗

Brain monoamine neurotransmitter levels were obtained by using HPLC
coupled with electrochemical detection method. Values given are the
mean ± SEMs (n = 8).
#P < 0.05; ##P < 0.01 as compared with the nonstressed control; ∗P < 0.05
as compared with the CUS-treated control.

of depression, namely the monoamine hypothesis, sup-
posed that the main symptoms of depression were due
to the functional deficiency of brain monoamine neuro-
transmitters such as 5-HT, NA, and/or DA [23]. Consis-
tent with this view, drugs that are acted by increasing
the bioavailability of brain monoamine neurotransmitters,
such as tricyclic antidepressants, selective serotonin reup-
take inhibitors, and monoamine oxidase inhibitors, are
widely used in clinical depression treatment [24]. The
reserpine-induced depression is animal model based on the
monoamine hypothesis of depression. Reserpine can irre-
versibly inhibit the vesicular uptake of monoamines, includ-
ing noradrenaline, dopamine, and 5-hydroxytrytamine. As
a consequence, ptosis and hypothermia are observed as
the depletion of monoamines stores [25, 26]. These syn-
dromes can be antagonized by major classes of antide-
pressant drugs. In this study, pretreating mice with DSS
for 7 days significantly antagonized reserpine-induced pto-
sis, suggesting that the antidepressant effect of DSS may
be mediated via central monoaminergic neurotransmitter
system.

Several studies suggest that CUS can induce behavioral
and physiological changes resembling symptoms of clini-
cal depression [8, 15, 16, 27–29] and that CUS-induced
depression model can be used for evaluating the efficacy
of antidepressants through the sucrose preference test [8,
16, 19, 27–29]. The sucrose preference test is an indicator
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of anhedonia-like behavioral change [16]. Anhedonia, a
core symptom of major depression, is modeled by induc-
ing a decrease in responsiveness to rewards reflected by
reduced consumption of and/or preference for sweetened
solutions [16]. The results of the present study showed that
mice subjected to a 21-day period of CUS consumed less
sucrose solution when compared to nonstressed mice, while
long-term treatment with DSS significantly suppressed this
behavioral change. Although we did not use a conventional
antidepressant as positive control in this study, the CUS-
induced depression model is generally thought to be the
most valuable and steady depressive model in animals and
has been successfully established in our previous studies
[6, 18].

To further investigate the antidepression mechanisms of
DSS, the effects of DSS on the monoamine neurotransmitter
systems in CUS-treated mice were studied. Our results
showed that CUS caused significant decreases of 5-HT, NA,
and DA levels in mouse brain which were consistent with
other studies [30–34], while DSS treatment significantly
increased the concentrations of NA and DA, but not 5-HT, in
brain of CUS-treated mice. Moreover, previous reports have
shown that DSS increased the levels of brain monoamine
neurotransmitters in normal mice as well as in aged mice
[12, 35]. These results suggested that the antidepressant-
like effect of DSS may be related to the monoamine
neurotransmitter systems, particularly NA and DA systems.

Recent studies have shown that reactive oxygen species
(ROS) also play a role in the pathogenesis of depression
[3, 4]. Previous studies have demonstrated that chronic
stress caused a significant increase in the production of ROS
[36]. Excessive ROS can cause damages to the major macro-
molecules in cells, including lipids, proteins, and nucleic
acids, culminating in neuronal dysfunction and depression
[8, 37]. MDA, a by product of lipid peroxidation, is produced
under oxidative stress. It indicates the oxidative damages
of the plasma membrane and resultant thiobarbituric acid
reactive substances, which are proportional to lipid peroxida-
tion and oxidant stress [38]. It has been reported that brain
MDA level was significantly increased in rodents exposed to
chronic stress, which could be reversed by antidepressants
[6, 7, 36, 39]. There is an intrinsic antioxidant defense system
in cells for scavenging ROS to prevent cellular damage.
SOD, one of the most important antioxidant enzymes,
has been shown to directly catalyze the transformation of
peroxides and superoxide to nontoxic species [40]. Previous
studies have showed that chronic stress caused a significant
decrease in brain SOD activity in rodents, and antidepressant
treatment was found to restore the level of SOD [5, 36].
Consistently, the present study showed that 21-day CUS
caused a marked increase in oxidative stress as characterized
by excessive MDA production and a reduction in SOD
activity. However, DSS treatment attenuated these changes in
the CUS-treated mice, suggesting that the antidepressant-like
effect of DSS may be related to its antioxidant activity.

It has been shown that oxidation of monoamine neuro-
transmitters by monoamine oxidase might result in increased
radical burden [41, 42]. On the other hand, ROS has been
shown to modulate the synaptic transmission, resulting in

decreasing DA release [39]. The foregoing findings suggest
an association between monoamine oxidation and overpro-
duction of ROS in the pathogenesis of depression. It has been
suggested that the antidepressant-like effect of antioxidant is
mediated via the monoaminergic system [43]. The present
study also suggested a correlation between the monoamine
system and oxidative stress in CUS-treated mice. This finding
was consistent with previous studies [5, 6, 44].

In conclusion, the antidepressant-like effect of DSS may
be mediated by the modulation of central monoaminergic
neurotransmitter systems and the inhibition of oxidative
stress. Further investigation on the interaction among the
component herbs of DSS is warranted.
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[37] I. Niebrój-Dobosz, D. Dziewulska, and H. Kwieciński, “Oxida-
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The zebrafish (Danio rerio) has recently become a common model in the fields of genetics, environmental science, toxicology, and
especially drug screening. Zebrafish has emerged as a biomedically relevant model for in vivo high content drug screening and
the simultaneous determination of multiple efficacy parameters, including behaviour, selectivity, and toxicity in the content of the
whole organism. A zebrafish behavioural assay has been demonstrated as a novel, rapid, and high-throughput approach to the
discovery of neuroactive, psychoactive, and memory-modulating compounds. Recent studies found a functional similarity of drug
metabolism systems in zebrafish and mammals, providing a clue with why some compounds are active in zebrafish in vivo but
not in vitro, as well as providing grounds for the rationales supporting the use of a zebrafish screen to identify prodrugs. Here,
we discuss the advantages of the zebrafish model for evaluating drug metabolism and the mode of pharmacological action with
the emerging omics approaches. Why this model is suitable for identifying lead compounds from natural products for therapy of
disorders with multifactorial etiopathogenesis and imbalance of angiogenesis, such as Parkinson’s disease, epilepsy, cardiotoxicity,
cerebral hemorrhage, dyslipidemia, and hyperlipidemia, is addressed.

1. Introduction

The zebrafish (Danio rerio) is a tropical freshwater fish that
has become one of the most popular vertebrate model organ-
isms in biological research. The zebrafish has traditionally
been used as a model for studying developmental biology
and embryology. Recently, zebrafish has become famous in
the fields of genetics, environmental science, toxicological
studies, and especially drug screening [1, 2].

Zebrafish are small, even adults are only 3-4 cm long,
and are suitable, therefore, for animal studies in laboratories
with limited space. Their high fecundity enables each adult
female to produce hundreds of eggs per mating at intervals of

only a few days. The embryos grow and develop rapidly. By
120 h after fertilization (hpf), the heart, liver, brain, pancreas,
kidney, and other organs are completely developed. Zebrafish
cardiovascular, nervous systems and metabolic pathways
are highly similar to those of mammals at the anatomical,
physiological, and molecular levels. The zebrafish genome
is highly similar to the human genome, with approximately
87% similarity [2]. Their pharmacological response is com-
parable with that of human, suggesting applications in
identifying test compounds with therapeutic potential. The
larvae are only 1–4 mm long and can survive in a single well
of a standard 384-well plate for several days by using the
nutrients stored in the yolk sac. Assay studies require only
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Table 1: Discrepancies and similarities of the effect of drugs in human and zebrafish.

Area of evaluation in zebrafish Test compounds
Proportion of drugs with
expected effects (%)

Reference

Inhibition of hERG or QTc
prolongation

Study 1: Amiodarone, bepridil, cisapride, haloperidol,
pimozide, procainamide, D,L-sotalol, terfenadine,
thioridazine

All compounds, except for
procainamide

[3]

Study 2: Negative controls: amoxicillin, aspirin
Positive controls: chlorpromazine, cisapride, cromakalim,
isoprenaline, moxifloxacin, nicotine, verapamil

7 out of 9 compounds, including
negative controls

[1]

Visual safety or optomotor
response

Study 1: 27 compounds, including 19 with positive and 8
with negative effects on inhibition of optomotor response

About 70% in overall showed the
predicted drug effects.

[4]

Study 2: Negative control: aspirin
Positive controls: chloroquine, chlorpromazine, diazepam,
nicotine, ouabain, phenytoin, atropine, lithium

7 out of 9 compounds including
negative control

[1]

Seizure liability 25 drugs including 17 positive and 8 negative controls 72% in overall [5]

Gut contraction

Negative controls: aspirin and moxifloxacin
Positive controls: amoxicillin, chlorpromazine, cisapride,
cromakalim, isoprenaline, nicotine, nitrendipine, and
verapamil

5 out of 10 compounds including
negative controls

[1]

a small quantity (10–100 ng) of test compounds, such as
small molecules, which are easily absorbed through the
skin and gills, or directly by swallowing after 72 hpf. Early
zebrafish embryos and larvae are optically transparent,
which allows real-time imaging in vivo. These advantageous
features combine and make zebrafish an ideal model for
studying the biological activity profiling of natural products
containing complex chemical components.

2. Relevance and Predictability of Drug
Response between Zebrafish and Human

Using zebrafish as a model for drug screening will always
raise the question of whether the beneficial effect of a drug
lead compound observed in zebrafish would have clinical
relevance. Although it has been shown that the zebrafish and
human genomes are highly similar, a study should be done to
compare the physiological response of human and zebrafish
after exposure to a series of drugs. Mittelstadt has tested
the effect of nine drugs with QT prolongation in zebrafish
and found eight of these compounds (except procainamide)
induced dissociation between the atrium and ventricular
rates (Table 1) [3]. A similar study was done by Berghmans,
who measured the atrial and ventricular rates of zebrafish in
response to seven known QT-induced drugs and 2 negative
controls and found that 7 of the 9 compounds, including
the negative controls, showed the expected effects (Table 1)
[1]. Two studies focused on the optomotor response were
followed independently by Berghmans and Richards They
both found zebrafish showed a high percentage of pre-
dictability (∼78% and ∼70%) of drug response (Table 1)
[1, 4]. The zebrafish is also a good model for screening drugs
with potential seizure liability. Winter reported the animal
model offered 72% overall predictability as 13 out of 17
positive controls and 5 out of 8 negative controls showed
their predicted effects (Table 1) [5]. Orally active anti-VEGF

agents including sunitinib malate and ZM323881 effec-
tively blocked hypoxia-induced retinal neovascularization
in zebrafish. [6]. Two known antiangiogenic compounds,
SU5416 and TNP470, which has shown antiangiogenic activ-
ity in mammalian system, have also demonstrated reduced
vessel formation in zebrafish [7]. A range of known seda-
tive compounds such as clozapine, fluoxetine, melatonin,
diazepam, and pentobarbital have comparable response in
zebrafish and all of these compounds resulted in reduced
locomotor activity. [8–10]. Also, zebrafish also showed
comparable responses to toxins for inducing pathologic
consequences mimicking Parkinson’s disease and epilepsy
which will be addressed in later chapters. These evidences
suggested that zebrafish demonstrate a good correlation with
clinical relevance and support its potential as a model for
pharmacological assessment [1, 3–5].

3. Similarity of Drug Metabolism between
Zebrafish and Mammals:
Omics Approach Provides a Clue

It is a common phenomenon that many compounds that
occur naturally in metabolic tissues, such as liver and
gastrointestinal tract, are inactive in vitro but are bioactivated
in vivo into an active metabolite. One pioneer study with
a zebrafish screen searched for cell-cycle modulators and
identified 14 active candidates from a library of 2000
compounds (0.7% positive hits). The cell cycle-modulating
activities of the active compounds identified from the
zebrafish screen were validated in cell lines derived from
both zebrafish and mammals [11]. Interestingly, only half
of the active compounds were shown to be active in both
embryos and either one of the cell lines, showing that some
compounds are active in in vivo but inactive in vitro. The
use of zebrafish for drug screening as well as for various
pharmacological studies has received increasing attention
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Figure 1: The metabolism of icaritin and calycosin in zebrafish embryos and larvae. The proposed routes of how icaritin and calycosin are
metabolized in zebrafish embryos and larvae are summarized and some drug metabolism enzymes are identified by omics approach. The
process and the corresponding gene are shown in each colored box. Glc: glycosylated group; Glu: glucuronidated group; Xyl: xylated group;
SO3: sulfonated group; Xylt1: Xylosyltransferase 1; Ugt1a1, Ugt1ab: UDP-glucuronosyltransferase.

in the fields of drug absorption, metabolism, distribution,
and excretion [12]. However, there are few reports in the
literature of detailed systematic studies investigating the fate
of drugs after absorption as well as identification of the
enzymes involved in drug metabolism in zebrafish larvae.

Our recent study addressed drug absorption and
metabolism in zebrafish embryos and larvae. We used LC-
MS/MS to identify and profile the metabolites of icaritin
and its glycoside derivatives in zebrafish larvae [13]. Icaritin
is a prenylated flavonoid compound that is regarded as an
active ingredient of Herba Epimedii, which has been widely
used in China as a medicinal herb for the treatment of
infertility, osteoporosis, and weakness of the limbs. The result
showed clearly that the metabolic pathway involving icaritin
and its glycoside derivatives in zebrafish larvae is similar
to that reported in mammals (Figure 1). The first step in
the pathway is the enzymatic removal of the sugar moiety
of these compounds after consumption in the cells of the
gastrointestinal mucosa or by enzymes secreted by the colon
flora [14]. Hydrolysis of the flavonoid derivative produces the
free aglycone, which is conjugated by sulfation, glucuronida-
tion, or methylation or in different combinations with steps
that are controlled by phase II metabolism enzymes.

In order to investigate whether zebrafish larvae express
the essential drug-metabolizing enzymes that are involved

in the proposed metabolic pathways for the production of
icaritin and its glycoside derivatives, combined transcrip-
tomic and proteomic approaches were used to identify these
enzymes [13]. In fact, transcriptomic profiling procedures
identified 51 unique mRNA transcripts (out of a total of
13,310 nonredundant mRNA transcripts) that belong to
three categories of key enzymes involved in phase I drug
metabolism [15], including the cytochrome P450 family,
flavin-containing monooxygenases, and epoxide hydrolases
in zebrafish larvae. Moreover, mRNA transcripts of several
key phase II drug metabolism enzymes [16], including
UDP-glucuronosyltransferase, sulfotransferases, catechol-
O-methyltransferase, and glutathione-S-transferases, were
identified. However, the proteomic approach identified only
three proteins (out of 2998 distinct proteins) that belong
to the glutathione-S-transferases, a major type of phase
II detoxification enzymes. The result illustrates that the
metabolism of icaritin and its derivatives in both zebrafish
larvae and mammalian models are highly conserved.

In addition, calycosin, an active constituent in Radix
Astragali, was found to promote angiogenesis in zebrafish
and human endothelial cells involving activation of the estro-
gen receptor and mitogen-activated protein kinase (MAPK)
signaling pathway [17]. Our recently accepted paper char-
acterizes drug absorption and metabolism using calycosin
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as a probe in zebrafish larvae [18]. Ten metabolites of caly-
cosin produced by glucuronidation, glycosylation, sulfation,
oxidation, or combinations of any two of these metabolisms
in zebrafish larvae were identified by LC-MS/MS (Figure 1).
The results showed the kinetic changes of calycosin and its
metabolites in zebrafish larvae. This study identified drug
metabolites previously identified in mammals, reconfirming
the conservation of drug metabolism systems in zebrafish
and identified novel metabolites, providing insight into the
possibility of the discovery of novel drug metabolite diversity
in zebrafish. In addition, the abundance of calycosin and
its metabolites were increased steadily during 24 h after
treatment [18], which reflects the difference of common drug
administration between zebrafish and mammals. Unlike the
common drug administration routes, such as gastric ir-
rigation and oral administration, used in rodents, the drug
treatment for zebrafish was usually performed by keeping the
whole fish in a drug-containing incubation medium. This
method keeps the zebrafish in an environment of constant
drug concentration and drug compounds are continuously
taken into the body through both the GI tract and the
respiratory systems. Future in-depth systematic investiga-
tion of absorption, distribution, metabolism, and excretion
(ADME) in zebrafish is warranted.

The high similarity of phase I and phase II metabolisms
in zebrafish may be attributed to the highly conserved genetic
expression profiles in liver as well as gut microbiota with
human and mice counterparts, respectively [19, 20]. Drug
screening in other small invertebrate model organisms, such
as the fruit fly Drosophila melanogaster, has identified some
very promising lead compounds, particularly for antiaging
[21]. Nonetheless, the proof of concept of the highly
conserved drug metabolism between zebrafish and mammals
strongly supports the usefulness of zebrafish as a vertebrate
model rather than other invertebrate model organisms for
drug discovery as well as drug metabolism studies.

4. Presence of Blood-Brain
Barrier (BBB) in Zebrafish

The BBB is crucial for the maintenance of a stable envi-
ronment with the regulation of ionic balance and nutrient
transport and the blockage of potentially toxic molecules.
The intrinsic complexity of the cell-matrix-cell interactions
of the neural-vascular unit has made analysis of gene func-
tion difficult in cell culture, tissue explants, and even animal
models. The zebrafish has emerged as a premier vertebrate
model for analyzing the complex cellular interactions in vivo
and the genetic mechanisms of embryonic development [22].
Brain endothelial cells show immunoreactivity to Claudin-5
and Zonula Occludens-1 (ZO-1), implying the presence of
tight junctions in these cells. The expression of Claudin-5
and ZO-1 was detected in cerebral microvessels starting from
3 dpf, concomitant with maturation of the BBB [23]. Zhang
et al. observed that zebrafish embryos develop BBB functions
by 3 dpf, with earlier expression of Claudin-5 in the central
arteries at 2 dpf [24].

Our recent study of the neuroprotective effect of quer-
cetin shed light on the presence of functional BBB in

zebrafish larvae at 3 dpf and the role of BBB permeability in
determining the beneficial effect of a neuroprotective drug
in Parkinson’s disease (PD) in in vivo. Quercetin is one of
the commonest naturally occurring flavonoids. Although it
and structurally related flavonoids have been shown to have
a neuroprotective capacity in various in vitro and in vivo
experimental models [25–27], the neuroprotective effect of
quercetin remains controversial. Nevertheless, quercetin did
not protect substantia nigra neurons from an oxidative insult
in vivo, probably due to inefficiency in passing through the
BBB in in vivo conditions [28]. There is an urgent need
for appropriate in vivo studies in order to confirm the
neuroprotective effect of quercetin and to identify the reason
for the discrepancy between findings in vitro and in vivo. In
order to address this controversy, we administered quercetin
at different maturation stages of the BBB in zebrafish and
we found it can prevent but not rescue the DA neuronal
injury induced by 6-OHDA [28]. When quercetin was
administered to zebrafish larvae before 3 dpf when BBB is
not well established, it could spread rapidly throughout the
brain and exert a protective effect against 6-OHDA toxicity.
However, when quercetin was administered to zebrafish
after 3 dpf, the matured BBB posed an obstacle to quercetin
entering the brain, preventing it from rescuing 6-OHDA
insult in dopaminergic (DA) neurons. This result supports
earlier findings of the presence of BBB in zebrafish by 72 hpf
[23, 24].

5. Behaviour Screen in Zebrafish

Zebrafish displays learning, sleeping, drug addiction, and
neurobehavioral phenotypes that are quantifiable and
comparable with those in human [10, 29]. A zebrafish
behavioural assay has been demonstrated as a novel, rapid,
and high-throughput approach to the discovery of neuroac-
tive, psychoactive, and memory-modulating compounds
[30–32]. In the past, a major obstacle to the discovery of
psychoactive drugs was the inability to predict how small
molecules will alter complex behaviours. Recently, Rihel et
al. reported that the multidimensional nature of zebrafish
phenotypes enabled the hierarchical clustering of molecules
with comparable effects. This behavioural profiling revealed
conserved functions of psychotropic molecules and pre-
dicted the mechanism of action of poorly characterized
compounds [30]. In addition, Kokel and his colleagues used
automated screening assays to evaluate thousands of chemi-
cal compounds and found that diverse classes of neuroactive
molecules led to distinct patterns of locomotor behaviour.
They concluded that a zebrafish behaviour assay can rapidly
identify novel psychotropic chemicals and predict their
molecular targets [31].

6. Zebrafish Bioassay Screening for Selectivity

Toxicity is now the first obstacle to drug development. From
2003–2010, the overall success rate for drugs passing from
Phase I to FDA approval was only 9% [33]. A high percentage
of drug developments failed at different stages, including
animal testing or clinical trial, owing to nontolerated side
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effects and toxicity. As in vitro studies, which are usually
cell based or molecular based, such as enzymatic or ligand-
binding assays, drug screening with these assays predict
the potential therapeutic action toward a specific molecular
target and/or cell type; however, hidden toxicity and side
effects due to interactions of the drug or its metabolites with
other molecular targets, are not fully known.

Recently, a number of drugs were withdrawn from the
market due to their human ether-a-gogo-related (hERG)
cardiac toxicity [34]. The hERG potassium ion channel has
a major role during the repolarization of the cardiac action
potential, and the blockade of this ion channel can lead to
prolongation of the QT interval, which is closely associated
with torsade de pointes, a potentially lethal heart arrhythmia
[35]. As a result, hERG (IKr) preclinical safety data are an
essential part of any investigation of new drug submissions
recommended in the FDA ICH guideline [36]. Zebrafish may
present a good alternative model for large-scale screening of
drug toxicity on QT prolongation through the ERG channel.
hERG and its zebrafish homolog (zERG) have a high degree
of similarity as zERG shows 99% conserved amino acid
sequence in drug-binding and pore domains with the
human ortholog [37]. Inhibition or knockdown of the zERG
gene resulted in characteristic arrhythmia with 2 : 1 atrioven-
tricular blockage (2 atrial beats coupled to 1 ventricular beat)
[37]. The pharmaceutical industry has changed strategy
by prescreening compound libraries for hERG cardiac
toxicity before screening for therapeutic targets. According
to the ICH S7A guidelines, CNS studies including behavior,
learning and memory, neurochemistry, optomotor, and/or
electrophysiology examinations are recommended before
product approval [38]. Zebrafish may be a good model for
the CNS assessment, since the animal possesses matched
defined area in brain including hypothalamus and olfactory
bulb [39]. The hippocampus was proposed to be located
in the lateral zone of the pallium in zebrafish [39, 40].
In addition, important neurotransmitter systems such as
the cholinergic, 5-hydroxytryptaminergic, dopaminergic,
and noradrenergic pathways are also present in zebrafish
brain [41, 42]. Zebrafish also has comparable neurological
pharmacological response including locomotor activity
[10], circadian pacemaking [43], and drug addiction [44] to
human counterpart. These evidences support that zebrafish
may be physiologically relevant model for screening out
neurotoxic compounds.

Assessment of gastrointestinal complications may also
be important during drug development, since the adverse
reactions may result in death caused by gastrointestinal
bleeding [45]. The zebrafish displayed similar physiology in
gastrointestinal system with human. For example, the small
intestine is lined with most of the cell types except Paneth
cells [46, 47]; the peristalsis is controlled by a pair of smooth
muscles and regulated by enteric nervous system [48]. How-
ever, it did not have a stomach [49] and a submucosa layer
containing connective tissue to separate the epithelium from
smooth muscle layer [46]. Moreover, in the study of the effect
of 10 known compounds on gastrointestinal contraction in
zebrafish, 5 out of 10 compounds showed expected effect [1]
(Table 1). The relatively low predictability was due to the low

reproducibility of cromakalim, nicotine, and nitrendipine in
duplicated experiments [1] (Table 1). Nevertheless, zebrafish
still has the potential for predicting adverse effects in
gastrointestinal system [1]. There is increasing research on
predicting the toxicity of a compound and excluding those
compounds predicted to be toxic early in the drug discovery
process [50].

Efficacy and toxicity are two important criteria for a drug
to be marketed and the zebrafish model allows simultaneous
measurement of these two parameters. The survival rate
and/or mortality are/is a common and direct parameter used
to indicate the toxicity of a compound. The beating heart
of the embryo is the golden parameter used to indicate the
living status of drug-treated zebrafish embryos. Thus, the
lethal toxicity of a compound to zebrafish embryos reflected
by the heartbeat rate could be monitored simultaneously
with observation of the activity, such as antiangiogenesis,
associated with the compound of interest. Moreover, other
signs of toxicity, such as delayed development of zebrafish
embryos, can be observed from the lower level of pigmen-
tation in body and eyes, larger yolk sac, and shorter trunk
in response to drug treatment. For instance, in our on-
going screening of antiangiogenesis activities of a series of
methoxyflavone derivatives, we identified structural modifi-
cation in a single chemical group of the same scaffold, which
exhibited higher potency of antiangiogenic activity and lower
toxicity to zebrafish embryos [51]. This pilot study serves
as proof of concept, suggesting the advantage of zebrafish
over HUVEC cells as an angiogenic assay is that the zebrafish
allows content screening of both activity and in vivo toxicity.

Along with studying an antiangiogenic compound in
zebrafish, we could evaluate the selectivity of molecular
action, such as cell-cycle arrest, to blood vessel cells in a live
organism. Zebrafish embryos were trypsinized into a live
cell suspension which was stained with the DNA-staining
dye DRAQ5 (Biostatus Ltd., UK) for subsequent cell-cycle
analysis (Figure 2). The differential effect of the compound
on the cell cycle of endothelial GFP-expressing cells and
the non-GFP-expressing cells could be determined by flow
cytometry. Using this technique, the resveratrol derivative
trans-3,5,4′-trimethoxystilbene (TMS) was found to induce
cell-cycle arrest more significantly in endothelial cells (in
about 20–30% of GFP-positive cells and in only 5–10%
of GFP-negative cells) in zebrafish embryos (Figure 3),
confirming that TMS exerted a more specific cytotoxic effect
on endothelial cells than on other cell types in vitro and, more
importantly, in vivo [52]. However, there was still an overall
increase in G2/M phase cells in the whole cell population,
indicating that TMS caused cell-cycle arrest in some other
cell types (Figure 3). This finding provides a solution to
the controversial issue regarding whether resveratrol and
related compounds cause cell-cycle arrest through the G1
or G2/M phase in cell culture in vitro [53]. This study in
zebrafish embryos, which showed the induction of G2/M
cell-cycle arrest in GFP-positive endothelial cells by TMS in a
whole live organism, provides insight into the physiological
relevance of the compound. The concept of determining
selectivity of antiangiogenic action on zebrafish endothelial
cells was supported by the results of a similar study, in which
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Figure 2: A diagram showing the processing of zebrafish embryos for isolating endothelial cells followed by staining with DRAQ5. Tg(fli-
1:EGFP) zebrafish embryos are firstly trypsinized into a cell suspension, stained with DRAQ5, and separated into GFP expressing endothelial
cells and others.

nobiletin (5,6,7,8,3′,4′-hexamethoxyflavone) exhibited an
effect on cell-cycle arrest differently via inducing G0/G1
phase accumulation in GFP-positive endothelial cells [54].
Besides analysis of the cell cycle, a similar approach could
probably be adopted to probe cells for different cellular
physiological parameters, such as oxidative stress and
mitochondrial function, by different stains. This approach
allows examination of how a candidate selective drug may
act on specific cell types in a live organism.

7. Phenomics and Biological Activity Profiling

Phenomics was originally an area of biology that involved
studies of phenotype as a whole organism. Image-based
bioassays reflecting changes of locomotor behaviour in the
phenotype of different cell types, organs, and physiolog-
ical systems in wildtype or transgenic zebrafish offer the
opportunity to assess multiple pharmacological activities of
a chemical compound (Figure 4). Pharmacological action of
a compound could be decoded by a system biology approach
through data mining of the multidimensional phenotypic
data of an organism [55] together with measurement of the
relative levels of mRNA transcripts (transcriptome), proteins
(proteome), and metabolite components (metabolome).

Recently, this omics approach has been incorporated increas-
ingly into drug discovery and toxicology. Omics data provide
much more information than typical phenotypic assay,
including observable changes of morphology in the embryo
as well as behaviour and mortality. By coupling omics data
with an existing phenotypic end-point assay, more details of
the mechanism and the toxicity of a chemical could be used
to explain the cause-and-effect relationship. Even though the
phenotypic changes are the same, such as vitellogenin, which
indicate the estrogenic exposure in fish was upregulated by
17b-estradiol, bisphenol A, and genistein [56], the modes
of action may differ. This possibility can be shown by dif-
ferential gene expression induced by these chemicals based
on transcriptome analysis [56].

8. Integrative Transcriptomic and
Proteomic Analysis of Zebrafish

Because the therapeutic action of a drug on normalizing
pathological change can originate from different cellular
pathways in the complex regulatory network, an in vivo
study could provide considerably more information than in
vitro assays using purified targets. mRNA transcripts and
proteins are the primary molecules responsible for biological
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Figure 3: Cell-cycle analysis of zebrafish embryos after treatment with different concentration of an antiangiogenesis compound named
trans-3,5,4′-trimethoxystilbene (TMS). Tg(fli-1:EGFP) zebrafish embryos treated with TMS for 20 h were then trypsinized and DRAQ5-
stained for cell-cycle studies by flow cytometry. (a) Wildtype embryos did not show GFP-expressing-cells. (b) Tg(fli-1:EGFP) showed GFP
expressing and non-GFP expressing cells. (c) 10 μM TMS and (d) 30 μM TMS exerted G2/M cell-cycle arrest preferentially in endothelial
cells.

Motor neuron

Track of locomotor
behaviour

T cell

Bone stain

Heart

Blood vessel

Blood circulation

High content

zebrafish screen

Tyrosine hydroxylase-
positive neurons stainTg(GATA 1: dsRED)

Tg(fli: EGFP)

Tg(cmlc2: GFP)

Tg(lck: EGFP)

Tg(MNX: GFP)

Figure 4: The examples of zebrafish model for high content drug screening. Image-based bioassays reflecting the physiological changes in
either wildtype or transgenic zebrafish enable the assessment of multiple pharmacological activities of a chemical compound.
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functions in cells and the ability to examine the transcrip-
tome and the proteome of an organism provides a robust
overview of the physiological changes taking place and could
greatly augment target-oriented biological data. Therefore,
we recently used an RNA-seq technology for transcriptome
profiling and a fully automatable RP-RP 2DLC system for
shotgun proteomics to address the drug metabolism system
of zebrafish and the downstream transcriptional effect of a
drug. The recent advancement of deep sequencing and 2D
RP-RP LC-MS/MS technology identified a total of 12,560
mRNA transcripts (obtained from about 5 million reads per
RNA sample) with matched annotated genes [13, 57] and
1752 unique proteins from the zebrafish lysate, respectively,
in a single analysis [58].

The current transcriptome profiling tools used in
zebrafish are microarray and RNA-seq. RNA-seq or deep
sequencing of RNA samples using the next generation of
sequencing technology is becoming a popular transcriptome
profiling tool because it is an open platform that does not
require predefined probes. In principle, RNA-seq profiles
known and novel transcripts and it yields data with higher
resolution, wider dynamic range, and lower background
noise, while it only requires smaller amounts of RNA sample
than microarrays [59].

By contrast, proteomic studies have used mainly inte-
grated technologies, including separation of proteins by
2D polyacrylamide gel electrophoresis (2D-PAGE) and
identification of proteins by matrix-assisted, laser desorp-
tion/ionization time-of-flight mass spectrometry (MALDI-
TOF MS). Another major advantage of LC-MS/MS over
conventional 2D PAGE is that the high sensitivity of LC
allows for faster detection and direct identification of wider
range of proteins, including high molecular weight proteins
and very acidic or basic proteins, all of which are problematic
when using methods such as 2D PAGE [58].

After transcriptomics, proteomics is often considered the
next step in the study of biological systems. The integrated
study of the two approaches is often considered as a study
of causality. The focus is especially on identifying some
biological response that initiates at the transcriptional level
and exhibits functional information at the protein level.
Transcriptomics has advantages over proteomics by allowing
larger scale and higher throughput of analysis and about 10
times more coverage of detected gene targets in a single run
of a zebrafish sample, while proteomics has advantages over
transcriptomics in terms of potentially observing functional
change in protein expression and posttranslational levels.

The methodology of conventional immunology depends
on the availability of antibodies and a priori knowledge of the
targets and, in general, is not amenable to global monitoring.
Moreover, it is now known that the transcript level is often
not correlated with the protein expression level, and the
proteomic approach defines responses at the protein level
that are probably not regulated at the transcription level, thus
providing additional information [60]. Therefore, utilization
of integrated transcriptomics and proteomics could provide
more confirmatory evidence for the identification of molec-
ular targets involved in the biological response of zebrafish
to drug treatment. One of the advantages of integrating

transcriptomics and proteomics lies in its neutrality to a
priori knowledge and targets. The observation-driven result
could lead to insights into previously unsuspected targets.
The recent advancement of deep sequencing technology
and the 2D LC-MS/MS system provides an unprecedented
opportunity to formulate a system biology approach to
unravel the resulting effect of holistic action of a drug or
natural product containing multiple components through
either interacting with a specific or multiple targets in a
whole organism.

9. Zebrafish Disease Models

A highly relevant disease model should be developed when
exploring the pathophysiological mechanism and the biolog-
ical activity of any drug compound. Zebrafish models have
been developed in several therapeutic areas for investigating
human diseases. Disease models are created by mutation
or inactivation of genes, treatment with chemicals, or even
modification of a diet.

10. Neurodegenerative Disease Models

10.1. Parkinson’s Disease. PD is the second most common
neurodegenerative disease characterized by progressive loss
of DA neurons in the substantia nigra pars compacta. The
etiology of PD is not completely understood but increasing
evidence suggests that oxidative damage induced by reactive
oxygen species (ROS) and reactive nitric species (RNS) neu-
roinflammation, excitotoxicity, and apoptosis are involved
in the progression of DA neurodegeneration [61].

Recently, the zebrafish has been demonstrated to be an
appropriate model for PD [62]. The DA system in the pos-
terior tuberculum of the ventral diencephalon is comparable
with the nigrostriatal system in human [63]. PD-related neu-
rotoxins cause the loss of DA neurons, reduced expression of
tyrosine hydroxylase (TH) (Table 2) and the impairment of
motor behaviour in zebrafish that are comparable with the
pathophysiological features observed in other animal models
[64]. In addition, clinical and experimental neuroprotective
agents (nomifensine, a DAT inhibitor; L-deprenyl, an MAO-
B inhibitor) (Table 2) have been demonstrated to be active in
protecting zebrafish from neuronal insult [65]. Either knock-
down or mutation of important genes, including PARKIN
and LRRK2, contributes to a significant decrease in the
number DA neurons (Table 2). Taken together, the results of
earlier studies suggest that the zebrafish is a good alternative
species for a PD model and offers great opportunity for
screening and discovery of novel PD therapeutic agents.

The brain structure and function of the zebrafish are very
similar to those of other vertebrates [70]. The anatomy of
the zebrafish brain DA system was studied recently, and a
region anatomically similar to the striatum was identified in
the forebrain [71]. Neurotoxins, such as MPTP, 6-OHDA,
and rotenone, are known to induce DA neuron loss in
animal models. Among those neurotoxins, MPTP/MPP+ is
the best characterized toxin to generate model of PD and
has proved useful for studying the striatal circuitry involved
in PD pathophysiology [72]. Exposure of zebrafish to
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Table 2: Potential marker genes for PD.

Gene Function Assessment method Reference

Tyrosine hydroxylase
(TH)

Catalytic conversion of the amino acid L-tyrosine
to dihydroxyphenylalanine

Immunostaining, locomotion behaviour test
[28, 64,

66]

Dopamine transporter
(DAT)

Membrane-spanning protein for pumping
neurotransmitter DA back into cytosol from the
synaptic region

Whole mount in situ hybridization (WISH),
swimming behaviour

[65]

Vesicular monoamine
transporter 2 (VMAT2)

Integral membrane protein for transporting
neurotransmitter carrying monoamine structure,
for example, dopamine and norepinephrine from
cellular cytosol into synaptic vesicles

Visualization in VMAT2: GFP transgenic
fish

[67]

MAO-B Catalytic oxidation of monoamines Monoamine oxidase enzyme histochemistry [66]

PARKIN (PARK2)
Gene knockdown leads to complex I deficiency and
dopaminergic neuronal cell loss

WISH, whole-mount antibody
immunofluorescence, behaviour analysis

[68]

LRRK2
Genetic mutant caused loss of DA neuron and
locomotive defect

WISH, swimming behaviour [69]

MPTP caused profound loss of tyrosine hydroxylase-positive
(TH+) neurons and downregulated TH mRNA expression
in contrast to vehicle-treated healthy zebrafish (Figure 5)
leading to a deficit in locomotor behaviour (Figure 6). Earlier
studies revealed that 6-OHDA is taken up selectively by the
plasma membrane dopamine transporter and subsequently
accumulates in the mitochondria, resulting in the formation
of ROS and RNS [73]. In addition, neuroinflammation plays
a key role in 6-OHDA-induced DA neuron damage in vivo
[74]. We measured the gene expression of proinflammatory
mediators in 6-OHDA-treated zebrafish by quantitative real-
time PCR and showed that 6-OHDA caused overexpression
of IL-1β, TNF-α, and COX-2, several-fold higher than that
of untreated control fish [75]. These proinflammatory genes
play important roles in the etiology of PD [76]. It has been
shown that the level of the COX-2 protein is upregulated
in substantia nigra DA neurons in PD patients and in
animal models [77]. The inhibition of COX-2 and TNF-α has
provided neuroprotection in rats [76]. Our current iTRAQ-
based shotgun proteomics study in a zebrafish model for
PD suggested the potential involvement of both TNF-α/NF-
κB and oxidative phosphorylation pathways in 6-OHDA-
induced neurodegeneration in zebrafish (unpublished data).
However, given that, all reported promising studies on
this chemical induced PD experimental zebrafish model,
more researches need to be done to differentiate systemic
toxicity and selective neuronal toxicity of the neurotoxins.
In addition, generation of transgenic zebrafish expressing
fluorescent protein specifically in DA neuron, that allows
tracking the kinetic change of living DA neurons in vivo, is a
viable strategy to replace the postimmunochemical staining
of TH-positive neurons.

10.2. Epilepsy. Epilepsy is a common neurological disorder
characterized by the recurrent appearance of spontaneous
seizures due to neuronal hyperactivity, and the disease
afflicts nearly 50 million people worldwide [78]. Recent
studies showed that the pathogenesis of epilepsy involves
altered distribution of GABA receptors (Table 3), enhanced

activity of excitatory circuits, neuronal loss, and synap-
tic reorganization [79–82]. A number of genes encoding
transcription factors, synaptic receptors, ion channels, and
glucose transporters have shown altered mRNA expression in
rodent models of epilepsy (Table 3). These findings suggest
potential gene markers other than c-fos. Although some
antiepileptic drugs (AEDs) are marketed, there is no drug
capable of reversing the cause of pathological changes in the
brain [83] and some disease subtypes, such as temporal lobe
epilepsy, are even resistant to current pharmacotherapies
[84]. This problem calls for large-scale screening of new
candidates of AED, but this is difficult to achieve in a rodent
model.

A PTZ-induced epilepsy model of zebrafish was estab-
lished by Baraban in 2005 [85], who reported the upregu-
lation of c-fos in the CNS region of zebrafish exposed to PTZ.
After exposure to PTZ, the larval zebrafish shows three stages
of seizure: a dramatic increase in total distance travelled at
Stage I, rapid whirlpool-like circling swimming behaviour at
Stage II, and culmination in clonus-like convulsions leading
to loss of posture at Stage III. Current AEDs can stop the
seizure at Stages I and II and, therefore, epileptic zebrafish
at both stages are suitable for drug screening [92].

10.3. Heart Disease and Cardiotoxicity. Mutations found in
cardiac troponin T type 2 (TNNT2) [93] and T-box-5
(Tbx5) are implicated in cardiomyopathy. Severe heart defect
was observed in zebrafish carrying the mutated TNNT2.
Mutation in Tbx5 leads to the maldevelopment of heart and
upper limbs known as Holt-Oram syndrome [94]. Zebrafish
carrying the same mutation have comparable deformed heart
and pectoral fins [95]. In fact, troponin T was considered
as a biomarker in congenital heart failure from dilated
cardiomyopathy [96, 97]. Other biomarkers, such as myosin
light chain-I [96, 97], cardiotrophin [98], and endothelin-
1 [99], are proposed to have diagnostic value in congestive
heart failure and hypertension (Table 4).

The zebrafish is a good model for studying cardiotoxicity.
The cardiac function can be studied in zebrafish embryos
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Figure 5: MPTP induces DA neuron loss in zebrafish. (a) Representative picture of anti-TH whole mount immunostaining. TH+ neurons in
diencephalic region were indicated by bracket, dorsal view. L-dep, L-deprenyl (selegiline), a selective MAO-B inhibitor, was used as positive
control. (b) Counting of TH+ neuron. (c) Relative fold change of th gene expression as compared to control, MPTP downregulated th gene
expression. #P < 0.05 and ##P < 0.01 compared with untreated control. ∗P < 0.05 and ∗∗P < 0.01 compared with MPTP treated alone.

Table 3: Potential marker genes for epilepsy.

Function Gene Assessment method References

Transcription factor

c-Fos Immunohistochemistry, In situ hybridization, real-time PCR [85]

c-Jun Electrophoretic mobility-shift assay [86]

CREB Real-time PCR, northern blot [87]

Zac 1 Immunohistochemistry, In situ hybridization [88]

Receptor
NMDAR1 Immunohistochemistry, Western blot [89]

GABA(A)-receptor delta Immunohistochemistry [81]

Ion channel Kv1.2 and Kv4.2 In situ hybridization [90]

Transporter GLUT1 and GLUT3 In situ hybridization, Western blot [91]

through assessment of heart rate, heart morphology, cardiac
myocytes number, and heart size [101]. Recently, we explored
the cardiotoxicity of chemotherapeutic agents such as suni-
tinib malate (Sutent; SU11248; Pfizer). Sutent is a multitar-
geted tyrosine kinase inhibitor with antiangiogenic activity.

It has been approved for first-line and adjuvant treatment
of renal cell carcinoma. However, long-term angiogenesis
inhibition would involve unwanted side effects, including
cardiac and renal toxicity in patients with cancer [102]. Our
study showed that Sutent deteriorates heart function through
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Figure 6: MPTP induces deficit of swimming behavior in zebrafish. (a) Typical swimming patterns of control and MPTP-treated zebrafish.
Lines show the track of zebrafish movement. Zebrafish treated with MPTP was less active as compared to the control. (b) Quantitative
analysis of total distance travelled. #P < 0.05 compared with untreated control. ∗P < 0.05 compared with MPTP treated alone.

induction of pericardial edema and decrease in heart rate in
zebrafish embryos (Figure 7).

11. Cerebral Hemorrhage Model

Cerebral hemorrhage, also known as hemorrhagic stroke,
occurs when a blood vessel in the brain becomes weak and
bursts, allowing blood to leak into the brain. Atorvastatin,
a 3-hydroxy-3-methylglutaryl coenzyme-A (HMG-CoA)
reductase inhibitor, reduces cholesterol, ameliorates, and
vascular atherosclerosis and improves cardiovascular mor-
bidity and mortality [103]. Pretreatment with atorvastatin
significantly reduced infarct volume induced by permanent
middle cerebral artery occlusion in animal studies [104].
Clinical studies showed patients with postischemic-stroke
treatment with atorvastatin showed improving neurological
recovery [105]. However, this beneficial effect is partly coun-
teracted by an increased risk of hemorrhagic stroke [106].
Moreover, atorvastatin induced intracranial hemorrhages in
wildtype fish [107] and induced cerebral hemorrhage in a
zebrafish model (Figure 8), which offers an opportunity to
screen cerebrovascular-protective compounds.

12. Dyslipidemia and Hyperlipidemia

The zebrafish model can be used in the study of lipid me-
tabolism. The quenched fluorescent phospholipid substrate
N-((6-(2,4-dinitrophenyl)amino)hexanoyl)-1-palmitoyl-2-
BODIPY-FL-pentanoyl-sn-glycero-3-phosphoethanolamine
(PED6) taken up by zebrafish larvae can fluoresce after
cleavage by phospholipases in the intestine. It has been
reported that this assay can be used to detect the fat-free (ffr)
mutation, which likely results in disturbed lipid processing
through impaired intestinal phospholipase activity [108]
and reduced protease activity [109]. A research team led
by Stoletov has developed a hypercholesterolemic (HCD)
model in zebrafish utilizing a fluorescent cholesteryl ester to
observe vascular lipid accumulation and fluorescent dextran
in the endothelial cell layer disorganization after an HCD diet
[110]. The reliability of the model was further supported by
accumulation of macrophages, increased phospholipase A2

activity, and elevated levels of oxidized phosphatidylcholines
in zebrafish fed an HCD diet compared to those fed a
normal diet [110, 111]. Another research group led by Jin
has demonstrated the antiatherosclerotic effect of turmeric
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Table 4: Potential biomarkers for human heart disease.

Gene Function Assessment method
Associated cardiovascular
disease

Troponin T Myocardial contraction ELISA
Congestive heart failure
[96, 97]

Heart fatty acid binding protein
Carrier proteins for fatty acids and other
lipophilic substances, such as eicosanoids
and retinoids

ELISA
Congestive heart failure
[96, 97]

Myosin light chain-I Myocardial contraction ELISA
Congestive heart failure
[96, 100]

Creatine kinase MB Energy metabolism ELISA Congestive heart failure [96]

Cardiotrophin-1
Response to stress and humoral factors such
as angiotensin II

ELISA Hypertension [98]

Endothelin-1
Potent endothelium-derived vasoconstrictor
peptide

Radioimmunoassay Heart failure [99]

Control

Sutent

BA

SV

Figure 7: Sutent-induced cardiotoxicity in zebrafish embryos.
Embryos at 5 dpf were treated with Sutent for 72 h followed by
assessment of cardiac function. (a) Pericardial edema was observed
after administration of Sutent compared to the control. The severity
of pericardial edema was quantified by measuring the distance
between sinus venosus (SV) and bulbus arteriosus (BA). (b)
Embryo heart rate was decreased by treatment with Sutent in dose-
dependent manner.

and laurel aqueous extracts using this HCD model [112].
These disease models have proved to be highly relevant
to human diseases and showed a number of conserved
phenotype between zebrafish and human. Moreover, the
difficulty of studying the atherogenic events in a temporal
manner has been overcome due to its optical transparency.

13. Searching for Active Compounds from
Natural Products

Many natural products exhibit a range of biological activity
that is probably due to interaction of their complex chemical
constituents with multiple targets in the body, which opens
new avenues for therapy of disorders, with multifactorial
etiopathogenesis such as neurodegeneration. The physiolog-
ical complexity of zebrafish is similar to that of mammals,
providing a suitable model for the study of human diseases
as well as throughput drug screens. Using a whole organism
as a model allows a more comprehensive and simultaneous
analysis of the range of biological activity and toxicity of a
chemical or multiple chemicals compared to an in vitro assay.
Zebrafish embryos and early larvae are optically transparent,
allowing screens with a measurable phenotypic readout using
imaging microscopy for assessing pathological changes in
Parkinson’s disease, epilepsy, heart disease or cardiotoxicity,
cerebral hemorrhage, and hyperlipidemia. This approach
allows live and continuous observation on individuals which
are often inapplicable in other in vivo models. More
importantly, invasive approaches are often applied in these
animal models, so reassessment of individuals may not be
possible. For example, cerebral hemorrhage in rodent models
was commonly done by intraparenchymal infusion of either
autologous blood or bacterial collagenase. The hematoma
size and location were evaluated with histologic analysis
[113, 114]; hyperlipidemia in rodent models was achieved by
feeding ApoE deficient mice with high fat diet for eight weeks
and the atherosclerotic lesion was also observed by histology
[115, 116]. Also, visual observation with imaging microscopy
may require less technical skills and also far more convenient.
For example, the evaluation of cardiotoxicity in zebrafish
was determined by heart rate, heart morphology, cardiac
myocyte number, and heart size. However, in rodent models,
the heart function was often assessed by electrocardiogram
or echocardiogram which requires intensive technical and
labor input. Using rodent disease models for early stage drug
screening may sound inapplicable since high-throughput
studies are usually required. In addition, zebrafish model
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Figure 8: Atorvastatin-induced cerebral hemorrhage in zebrafish embryos. Tg(fli1:EGFP); Tg(gata1:dsred) homozygous double transgenic
zebrafish embryos at 24 hpf were treated with atorvastatin alone or with atorvastatin and mevalonate (MEV) in combination for 24 h.
Images showing blood vessels (EGFP, green) were superimposed on images showing blood flow (DsRed, red). Hemorrhage observed in the
atorvastatin treatment group was prevented by cotreatment with MEV. Fluorescent microscopic images are at magnification 100x.

enables the observation of any pharmacological effect(s) on
multiple targets underlying the pathway of a disease or a
normal physiological process can be observed. The zebrafish
model is, therefore, very suitable for identifying the off-target
effects or multiple targets due to the holistic action of natural
products.

14. Identifying Angiogenic Compounds from
Natural Products

Angiogenesis is the establishment of the mature blood vessel
network through expansion and remodeling of the vascular
primordium. Blood vessel formation through angiogenesis
involves the induction of new sprouts, coordinated and
directed endothelial cell migration, proliferation, sprout
fusion (anastomosis), and lumen formation [117]. Under
normal conditions, tiny vessels do not increase in size or
number, except in wound healing, embryonic development,
and development of the corpus luteum. In fact, many
diseases are associated with an imbalance in the regulation of
angiogenesis, in which either excessive or insufficient blood
vessel formation occurs.

To evaluate the angiogenic response in zebrafish, trans-
genic fish expressing green fluorescent protein (GFP) specif-
ically in endothelial cells, for example, Tg(fli-1:EGFP) and
Tg(fli-1:nEGFP), are recently used for rapid analysis of
changed vasculature in live embryos in response to drugs
[118]. In fact, zebrafish is an excellent animal model for the
study of angiogenesis, with many antiangiogenic drugs elic-
iting responses similar to those in mammalian systems

[119]. During the vasculature development, subintestinal
vein vessels (SIVs) originate from the duct of Cuvier at 48 hpf
and form a vascular basket in the yolk sac during the next
24 h. The angiogenic response was evaluated visually with
respect to the following criteria: (1) the appearance of spikes
or sprouts projecting from the subintestinal vessel basket
or the lengthening of such spikes; (2) the extension of the
basket into the yolk region with more than seven vertical
branches within the basket [120]; (3) statistical increases
in diameter compared to the medium control; (4) the
ectopic growth of newly formed blood vessels from SIVs and
increased numbers of SIVs in the endothelial cells [121].
Sprout formation was seen as the main characteristic in
proangiogenesis [17, 120, 121]. Recently, we demonstrated
the feasibility of drug screening in a zebrafish model and
found the antiangiogenesis effect of a resveratrol derivative
[52], indirubin [122], nobiletin [54], and sinensetin [51] as
well as proangiogenesis effects of Angelica sinensis extract
[123, 124], Panax notoginseng extract [125], and Radix
Astragali extract [17].

Angiogenesis plays an important role in the development
of human chronic inflammatory diseases, including cancer,
psoriasis, rheumatoid arthritis, macular degeneration, and
diabetes retinopathy [126, 127]. There is growing evidence
that chronic inflammation and angiogenesis are codepen-
dent, involving increased cellular infiltration and prolifera-
tion as well as overlapping roles of regulatory growth factors
and cytokines [126]. Persistent inflammation is linked with
the progression of cancer, as proinflammatory cytokines are
detected frequently in tumor tissue[128]. In rheumatoid
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arthritis, the formation of pannus [129], which is an inflam-
matory connective tissue mass rich in blood vessels, is appar-
ently because angiogenic factors, such as VEGF, stimulate
encephalitogenic T cells and induce more severe and pro-
longed encephalomyelitis [130]. Besides angiogenic factors,
transcription factors such as NF-κB plays a central role in
the signaling of apoptosis and inflammation [131]. NF-
κB expression is associated with VEGF in the development
and progression of tumorigenesis [132]. Signaling by the
cyclooxygenase-2 (COX-2) downstream of NF-κB may play
a key role in the tumorigenesis of a variety of human
malignancies by stimulating cell proliferation and angiogen-
esis [133]. Moreover, a recent study showed that chronic
inflammation in benign prostatic hyperplasia causes an over-
expression of COX-2, which induces the increased expression
of Bcl-2 and VEGF [134].

Pharmacology of many anti-inflammatory drugs re-
vealed at least some part of their efficacy is due to their
antiangiogenic effect [126]. Tocotrienol, a member of the
vitamin E family, possesses anticancer properties acting
through regulating multiple signaling pathways, including
anti-inflammation and antiangiogenesis [135]. The extract
of Physalis angulate shows antimetastatic and antiangiogenic
activity in human oral squamous carcinoma and human
umbilical vein endothelial cells, probably due to its anti-
inflammatory properties [136]. Indirubin inhibits inflamma-
tory reactions by suppressing the production of interferon-
γ and interleukin-6, which is a well-known inflammatory
cytokine [137]. Interestingly, it also displays antiangiogenic
activity by inducing HUVEC apoptosis and cell-cycle arrest
at the G0/G1 phase [122]. Resveratrol and its derivative exert
antiangiogenic and vascular-disrupting effects in zebrafish
through downregulation of VEGFR2 and cell-cycle modu-
lation [52]. The anti-inflammatory property of resveratrol is
reported to prevent an increase in the levels of serum amyloid
A, tumor necrosis factor-α, interleukin (IL-6), IL-1β, and
nuclear transcription factor-κB in colitis-associated disease
[138].

Angiogenesis deficiencies are associated with numerous
human cardiovascular and cerebrovascular diseases (e.g.,
ischemic cardiac and cerebral problems). Our previous
discovery of a pro-angiogenic herb called Angelica sinensis by
zebrafish assay leading to development of a wound healing
formulation for diabetic foot ulcer patients [124, 139]. Our
recent work presented, for the first time, that a chemical-
induced blood vessel loss in zebrafish in vivo could mimic
angiogenesis deficiencies associated with human disease
conditions and be used to identify pro-angiogenic agents.
VEGFR tyrosine kinase inhibitor II (VRI), a pyridinyl-
anthranilamide compound that displays antiangiogenic
properties, strongly inhibits the kinase activities of both
VEGF receptor 1 and 2. Treatment of the zebrafish with VRI
induces significant blood vessel loss in ISV (intersegmental
vessels) and DLAV (dorsal longitudinal anastomotic vessels).
For instance, we identified a polysaccharide fraction (50000
D < MW and DM < 0.1 μm) isolated from Astragali Radix
partially restores the chemical-induced blood vessel loss in
the zebrafish model [140]. This is also the first study to prove
the concept of screening the bioactivity of polysaccharides in

live zebrafish, whose drug metabolism systems were shown
recently to have a high degree of functional similarity to that
of mammals. Since polysaccharides isolated from natural
products usually undergo the enzymatic breakdown of the
sugar moiety in the cells of the gastrointestinal mucosa,
or by enzymes secreted by the colon flora, to become
active metabolites after oral consumption by humans, the
study of the bioactivity of the polysaccharides required the
development of an in vivo assay equipped with mammalian-
equivalent drug metabolism systems. Our findings provide
insight into a new angiogenesis deficiency zebrafish
model for screening vascular regenerative agents as well
as the important roles of various substances from Chi-
nese medicines for the treatment of various pathological
conditions associated with deficient angiogenesis, such as
ageing, stroke, ulcers, and cardiovascular diseases [140, 141].

15. Identifying Anti-Parkinson’s Disease
Compounds from Natural Products

PD patients usually suffer primarily from the death of
dopaminergic (DA) neurons in the substantia nigra. Recent
research in the pharmacotherapy of PD has identified
numerous agents for the symptomatic control of motor
impairments, but none is able to prevent, slow, or halt the
progression of the disease [142]. The main obstacle to devel-
oping neuroprotective therapies is our limited understanding
of the key molecular events that provoke neurodegeneration.
Earlier studies highlighted the pathological involvement
of oxidative stress, neuroinflammation, excitotoxicity, and
apoptosis in neurodegenerative diseases [143]. Because PD,
as well as other neurodegenerative disorders, usually has
multifactorial etiopathogenesis, multiple drug therapy is
required to address the varied pathological aspects [144].
Multiple drug strategy has been the essence of the rationales
used for formulating traditional Chinese medicines (TCMs)
for thousands of years. TCMs contain a mixture of chemical
components from a single herb or a combination of several
herbs and thus versatile functions and possess great potential
in the multitarget approach for improved treatment of
complicated diseases, such as PD.

By combining whole mount immunostaining and a
behavioural screen, we have identified the neuroprotective
activity of a few TCMs, including Fructus Alpinia oxyphylla
extract (AOE) and Eriocaulon buergerianum extract (EBE)
[75, 145]. Recently, increasing evidence suggests the bene-
ficial effects of Fructus AOE on various neurodegenerative
diseases. Treatment with aqueous AOE attenuated the
death of cortical astrocytes induced by amyloid-β (Aβ) in
vitro, prevented ischemia-induced learning disability, and
rescued hippocampal CA1 neurons from lethal ischemic
damage in mice [146]. Treatment with the ethanolic AOE
in the presence of glutamate significantly enhanced viability
and reduced apoptosis in a cortical neuron culture [147].
We found that ethanolic AOE prevented and restored 6-
OHDA-induced DA neurodegeneration and attenuated the
deficit of locomotor activity in zebrafish [75]. In addition,
the aquatic plant EB (Gujingcao) is a TCM with anti-
inflammatory and antimicrobial properties [148]. In the
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Chinese Pharmacopoeia (2005), the capitulum of EB is one
of the most frequently used Chinese medicinal herbs, with
flavonoids, volatile oils, anthraquinone, naphthopyranones,
protocatechuic acid, and c-tocopheryl acetate being the
bioactive constituents [149]. Flavonoids such as patuletin
hispidulin, quercetin, quercetagetin, and quercetagetin
derivatives and volatile oil such as palmitic acid, (Z,Z)-
9,12-octacosane-dienoic acid are the two major classes
of chemicals in EB [148]. EB demonstrates significant
therapeutic effects on headache, toothache, nasosinusitis,
night blindness, glaucoma, retinochoroiditis, conjunctivitis,
and other eye diseases [150]. The results of our study
suggested that EBE has profound neuroprotective activity
in zebrafish, including the dose-dependent recovery of DA
neuron loss caused by 6-OHDA in vivo and inhibition of
the 6-OHDA-induced decrease of total movement distance
in zebrafish [145]. We found that quercetin was one of the
active neuroprotective constituents in EBE [28]. All these
groundwork warrants further study of how the interaction
of multiple components in these natural products elicits
neuroprotection.

16. Conclusions

Zebrafish offers interesting possibilities for the simultaneous
assessment of efficacy and toxicity of target compounds,
which is not easily addressed with current rodent models.
With its physiological similarities to human, many disease
models could be established for identifying the off-target
and the targeted effects of target compounds. More impor-
tantly, it allows integrative studies of transcriptomics and
proteomics for identifying drug metabolic pathways and
known or novel molecular targets involved in the biological
response of zebrafish to drug treatment.
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Oral administration of Abnormal Savda Munsiq (ASMq), a herbal preparation used in Traditional Uighur Medicine, was found
to exert a memory-enhancing effect in the chronic stressed mice, induced by electric foot-shock. The memory improvement of
the stressed mice was shown by an increase of the latency time in the step-through test and the decrease of the latency time in the
Y-maze test. Treatment with ASMq was found to significantly decrease the serum levels of adrenocorticotropic hormone (ACTH),
corticosterone (CORT) and β-endorphin (β-EP) as well as the brain and serum level of norepinephrine (NE). Furthermore, ASMq
was able to significantly reverse the chronic stress by decreasing the brain and serum levels of the monoamine neurotransmitters
dopamine (DA), 5-hydroxytryptamine (5-HT) and 3,4-dihydroxyphenylalanine (DOPAC). The results obtained from this study
suggested that the memory-enhancing effect of ASMq was mediated through regulations of neurochemical and neuroendocrine
systems.

1. Introduction

According to the Traditional Uighur Medicine (TUM), the
abnormal Savda syndrome can be caused by exogenous
(environmental, psychological, and emotional) as well as
endogenous stimuli or stressors [1]. We thus hypothesized,
in terms of modern medicine, the etiology and pathogenesis
of abnormal Savda syndrome as the state under stress
conditions whose symptoms, manifested in the clinical con-
ditions of chronic diseases, include mental stress, tantrum,
hypomnesis, dry skin, polydipsia, polyphagia, and memory
dysfunction [2].

Abnormal Savda Munsiq (ASMq) is a well-known com-
plex prescription of Traditional Uighur Medicine for abnor-
mal Savda which consists of crude drugs of ten medici-
nal herbs: Adiantum capillus-veneris L. Alhagi pseudalhagi

(Bieb.) Desv., Anchusa italica Retz., Cordia dichotoma G.
Forst., Euphorbia maculata L., Foeniculum vulgare Mill.,
Glycyrrhiza glabra L., Lavandula angustifolia Mill., Melissa
officinalis L., and Ziziphus jujuba Mill. ASMq is widely used
in the prevention and treatment of many chronic diseases
such as cancer, hypertension, diabetes mellitus, and memory
dysfunction, the diseases which are associated with abnormal
Savda Hilit and whose symptomatic expression is known as
abnormal Savda Syndrome [3].

It is well established that the disruption of the
hypothalamus-pituitary-adrenal (HPA) axis, a central path-
way to the entire endocrine system, is often central to most
health problems, syndromes, diseases, and even aging itself
[4–6]. Hyperactive status of the HPA axis can result in
increasing levels of corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH), and glucocorticoids
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in the hypothalamus, pituitary, and adrenal cortex, respec-
tively [7, 8]. On the one hand, stress can also alter the phys-
iological homeostasis which can result in various neuronal,
endocrine, and visceral dysfunctions [9]. Furthermore, stress
is also known to alter cognitive functions, such as memory,
and it has been linked to the pathophysiology of mood
and anxiety disorders [7, 10]. A central feature of the stress
response is the activation of the HPA axis which can result
in an increase in plasma levels of glucocorticoids [11].
As a consequence of their profound effects on neurons,
glucocorticoids can influence behavior, mood, and memory
process [12, 13]. Neurotransmitter systems are also involved
in learning and memory processes, and a substantial part
of learning and memory impairments is due to changes
in neurotransmission [14]. It is well established that neu-
rotransmitters can interfere with learning acquisition and
memory [15]. In this context, the memory dysfunction
described in abnormal Savda syndrome could involve an
excessive production of corticotropin-releasing hormone
(CRH), adrenocorticotropic hormone (ACTH), and gluco-
corticoids in the hypothalamus, pituitary, and adrenal cortex,
respectively, under the stress condition.

Although ASMq has been previously investigated
pharmacologically and clinically for its antioxidant [2],
immunomodulatory [3], and anticancer activities [16] as
well as for its protective effects against radiation-induced
and oxidative stress-induced damages [17–20], its potential
protective effects against neurological hormone imbalance
have never been systematically evaluated. Therefore, in our
continuing effort to support the therapeutic values of Tradi-
tional Uighur Medicine (TUM), we have further evaluated
the effects of ASMq on memory capability and concomitant
biochemical parameters, such as neurotransmitters (ACTH,
CORT, and β-EP), as pathophysiological indicators involved
in the chronic stress mice model. The selected model is
based on the fact that psychological chronic stress-induced
(electric foot-shock) pathophysiology is similar to the
conditions of abnormal Savda syndrome described in the
ancient theory of TUM.

2. Materials and Methods

2.1. Reagents. Mice adrenocorticotropin (ACTH), corticos-
terone (CORT), and β-endorphin (β-EP) kits were obtained
from R&D Systems, USA. Norepinephrine (NE, purity ≥
97%), dopamine (DA, purity ≥ 99%), 5-hydroxytryptamine
(5-HT, purity≥ 99%), 3,4–dihydroxyphenylamine (DOPAC,
purity ≥ 99%),and 3,4-dihydroxybenzylamine (DHBA,
purity ≥ 98%) were obtained from Sigma Co., Ltd., USA. All
other reagents were of analytical grade.

2.2. Preparation of the Aqueous Extract of ASMq. Plant
materials for ASMq (Table 1) were purchased from Xinjiang
Uighur Autonomous Region Traditional Uighur Medicine
Hospital in Urumqi (China) and authenticated by Pharma-
cist Abuduwar of the Uighur Medicine Preparation Center of
Xinjiang Autonomous Region Traditional Uighur Medicine
Hospital. The voucher specimens (070818) were deposited
at the herbarium of this Preparation Center. Briefly, all

the herbs were chopped into small pieces and ground.
The powdered material (1 kg) was macerated in warm
distilled water (10 L) at 80◦C for 12 h. The solution was
then boiled for 30 min and left to stand for 1 h before
filtration. The filtrate was then concentrated to semisolid
mass under reduced pressure and dried at 60◦C under
vacuum condition. The yield of the extract was 29.4% (w/w)
of the dried plant materials. The extract was dissolved in
0.5% sodium carboxymethyl cellulose (CMC-Na) solution
and administered to the mice according to the experimental
dosages.

2.3. Animal. The pathogen-free ICR male mice weighing 18–
20 g (Xinjiang Medical University Animal Center, Urumqi,
China) were kept under condition of controlled tempera-
ture (24◦C) and illumination (12 h light cycle) and were
maintained on laboratory standard diet and water freely.
The animals were divided randomly into five groups of 10
mice. The mice were kept under laboratory condition for
3 days before drug administration. The mice of normal
group (Gr. I) were housed and fed in the normal condition.
The chronic stress was induced in mice by application of
the electric-foot shock. The stress model group (Gr. II)
received the repeated electric foot-shock (volume 20–30 V,
interval 0.2–0.5 s during 20 min/day) in the electric foot-
shock instrument before being housed in the climatic cabinet
from 8:30 am–10:30 pm (at 6◦C and 25–32.8% of relative
humidity). The experimental procedures were approved by
the guidelines of the Animal Care and Use Committee of
Xinjiang Uighur Autonomous Region.

2.4. Drug Administration. 0.5% Sodium carboxyl methyl
cellulose (CMC-Na) solution (20 mL/kg, b.w.) was admin-
istered orally to the normal (Gr. I) and the stress model
(Gr. II) mice once a day during 14 days. Another groups of
mice received ASMq solution orally at the dose of 2.53 g/kg
(Gr. IIIa), 5.06 g/kg (Gr. IIIb), and 10.12 g/kg (Gr. IIIc),
respectively, between 7:30 am–9:30 am daily during 14 days.
These doses were calculated according to the conversion table
of equivalent effective dose ratios from human to animals
based on the body surface area. Food was withdrawn from
the animals 2 h prior to drug administration but water was
allowed freely. The ASMq pretreatment groups (Gr. IIIa, IIIb,
and IIIc) received the same electric foot-shock one hour after
drug administration (8:30 am–10:30 am).

2.5. Determination of Memory Capacity by the Y-Maze Task

and the Passive Avoidance Task

2.5.1. Y-Maze Task. The Y-maze task test was performed
as previously described by Munck et al. [21]. The Y-maze
apparatus with a conductive grid floor consisted of three
identical arms (40 L × 10 w × 20 h cm) made of dark opaque
Plexiglas and positioned at equal angles. Arms 1 and 3 were
in the non-safety zone (where shocks were administered)
while arm 2 was in a safety zone (on top of which there was an
insulated grid floor of 10 × 15 cm). The test was conducted
in two consecutive days at the same time of the day
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Table 1: Plants for the Uighur herbal formula of Abnormal Savda Munsiq (ASMq).

Latin name Family Part used Uighur name Chinese name

Adiantumcapillus-veneris L. Adiantaceae whole plant Pirsiyavxan Tiexianjue

Alhagi pseudalhagi (Bieb.) Desv. Fabaceae branch secretion Kök tantak Citang

Anchusa italica Retz. Boraginaceae whole plant Gavziban Niushecao

Cordia dichotoma G.Forst. Boraginaceae fruit Serbistan Pobumuguo

Euphorbia maculata L. Euphorbiaceae whole plant — —

Foeniculum vulgare Mill. Apiaceae fruit Arpabidiyan Xiaohuixiang

Glycyrrhiza glabra L. Fabaceae radix or rhizoma — —

Lavandula angustifolia Mill. Lamiaceae aerial parts Üstihuddus Xunyicao

Melissa officinalis L. Lamiaceae whole plant Badrenjiboye hindi Mifenghua

Ziziphus jujuba Mill. Rhamnaceae fruit Qilan Dazao

(after 14 days of oral administration with ASMq for Gr. IIIa,
IIIb, and IIIc). On the first day, each mouse was placed on
the top of arm 1, and a fixed resistance shock source was
connected to an automatically operated switch, and electric
shocks (36 V) were applied. After shocking, the mice escaped
from foot-shocks by accidentally entering the top of arm
2 and this was counted as one practice and the mice were
repeatedly trained for this procedure for ten more times.
After a 24 h interval, the mice were successively tested ten
times and their latency time to enter the safety zone (i.e.,
insulated grid floor) from non-safety zone for the first time
and the number of errors displayed by entering the non-
safety zone within ten repetitions were recorded as learning
performances.

2.5.2. Passive Avoidance Task: Step-Through Test. A passive
avoidance reflex apparatus was provided by Xinjiang Medical
University (Urumqi, China), which was separated into a
lightened chamber (11 cm × 3.2 cm) and a dark chamber
(17 cm× 3.2 cm), with a connecting tunnel and copper grids
on the floor. The test was conducted in two consecutive
days at the same time of the day (after 14 days of oral
administration with different doses of ASMq for Gr. IIIa, IIIb,
and IIIc). On the first day, each mouse was placed in the
illuminated compartment. Each mouse received a learning
trial 24 h before the test. Mice were placed into the lightened
chamber and on stepping through the tunnel into the dark
chamber; they would suffer a 40 V electric stimulation (in
order to condition them to stay in the lightened chamber)
and escape out of the dark chamber. 24 h later, mice were
placed into the lightened chamber again and the latency time
of mice staying in the lightened chamber and the number
of times they entered the dark chamber within 5 min were
recorded to evaluate their memory capacity.

2.6. Measurements of Adrenocorticotropin (ACTH), Corti-
costerone (CORT), and β-Endorphin (β-EP). On the last
day of drug administration, the blood was collected and
centrifuged at 4◦C; the serum was stored at −80◦C before
assay. Serum levels of ACTH, CORT, and β-EP were deter-
mined using ELISA kit (obtained from R&D Systems). The
sensitivity of the assay was 1.0 ng/mL. Intra-assay and inter-
assay coefficients of variation were less than 4.85% and

6.08%, respectively. The test was performed according to the
manufacturer’s specification.

2.7. Measurements of Monoamine Neurotransmitters by
HPLC-FCD. Levels of monoamine neurotransmitters (NE,
DA, 5-HT, and DOPAC) in serum and brain were measured
by HPLC coupled with a fluorescence detector (FCD). Mice
were sacrificed immediately after exposure to the stress.
Blood was sampled into EDTA-containing tubes at 10:00 am,
and separated in a refrigerated centrifuge at 10,000×g for
10 min at 4◦C. The serum was stored at −80◦C until assayed.
After blood collection, the brains were quickly removed,
frozen in liquid nitrogen, and stored at −80◦C until assayed.
To determine serum monoamine neurotransmitter levels, an
equal volume of 0.1 M HCl was added to the serum samples
containing 200 μg/mL of DHBA as an internal standard.
The samples were then shaken and mixed for 1.5 min in ice
water. One drop of concentrated HCl was then added to
the solution and mixed in ice water for another 1.5 min and
then centrifuged at 3000 rpm, 4◦C for 10 min. The samples
of brain tissue were homogenized in ice water solution of
0.1 M HCl. Then, 0.1 M HCl solution was added to the
samples (1 μL/1 mg tissue) containing 200 μg/mL of DHBA
as an internal standard and centrifuged at 18000 rpm, 4◦C
for 10 min. The samples were filtered through 0.45 μm
microfilters (MFS Inc., USA). Aliquots (10 μL) of super-
natant were injected into a reverse phase HPLC column
(condition: Agilent 110180 high-voltage pump coupled to
a fluorescence detector, chromatographic column ZORBAX
ODB C18 4.6 mm × 150 mm × 5 mm, voltage 121 V, and
wavelength 360 nm). All the brain samples were weighed on
an electronic scale prior to HPLC analysis, and the results
were expressed as ng of monoamine/mg of wet weight tissue.

2.8. Statistical Analysis. Data were expressed as the mean ±
standard error of the mean (SEM). The statistical significance
of the differences between the groups was analyzed by
one-way analysis of variance (ANOVA) following by least
significant difference (LSD) tests. All statistical calculations
were performed using SPSS v13.0. Value of P < 0.05 was
considered to be significant.
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Figure 1: The effect of ASMq on chronic stress-induced spa-
tial working memory deficit in the Y-maze test. According to
protocol, the animals received daily administration of 2.53, 5.06,
and 10.12 g/kg of ASMq for 14 days. Two weeks after the drug
administration period, the Y-maze test was conducted. Each data
column represents the mean ± SEM (n = 10). #P < 0.05 compared
with vehicle-treated group (Gr. I). ∗∗P < 0.05 compared with
vehicle-treated model group (Gr. II).

3. Results

3.1. Effects of ASMq on Memory Capability in Stress Mice. In
the Y-maze task test, the latency time and number of errors
of the chronic stress mice (Gr. II) were found to be markedly
increased when compared to the normal group (Gr. I). In
contrast, mice treated with ASMq, by oral administration,
at doses of 2.53 g/kg, 5.06 g/kg, and 10.12 g/kg (Gr. IIIa,
IIIb, and IIIc) for 14 days showed an improvement of a
memory as evidenced by a decrease of the latency time
and the number of errors (Figure 1). On the other hand,
in the passive avoidance task, the chronic stress mice (Gr.
II) showed a significant decrease of the latency time and
an increase in the number of errors when compared to the
normal group (Gr. I). Oral administration with ASMq at
doses of 2.53 g/kg, 5.06 g/kg, and 10.12 g/kg (Gr. IIIa, IIIb,
and IIIc) for 14 days has boosted the memory capability as
indicated by an increase of latency time and a decrease of the
number of errors (Figure 2).

3.2. Effects of ASMq on the Serum Levels of ACTH, CORT,
and β-EP in the Chronic Stress Mice. Table 2 showed that
the serum levels of ACTH, CORT, and β-EP were markedly
increased (P < 0.01) in the chronic stress mice (Gr. II) when
compared to the normal group (Gr. I). Oral administration
of ASMq at doses of 2.53 g/kg, 5.06 g/kg, and 10.12 g/kg (Gr.
IIIa, IIIb, and IIIc) for 14 days caused a decrease of the levels
of ACTH, CORT, and β-EP in the serum when compared to
the model group (Gr. II).

3.3. Effects of ASMq on the Contents of Monoamine Neuro-
transmitters of Brain and Serum in the Chronic Stress Mice.
Figures 3 and 4 showed an increase (P < 0.05) of NE level in
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Figure 2: Behavioral effect of ASMq in the passive avoidance task.
ASMq or vehicle was orally administered once a day for 14 days
(2.53, 5.06, and 10.12 g/kg/day). The last treatment with ASMq
or vehicle was administered 120 min before an acquisition trial.
Twenty four hours after the acquisition trial, a 5 min retention trial
was carried out. Data are expressed as means± SEM (n = 10/group).
#P < 0.05 compared with the vehicle-treated group (Gr. I). ∗∗P <
0.05 compared with the vehicle-treated model group (Gr. II).
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Figure 3: Effect of ASMq (2.53, 5.06, and 10.12 g/kg) on the
concentration of NE, 5-HT, and DOPAC.

the serum of the chronic stress mice (Gr. II) and a decrease of
the serum levels of DA, 5-HT, and DOPAC (P < 0.01), when
compared to the normal group (Gr. I). Oral administration
of ASMq during 14 days at doses of 2.53 g/kg, 5.06 g/kg, and
10.12 g/kg (Gr. IIIa, Gr. IIIb, and Gr. IIIc) was able to decrease
the NE levels (P < 0.01), while the levels of DA, 5-HT, and
DOPAC were increased (P < 0.05).

Figures 5 and 6 showed similar results with an increase of
the NE level (P < 0.01) but a decrease in the levels of DA and
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Table 2: Effects of ASMq on the serum level of ACTH, CORT, and β-EP in the stress mice.

ACTH (pg/mL) CORT (pg/mL) β-EP (pg/mL)

Gr. I 16.01 ± 3.12 12.10 ± 4.9 154.17 ± 27.19

Gr. II 32.16 ± 4.14∗ 29.23 ± 4.5∗ 256.21 ± 23.12∗

Gr. IIIa 22.31 ± 3.89∗∗ 19.98 ± 5.6∗∗ 201.32 ± 34.25∗∗

Gr. IIIb 19.64 ± 4.21∗∗ 21.51 ± 3.34∗∗ 193.11 ± 19.65∗∗

Gr. IIIc 17.56 ± 2.84∗∗ 21.46 ± 2.1∗∗ 176.01 ± 20.56∗∗
∗

Results are given as means ± SEM, when compared to the normal group (Gr. I), P < 0.01.
∗∗Results are given as means ± SEM, when compared to the model group (Gr. II), P < 0.05.
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Figure 4: Effect of of ASMq (2.53, 5.06 and 10.12 g/kg) on the
serum concentration of DA in the chronic stress. Values given are
means ± SEM (n = 10).

DOPAC (P < 0.01) in the brain of the chronic stress mice (Gr.
II), when compared to the normal group (Gr. I). However,
there were no statistically significant differences in the levels
of 5-HT between the stress mice (Gr. II) and the normal
group (Gr. I). All doses of ASMq (2.53 g/kg, 5.06 g/kg, and
10.12 g/kg) were found to reduce the concentration of NE in
the brain (P < 0.01) when compared to the stress mice (Gr.
II). In contrast, only the dosages of 5.06 g/kg and 10.12 g/kg
of ASMq (Gr. IIIb and IIIc) could raise the levels of DA in
the brain (P < 0.05) of the stress mice (Gr. II) while the
concentrations of DOPAC in the brain were increased with
all doses of ASMq (P < 0.05).

4. Discussion

It is generally accepted today that there is a strong link
between stressful experiences and altered neurochemistry,
endocrinology, and immunology [22], and it is also well
established that unpredictable and uncontrollable stress-
ful events can affect cognitive processes. However, only
hippocampus-mediated memory processes are thought to be
sensitive to the effects of chronic stress.

Many studies of nootropic (memory-enhancing) drugs
use step-down, step-through, maze test, and so forth, which
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Figure 5: Effect of ASMq (2.53, 5.06, and 10.12 g/kg) on the
concentration of 5-HT and DOPAC in the brain of the chronic stress
mice. Values given are means ± SEM (n = 10).

0

1000

2000

3000

4000

5000

6000

7000

8000

Gr. I Gr. II Gr. IIIa Gr. IIIb Gr. IIIc

(n
g/

m
g)

NE
DA

∗∗ ∗∗

∗∗
∗∗

∗∗

#

#
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are often applied to the determination of capabilities of pas-
sive avoidance and spatial memory in animals to investigate
their behavior changes. For this reason, we used the Y-maze
task and the passive avoidance task tests to evaluate of the
effects of ASMq on the memory capability of the stress mice
model. Figures 1 and 2 show an improvement in learning
performances of aged mice receiving ASMq by an increased
latency and a decreased number of errors in the step-through
test, as well as by a shortened latency and a decreased number
of errors in the Y-maze test.

In contrast, the hippocampus-independent memory
processes have been shown to be resistant to chronic
stressful experiences [23]. Generally, two systems are being
considered in the pathogenesis of memory dysfunction—
the hormones of the sympathetic nervous system (adrenalin
and noradrenalin) and the hormones of the HPA axis (CRH,
ACTH, and CORT). These stress-responsive systems interact
at multiple levels in the periphery and in the brain, and
together, they influence memory in a complex manner. Many
neurotransmitters, including acetylcholine, dopamine (DA),
norepinephrine (NE), and serotonin (5-HT), are found
to play an important role in the learning and memory
processes, and some monoamines are also known to be
potent activators of the HPA axis [24]. NE is considered to
be relevant to learning and memory consolidation, possibly
by acting as a coordinator of signals [25]. It can also
control the release of CRH in the hypothalamus and hence
an ACTH mediator of the acute stress response and HPA
axis, respectively. The catecholamine system, especially DA,
has been also implicated in learning and memory process;
however, excessive or insufficient levels of DA can lead to
impairment [26]. It has been shown that DA has a beneficial
impact on spatial working memory [27] and motivational
processes [28] while serotonin (5-HT) may be seen also as a
crucial “fine tuner” of normal and pathological processes in
addition to having a role as a conventional neurotransmitter
[29]. Clinical and experimental evidences have suggested that
5-HT is involved in the regulation of mood, sleep, memory,
learning, and behavior, all of which are deranged to varying
extents in patients with severe depression [30]. Furthermore,
5-HT has been linked to emotional processes [31], and it was
found to play a particular role in emotionally related tasks.
Despite the lack of functional specialization, the serotonergic
system can play a significant role in learning and memory
[32]. The function of HPA axis and 5-HT is intimately linked,
and 5-HT is found to participate in modulating the HPA
axis [33]. The results of our study have corroborated this
proposal. Table 2 showed that the levels of ACTH, CORT,
and β-EP were dramatically increased in the electric foot-
shock-induced chronic stress mice and oral administration
of ASMq at doses of 2.53 g/kg, 5.06 g/kg, and 10.12 g/kg for
14 days was able to reverse the levels of these hormones. Our
finding is particularly relevant since it is also well known
that cognitive deficits induced by various lesions to the
locus are reversible by administration of drugs that enhance
noradrenergic neurotransmission.

Our results showed also that oral administration of
ASMq at doses of 2.53 g/kg, 5.06 g/kg, and 10.12 g/kg clearly
regulated the serum and brain monoamine neurotransmitter

levels after alteration induced by chronic electric foot-shock.
These findings demonstrate that the brain and serum levels
of NE were decreased whereas those of DA and DOPAC were
markedly increased (Figures 3, 4, 5, and 6). Although the
serum levels of 5-HT were found to be markedly increased,
the levels of 5-HT in the brain were not statistically different
(P > 0.05) between the model (Gr. II) and the normal groups
(Gr. I).

Considering the composition of ASMq, it is pertinent
to mention also that the chemical constituents of the ten
herbal drugs used in the preparation could contribute to
its capacity to restore memory and cognitive function of
the stress mice. For example, flavonoids have been reported
as constituents of Adiantum capillus-veneris [34], Euphorbia
maculata [35], and Zizyphus jujuba [36], and emerging evi-
dence suggested that they may exert beneficial effects on the
central nervous system by protecting neurons against stress-
induced injury, by suppressing neuroinflammation, and by
improving cognitive function. It is likely that flavonoids
exert such effects, through selective actions on different
components of a number of protein kinases and lipid kinase
signaling cascades, such as the phosphatidylinositol-3 kinase
(PI3 K)/Akt, protein kinase C, and mitogen-activated protein
kinase (MAPK) pathways rather than via their potential to
act as classical antioxidants [37]. It was also reported that
daily oral administration of flavonoids (35 mg/kg, for 19-
20 days), isolated from aerial parts of Scutellaria baicalensis
Georgi, could reduce memory dysfunction and neuronal
injury caused by permanent global ischemia in rats [38].
Another group of phytochemicals is saponins which are
constituents of Anchusa italica [39] and Glycyrrhiza glabra
[40, 41]. Previous reports have demonstrated that they could
be responsible for improvement of the learning impairment
[42]. Zhang et al. [42] have found that tenuifolin, extracted
from radix polygalae, was able to significantly enhance
learning performances in aged mice by the step-down and
Y-maze tasks. They have suggested that the improvement
of learning and memory of aged mice was mediated by the
effects of tenuifolin on the three stages of memory process,
that is, acquisition, consolidation, and retrieval by relatively
increasing the levels of NE, DA in the hippocampus and by
decreasing the activity of acetylcholine esterase in the cortex.
Interestingly, essential oil, which is a major constituent of
Melissa officinalis and Lavandula angustifolia [43], can also
exert its function on learning and memory processes. Zhang
et al. [44] have reported the ameliorating effects of essential
oil from Acori graminei rhizoma on learning and memory
in aged rat and mice. By investigating the levels of cerebral
neurotransmitters, they have suggested that essential oil
improved cognitive function in aged rats possibly by increas-
ing NE, DA, and 5-HT relative levels, as well as by decreasing
the activity of acetylcholine esterase in the cerebra. Not
surprisingly, Melissa officinalis, a herbal drug of the tradi-
tional medicine in many cultures, has been attributed with
memory-enhancing properties. Interestingly, the ethanol
crude extract of Melissa officinalis leaves was shown to be able
to modulate mood and cognitive performance during acute
administration in healthy young volunteers [44]. Finally,
the aqueous extract of Lavandula angustifolia flowers was
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found to significantly block glutamate-induced neurotoxicity
[45] while the methanolic extract of the whole plant of
Foeniculum vulgare could ameliorate the amnesic effect of
scopolamine and aging-induced memory deficit in mice
[46], and administration of Foeniculum vulgare extract was
able to increase step-down latency and inhibit significantly
acetylcholine esterase.

5. Conclusion

The results of this study have demonstrated that the effects
of ASMq on the HPA axis dysfunction and memory deficits,
induced by chronic stress, may be related to its modulating
effects on neuroendocrine and monoamine neurotransmit-
ters. In addition to supporting traditional claims and the
previously reported antichronic disease properties, this study
also suggests that ASMq may prevent HPA hyperactivity
induced by chronic stress. Oral administration of ASMq to
the chronic stress mice was found to significantly enhance
their learning performance by the step-through and Y-maze
tasks. Interestingly, these effects were found to be concomi-
tant with the regulation of monoamine neurotransmitter
levels in their serum and brain. The capacity of ASMq
in regulating neurochemicals and neuroendocrine system
could be attributed to the presence of particular types of
phytochemicals belonging to the herbal drugs constituting
the ASMq preparation.
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Ischemic stroke results in brain damage and behavioral deficits including memory impairment. Protective effects of green
tea extract (GTex) and its major functional polyphenol (−)-epigallocatechin gallate (EGCG) on memory were examined in
cerebral ischemic rats. GTex and EGCG were administered 1 hr before middle cerebral artery ligation in rats. GTex, EGCG, and
pentoxifylline (PTX) significantly improved ishemic-induced memory impairment in a Morris water maze test. Malondialdehyde
(MDA) levels, glutathione (GSH), and superoxide dismutase (SOD) activity in the cerebral cortex and hippocampus were increased
by long-term treatment with GTex and EGCG. Both compounds were also associated with reduced cerebral infraction breakdown
of MDA and GSH in the hippocampus. In in vitro experiments, EGCG had anti-inflammatory effects in BV-2 microglia cells.
EGCG inhibited lipopolysaccharide- (LPS-) induced nitric oxide production and reduced cyclooxygenase-2 and inducible nitric
oxide synthase expression in BV-2 cells. GTex and its active polyphenol EGCG improved learning and memory deficits in a cerebral
ischemia animal model and such protection may be due to the reduction of oxidative stress and neuroinflammation.

1. Introduction

Ischemic stroke results from a temporary or permanent
reduction of cerebral blood flow that leads to functional and
structural damage in different brain regions. Cellular damage
occurs during ischemia [1, 2] and reperfusion [3, 4]. Dele-
terious effects include ATP depletion, intracellular calcium
changes, loss of ion homeostasis, excitotoxicity, activation
of enzymes, arachidonic acid release, and mitochondrial
dysfunction [5, 6].

These changes are associated with increased production
of reactive oxygen species (ROS) which can cause severe

oxidative damage to brain tissue [7]. Superoxide dismu-
tase (SOD), glutathione peroxidase (GSH-Px), and catalase
(CAT) are involved in the intracellular defense against ROS
[8]. ROS are usually scavenged by antioxidant enzymes, such
as SOD. SODs catalyze the production of O2 and H2O2

from superoxide (O2
−) followed by catalase and glutathione-

peroxidase-catalyzed decomposition of hydrogen peroxide
into water [9]. Subsequently, reperfusion can trigger inflam-
mation mediated by phospholipases, COX-2, and nitric oxide
synthases (NOSs) [5, 6].

Some brain regions, such as the striatum and hippocam-
pus, are more vulnerable to ischemic damage [10]. CA1
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hippocampal pyramidal neurons exhibit cell death several
days after ischemic injury [11]. Spatial memory in rats
and humans is largely dependent on the hippocampus [12]
and hippocampal neuronal damage induced by ischemia is
associated with spatial memory impairment. Microglia is
widely distributed throughout large nonoverlapping regions
of the central nervous system [13, 14]. Microglia is sensitive
to even small pathological changes and is traveling within the
brain [15, 16] and will be stimulated to proliferate when the
brain or tissues are damaged. They are constantly cleaning
damaging neurons, plaques, and infectious pathogens, to
stop potentially fatal injuries [17]. Over the past decade,
they are considered as a modulator of neurotransmission,
although the mechanisms are not yet fully understood [18,
19]. Murine BV-2 microglia cells were consciously used to
study the bioactivities of neuroprotection, synthases, and
cytokine of microglia cells [20–22].

Green tea was neuroprotective in ischemia-reperfusion
brain injury in rats and gerbils [23–25]. The main catechins
in green tea are (−)-epicatechin; (−)-epicatechin gallate
(ECG); (−)-epigallocatechin (EGC); (−)-epigallocatechin
gallate (EGCG). EGCG is the most active polyphenol in
green tea [26]. EGCG has antioxidative [27], anticancer [28],
and anti-inflammatory effects [29, 30]. Many studies have
reported that EGCG had neuroprotective effects in animal
models of cerebral ischemia [31–34] which may be attributed
to its antioxidant and free radical scavenging actions. There
have been few studies reporting on the effects of green tea and
its main component, EGCG on memory in an animal model
of cerebral ischemia. Therefore, we determined if green tea
extract and EGCG would reduce memory impairment in a
rat model of cerebral ischemia. Effects of green tea extract
and EGCG on neuroinflammation in LPS-induced BV-2
microglia cells were also examined.

2. Materials and Methods

2.1. Preparation of Green Tea Extracts. Green tea (Camellia
sinensis (L.) O. Kuntze) was provided by Mr. Tsung-Chih
Wu of the Kuo-Ming Tea Factory, Nantou, Taiwan. Fresh
tea leaves (3000 g) were immersed in 10 L distilled water
and were extracted using 85◦C water for 12 hr and repeated
twice. The extracts were filtered and freeze-dried. The yield
percentage of green tea extract (GTex) was 217 g and 7.23%
of the total.

2.2. Reagents and Chemicals. (−)-Epicatechin, (−)-epicate-
chin gallate (ECG), (−)-epigallocatechin (EGC), (−)-epi-
gallocatechin gallate (EGCG), caffeine, tert-butylhydroqui-
none(BHQ), acetic acid, pentoxifylline (PTX), N-methyl-
2-phenylindole (NMPI), tetramethoxy propane (TMP),
lipopolysaccharide (LPS), and Griess reagent were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Zoletil
was purchased from Virbac Laboratories (Carros, France).
BCA Protein assay kit was purchased from Thermo Fisher
Scientific (Lafayette, CO, USA). MDA-586 assay Kit and
Glutathione (GSH) assay kit were purchased from Cayman

Chemical (Ann Arbor, MI, USA). Anti-iNOS antibody (rab-
bit polyclonal to iNOS, sc-651) and anti-COX-2 antibody
(rabbit polyclonal to COX-2, sc-7951) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

2.3. Determination of Polyphenol Compounds by HPLC. The
quantification of polyphenol compounds was using a HPLC
procedure following the previous report [35]. GTex was
dissolved in methanol and then filtered with a 0.22 μm mem-
brane filter (Millipore, MA, USA). Stock solutions of the
standards were prepared in methanol to final concentrations
of 1 mg/mL. All standard and sample solutions were injected
into 20 μL in triplicate. The Shimadzu VP series HPLC
system and Shimadzu Class-VP chromatography data system
were used. All chromatographic operations were carried out
at 25◦C. The chromatographic peaks of polyphenol com-
pounds were confirmed by comparing their retention times
and UV spectra. A LiChrospher RP-18e (250 × 4 mm, 5 μm)
column (Merck KGaA, Darmstadt, Germany) was used.
Chromatographic separations of polyphenol compounds,
including (−)-epicatechin, (−)-ECG, (−)-EGC, (−)-EGCG,
and caffeine, were carried out using a two-solvent system:
solvent A 100% methanol and solvent B 0.2% acetic acid at
pH = 3.23. The analyses were performed using a gradient
program. The conditions were as follows: initial condition of
90% solvent B, 0–5 min changed to 80% solvent B, 5–30 min
unchanged, 30–50 min changed to 50% solvent B, 50–55 min
changed to 40% solvent B, and 55–60 min unchanged.
Signals were detected at 280 nm. tert-butylhydroquinone
(BHQ, 25 μg/mL) was used as an internal standard. Quan-
tification was carried out using standard calibration curves.
The concentrations used for the calibration of reference
polyphenol compounds were between 10 and 150 μg/mL.

2.4. Animals and Drug Administration. Male Sprague–
Dawley (SD) rats, 8-9 wks of age, weighing 250–300 g, were
purchased from BioLASCO Taiwan Co., Ltd. Rats were
fed normal rat chow and housed in standard cages at a
constant room temperature of 22 ± 1◦C, with humidity
55 ± 5% and a 12 hr inverted light-dark cycle for at
least 1 week before the experiment. The experimental
protocol was approved by the Institutional Animal Care
and Use Committee (IACUC), China Medical University,
protocol 100–220-C. The minimum number of animals and
duration of observations required to obtain reliable data
were used. For infarct size evaluation studies, the animals
were divided into seven groups of six animals each: the
ischemia/reperfusion induction group (I/R; as a control
group), treatment with GTex (30, 100, and 300 mg/kg)
groups, and EGCG (10 mg/kg) group. GTex and EGCG were
dissolved in distilled water and administered orally 1 hr
before cerebral artery ligation.

For behavioral studies, the animals were divided into
seven groups of six animals each: the sham operation
group (sham; as a normal group), the ischemia/reperfusion
induction group (I/R; as a control group), treatment with
GTex (30, 100, and 300 mg/kg) groups, EGCG (10 mg/kg)
group, and PTX (100 mg/kg) group. Drugs were dissolved in
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distilled water and administered orally 1 hr before ischemia
occlusion and once daily during the duration of the experi-
ment. Four days after ischemia/reperfusion surgery, the rats
were given behavioral training in a Morris water maze. The
schedule for drug treatment, surgery, and behavioral testing
is shown in Figure 1.

2.5. Transient Focal Cerebral Ischemia-Reperfusion Model.
Focal ischemia was induced by occlusion of the right
middle cerebral artery (MCA) and both common carotid
arteries (CCAs) as previously described [36]. Briefly, all
rats were fasted overnight with free access to water and
then anesthetized with zoletil (25 mg/kg, i.p.) and the skull
exposed and a small burr hole was made over the MCA. A
10–0 nylon monofilament (Davis & Geck, Wayne, NJ, USA)
was placed underneath the right MCA rostral to the rhinal
fissure, proximal to the major bifurcation of the right MCA,
and distal to the lenticulostriate arteries. The artery then
was lifted, and the wire rotated clockwise. Both CCAs were
then occluded using a microvascular clip (FE691; Aesculap,
Tuttlingen, Germany). Reperfusion was established after 90
minutes of occlusion by first removing the microvascular
clips from the CCA, then rotating the wire counterclockwise,
and removing it from beneath the MCA.

2.6. Infarct Volume Measurement. The rats were deeply anes-
thetized by intraperitoneal dose of 50 mg/kg of zoletil; intrac-
ardiac perfusion with 200 mL of freezing PBS was performed
before animals were decapitated. The brain was removed and
sliced in 2 mm sections using a rodent brain matrix slicer
(RBM-4000C; ASI Instruments, Warren, MI, USA). The
sections were stained with 2% 2,3,5-triphenyltetrazolium
chloride (TTC) for 10 min at room temperature and fixed
in 10% formalin. The image of each section was digitized
and the infarct volumes were determined morphometrically
using Image-Pro Plus 6.0 (Media Cybernetics, MD, USA).

2.7. Morris Water Maze Test. Behavioral testing was per-
formed in water maze. The apparatus consisted of a round
water tank with a transparent platform stand inside. The
transparent platform was submerged 1 cm below the water
level and located in a constant position in the middle of one
quadrant, equidistant from the center and edge of the pool.
For each training session, the rats were put into the water at
one of four starting positions, the sequence of the positions
being selected randomly. In each training session, the latency
to escape onto the hidden platform was recorded with a
camera fixed on the ceiling of the room and images stored
in a computer. In the hidden-platform test, the rats were
given four trials per day [37, 38]. Training was conducted
for 3 consecutive days (Morris Water Maze spatial memory
test on treatment day 4–6). During each trial, the rats were
released from four pseudorandomly assigned starting points
and allowed to swim for 120 s. After mounting the platform,
the rat was allowed to remain on the platform for 30 s. The rat
was then placed in the home cage until the start of the next
trial. The rat would be guided to the platform and would be
allowed to rest on the platform for 30 s, if the rat was unable

Day 0 Day 1 Day 4 Day 6

Drugs treatment at

SMT RMT

Rats were 
sacrificed

ReperfusionMCAO
MWM

Drugs treatment once daily

Day 5 Day 790 min

1 h before MCAo

Figure 1: Schedule of drug treatment and experiment orders. Green
tea extract (GTex), EGCG, and PTX were administrated orally 1 h
before the surgery. The oral administration to rat continued once
daily for 7 days and 1 h prior to training or testing. Four to seven
days after surgery, the spatial memory test (SMT) of the Morris
water maze (MWM) was performed 4 trials a day for 3 consecutive
days, followed 24 h later (day 7) by the reference memory test
(RMT). Rats were sacrificed immediately after the behavioral test.

to find the platform within 120 s. In the probe trial, the
hidden platform was removed, and the animal was allowed
to float freely for 60 s. The parameters measured during the
probe trial were the time spent in the quadrant of the target
platform (Morris Water Maze reference memory study on
treatment day 7).

2.8. Biochemical Assays

2.8.1. Biochemical Examinations. At the end of the behav-
ioral test, rats were sacrificed using zoletil (50 mg/kg, i.p.)
for biochemical studies. Brains were quickly removed and
the cerebral cortex and hippocampus were separated on ice.
To prepare a homogenate, brain tissue was mixed with 0.1 M
phosphate buffer saline (PBS, pH = 7.4) and centrifuged at a
10,000(g) at 4◦C for 15 min to remove cellular debris. The
supernatant was used for the estimation of the following
malonyldialdehyde (MDA) levels, SOD activity, and GSH
levels. Protein concentration of samples was determined by
BCA Protein assay kit with BSA used as a standard.

2.8.2. Measurement of Malonyldialdehyde (MDA) Level. Mal-
onyldialdehyde (MDA) was determined spectrophotometri-
cally using the N-methyl-2-phenylindole (NMPI) method of
Bergman [39]. Fifty μL sample or standard was added and
followed by 160 μL of 10 mM solution of NMPI. A similar
approach was used for the standard; TTMP (tetramethoxy
propane) was used at concentrations from 0.8 to 8 μM. The
plate was incubated for 48 min at 45◦C. The chromophore
absorbs at 586 nm.

2.8.3. Measurement of Superoxide Dismutase (SOD) Activity.
Superoxide dismutase (SOD) activity was based on the
inhibitory effect of SOD on the reduction of nitroblue
tetrazolium (NBT) by the superoxide anion generated by the
system xanthine/xanthine oxidase, measuring the absorption
at 560 nm [40].

2.8.4. Measurement of Glutathione (GSH) Level. Glutathione
(GSH) levels were determined spectrophotometrically using
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the DTNB-GSH reductase recycling method, measuring the
absorption at 405 nm [41].

2.9. Cell Culture

2.9.1. BV-2 Cell Culture. The murine microglial BV-2 cell
line was provided by Professor Jau-Shyong Hong from
the Neuropharmacology Section Lab of Pharmacology and
Chemistry, NIEHS/NIH, Bethesda, USA. The BV-2 cells were
maintained in DMEM supplemented with 10% FBS. One
hundred U/mL of penicillin and 100 μg/mL streptomycin
were added to DMEM, and the cells were kept at 37◦C in a
humidified incubator under 5% CO2 and 95% air.

2.9.2. Nitrite Assay. Nitrite, the stable metabolite of NO, was
assayed as the production of NO in the culture medium, and
the accumulation of nitrite in the medium was determined
by colorimetric assay with Griess reagent. 1 × 104 BV-2 cells
were seeded in each well of 96-well plates and kept overnight.
Cells were then changed to phenol-red free DMEM. The
BV-2 cells were pretreated with EGCG for 1 hr and then
stimulated with 0.5 μg/mL LPS. After further 24 h of incu-
bation, 100 μL of culture supernatant reacted with an equal
amount of Griess reagent (1% sulfanilamide in 5% H3PO4

and 0.1% N-1-naphthylethylenediamide dihydrochloride) in
96-well culture plates for 10 min at room temperature in
the dark. Nitrite concentrations were determined by using
standard solutions of sodium nitrite prepared in cell-culture
medium. The absorbance at 550 nm was determined using
an ELISA reader [42]. Each experiment was performed in
triplicate.

2.9.3. Preparation of Cell Extracts. The test medium was
removed from culture dishes, and cells were washed with
ice-cold PBS. The cells were scraped, resuspended in lysis
buffer, then centrifuged at 12,000 (rpm) for 30 min at 4◦C.
Protein concentrations of samples were determined by the
BCA Protein assay kit with BSA as a standard.

2.9.4. Western Blotting. Samples containing 70 μg of protein
were separated on 10% SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) and transferred to PVDF
(polyvinylidene difluoride) membranes. The membranes
were incubated for 1 hr with 5% dry skim milk in TBST
buffer at room temperature to prevent nonspecific binding.
The membranes were then incubated with rabbit anti-
iNOS (1 : 1000) and rabbit anti-COX-2 (1 : 1000). Subse-
quently, the membranes were incubated with goat anti-
rabbit alkaline-phosphatase-conjugated secondary antibody
(1 : 1000) for 1 hr at room temperature. Bands were visual-
ized using the chromogenic substrate 5-bromo-4-chloro-3-
indolyl phosphate in the presence of nitroblue tetrazolium.

2.10. Statistical Analysis. All data were expressed as the mean
± standard error. Data were analyzed using either Student’s t-
test or one-way ANOVA followed by Dunnett’s test. P < 0.05
was considered significant.

3. Results

3.1. Composition and Stability of Polyphenol Compounds
in GTex. Analysis of GTex by HPLC indicated that the
total green tea solids in the extract contained (−)-epigallo-
catechin gallate (3.21%), (−)-epigallocatechin (4.59%), (−)-
epicatechin gallate (1.06%), (−)-epicatechin (1.31%), and
caffeine (4.46%) as shown in Figure 2 and Table 1.

3.2. Effects of GTex and EGCG on Cerebral Infarct Volume.
It can be seen in Figure 3 that visible boundaries were
clearly observable between normal brain tissue and untreated
cerebral infarct tissue. GTex treatment (100 and 300 mg/kg)
markedly reduced cerebral infarction at 24 hr after reperfu-
sion as compared with the ischemia/reperfusion (I/R) group
(Figure 3(a)). The percent infarct size was 11.9 ± 0.54%
in the untreated group and 6.0 ± 0.76% and 4.3 ± 0.99%
in the 100 and 300 mg/kg GTex treatments, respectively
(Figure 3(b)). EGCG also significantly reduced infarct size (P
< 0.001) (Figure 3(b)) as compared with the I/R group but
no EGCG. The sizes of the cerebral infarction in the GTex
and EGCG groups were similar.

3.3. Effects of GTex, EGCG, and PTX on Spatial Performance
Memory in Ischemic Rats. The sham group quickly learned
the location of the platform as demonstrated by a reduction
in escape latencies on days 1 and 2 and by reaching
stable latencies on day 3 (Figure 4). Furthermore, we found
the swimming pathway required to reach the submerged
platform was simplified in the sham group. By contrast, in
the I/R group, a typical swimming behavior consisted of
circling around the pool and the escape latencies in trials
1 and 2 remained essentially unchanged throughout the 3-
day testing period. GTex (100 and 300 mg/kg) treatment
significantly improved performance (i.e., reduced escape
latency) of ischemic/reperfusion rats on the escape latency
on day 2 (P < 0.01) and day 3 (P < 0.001) testing periods.
EGCG (10 mg/kg) and PTX (100 mg/kg) treatment reduced
the escape latency in the day 2 (P < 0.05) and day 3 (P <
0.001) testing periods.

3.4. Effects of GTex, EGCG, and PTX on Time in the Target
Quadrant. It can be seen in Figure 5 that the time in the
target quadrant in the I/R group was significantly reduced
compared to that of the sham group (P < 0.05). GTex (100
and 300 mg/kg) significantly reduced ischemia/reperfusion-
induced time in the target quadrant when administered
before the training trial (P < 0.05–0.01) as compared with
the I/R group. EGCG (10 mg/kg) had similar effects as GTex
but PTX did not improve performance (Figure 5).

3.5. MDA Levels in Cortex and Hippocampus. MDA levels
in the cortex and hippocampus of the different groups are
shown in Table 2. MDA levels were significantly increased in
the I/R group (P < 0.001) as compared with the sham group.
In contrast, MDA levels were decreased significantly after
treatment with GTex (300 mg/kg) (P < 0.001) and EGCG
(10 mg/kg) (P < 0.05–0.001, Table 1). GTex at lower dosage
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Figure 2: HPLC chromatograms of the GTex at 280 nm. Trace: (a) standard, (b) GTex. BHQ: tert-butylhydroquinone as an internal standard.
(EGCG: (−)-epigallocatechin gallate, ECG: (−)-epigallocatechin, EGC: (−)-epicatechin gallate).
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Figure 3: Effects of GTex and EGCG on cerebral infarction. (a) Effect of GTex (30∼300 mg/kg, p.o.) groups and EGCG (10 mg/kg, p.o.) on
cerebral infarct area at 24 h after reperfusion. The pale area represents infarct tissue and the red area normal tissue. (b) Infarction area by
TTC staining (n = 6 in each group). I/R: ischemia/reperfusion control group. Each vertical bar represented mean ± S.E. ∗P < 0.05, ∗∗∗P <
0.001 compared to I/R group. Scale bar = 1 cm.

(30 and 100 mg/kg) and PTX (100 mg/kg) did not alter MDA
levels in the cortex and hippocampus of the rats as compared
with the I/R group with an exception that GTex 100 mg/kg
significantly reduced MDA levels in the hippocampus (P <
0.01).

3.6. SOD Activity in Cortex and Hippocampus. There were no
significant differences in SOD activity in brain tissue of I/R
and sham animals. However, SOD activity was significantly
decreased after treatment with GTex (300 mg/kg) and EGCG
(10 mg/kg) in the cortex (P < 0.05) and hippocampus (P <
0.01) when compared with the I/R group. The lower GTex

concentrations (30 and 100 mg/kg) and PTX (100 mg/kg) did
not significantly change SOD activity as compared with the
I/R group (Table 3).

3.7. GSH Levels in Cortex and Hippocampus. GSH levels
were significantly decreased in the cortex and hippocampus
(Table 4) of the I/R group (P <0.001). After treatment with
GTex (100 and 300 mg/kg) and EGCG (10 mg/kg), GSH
levels were significantly increased in the cortex (P < 0.01) and
hippocampus (P < 0.001). GTex at the lowest concentration
tested (30 mg/kg) and PTX (100 mg/kg) did not significantly
change GSH levels in the rat cortex and hippocampus.
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time took to reach the hidden platform of the Morris water maze
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compared to the sham group. #P < 0.05, ##P < 0.01, ###P < 0.001
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Figure 5: Effect of GTex (30∼300 mg/kg, p.o.), EGCG (10 mg/kg,
p.o.), and pentoxifylline (PTX, 100 mg/kg, p.o.), on the time spent
in the target quadrant in ischemia/reperfusion (I/R) rats. The
performance of each rat was tested 24 hours after the final training
day in a probe trial (60 sec) during which the platform was removed.
∗P < 0.05 compared to the sham group. #P < 0.05, ##P < 0.01
compared to I/R group (n = 6 in each group).

3.8. Effects of EGCG on LPS-Induced NO Production in BV-
2 Cells. BV-2 cells incubated with 0.5 μg/mL LPS displayed
a significant increase in nitrite production as compared
with sham controls (Figure 6). EGCG in a concentration-
dependent manner significantly reduced LPS-induced nitrite
production (Figure 6). The IC50 for ECGC on inhibition of

Table 1: Composition of GTex.

Component μg/mg % of GTex

Total polyphenols 101.80 ± 4.55 10.18%

Polyphenols

(−)-Epigallocatechin gallate 32.10 ± 0.44 3.21%

(−)-Epigallocatechin 45.96 ± 3.01 4.59%

(−)-Epicatechin gallate 10.62 ± 0.57 1.06%

(−)-Epicatechin 13.11 ± 1.08 1.31%

Caffeine 44.60 ± 0.29 4.46%

Table 2: Effect of GTex (p.o.) and EGCG (p.o.) on MDA levels in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.

MDA levels (nmole/mg Protein)

Cortex Hippocampus

Sham 0.73 ± 0.04 0.31 ± 0.03

I/R 1.60 ± 0.19∗∗∗ 1.03 ± 0.07∗∗∗

GTex (30 mg/kg) 1.23 ± 0.19 0.89 ± 0.09

GTex (100 mg/kg) 1.16 ± 0.13 0.54 ± 0.06##

GTex (300 mg/kg) 0.65 ± 0.08### 0.30 ± 0.03###

EGCG (10 mg/kg) 0.96 ± 0.09## 0.56 ± 0.11#

PTX (100 mg/kg) 1.24 ± 0.06 1.02 ± 0.06
∗∗∗P < 0.001 compared to the sham group, #P < 0.05, ##P < 0.01, ###P <
0.001 compared to I/R group (N = 6).

Table 3: Effect of GTex (p.o.) and EGCG (p.o.) on SOD activities in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.

SOD activity (U/mg Protein)

Cortex Hippocampus

Sham 1.05 ± 0.08 2.06 ± 0.12

I/R 1.08 ± 0.06 2.02 ± 0.08

GTex (30 mg/kg) 1.02 ± 0.15 2.04 ± 0.15

GTex (100 mg/kg) 0.89 ± 0.10 1.90 ± 0.14

GTex (300 mg/kg) 0.69 ± 0.09# 1.48 ± 0.10##

EGCG (10 mg/kg) 0.72 ± 0.03# 1.47 ± 0.08##

PTX (100 mg/kg) 1.04 ± 0.1 2.19 ± 0.06
#P < 0.05, ##P < 0.01 compared to I/R group (N = 6).

LPS-induced nitrite production was 5.91 μM in BV-2 cells
(Figure 6).

3.9. Effects of EGCG on Expression of COX-2 and iNOS in BV-
2 Cells. Changes in protein abundance of COX-2 and iNOS
induced by LPS were measured at by Western blot analysis.
Elevated COX-2 and iNOS protein production were detected
at 24 hr following LPS treatment. LPS-induced iNOS and
COX-2 expression were significantly suppressed by EGCG
pretreatment at concentrations of 10 and 25 μM but not at
a lower concentration of 2 μM (Figure 7).

4. Discussion

Cerebral ischemia causes cognitive deficits, including mem-
ory impairment [43, 44]. The Morris water maze is a
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Table 4: Effect of GTex (p.o.) and EGCG (p.o.) on GSH levels in
cortex and hippocampus of ischemia/reperfusion (I/R) rats.

GSH levels (pmole/mg Protein)

Cortex Hippocampus

Sham 20.29 ± 1.12 103.72 ± 5.73

I/R 10.61 ± 1.22∗∗∗ 63.71 ± 4.83∗∗∗

GTex (30 mg/kg) 13.78 ± 1.09 66.88 ± 7.17

GTex (100 mg/kg) 17.80 ± 1.92## 96.43 ± 6.74###

GTex (300 mg/kg) 18.95 ± 0.88### 104.73 ± 7.83###

EGCG (10 mg/kg) 17.80 ± 0.98## 139.01 ± 8.26###

PTX (100 mg/kg) 14.06 ± 1.43 76.09 ± 6.25
∗∗∗P < 0.001 compared to the sham group, ##P < 0.01, ###P < 0.001
compared to I/R group (N = 6).
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Figure 6: Inhibitory effect of EGCG on LPS-induced NO produc-
tion in BV-2 cells incubated with LPS (0.5 μg/mL) in the presence or
absence of indicated concentration of EGCG. Accumulated nitrite
in the culture medium was determined by the Griess reaction. Each
vertical bars represented mean ± S.E. ∗∗∗P < 0.001 compared to
LPS only group.

widely used test in behavioral neuroscience for studying the
neural mechanisms of spatial learning and memory. Cerebral
ischemia has been reported to produce deficits in memory
performance in the Morris water maze [37]. Our results
showed that cerebral ischemia induced impairment in both
spatial memory and reference memory in a Morris water
maze and is in agreement with previous studies [43, 44].
GTex (100 and 300 mg/kg) markedly improved deficits in
spatial memory induced by cerebral ischemia. In addition,
cerebral ischemia-induced reference memory deficits were
also blocked by treatment with GTex. We also found that
oral administration of EGCG for 7 days could reduce deficits
in spatial and reference memory in rats of the ischemic
group. EGCG is a major component of GTex and our
results suggest that improved memory observed in GTex rats
may be attributable to EGCG, although other GTex active
compounds cannot be ruled out. There are reports that
EGCG improved learning and memory in animal models

of Alzheimer’s disease and diabetes [45, 46]. EGCG did not
reduce deficits in learning and memory deficits induced
by cerebral ischemia in another study report [47]. There
are several differences between the present study and the
earlier report. In the earlier study, a 4-VO (four-vessel
occlusion) model was used to restrict the cerebral circulation
for ten minutes, two times within 60 min. Also, 50 mg/kg
of EGCG was given intraperitoneally 30 min before the first
occlusion. We used a 3-VO (three-vessel occlusion) model
to induce ischemia/reperfusion damage and 10 mg/kg of
EGCG was orally administered once daily for 7 days. In the
current study, repeated administration of EGCG (10 mg/kg)
improved both spatial memory and reference memory in
a water-maze test. Results from the present experiments
indicated that EGCG improved learning and memory in an
animal model of ischemia rodents and required long-term
treatment.

The present study evaluated the neuroprotective effects
of GTex and EGCG in an ischemic stroke animal model and
the anti-inflammatory effects of EGCG in BV-2 cells. GTex
administered in vivo was effective in reducing damage in
a stroke model. Treatment with GTex (100 and 300 mg/kg)
significantly reduced cerebral infraction at 90 min ischemic
occlusion and 24 hr reperfusion. The present studies showed
that green tea had a neuroprotective effect in a transient focal
ischemia model in agreement with previous studies [23–25].
EGCG also had similar effects and those results are consistent
with previous reports [31, 48].

It has been reported that oxygen free radical-induced
lipid peroxidation plays an important role in the neurological
damage occurring after cerebral ischemia [49]. We found
that 7 days following cerebral ischemia MDA levels were
significantly increased as compared with levels in sham-
operated rats. Administration of GTex and EGCG reversed
the spike in MDA levels seen in the cerebral ischemic rats.
GTex and EGCG may act by scavenging oxygen free radicals.
Reactive oxygen species (ROS) are produced continuously
in vivo under aerobic conditions. GSH-Px, CAT, and SOD,
along with GSH and other nonenzymatic antioxidants act
in concert to protect brain cells against oxidative damage.
ROS are contributors to ischemic brain damage [49]. SOD
is involved in the regulation of antioxidant defenses by
catalyzing the dismutation of superoxide anion into H2O2

and O2. Candelario-Jalil et al. [50] showed that SOD activity
was increased at 24∼72 hr after cerebral ischemia then
returned to normal after 96 hr. We found that SOD activity
7 days after cerebral ischemia did not differ from control
animals and this finding was similar with a previous study
[50]. In contrast, ischemic rats treated with GTex or EGCG
once daily for 7 days lowered SOD activity in comparison
with cerebral ischemic rats without treatment. Most studies
focused on the changes of oxidation markers 24 h after
ischemia [8, 51, 52]. The present study determined oxidation
marker activities 7 days after cerebral ischemia and found
that GTex and EGCG showed significant inhibition. The
protective effects of GTex and EGCG are largely due to their
inhibition of some enzymes and antioxidative activities by
scavenging free radicals. However, EGCG could be converted
to an anthocyaninlike compound followed by cleavage of the
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Figure 7: Effects of EGCG (2, 10, and 25 μM) on expression of COX-2 and iNOS in BV-2 cells treated with lipopolysaccharide (LPS,
0.5 μg/mL) for 24 h. Cultures were pretreated with EGCG for 1 h before the addition of LPS treatment. Bars represent the mean ± SE from
three independent experiments. Densitometry analyses are presented as the relative ratio of protein/β-actin protein and are represented as
percentages of the LPS only group. ∗∗∗P < 0.001 compared to LPS only.

gallate moiety by oxidation. Active oxygen including super-
oxide (O2

−) was produced by EGCG, which could decrease
SOD activity by peroxyl radicals formation of superoxide
during the inhibitory action [53]. That could be explaining
the cause decreased SOD activity in administration of GTex
and EGCG once daily for 7 days in the present study.

GSH is an endogenous antioxidant protecting cells
against damage produced by oxygen free radicals. There
was a significant decrease in GSH levels 7 days after
cerebral ischemia as compared with GSH levels in the sham-
operated rats. Treatment with GTex and EGCG once daily
for 7 days increased GSH levels in ischemic rats, which
may be indicative of neuroprotection. The lower dose of
GTex 30 mg/kg was ineffective as there was an insignificant
difference between the GTex-treated and I/R (control) rats on
the MDA and GSH levels. This result was well correlated with
the smaller infarction volume and better functional recovery
for higher dose (100, 300 mg/kg) GTex-treated rats than for
lower dose (30 mg/kg) GTex-treated or I/R (control) rats.

PTX has been used to treat vascular dementia and
multiinfarct dementia in clinical medicine [54, 55] and
also proved to slow the progression of dementia [56]. In
the present study, PTX was used as a positive control
and ameliorated the spatial performance impairment, but
did not ameliorate reference memory deficit in cerebral
ischemia rats. PTX found to be no antioxidant and anti-lipid
peroxidation effects in this study, which is consistent with a
previous study [57].

Brain inflammation occurs following ischemia-
reperfusion [58]. Previous studies showed that activation of
BV-2 cells during LPS stimulation could be used to survey
the neuroinflammatory effects [59]. Excessive NO and
ROS production in the brain contribute to neuronal cell
injury processes [60]. Recent studies showed that inhibiting
LPS-induced NO production may be neuroprotective [61].
Microglia activation by LPS releases proinflammatory
factors, tumor necrosis factor-alpha (TNF-α), interleukin
1-beta (IL-1β), NO, and superoxide, thus leading to neuronal
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injury and death [62]. We investigated NO production and
iNOS protein expression in BV2 cells treated with EGCG and
found that EGCG inhibited LPS-induced NO production
and iNOS protein expression in BV-2 cells. Li et al. [30]
showed that EGCG inhibited NO production and iNOS
protein expression in primary microglia induced by LPS.
EGCG could potently inhibit NO and TNF-α generation
in microglia. Many inflammatory diseases are associated
with increased levels of COX-2, another inflammatory factor
[59]. In the present study, EGCG inhibited COX-2 protein
expression in BV-2 cells. Activated microglia are the primary
donor of free radicals and inflammatory factors.

In summary, GTex and EGCG reduced cerebral infarc-
tion and improved learning and memory deficits induced
by cerebral ischemia. These effects may involve a reduction
in oxidative stress and neuroinflammation induced by
ischemia. GTex and EGCG may be efficacious in treating
ischemia-induced learning and memory deficits.
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Objectives. In a previous randomized clinical trial (Falsini et al. (2010)), it was shown that short-term Saffron supplementation
improves retinal flicker sensitivity in early age-related macular degeneration (AMD). The aim of this study was to evaluate whether
the observed functional benefits from Saffron supplementation may extend over a longer follow-up duration. Design. Longitudinal,
interventional open-label study. Setting. Outpatient ophthalmology setting. Participants. Twenty-nine early AMD patients (age
range: 55–85 years) with a baseline visual acuity >0.3. Intervention. Saffron oral supplementation (20 mg/day) over an average
period of treatment of 14 (±2) months. Measurements. Clinical examination and focal-electroretinogram-(fERG-) derived macular
(18◦) flicker sensitivity estimate (Falsini et al. (2010)) every three months over a followup of 14 (±2) months. Retinal sensitivity,
the reciprocal value of the estimated fERG amplitude threshold, was the main outcome measure. Results. After three months of
supplementation, mean fERG sensitivity improved by 0.3 log units compared to baseline values (P < 0.01), and mean visual acuity
improved by two Snellen lines compared to baseline values (0.75 to 0.9, P < 0.01). These changes remained stable over the follow-
up period. Conclusion. These results indicate that in early AMD Saffron supplementation induces macular function improvements
from baseline that are extended over a long-term followup.

1. Introduction

Age-related macular degeneration (AMD) is a retinal neu-
rodegenerative disease whose distinctive features in the early
stage are large soft drusen and hyper/hypopigmentation of
the retinal pigment epithelium (RPE), with a moderate loss
of central vision (age-related maculopathy, following the
International Classification, [1]). In its late stage, the disease
is characterized by the geographic atrophy of the RPE or
the subretinal neovascular membranes, leading to a more
severe central visual impairment which is a major cause of

severe, irreversible low-vision in elderly people of developed
world.

Changes of the RPE and photoreceptor cells are early
events in AMD and may significantly impact on visual
function. Epidemiologic and molecular genetic data indicate
that several factors may protect against or increase the
individual risk of photoreceptor degeneration/dysfunction
in AMD. Many risk factors appear to be oxidative and/or
proinflammatory [2–4], while many protective factors are
known to act as antioxidants and/or anti-inflammatory [5–
7]. Recent clinical studies using focal, psychophysical, or
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multifocal electroretinograms (ERGs) techniques as assays
of the outer retinal function (cone photoreceptors/bipolar
cells) have shown that dietary antioxidant supplementation
might influence macular cone-mediated function early in the
disease process [8–10]. The large-scale, AREDS investigation
results [5] indicate that antioxidant supplementation might
prevent the development of the most advanced stage of
AMD.

Among various antioxidants, the neuroprotective poten-
tial of the ancient spice Saffron was explored [11, 12]. The
results showed that Saffron may protect photoreceptors from
retinal stress, maintaining both morphology and function
and probably acting as a regulator of programmed cell
death, in addition to its antioxidant and anti-inflammatory
properties [12]. Falsini et al., [13], in a randomized, double-
blind, placebo-controlled study showed that three months
of dietary Saffron supplementation significantly improved
the focal-ERG-(fERG-) estimated retinal flicker sensitivity
in early AMD patients. Daily supplementation of 20 mg/d
Saffron for 90 days resulted in statistically significant
improvements, compared to a placebo control, in the macu-
lar fERG parameters (amplitude and modulation threshold)
of patients with early AMD. These postsupplementation
changes in the macular fERG reflected a beneficial effect
of macular function as they were associated with a small,
but significant increase in the average Snellen visual acuity.
These properties, together with preclinical evidence, provide
a strong rationale for testing the effect of prolonged Saffron
supplementation in early AMD. The aim of the present
longitudinal, open-label study was to evaluate whether the
observed functional benefits from Saffron supplementation
may be reproducible over a longer follow-up duration.

2. Materials and Methods

2.1. Patients. Twenty-nine consecutive patients (mean
age, 69.3 ± 7 years; range, 55–85; 16 men and 13 women)
with a diagnosis of bilateral early AMD were recruited
prospectively over an interval of 8 months from the outpa-
tient service of the institution. Each patient underwent stan-
dard general and ophthalmic examinations. Best-corrected
visual acuity was determined with a retroilluminated,
standardized Snellen chart, whose luminance and contrast
were periodically calibrated. Clinical diagnosis of early AMD
was established by direct and indirect ophthalmoscopy, as
well as retinal biomicroscopy, when any of the following
primary lesions in the macular area (i.e., the area within
an eccentricity of approximately 2 disc diameters from the
fovea) of one or both eyes was identified: soft distinct or
indistinct drusen, areas of hyperpigmentation associated
with drusen, or areas of hypopigmentation of the RPE
associated with drusen, without any visibility of choroidal
vessels. Clinical and demographic data of the patients are
summarized in Table 1. All patients met the following
inclusion criteria: best-corrected visual acuity of 0.5 or
better in the study eye, central fixation (assessed by direct
ophthalmoscopy), normal color vision with Farnsworth
D-15 testing, no signs of other retinal or optic nerve disease

and clear optical media. Eight patients had moderate
systemic hypertension. No other systemic diseases were
present. None of the patients was taking medications (e.g.,
chloroquine) that are known to affect macular function or
to interfere with carotenoid absorption. AMD lesions of the
study eyes were graded on stereoscopic fundus photographs,
as previously described [14]. A macular grading scale, based
on the international classification and grading system [1],
was used by a single grader who evaluated the photographs
while masked to subject characteristics and fERG results.
The presence of basic AMD lesions was noted within each
of the nine subfields delimited by a scoring grid. Fluorescein
angiography and macular optical coherence tomography
(OCT, Cirrus spectral domain, Zeiss) assessment were also
performed in all study eyes at the time of the diagnosis,
to confirm the presence of early AMD lesions, to exclude
geographic atrophy or RPE detachment, and to determine at
baseline the average retinal thickness in the macular region.
According to the results of grading, intermediate AMD
was diagnosed in all eyes, [5] with one or more drusen,
(≥63 μm) and/or focal hypo/hyperpigmentation within
the macular region. The research adhered to the tenets of
the Declaration of Helsinki. The study was approved by
the Ethics Committee/Institutional Review Board of the
University. Written informed consent was obtained from
each study participant after the purpose and procedures of
the study were fully explained.

2.2. Treatment and Testing Schedule. The patients underwent
clinical examination and a focal-ERG- (fERG-)-derived
macular (18◦) flicker sensitivity estimate [13] at baseline
and every three months over a 15-month period of treat-
ment (Saffron 20 mg/day, Zaffit, Hortus Novus, L’Aquila,
Italy) and followup. fERG sensitivity, derived from the
estimated response amplitude thresholds, was the main
outcome measure. Visual acuity was a secondary outcome
measure.

In all patients, a clinical examination, including Snellen
visual acuity testing, fundus examination by direct and
indirect ophthalmoscopy, and fERG testing, was performed
at study entry (baseline) and every 90 days of treatment.
Clinical and fERG examinations were conducted on the same
day, with ophthalmoscopy always performed after fERG
recordings. During the entire period of supplementation, no
other systemic pharmacologic treatments were given. In all
cases, compliance was judged to be satisfactory, since none
of the treated subjects refrained, for any reason, from taking
the daily dose of supplement during the treatment period.
No adverse systemic side effects were recorded.

2.3. Electrophysiological Methods. fERG testing was per-
formed according to a previously published technique [13,
14]. Briefly, ERGs were elicited by the LED-generated
sinusoidal luminance modulation of a circular uniform
field (diameter, 18◦; mean luminance, 80 cd/m2; dominant
wavelength, 630 nm), presented at the frequency of 41 Hz on
the rear of a Ganzfeld bowl, illuminated at the same mean
luminance as the stimulus. This technique was developed
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Table 1: Demographic and clinical findings at baseline in patients with early AMD.

Patient
no.

Age
(yr), sex

Acuity
Follow-up
duration

Fundus∗
Macular
thickness

fERG§

(microm) (no. of responses at B, 3, 6, 9, 12, 15)¶

1 77, F 0.8 15 Soft drusen, middle subfield 304 4(B), 5(3), 5(6), 5(9), 5(12), 5(15)

2 62, F 0.6 15 Soft drusen, middle subfield 272 6(B), 6(3), 6(6), 6(9), 6(12), 6(15)

3 61, F 0.5 12 Soft drusen, middle subfield 250 5(B), 6(3), 6(6), 6(9), 6(12)

4 63, F 0.7 12 Soft drusen, central and middle subfield 288 5(B), 6(3), 6(6), 6(9), 5(12)

5 75, M 0.7 15 Soft drusen, middle subfield 279 4(B), 5(3), 5(6), 6(9), 6(12), 6(15)

6 85, M 0.8 12 Soft drusen, central and middle subfield 260 5(B), 5(3), 5(6), 5(9), 5(12), 5(15)

7 70, M 0.7 15 Soft drusen, central subfield 280 4(B), 4(3), 4(6), 5(9), 5(12), 5(15)

8 71, M 1.0 12 Soft confluent drusen, middle subfield 254 5(B), 6(3), 6(6), 5(9), 5(12)

9 73, M 1.0 15 Soft drusen, central subfield 294 4(B), 5(3), 5(6), 6(9), 6(12), 6(15)

10 81, F 0.5 6 Soft drusen, middle subfield 251 4(B), 4(3), 4(6)

11 73, M 0.7 15 Soft drusen, central and middle subfield 275 1(B), 5(3), 6(6), 6(9), 6(12)

12 62, F 0.6 15 Soft drusen, middle subfield 297 6(B), 6(3), 6(6), 6(9), 6(12), 6(15)

13 73, M 1.0 15 Soft drusen, hyperpigm., middle subfield 221 4(B), 4(3), 5(6), 5(9), 5(12), 4(15)

14 68, M 0.8 15 Soft confluent drusen, central and middle subfield 242 2(B), 4(3), 4(6), 6(9), 6(12), 5(15)

15 58, M 1.0 6 Soft drusen, middle subfield 280 1(B), 5(3), 5(6)

16 63, M 0.8 15 Soft confluent drusen, hypopigm., middle subfield 278 4(B), 5(3), 5(6), 4(9), 5(12), 5(15)

17 64, F 1.0 15 Soft drusen and hypopigm., middle subfield 264 2(B), 6(3), 6(6), 5(9), 6(12), 6(15)

18 55, M 1.0 15 Soft drusen and hyperpigm., central subfield 295 5(B), 5(3), 6(6), 6(9), 6(12), 5(15)

19 70, F 0.7 15 Soft drusen and hyperpigm., middle subfield 237 2(B), 2(3), 1(6), 3(9), 3(12), 4(15)

20 79, M 0.4 15 Soft drusen and hyperpigm., middle subfield 255 1(B), 1(3), 4(6), 6(9), 6(12), 6(15)

21 70, M 1.0 12 Soft drusen and hyperpigm., central subfield 279 4(B), 5(3), 5(6), 4(9), 4(12)

22 70, M 0.7 15 Soft confluent drusen, central subfield 290 5(B), 5(3), 5(6), 5(9), 5(12), 5(15)

23 85, M 0.3 12 Soft drusen, middle subfield 255 1(B), 2(3), 2(6)

24 71, F 1.0 15 Soft drusen, central and middle subfield 280 4(B), 5(3), 5(6), 6(9), 5(12), 5(15)

25 73, F 1.0 15 Soft drusen and hyperpigm., middle subfield 266 3(B), 5(3), 5(6), 5(9), 5(12), 5(15)

26 71, F 0.6 15 Soft confluent drusen, hypopigm., central subfield 270 6(B), 6(3), 5(6), 5(9), 6(12), 5(15)

27 61, M 0.5 15 Soft confluent drusen, hypopigm., middle subfield 265 2(B), 6(3), 5(6), 6(9), 6(12), 5(15)

28 68, F 0.6 15 Soft confluent drusen., central subfield 293 6(B), 5(3), 5(6), 5(9), 5(12), 5(15)

29 56, F 0.6 12 Soft confluent drusen, middle subfield 277 6(B), 6(3), 6(6), 5(9), 6(12)
∗

Macular appearance with reference to drusen type, confluence, and location; RPE abnormalities type and main location1. Follow-up duration (months).
§Number of FERG responses that were above noise level (i.e., S/N ratio ≥ 3) at the different modulation depths of the recording protocol; (6) = S/N ratio ≥ 3
at all modulation depths, (5) = S/N ratio < 3 at the lowest modulation depth, (4) = S/N ratio < 3 at the two lowest modulation depths, etc., B: baseline 3, 6, 9,
12, 15 months of supplementation. ¶Months of follow-up.

according to the indications of published clinical studies, in
which the fERG response to sinusoidal flicker stimulation
was used to test retinal flicker sensitivity in comparison to
psychophysical flicker sensitivity in normal and pathologic
conditions [14–16]. In the recording protocol, a series of
fERG responses was collected at different modulation depths,
quantified by the Michelson luminance contrast formula:
100% × (Lmax − Lmin)/(Lmax + Lmin), where Lmax and
Lmin are maximum and minimum luminance, respectively,
between 16.5% and 93.8% in 0.1- to 0.3-log-unit steps
(16.5%, 33.1%, 44.8%, 63.6%, 77.2%, and 93.8%). In some
patients, the signal-to-noise ratio (S/N) at the modulation
of 93.5% was not large enough to allow recording of the
whole response family. In those cases, response collection was
limited to the highest or the two highest modulation depths.

In Table 1, the number of responses that were significantly
different from the noise level, collected at every visit, is
reported for each patient.

fERGs were recorded monocularly by means of Ag-
AgCl superficial cup electrodes taped over the skin of the
lower eyelid. A similar electrode, placed over the eyelid
of the contralateral, patched eye, was used as the refer-
ence (interocular ERG, [17]). fERG signals were amplified,
bandpass filtered between 1 and 250 Hz (−6 dB/octave),
sampled with 12-bit resolution, (2-kHz sampling rate), and
averaged. A total of 1600 events (in eight blocks of 200 events
each) were averaged for each stimulus condition. The sweep
duration was kept equal to the stimulus period. Single sweeps
exceeding the threshold voltage (25 μV) were rejected, to
minimize noise coming from blinking or eye movements.
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A discrete Fourier analysis was performed off line to isolate
the fERG fundamental harmonic and estimate its amplitude
(in μV) and phase (in degrees). Component amplitude and
phase were also calculated separately for partial blocks (200-
event packets) of the total average, from which the standard
error of amplitude and phase estimates were derived to test
response reliability. Averaging and Fourier analysis were also
performed on signals sampled asynchronously at 1.1 times
the temporal frequency of the stimulus, to give an estimate
of the background noise at the fundamental component. An
additional noise estimate at the fundamental harmonic was
obtained by recording responses to a blank, unmodulated
field kept at the same mean luminance as the stimulus. In all
records, the noise amplitudes recorded with both methods
were ≤0.053 μV.

In all subjects, the fERG testing protocol was started after
a 20-minute period of preadaptation to the stimulus mean
illuminance. Pupils were pharmacologically (tropicamide
1%) dilated to 8 to 9 mm. Subjects fixated (from a distance
of 30 cm) on the center of the stimulation field with
the aid of a small (15 minutes of arc) fixation mark.
An fERG response was first collected at the maximum
modulation depth (93.5%) included in the protocol and
was evaluated with respect to reliability and S/N ratio. In
all patients, the responses at 93.5% modulation satisfied
the following criteria: standard deviation estimates of <20%
(variation coefficient) and 15◦ for the amplitude and phase,
respectively, and an S/N ratio ≥4. In AMD patients having
a response S/N ≥8, fERG signals were also acquired in
sequence for six values of modulation depth between 16.5%
and 93.5%, presented in an increasing order. For each
stimulus modulation depth, fERG responses were accepted
only if their S/N ratio was ≥2. As described elsewhere [14],
fERG log amplitudes were plotted for each patient as a
function of log modulation depth. The resulting function
slope was determined by linear regression. From the same
regression line, fERG threshold was estimated from the value
of log modulation depth yielding a criterion amplitude,
corresponding to an S/N ratio of 3.28. fERG sensitivity was
defined as the reciprocal of this value.

2.4. Statistical Analysis. From each patient included in the
study, one eye, typically the eye with the best visual acuity,
was selected and designated as the study eye. The data
from the study eyes were included in the statistical analysis.
Outcome variables were fERG amplitude and fERG func-
tion threshold and slope. fERG amplitude data underwent
logarithmic transformation to better approximate normal
distribution. fERG thresholds and slopes are reported as
log10 values. In all statistical analyses, standard error and
95% confidence interval (CI) of the means were used for
within-group comparisons.

Sample size estimates were based on those reported in
previous investigations [8, 13, 14], in which the between-
and within-subjects variability (expressed as the standard
deviation) of fERG parameters was determined in patients
with early AMD. Assuming between-and within-subject
SDs in fERG amplitude and phase of 0.1 log μV and 20◦,

respectively, the sample size of study patients provided a
power of 80%, at an α = 0.05, for detecting test-retest
differences of 0.1 (SD 0.1) log μV in threshold. Given the
absolute mean amplitude and phase values of the patients’
fERGs, these differences were considered to be clinically
meaningful, since they corresponded approximately to a 25%
to 30% change in fERG threshold. A study [8] in patients
with early AMD showed that test-retest variability in fERG
amplitude and threshold is significantly smaller than this
change. Electrophysiological results were analyzed by analysis
of variance for repeated measures (ANOVA). Dependent
variables in the ANOVA design were fERG log threshold
and slope and visual acuity. Repeated-measures ANOVA on
log threshold and slope as dependent variables was used
to compare the fERG results recorded across the different
recording sessions. Visual acuity changes across treatments
were analyzed, either individually for every patient or
as group means by repeated-measures ANOVA, assuming
normal distribution. In all the analyses, results with a P <
0.05 were considered as statistically significant.

3. Results

Typical fERG functions (response amplitude versus modula-
tion depth of the stimulus) observed in an early AMD patient
after Saffron supplementation across the different recording
sessions over a fifteen-month followup are reported in
Figure 1(a). fERG amplitude increased from baseline after
three months of supplementation, resulting in a reduction
of response threshold, as shown by the decrease of the min-
imum modulation depth yielding a response significantly
above the noise level (S/N ratio > 3). Figure 1(b) shows,
for comparison, the fERG test-retest results obtained from
a normal control subject at baseline and after three months.
It can be noted that the test-retest variability of fERG data
was considerably smaller than that observed after Saffron
supplementation in the AMD patient.

Figure 2 shows the mean fERG functions (±SEM)
recorded at baseline and every three months after starting
Saffron supplementation. There was an overall increase
in fERG amplitude soon after the first three months of
supplementation followed by a stabilisation over the subse-
quent follow-up period. The average fERG functions were
uniformly and consistently shifted to the left on the x-axis
indicating a decrease in response threshold and an increase in
sensitivity, which were reproducible in the various recording
sessions. The arrows in the plot highlight the change in the
average modulation threshold comparing the baseline with
the follow-up recordings (averaged across the different time
points).

This point is illustrated in further detail in Figure 3,
which shows the fERG threshold and slope results (mean ±
SEM) recorded at every follow-up session over the period
of follow-up examination. Mean fERG threshold decreased
(and consequently the reciprocal sensitivity value increased)
by 0.3 log units compared to the baseline value (repeated
measures ANOVA, F = 4.6; df : 6,168; P < 0.01). These
changes remained stable over the followup period, since
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Figure 1: (a) fERG results recorded at baseline and every three months, over a 15 month followup, in an early AMD patient taking saffron
supplement (20 mg/day) (b) Plot showing, for comparison, fERG test-retest results obtained from a normal control subject at baseline and
after three months.
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Figure 2: Mean (±SEM) fERG functions, plotting log amplitude versus log modulation depth of the flicker stimulus, recorded from all 29
patients at baseline and at the various time points of the study. Note that mean fERG function was shifted uniformly to the left on the x-axis
after the first three months of supplementation and then remained stable. Arrows in the plot indicate the mean shift in fERG sensitivity
observed by comparing the baseline with the follow-up fERG recordings (averaged across the different times). Asterisks indicate data points
that were significantly (P < 0.05) different from baseline.

comparisons at various times of follow-up did not show any
significant change. The mean fERG slopes did not change
significantly throughout the followup.

In most patients at the various times after starting
supplementation, fERG thresholds decreased by a variable

amount compared to the corresponding baseline value.
Figure 4 provides examples of the observed changes in
response thresholds observed at 3, 9, and 15 months. The
results found at 6 and 12 months are substantially similar.
In the scatterplots of the figure, the values recorded at the
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Figure 3: Mean fERG thresholds and slopes (± standard error) recorded at baseline and over the follow-up period in all patients. Note that
mean decreased (i.e., sensitivity increased) from baseline already after three months of supplementation and then tended to stabilize. Mean
fERG slope did not change significantly over time.
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Figure 4: Scatterplots showing the fERG threshold values recorded at different follow-up times (3, 9, and 15 months) plotted as a function
of the corresponding baseline values. Diagonal lines in the plots indicate the equivalence between the values recorded at baseline and at a
given followup. It can be noted that, at every followup, most values fall on the right of the diagonal line, indicating a decrease in threshold
for the majority of patients.

different follow-up times are plotted as a function of the
corresponding baseline values. Diagonal lines in the plots
indicate the equivalence between the values recorded at
baseline and at a given followup. It can be noted that, at every
followup, most values fall on the right of the diagonal line,
indicating a decrease in threshold for the majority of patients.

Right after three months of supplementation, mean
visual acuity improved by two Snellen lines compared to
baseline values (0.75 to 0.9, repeated measures ANOVA, F =
4.3; df : 6,168; P < 0.01). The visual acuity results over the
follow-up period are reported in Figure 5 as a plot of mean
(± SEM) acuity as a function of follow-up time. It can be
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Figure 5: Mean (± standard error) Snellen visual acuity recorded at
baseline and every three months throughout the follow-up period.

noted that, similar to fERG sensitivity, the gain in visual
acuity remained stable over the study period.

In parallel with the electrophysiological and visual
acuity improvement, all patients reported an improvement
in their quality of vision. The most commonly reported
symptoms of the beneficial effects of supplementation were
the improvement in contrast and color perception, reading
ability, and vision at low luminances, all ultimately leading
to a substantial improvement in the patients’ quality of life.

Funduscopic examination, periodically performed
in all patients, did not show any significant change in
drusen number and size, as well as in the extension of RPE
abnormalities. Figure 6 shows fundus pictures of one study
patient taken at baseline and at the end of clinical followup.
It can be seen that both funduscopic images appeared to be
very similar to each other.

4. Discussion

The present data extend the results of a previous, randomized
study [13] on the potential efficacy of Saffron supple-
mentation in AMD, showing that such supplementation
may induce a long-term, stable improvement in retinal
function, as measured by fERG sensitivity. To our knowledge,
this is the first longitudinal study, based on an objective
electrophysiological technique, documenting the long-term
effects of Saffron antioxidant on retinal function in AMD.
While several other studies have already shown significant
effects of antioxidant supplementation on retinal function
[8, 10, 13], all these previous studies were more limited
either in their follow-up duration or in the number of
testing sessions. The current data show that changes in fERG
threshold (and consequently its reciprocal value sensitivity)
after supplementation were within-session consistent, repro-
ducible, and durable over a 15-month follow-up period. The
sensitivity improvements were observed in association with
a constant slope of the fERG functions, further indicating

(a)

(b)

Figure 6: Fundus pictures of a representative early AMD patient
taken at baseline and at the end of follow-up. No significant changes
in fundus features can be found.

the reproducibility of the fERG function shapes recorded
during followup. All patients reported a subjective improve-
ment in their quality of vision and ultimately in their quality
of life, supporting the impact of the fERG findings on
psychophysical visual function of patients.

Limitations of this study include its open label nature,
which may affect mainly the subjective patients’ results, and
the assumed stability of the main outcome measure,
the fERG, without treatment. As far as the first issue
is concerned, the efficacy of Saffron supplementation was
already demonstrated in a previous double-blind, random-
ized, placebo-controlled study [13], strongly supporting the
hypothesis that the long-term fERG improvement found in
our patients similarly results from Saffron supplementation,
and not from other unknown and unpredictable factors.
Regarding the second issue, previous studies of our group
[8, 14], performed in normal subjects and early AMD
patients without treatment, have shown an fERG test-retest
variability that is small enough to allow macular function to
be reliably monitored during treatment. Taking into account
the previous limitations, the current findings point at the use
of macular fERG sensitivity as a candidate protocol to track
changes in central retinal function over the course of AMD.
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It may be presumed that the observed improvement
in macular function is an effect of integrated activities
of Saffron’s chemical compounds, mainly of crocin, and
crocetin, antioxidant derivatives of carotenoids, which may
act through a protective mechanism similar to that seen with
carotenoid supplementation [18–21], resulting in a beneficial
effect on retinal function. In addition, crocins are able to
activate metabolic pathways to protect cells from apoptosis
and to reduce light-induced death in isolated photoreceptors,
while crocetin increases oxygen diffusivity through liquids,
such as plasma [18].

In the original study by Maccarone et al. [11], to test
whether the Saffron extract (Crocus sativus L.) given as a
dietary supplement counteracts the effects of continuous
light exposure in the albino rat retina, Sprague-Dawley rats
were prefed either Saffron or beta-carotene before they were
exposed to bright continuous light for 24 hours. Flash elec-
troretinograms (ERGs) amplitudes, the thickness of the outer
nuclear layer (ONL), and the amount of apoptotic figures in
the ONL were the main outcome variables. The photorecep-
tor layer was largely preserved in Saffron-treated animals as it
was the flash ERG response. In addition, the rate of photore-
ceptor death induced by bright continuous light appeared
drastically reduced in treated animals. In beta-carotene
prefeeding experiments, morphologic analysis showed
preservation of the ONL similar to that obtained with Saffron
prefeeding, whereas the ERG response was unrecordable.
Western blot analysis showed that exposure to light induced
a strong upregulation of fibroblastic growth factor (FGF2)
in control and beta-carotene-treated rats, but no change was
noted in Saffron-treated rats. These results showed that Saf-
fron may protect photoreceptors against retinal stress, main-
taining both morphology and function and probably acting
as a regulator of programmed cell death. To identify the genes
and noncoding RNAs (ncRNAs) involved in the neuropro-
tective actions of Saffron, Natoli et al. [12] used continuous
bright light as a standardized assay of photoreceptor damage
in albino Sprague Dawley rats. RNA from the eye of exposed
and unexposed animals was hybridized to Affymetrix rat
genome ST arrays. Light damage caused the regulation of
175 entities (genes and ncRNAs) beyond criterion levels.
Saffron treatment before light damage exposure reduced the
expression of 53 entities and regulated 122 entities not regu-
lated by light damage. This analysis provides a basis for more
focused basic studies on Saffron protective mechanism(s).

The peculiar characteristics of Saffron components sup-
port our hypothesis of an involvement of very different ways
of action going from antioxidant activity to direct control of
gene expression. It should be noted that the current results
can only be applied to the early/moderate stage of AMD.
It is currently unknown whether Saffron supplementation
may exert a beneficial protective effect in patients with
more advanced stages of disease. In addition, it is unclear
how the Saffron efficacy compares with that of other
antioxidant supplements currently available, such as the
AREDS preparation [5]. While further studies are needed to
define the upper beneficial limit of Saffron supplementation,
the present approach seems to be promising for a long-term
treatment of early retinal dysfunction associated with AMD.
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The rhizome of Rheum palmatum (RP) is a commonly used herb in clinical Chinese medicine. Phenytoin (PHT) is an antiepileptic
with narrow therapeutic window. This study investigated the acute and chronic effects of RP on the pharmacokinetics of PHT in
rat. Rats were orally administered with PHT (200 mg/kg) with and without RP decoction (single dose and seven doses of 2 g/kg)
in a crossover design. The serum concentrations of PHT, PHT glucuronide (PHT-G), 4-hydroxyphenytoin (HPPH), and HPPH
glucuronide (HPPH-G) were determined by HPLC method. Cell line models were used to identify the underlying mechanisms.
The results showed that coadministration of single dose or multiple doses of RP significantly decreased the Cmax and AUC0−t as well
as the K10 of PHT, PHT-G, HPPH, and HPPH-G. Cell line studies revealed that RP significantly induced the P-gp-mediated efflux
of PHT and inhibited the MRP-2-medicated transport of PHT and HPPH. In conclusion, acute and chronic coadministrations of
RP markedly decreased the oral bioavailability of PHT via activation of P-gp, although the MRP-2-mediated excretion of PHT was
inhibited. It is recommended that caution should be exercised during concurrent use of RP and PHT.

1. Introduction

The rhizome of Rheum palmatum (RP, Dahuang) is one
of the important herbs widely used in China, Russia, and
Arabia [1]. The major constituents of RP include a variety
of anthraquinones such as aloe-emodin, rhein, emodin,
chrysophanol and physcion [2, 3], which have been reported
to show various beneficial effects, including neuroprotective,
antioxidant, anti-inflammatory, and anticancer activities [4–
8]. Recent pharmacokinetic studies of RP have revealed
that the anthraquinones were all predominantly present as
glucuronides and sulfates in the blood [3, 8] and they are also
putative substrates of multidrug resistance proteins (MRPs),
namely, the anion transporters.

Phenytoin (PHT), a widely used antiepileptic with nar-
row therapeutic window, follows nonlinear pharmacoki-
netics, and thus therapeutic drug monitoring is usually
recommended during its use [9]. The adverse reactions of
PHT include drowsiness, dysarthria, tremor, and cognitive
difficulties [10, 11]. PHT has been reported as a substrate
of P-glycoprotein (P-gp) and MRP 2, whose expressions
determined the PHT level in brain [12, 13]. PHT is metab-
olized to its main metabolite 4-hydroxyphenytoin (HPPH)
by cytochrome P450 (CYP) 2C9 and to a minor extent by
CYP 2C19 [14, 15]. Both PHT and HPPH are metabolized
by glucuronidation to form PHT glucuronide (PHT-G) and
HPPH glucuronide (HPPH-G), respectively [16, 17].
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Based on our understanding on the metabolic fates and
pharmacokinetics of PHT and anthraquinones in RP, we
hypothesized that the metabolites of anthraquinones might
compete with PHT, HPPH, PHT-G, or HPPH-G for anion
transporters such as MRP 2. Patients suffering from epilepsy
are generally dependent on life-long antiepileptic treatment.
On other hand, using RP for constipation is an excellent
home remedy in oriental countries. Therefore, it is probable
that epileptic patients combined the use of PHT and RP.
As such coadministration of RP and PHT may give rise to
adverse effects, therefore, this study was set up to investigate
the acute and chronic effects of coadministration of RP on
the pharmacokinetics of PHT in rats. In addition, cell line
models would be used to explore the underlying mechanism
of this herb-drug interaction.

2. Materials and Methods

2.1. Chemicals and Reagents. PHT (purity 99%), HPPH
(purity 98%), aloe-emodin (purity 95%), rhein (purity
95%), emodin (purity 95%), chrysophanol (purity 98%),
physcion (purity 98%), verapamil (purity 99%), indo-
methacin (purity 98%), propylparaben (purity 99%), 2-
methylanthraquinone (purity 95%), rhodamine 123 (purity
99%), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) were purchased from Sigma Chem-
ical Co. (St. Louis, MO, USA). L(+)-Ascorbic acid was
obtained from Riedel-de Haën Laborchemikalien GmbH
& Co. KG (Seelze, Germany). Fetal bovine serum was
supplied by Biological Industries Ltd., Kibbutz Beit Haemek,
Israel). L-Glutamine, penicillin, streptomycin, nonessential
amino acid, trypsin-EDTA, and Hank’s balanced salt solution
(HBSS) were purchased from Invitrogen Inc. (Carlsbad, CA,
USA). Total protein assay kit was purchased from Bio-Rad
Inc. (Mississauga, ON, Canada). Other reagents were HPLC
grade or analytical grade. Milli-Q plus water (Millipore,
Bedford, MA, USA) was used throughout this study.

2.2. Preparation and Characterization of RP Decoction. The
crude drug of RP was purchased from a Chinese drugstore
in Taichung, Taiwan. The origin was identified by Dr. Yu-
Chi Ho via microscopic examination. A voucher specimen
(CMU-P-1905-9) was deposited in the College of Pharmacy,
China Medical University. Water (5 L) was added to 250 g
of the crude drug. After maceration for 1 h, the mixture
was heated to boiling and gentle heating was continued
for about 2 h until the volume was reduced to less than
2.5 L. The mixture was filtered while hot and the filtrate
was concentrated further by gentle boiling until the volume
was reduced to below 500 mL, after which sufficient water
was added to make 500 mL (0.5 g/mL of RP). The resultant
concentrate was divided into aliquots of 40 mL and stored at
−20◦C for later use.

The concentrations of aloe-emodin, rhein, emodin,
chrysophanol, and physcion in RP decoction and its
hydrolysate were determined by an HPLC method. For acid
hydrolysis, a portion of the decoction (1.0 mL) was added
1.2 N HCl (1 mL), 25 mg of ascorbic acid and incubated

at 80◦C for 30 min. This method was determined by a
previous preliminary study. The mixture was then added
with 4.0 mL of methanol. After vortexing and centrifugation,
the supernatant (100 μL) was mixed with 100 μL of internal
standard in the form of 2-methylanthraquinone solution
(50 μg/mL in methanol) and 20 μL of this solution was
subjected to HPLC analysis. A gradient elution was carried
out using a mobile phase consisting of 0.1% phosphoric acid
(A) and acetonitrile (B) that were mixed in the following
program: A/B = 50/50 (0–10 min), 15/85 (15–22 min), 50/50
(27–30 min). The detection wavelength was set at 280 nm
and the flow rate was maintained at 1.0 mL/min. The
concentration of anthraquinone glycoside was estimated
from the difference of aglycone concentrations between RP
decoction and its acid hydrolysate.

2.3. Animals and Drug Administration. Male Sprague-
Dawley rats were supplied by National Laboratory Animal
Center (Taipei, Taiwan) and kept in the animal center of the
China Medical University (Taichung, Taiwan). The animal
protocol was approved by the Institutional Animal Care and
Use Committee of the China Medical University. The animal
study was conducted with adherence to “The Guidebook
for the Care and Use of Laboratory Animals” published by
the Chinese Society of Animal Science, Taiwan. The rats
(300–400 g) were fasted for 12 h before drug administration.
PHT was dissolved in dil. NaOH to afford a solution of
20.0 mg/mL [18]. PHT was given via gastric gavage to six
rats at 200.0 mg/kg with and without a concomitant oral dose
of RP decoction (single dose and seven doses of 2 g/kg) in a
crossover design. The RP decoction was administered right
before PHT.

2.4. Blood Collection. Blood samples (0.5 mL) were with-
drawn via cardiac puncture at time points of 0, 15, 30,
60, 120, 240, 480, and 720 min after oral administration of
PHT. The blood samples were collected in microtubes and
centrifuged at 10,000 g for 15 min to obtain the serum, which
was stored at −70◦C before analysis.

2.5. Determination of PHT and Its Metabolites in Serum.
For the determination of free forms of PHT and HPPH,
100 μL of serum sample was mixed with 50 μL of pH 5
acetate buffer and 50 μL of ascorbic acid (100 mg/mL).
The mixture was extracted with 200 μL of ethyl acetate
(containing propylparaben as internal standard, 5 μg/mL).
The ethyl acetate layer was evaporated under N2 to dryness
and reconstituted with an appropriate volume of acetonitrile
and then subjected to HPLC analysis.

For the assay of PHT-G and HPPH-G in serum, indirect
determination was carried out through hydrolysis with β-
glucuronidase in pH 5 acetate buffer. Serum sample (100 μL)
was mixed with 50 μL of β-glucuronidase (1000 units/mL)
and 50 μL of ascorbic acid (100 mg/mL) and incubated at
37◦C for 60 min under anaerobic condition. After hydrolysis,
the analytical procedures followed that for the assay of the
free forms as described above.
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2.6. Cell Lines and Cell Culture. LS 180, the human colon
adenocarcinoma cell line, was obtained from the Food Indus-
try Research and Development Institute (Hsinchu, Taiwan).
The nontransfected and MRP-2-overexpressing MDCK II
cell lines were kindly provided by Professor Piet Borst (Dutch
Cancer Institute, Amsterdam, The Netherlands). The cell
lines were cultured in DMEM medium supplemented with
10% fetal bovine serum, 0.1 mM nonessential amino acid (LS
180 cell line only), 100 units/mL of penicillin, 100 μg/mL of
streptomycin, and 292 μg/mL of glutamine. Cells were grown
at 37◦C in a humidified incubator containing 5% CO2. The
medium was changed every other day, and the cells were
subcultured until 80–90% confluency was reached.

2.7. Cytotoxicity Assay. Verapamil hydrochloride was dis-
solved in water. PHT and HPPH were dissolved in dil.
NaOH (pH 9.0). Indomethacin (Indo) was dissolved in
MeOH and the final concentration of MeOH in medium
was below 0.1% (v/v). LS 180, MDCK II, and MDCK II-
MRP 2 cells (1 × 105 cells/well) were seeded into 96-well
plates. After overnight incubation, the test agents were added
into the wells and incubated for 72 h and then 15 μL of
MTT (5 mg/mL) was added into each well and incubated
for additional 4 h. During this period, MTT was reduced to
formazan crystal by live cells. An acidic SDS (10%) solution
was added to solubilize the purple crystal formed at the
end of incubation and the optical density was measured at
570 nm by a microplate reader (Nunc, Denmark).

2.8. Transport Study of PHT in LS 180. LS 180 cells (passage
50 to 60) were seeded on 12-well plates at a density of
5 × 105 cells/well. Before the experiment, the medium was
removed and the cells were quickly rinsed with ice-cold HBSS
transport buffer consisting of HEPES (10 mM, pH 7.4.). PHT
(10 μM) was coincubated with and without RP (2.0, 1.0 and
0.5 mg/mL) and verapamil (100 μM) with LS 180 for 90 min.
After incubation, the cells were rapidly washed twice with
ice-cold HBSS buffer and lysed with 200 μL of 0.1% Triton
X-100 for 30 min.

Total protein content in the lysate (5 μL) was determined
by Bradford method [19], and bovine serum albumin was
used as the standard. The protein contents in each well were
used for data correction.

2.9. Preparation and Characterization of Serum Metabolites
of RP (RPMs). In order to mimic the molecules interacting
with MRP 2 in the kidney, RPMs was prepared using rats.
After overnight fasting, rats were given RP decoction at
2 g/kg. Blood was collected at 30 min after dosing. The
serum was added with 3-fold methanol. After vortex and
centrifugation at 10,000 g for 15 min, the supernatant was
dried in a rotatory evaporator under vacuum. To the residue,
an appropriate volume of water was added to afford a
solution with a 10-fold serum concentration, which was
divided into aliquots and stored at −80◦C for later use. The
procedures for the characterization of RPMs followed that
of a previous study [2, 3]. Briefly, 100 μL of serum sample
were mixed with 50 μL of sulfatase solution (containing

1000 units/mL of sulfatase and 35,600 units/mL of β-
glucuronidase) and 50 μL of ascorbic acid (100 mg/mL) and
incubated at 37◦C for 10 min under anaerobic condition.
After hydrolysis, the serum was acidified with 50 μL of 0.1 N
HCl and extracted with 250 μL of ethyl acetate (containing
2-methylanthraquinone as internal standard, 1 μg/mL). The
ethyl acetate layer was evaporated under N2 to dryness and
reconstituted with an appropriate volume of methanol prior
to HPLC analysis. In addition, the serum of rats given water
only was collected to prepare the blank control. The blank
serum was processed as described above and diluted to
various folds of serum concentration for the comparison
with correspondent concentration of RPMs.

2.10. Transport Study of PHT and HPPH in MDCK II and
MDCK II-MRP 2. MDCK II and MDCK II-MRP 2 cells
within 10 passages were seeded on 12-well plates at a density
of 3 × 105 cells/well. Before experiment, the medium was
removed and the cells were quickly rinsed with ice-cold HBSS
transport buffer. To determine whether PHT and HPPH are
substrates of MRP 2, PHT (10 μM), HPPH (10 μM) and
Indo (50, 100 and 200 μM, as a positive control of MRP
2 inhibitor) were incubated with MDCK II and MDCK II-
MRP 2 for 60 min.

In another study, RPMs and Indo (100 μM) in HBSS were
preincubated with MDCK II-MRP 2 for 30 min. The super-
natants were removed and cells were washed three times
with ice-cold PBS. Then, PHT (10 μM) and HPPH (10 μM)
were coincubated with and without RPMs (1.0-, 0.5-,
and 0.25-fold of serum concentrations) and Indo (200 μM)
with MDCK II-MRP 2 for another 30 min. After incubation,
the cells were rapidly washed twice with ice-cold HBSS buffer
and lysed with 200 μL of 0.1% Triton X-100 for 30 min.

Total protein content in the lysate (5 μL) was determined
by Bradford method [19], and bovine serum albumin was
used as the standard. The protein contents in each well were
used for data correction.

2.11. Determination of PHT and HPPH Concentrations in
Cell Lysate. For the assay of PHT and HPPH, 200 μL of cell
lysate was extracted with 200 μL of ethyl acetate (containing
propylparaben as internal standard, 5 μg/mL). The ethyl
acetate layer was evaporated under N2 to dryness and
reconstituted with an appropriate volume of acetonitrile,
then subjected to HPLC analysis.

2.12. Assay and Method Validation of PHT and HPPH in
Serum and Cell Lysate. An HPLC method using a mixture
of methanol and 0.05% phosphoric acid (48 : 52) as mobile
phase was developed and validated for the assay of PHT and
HPPH in serum and cell lysate. The detection wavelength
was set at 214 nm and the flow rate was 1.0 mL/min. The
calibration ranges of PHT and HPPH were 0.2–50.0 μg/mL
for serum and cell lysate. The precision and accuracy of the
analytical method was evaluated by intraday and interday
analysis of triplicate standards within one day and over a
period of three days. Recoveries from serum were calculated
based on the detected concentrations in serum compared
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Figure 1: HPLC chromatograms of RP decoction before (a) and after (b) acid hydrolysis. 1: aloe-emodin, 2: rhein, 3: emodin, 4:
chrysophanol, 5: physcion, IS: 2-methylanthraquinone.

with those in water. The mixture was extracted with 200 μL of
ethyl acetate containing 5 μg/mL of propylparaben as internal
standard. The ethyl acetate layer was evaporated under N2

to dryness and reconstituted with an appropriate volume
of acetonitrile and then subjected to HPLC analysis. LOQ
(Limit of Quantitation) represents the lowest concentration
of analyte that can be determined with acceptable precision
and accuracy with coefficients of variation and relative errors
below 15% and 20%, respectively. LOD (Limit of Detection)
represents the lowest concentration of analyte that can be
detected with S/N > 3.

2.13. Data Analysis. The areas under the serum concen-
tration-time curves (AUC0−t) of PHT, PHT-G, HPPH, and
HPPH-G were calculated using noncompartment model
(version 1.1, SCI software, Statistical Consulting, Inc., Apex,
NC, USA). The peak serum concentrations (Cmax) were from
experimental data. One-way ANOVA with Scheffe’s test was
used for statistical comparison taking P < 0.05 as significant.

3. Results

3.1. Characterization of RP Decoction. Figure 1 shows the
chromatograms of the RP decoction before and after acid
hydrolysis. Quantitation results showed that the concen-
trations of aloe-emodin, rhein, emodin, chrysophanol, and

physcion were 0.9, 2.0, 0.5, 0.4, and 0.1 nmol/mL in the
decoction and 2.3, 3.8, 2.0, 1.8, and 0.7 nmol/mL in the
acid hydrolysate of decoction, respectively. Accordingly, a
dose of 2 g/4 mL/kg RP was found to contain 9.2, 15.2, 8.0,
7.2, and 2.8 nmol/kg of aloe emodin, rhein, emodin, and
chrysophanol with the relevant glycosides, respectively.

3.2. Assay of PHT and HPPH in Serum and Method
Validation. In serum assay, the calibration curves of PHT
and HPPH showed good linearity in the concentration
range of 0.2–50 μg/mL. The precision evaluation revealed
that all coefficients of variation were below 15% and the
accuracy analysis showed that the relative errors to the true
concentrations were below 10%. The recoveries of PHT
and HPPH from serum were 95.1–100.8% and 94.1–99.0%,
respectively. The LLOQ of PHT and HPPH was 0.4 μg/mL
and the LOD was 0.01 and 0.02 μg/mL, respectively.

3.3. Effect of RP on PHT Pharmacokinetics in Rats. Figure 2
depicts the mean serum concentration-time profiles of PHT,
PHT-G, HPPH, and HPPH-G after oral administration
of PHT alone and oral coadministration with single dose
and pretreatment with seven doses of 2 g/kg of RP. The
pharmacokinetic parameters of PHT, PHT-G, HPPH, and
HPPH-G are listed in Table 1. Coadministration of RP with
single dose of 2 g/kg significantly decreased the Cmax of
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Figure 2: Mean (±S.E.) serum concentration-time profiles of PHT (a), HPPH (b), PHT-G (c), and HPPH-G (d) after oral administration
of PHT alone (200 mg/kg) (◦), coadministration with single dose (•), and 7th dose of 2 g/kg (�) of RP decoction in six rats.

PHT, PHT-G, HPPH and HPPH-G by 51.0, 51.7, 43.9, and
42.5% and reduced the AUC0−720 by 36.9, 51.7, 30.3, and
22.8%, respectively. Pretreatment with seven doses of RP
significantly decreased the Cmax of PHT, PHT-G, HPPH,
and HPPH-G by 53.1%, 65.1%, 46.3%, and 44.3% and
reduced their AUC0−720 by 51.9%, 64.8%, 37.5% and 30.6%,
respectively. In addition, the K10 of PHT, PHT-G HPPH,
and HPPH-G were significantly decreased upon acute and
chronic coadministrations of RP.

3.4. Cytotoxicity Assay. More than 90% of cells were viable
at the concentrations of PHT, HPPH and RP up to 10 μM,
10 μM, and 2 mg/mL in LS 180, respectively. In addition,
PHT, HPPH, and RPM at 10 μM, 10 μM, and 1.0-fold serum

concentration, respectively, did not possess any noticeable
cytotoxicity against MDCK II and MDCK II-MRP 2.

3.5. Transport Studies of PHT and HPPH. The effects of
RP and verapamil on the intracellular accumulation of
PHT in LS 180 cells are shown in Figure 3. RP at 2.0,
1.0 and 0.5 mg/mL significantly decreased the intracellular
accumulation of PHT by 43.6, 37.3, and 22.9%, indicating
RP concentration-dependently activated the efflux function
of P-gp.

Figure 4 shows the differences of intracellular accumu-
lation of PHT and HPPH in presence and absence of Indo
in MDCK II and MDCKII-MRP 2. The results showed
that the accumulations of PHT and HPPH in MDCKII



6 Evidence-Based Complementary and Alternative Medicine

Table 1: Pharmacokinetic parameters of PHT, PHT-G, HPPH, and HPPH-G in six rats receiving oral PHT (200 mg/kg) alone and
coadministration with single dose and seven doses of RP decoction (2 g/kg).

Parameters
Treatments

PHT alone
PHT + RP

(2 g/kg)
PHT + RP

(7th dose of 2 g/kg)

PHT

Cmax 15.7 ± 0.7a 7.5 ± 0.6b 7.3 ± 0.6b

(−51.0 ± 5.1%) (−53.1 ± 3.7%)

AUC0–720 4261.3 ± 146.8a 2650.0 ± 211.1b 2024.9 ± 209.0b

(−36.9 ± 6.6%) (−51.9 ± 5.3%)

K10 0.0039 ± 0.0002a 0.0028 ± 0.0003b 0.0025 ± 0.0002b

(−27.9 ± 7.9%) (−30.4 ± 6.2%)

PHT-G

Cmax 1.7 ± 0.2a 0.8 ± 0.1b 0.5 ± 0.1b

(−51.7 ± 4.2%) (−65.1 ± 10.4%)

AUC0–720 557.2 ± 59.9a 232.5 ± 37.9b 172.5 ± 22.1b

(−51.7 ± 12.1%) (−64.8 ± 8.5%)

K10 0.0033 ± 0.0003a 0.0019 ± 0.0002b 0.0023 ± 0.0003b

(−51.5 ± 4.9%) (−39.9 ± 7.3%)

HPPH

Cmax 4.5 ± 0.3a 2.5 ± 0.1b 2.3 ± 0.1b

(−43.9 ± 4.6%) (−46.3 ± 6.9%)

AUC0–720 1556.0 ± 81.5a 1058.3 ± 45.1b 954.0 ± 49.8b

(−30.3 ± 5.7%) (−37.5 ± 5.0%)

K10 0.0013 ± 0.0002a 0.0008 ± 0.0003b 0.0003 ± 0.0001b

(−67.9 ± 13.8%) (−76.6 ± 7.0%)

HPPH-G

Cmax 14.8 ± 0.7a 8.4 ± 0.5b 8.1 ± 0.5b

(−42.5 ± 4.0%) (−44.3 ± 4.2%)

AUC0–720 4482.9 ± 114.7a 3430.8 ± 208.5b 3099.9 ± 155.0b

(−22.8 ± 6.3%) (−30.6 ± 3.7%)

K10 0.0039 ± 0.0002a 0.0018 ± 0.0002b 0.0016 ± 0.0002b

(−53.6 ± 3.9%) (−59.3 ± 4.7%)
a, b

Significant difference at P < 0.05 denoted by different letters.
Cmax (μg/mL): peak serum concentration.
AUC0–720 (μg·min/mL): areas under the curves from time zero to the last point.
K10: the elimination rate (min−1).
Values are means ± SE.

were higher than those in MDCK II-MRP 2. In addition,
the intracellular accumulations of PHT and HPPH were
significantly increased by Indo in both cell lines.

In order to mimic the molecules interacting with MRP 2
in kidney, the RPMs of rats were prepared and characterized.
HPLC analysis of RPMs showed that it contained 2.3, 13.0,
4.1, and 2.0 μM of glucuronides/sulfates of aloe-emodin,
rhein, emodin, chrysophanol, respectively, and 6.4 μM of
rhein free form in the serum.

The effects of RPMs and Indo on the intracellular
accumulation of PHT and HPPH in MDCK II-MRP 2 are
shown in Figure 5. RPMs at 1-fold serum concentrations
significantly increased the intracellular accumulation of PHT

and HPPH by 51.7% and 46.7%. As a positive control,
Indo at 200 μM significantly increased the intracellular
accumulation of PHT and HPPH by 54.2% and 44.1%,
respectively.

4. Discussions

Owing to the general abundance of polyphenol glycosides
in plants, characterization of the RP decoction used in this
study was carried out to measure the concentrations of aloe-
emodin, rhein, emodin, chrysophanol, and physicon before
and after acid hydrolysis. Quantitation results showed that
upon acid hydrolysis the concentrations of aloe-emodin,
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Figure 3: Effects of RP (2.0, 1.0 and 0.5 mg/mL) and verapamil
(Ver, 100 μM as a positive control of P-gp inhibitor) on the
accumulation of PHT in LS 180 cells. Data expressed as mean ±
S.D. of four determinations. ∗P < 0.05.

rhein, emodin, chrysophanol, and physicon increased by
416%, 85%, 345%, 402% and 367%, respectively, implying
that the RP decoction contained aloe-emodin, emodin,
chrysophanol, and physicon mainly in their glycoside form,
whereas rhein was an exception existing more in the free
form.

The assay methods of PHT and HPPH in serum and
cell lysate were similar to a previously reported study but
with some modifications made and they were validated
in this study [17, 20]. The determination of PHT-G and
HPPH-G was performed indirectly through hydrolysis with
β-glucuronidase [21]. Coadministration of single dose and
pretreatment with the seven doses of RP all significantly
decreased the AUC and Cmax of PHT, PHT-G, HPPH, and
HPPH-G, suggesting that RP decreased the oral bioavail-
ability of PHT. The serum profiles revealed that the early
exposure of PHT was markedly decreased, inferring that the
absorption of PHT was hampered. This fact suggested that
acute and chronic coadministrations of RP would result in
diminished efficacy of PHT.

Based on previous studies which claimed that PHT was
a substrate of P-gp and CYP 2C [12, 14], it is reasonable to
assume that RP may induce P-gp or CYP 2C thus resulting
in the decreased absorption of PHT. However, the unaffected
ratio of the AUC of HPPH plus HPPH-G to that of PHT plus
PHT-G (data not shown) can be inferred that the decreased
absorption of PHT cannot be attributed to the enhanced
metabolism mediated by CYP 2C. Subsequently, the possible
involvement of P-gp in this interaction was investigated
by using LS 180 cells to measure the effect of RP on the
efflux transport of PHT. The result showed a decrease in
intracellular accumulation of PHT in the presence of RP
which indicated that the activity of P-gp could have been
induced, which might explain the decreased absorption of
PHT in rats. These results could also echo previous studies
reporting that overexpression of P-gp could cause a decrease
in PHT levels in the rats [18, 22].

While the rats were coadministered with RP in sin-
gle dose or pretreated with seven doses, the significantly
decreased K10 of PHT, PHT-G, HPPH, and HPPH-G indi-
cated that eliminations of both the parent form and the
metabolites were inhibited in rats. It has been reported that
majority of the dose of PHT was excreted as HPPH-G and
only small amount was excreted as PHT-G in human urine
[23, 24], thus it could be assumed that renal excretion of
HPPH-G and PHT-G might also involve renal MRP 2 like
PHT [25, 26]. Therefore, it was suspected that RP might
decrease the renal elimination of PHT, PHT-G, HPPH, and
HPPH-G through the inhibition of MRP 2.

To explore the possible involvement of MRP 2 in this
interaction, transport assays of PHT and HPPH in the
presence and absence of Indo, an inhibitor of MRP 2, were
conducted in MDCK II and MDCK II-MRP 2. The results
showed that intracellular accumulation of PHT and HPPH
was lower in MDCK II-MRP 2 than the MDCK II, thus
suggesting that both PHT and HPPH were substrates of
MRP 2. Moreover, the intracellular accumulations of PHT
and HPPH in MDCK II-MRP 2 and MDCK II significantly
increased by Indo had led to the confirmation that PHT and
HPPH were substrates for MRP 2. To our knowledge, this is
the first study reporting that HPPH is a substrate of MRP 2.
Owing to the unavailability of PHT-G and HPPH-G, whether
MRP 2 was involved in the efflux of PHT-G and HPPH-G
could not be determined.

Our previous pharmacokinetic study of RP indicated that
glucuronides/sulfates of aloe-emodin, rhein, emodin, and
chrysophanol were the major molecules in the circulation,
and rhein existed in part as free form [3, 8] which were puta-
tive substrates of MRPs. Therefore, the serum metabolites of
RP (RPMs) were prepared and characterized for mimicking
the molecules that interacted with MRP 2 in the kidney. A
transport study was subsequently carried out using RPMs to
measure the effect on the transport of PHT and HPPH in
MDCK II-MRP 2. The increased accumulation of PHT and
HPPH in MDCK II-MRP 2 indicated that the efflux activity
of MRP 2 was inhibited by RPMs. It can be proposed that
the G/S of various anthraquinones and rhein free form in
RPMs, existing as anions under pH 7.4 and being putative
substrates of MRP 2, are the causative agents that decreased
the elimination rates of PHT, PHT-G, HPPH, and HPPH-G
following coadministration of RP.

Although the elimination of PHT was inhibited by RPMs,
the effect of decreasing the absorption of PHT caused by
RP is much stronger than that on the elimination of PHT
upon observing the serum profiles in Figure 2. Therefore,
an overall effect of decreased systemic exposures to PHT,
PHT-G, HPPH, and HPPH-G can be mainly attributable to a
significant activation of P-gp by RP. Therefore, it is predicted
that the combined therapy of RP with any western medicines
which are P-gp substrates, such as digoxin and cyclosporine,
can result in diminished efficacy. On the contrary, if RP is
coadministered with any western medicines which are MRP 2
substrates rather than P-gp substrates, the efficacy or toxicity
might be increased.

In conclusion, acute and chronic coadministration of
RP can significantly decrease the systemic exposure of PHT,
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Figure 4: Effects of indomethacin (Indo) on the intracellular accumulation of PHT ((a), 10 μM) and HPPH ((b), 10 μM) in MDCKII and
MDCKII-MRP 2 cells. Data expressed as mean ± S.D. of four determinations. ∗P < 0.05.
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Figure 5: Effects of RP metabolites (RPMs) and indomethacin (Indo, 200 μM as a positive control of MRP 2 inhibitor) on the accumulation
of PHT (a) and HPPH (b) in MDCKII-MRP2 cells. Data expressed as mean ± S.D. of five determinations. ∗P < 0.05. RPMs-I, II, III: 1.0-,
0.5-, and 0.25-fold serum concentration, respectively (1.0-fold: containing 2.3 μM of aloe emodin G/S, 6.4 μM of rhein, 13.0 μM of rhein
G/S, 4.1 μM of emodin G/S, and 2.0 μM of chrysophanol G/S).

PHT-G, HPPH, and HPPH-G in rats mainly through acti-
vation of P-gp. Therefore, the results from this investigation
conclude that caution will need to be exercised when RP and
PHT are used concurrently.

Acknowledgments

The work was in part supported by National Science Coun-
cil, Taiwan, (NSC 99-2320-B-039-017-MY3, NSC99-2628-
B-039-005-MY3) and China Medical University, Taichung,
Taiwan, (CMU100-S-17, CMU100-S-05).

References

[1] M. F. Clifford, Ed., Rhubarb: The Wondrous Drug, Princeton
University Press, Princeton, NJ, USA, 1992.

[2] J. Han, M. Ye, M. Xu et al., “Comparison of phenolic com-
pounds of rhubarbs in the section deserticola with Rheum
palmatum by HPLC-DAD-ESI-MSn,” Planta Medica, vol. 74,
no. 8, pp. 873–879, 2008.

[3] C. S. Shia, S. Y. Tsai, J. C. Lin et al., “Steady-state pharma-
cokinetics and tissue distribution of anthraquinones of Rhei
Rhizoma in rats,” Journal of Ethnopharmacology, vol. 137, no.
3, pp. 1388–1394, 2011.

[4] J. W. Gu, H. Hasuo, M. Takeya, and T. Akasu, “Effects of
emodin on synaptic transmission in rat hippocampal CA1
pyramidal neurons in vitro,” Neuropharmacology, vol. 49, no.
1, pp. 103–111, 2005.

[5] C. Y. Li, Y. C. Hou, P. D. Lee Chao, C. S. Shia, I. C. Hsu, and
S. H. Fang, “Potential ex vivo immunomodulatory effects of
San-Huang-Xie-Xin-Tang and its component herbs on mice
and humans,” Journal of Ethnopharmacology, vol. 127, no. 2,
pp. 292–298, 2010.



Evidence-Based Complementary and Alternative Medicine 9

[6] C. Y. Chang, H. L. Chan, H. Y. Lin et al., “Rhein induces apop-
tosis in human breast cancer cells,” Evidence-Based Com-
plementary and Alternative Medicine, vol. 2012, Article ID
952504, 8 pages, 2012.

[7] Y. C. Chang, T. Y. Lai, C. S. Yu et al., “Emodin induces apop-
totic death in murine myelomonocytic leukemia WEHI-3 cells
in vitro and enhances phagocytosis in leukemia mice in vivo,”
Evidence-Based Complementary and Alternative Medicine, vol.
2011, Article ID 523596, 13 pages, 2011.

[8] C. S. Shia, S. H. Juang, S. Y. Tsai et al., “Metabolism and
pharmacokinetics of anthraquinones in rheum palmatum in
rats and ex vivo antioxidant activity,” Planta Medica, vol. 75,
no. 13, pp. 1386–1392, 2009.

[9] A. Odani, Y. Hashimoto, Y. Otsuki et al., “Genetic polymor-
phism of the CYP2C subfamily and its effect on the pharma-
cokinetics of phenytoin in Japanese patients with epilepsy,”
Clinical Pharmacology and Therapeutics, vol. 62, no. 3, pp.
287–292, 1997.

[10] M. A. Falconer and S. Davidson, “Coarse features in epilepsy
as a consequence of anticonvulsant therapy. Report of cases in
two pairs of identical twins,” The Lancet, vol. 2, no. 7838, pp.
1112–1114, 1973.

[11] E. B. Lefebvre, R. G. Haining, and R. F. Labbé, “Coarse facies,
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Uncaria rhynchophylla is a component herb of many Chinese herbal formulae for the treatment of neurodegenerative diseases.
Previous study in our laboratory has demonstrated that an ethanol extract of Uncaria rhynchophylla ameliorated cognitive deficits
in a mouse model of Alzheimer’s disease induced by D-galactose. However, the active ingredients of Uncaria rhynchophylla
responsible for the anti-Alzheimer’s disease activity have not been identified. This study aims to identify the active ingredients of
Uncaria rhynchophylla by a bioassay-guided fractionation approach and explore the acting mechanism of these active ingredients
by using a well-established cellular model of Alzheimer’s disease, beta-amyloid- (Aβ-) induced neurotoxicity in PC12 cells.
The results showed that six alkaloids, namely, corynoxine, corynoxine B, corynoxeine, isorhynchophylline, isocorynoxeine, and
rhynchophylline were isolated from the extract of Uncaria rhynchophylla. Among them, rhynchophylline and isorhynchophylline
significantly decreased Aβ-induced cell death, intracellular calcium overloading, and tau protein hyperphosphorylation in PC12
cells. These results suggest that rhynchophylline and isorhynchophylline are the major active ingredients responsible for the
protective action of Uncaria rhynchophylla against Aβ-induced neuronal toxicity, and their neuroprotective effect may be mediated,
at least in part, by inhibiting intracellular calcium overloading and tau protein hyperphosphorylation.

1. Introduction

Alzheimer’s disease (AD), a neurodegenerative disorder
characterized by a progressive loss of learning, memory, and
other cognitive functions, is the most common form of
dementia in the elderly. The pathological hallmarks of AD are
extracellular senile plaques and intracellular neurofibrillary
tangles [1]. It is well known that deposition of β-amyloid
(Aβ) is a pivotal event in initiating the neuronal degeneration
of AD [2]. Aβ aggregates into amyloid fibrils, which have
been reported to be neurotoxic in vitro [3] and in vivo [4]. In
this connection, the toxic effect of Aβ on a cultured neuronal
cells can be used as a screening tool for identifying potential
therapeutic agents for AD.

Current clinical treatments of AD patients use acetyl-
cholinesterase inhibitors (AChEIs) and antagonists of N-
methyl-D-aspartate receptors (NMDA) to slow down the
progress of the deterioration of AD. However, effective
approaches for delaying the progression of AD are yet to be
found to date. Thus, searching for safer, better-tolerated, and
effective drugs for the treatment of AD remains an important
area of drug discovery.

Traditional Chinese herbal medicine has been practiced
in China for thousands of years, and vast experience has
been accumulated for using medicinal herbs for clinical
treatment of diseases. Thus, Chinese herbal medicine may
be a promising source of effective drugs for treating AD.
Uncaria rhynchophylla has been extensively used in Chinese
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herbal medicine to relieve headache, dizziness, tremors,
and hypertension-induced convulsion [5–7]. In recent years,
Uncaria rhynchophylla has been shown to be effective for
inhibiting Aβ fibril formation, disassembling performed Aβ
fibrils [8] and antiacetylcholinesterase [9]. Previous study
in our laboratory demonstrated that an ethanol extract
of Uncaria rhynchophylla significantly reversed cognitive
deficits induced by D-galactose, a mouse model of AD [10].
Phytochemical study has shown that alkaloids, terpenoids,
and flavonoids are the major chemical ingredients of Uncaria
rhynchophylla [7]. However, the bioactive principles respon-
sible for the protective action of Uncaria rhynchophylla have
not been identified. The present study aims to identify the
active constituents of Uncaria rhynchophylla using bioassay-
guided fractionation. Furthermore, the acting mechanism
of these active ingredients is explored by using a well-
established cellular model of Alzheimer’s disease, beta-
amyloid- (Aβ-) induced neurotoxicity in PC12 cells.

2. Materials and Methods

2.1. Chemicals and Reagents. Nerve growth factor (NGF),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), and the fragment of β-amyloid peptide
(Aβ25−35) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Fura 2-AM, Dulbecco’s modified Eagle’s me-
dium (DMEM), horse serum, fetal bovine serum, and a
penicillin/streptomycin mixture were purchased from Gib-
co-Invitrogen (Grand Island, NY, USA). All other solvents
and chemicals used in the study were of analytical grade.

2.2. Plant Material. The dried stem with hooks of Uncaria
rhynchophylla was purchased from Zhixin Pharmaceutical
Co., a GMP-certified supplier of Chinese medicinal herbal
materials (Guangzhou, China). It was authenticated to be
the dried rhizome of Uncaria rhynchophylla (Miq.) Miq.
ex Havil. by Ms. Y. Y. Zong, School of Chinese Medicine,
The Chinese University of Hong Kong, Hong Kong, where
a voucher specimen (no. 091220) has been deposited.

2.3. Preparation of Aggregated Aβ25−35. The aggregated
Aβ25−35 was prepared according to a method described
previously [11]. Briefly, Aβ25−35 was dissolved in sterile
distilled water at a concentration of 1 mM and incubated
at 37◦C for 4 days to form the aggregation. It was stored at
−20◦C until use.

2.4. Extraction, Fractionation, Isolation, and Identification.
Uncaria rhynchophylla (1 kg) was macerated in 6 L of 70%
aqueous ethanol for 24 h at room temperature and then
refluxed for 30 min. The extraction was repeated twice. The
pooled fractions were concentrated using a rotary evaporator
at reduced pressure at 40◦C to yield 140 g of extract (UR-E).
The extract was resuspended in water and then transferred
into a separatory funnel. The solution was partitioned with
ethyl acetate and 1-butanol successively to obtain the ethyl
acetate-soluble fraction (UR-E-EA, 43 g), the 1-butanol-
soluble fraction (UR-E-B, 28 g), and the water-soluble

fraction (UR-E-W, 67.5 g), respectively. The UR-E-B was
further separated by column chromatography on a Diaion
HP-20 column eluted with H2O-MeOH (100 : 0, 80 : 20,
70 : 30, 60 : 40, 40 : 60, 30 : 70, 20 : 80, 10 : 90, and 0 : 100)
and acetone, successively, to yield 10 major fractions (UR-
E-B-Fr. 1–10). The fraction eluted by H2O/MeOH (30 : 70)
(UR-E-B-Fr. 6) was further separated by a semipreparative
HPLC column (Alltima C18 column, 10 × 250 mm, 5 μm)
and eluted with 0.01 mmol/L triethylamine in 80% (v/v)
aqueous methanol at a flow rate of 3 mL/min to obtain
four fractions (UR-E-B-Fr. 6–1 to 4). UR-E-B-Fr. 6–2
was then separated by a semipreparative HPLC column
and eluted with 0.01 mmol/L triethylamine in 70% (v/v)
aqueous methanol at a flow rate of 2 mL/min to obtain
corynoxine (20 mg) and corynoxine B (20 mg). Corynox-
eine (63 mg), isorhynchophylline (50 mg), isocorynoxeine
(138 mg), and rhynchophylline (100 mg) were purified from
UR-E-B-Fr. 6–3 using the semipreparative HPLC column
under the following condition: mobile phase, 0.01 mmol/L
triethylamine in 70% (v/v) aqueous methanol; flow rate,
3.0 mL/min.

The structures of corynoxine, corynoxine B, corynoxeine,
isorhynchophylline, isocorynoxeine, and rhynchophylline
were identified by comparing their 1H, 13C NMR spec-
troscopic data (Bruker NMR spectrometer, 400 MHz) with
published data [12–16].

2.5. Cell Culture and Drug Treatment. Rat pheochromo-
cytoma cells (PC12 cells) were obtained from the Amer-
ican Type Culture Collection (Rockville, MD, USA) and
cultured in DMEM medium supplemented with penicillin
(100 unit/mL), streptomycin (100 μg/mL), 6% fetal bovine
serum, and 6% horse serum at 37◦C in humidified atmo-
sphere of 95% air and 5% CO2. PC12 cells were seeded on
poly-D-lysine-coated 96 wells (Coring Incorporated, USA) at
a density of 2×104 cells/well and allowed to adhere for 24 h at
37◦C with the culture medium. PC12 cells were differentiated
with 50 ng/mL NGF in serum-free DMEM for 3 days
[17]. Thereafter, the culture medium was replaced by fresh
serum-free DMEM (without NGF) with or without different
concentrations of drugs for 2 h. Then 20 μM of Aβ25−35

was added to the cells and incubated for another 24 h.
The extracts and isolated compounds were reconstituted
in DMSO to produce respective stock solutions and then
diluted with culture medium to various concentrations for
cell culture experiments. The final DMSO concentration in
each sample was less than 0.1%.

2.6. Cell Viability Assay. Cell viability was measured by
MTT method as described previously [11]. Briefly, after
drug treatment, 20 μL of MTT solution (final concentration,
1 mg/mL) was added into each well, and the cells were
incubated at 37◦C for 4 h. The culture medium was removed,
and the formazan crystals were dissolved with 150 μL of
DMSO. The optical density of each well was measured using a
microplate reader (FLUOstar OPTIMA, BMG Labtech, Ger-
many) at 570 nm. Cell viability was expressed as percentage
of nontreated control.
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Figure 1: Extraction scheme for the isolation of the six alkaloids from Uncaria rhynchophylla. ∗ Biologically active fractions or compounds.
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Figure 3: Effect of different extracts (a), fractions (b), and isolated compounds (c) from Uncaria rhynchophylla on cell viability in Aβ25−35-
treated PC12 cells. Values given are the mean ± SEM (n = 6). #P < 0.01 compared with the control group; ∗P < 0.05 and ∗∗P < 0.01
compared with the Aβ25−35-treated control.

2.7. Measurement of Intracellular Calcium Concentration.
The concentration of intracellular calcium was determined
by a method described previously [18]. Briefly, PC12 cells
were differentiated with NGF for 3 days. The cells were pre-
treated with rhynchophylline (100 μM) or rhynchophylline
(100 μM) for 2 hours and then treated with 20 μM of Aβ25−35

for 24 hours. At the end of the treatment, the cells were
collected and incubated with the culture medium containing
5 μM Fura-2/AM at 37◦C for 50 min. Subsequently, the
cells were washed twice with HBSS and resuspended in
HBSS solution containing 0.2% bovine serum albumin.
The intracellular calcium concentration was determined
by setting excitation wavelengths at 340 nm and 380 nm;

emission wavelength at 510 nm, using a fluorescence spec-
trophotometer (Shimadzu, RF-5301, Japan). The concentra-
tion of intracellular calcium was expressed as percentage of
nontreated control.

2.8. Western Blotting Analysis. The PC12 cells were seeded
onto 100 mm2 dish at 5× 16 cells/dish. The cells were washed
twice with D-Hanks solution after drug treatment. The cells
were harvested and lysed with lysis buffer. Protein samples
were separated by SDS-PAGE for 2 h at 80 V. The separated
proteins were transferred to PVD membranes using a trans-
blotting apparatus (Bio-Rad Laboratories, USA) for 30 min
at 15 V. The membranes were blocked with 5% (w/v) nonfat
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Figure 4: Effect of rhynchophylline and isorhynchophylline on
intracellular calcium level in Aβ25−35-treated PC12 cells. Values
given are the mean ± SEM (n = 6). #P < 0.01 compared with
the control group; ∗P < 0.05 and ∗∗P < 0.01 compared with the
Aβ25−35-treated control.

milk in TBS-T (Tris-buffer saline containing 0.1% Tween-
20) at room temperature for 2 h and subsequently incubated
at 4◦C overnight with appropriate amount of primary
antibody against Tau, p-Tau (Ser 396), p-Tau (Ser 404),
p-Tau (Thr 205), and β-actin (Santa Cruz Biotechnology
Inc., USA). Then the membrane was washed with TBS-T
for three times, and probed with horseradish peroxidase-
conjugated secondary antibody at room temperature for 1 h.
To verify equal loading of samples, the membranes were
incubated with monoclonal antibody β-actin, followed by
a horseradish peroxidase-conjugated goat anti-mouse IgG.
The membrane again was washed with TBS-T for three times
and finally, the protein bands were visualized by the ECL
western blotting detection reagents (Amersham Biosciences,
Buckinghamshire, UK). The intensity of each band was
analyzed using Image J software (NIH Image, Bethesda, MD,
USA).

2.9. Statistical Analysis. Data were expressed as mean± SEM.
Multiple group comparisons were performed using one-way
analysis of variance (ANOVA) followed by Dunnett’s test
to detect intergroup differences. GraphPad Prism software
was used to perform the statistical analysis (Version 4.0;
GraphPad Software Inc., San Diego, CA). A difference was
considered statistically significant if the P value was less than
0.05.

3. Results

3.1. Isolation and Structural Determination of the Isolated
Compounds. Figure 1 schematically depicted the extraction
procedure leading to the isolation of the pure compounds.
The structures of these compounds were identified as
corynoxine, corynoxine B, corynoxeine, isorhynchophylline,
isocorynoxeine, and rhynchophylline, respectively, based on

the detailed interpretation of their 1H, 13C NMR spectro-
scopic data. The chemical structures of these isolated alkaloid
compounds were shown in Figure 2.

3.2. Effect of Different Fractions and Isolated Compounds
on Aβ25−35-Induced Cells Death in PC12. As shown in
Figures 3(a) and 3(b), treating the cells with 20 μM of Aβ25−35

for 24 h caused a significant decrease in cell viability (54%
of the control). Treating PC12 cells with different fractions
(50 μg/mL) or isolated compounds (100 μM) from Uncaria
rhynchophylla had no effect on cell viability as compared
to the control group (Figures 3(a)–3(c)). Pretreatment of
the cells with UR-E, UR-E-B, and UR-E-B-Fr.6 (10 and
50 μg/mL) significantly increased cell viability when com-
pared with Aβ25−35-treated control, while other fractions
from Uncaria rhynchophylla had no effect on cell viability
in Aβ25−35-treated PC12 cells. UR-E-B fraction elicited more
effective protection against Aβ25−35-induced cell death in
PC12 cells when compared with UR-E, UR-E-EA, and UR-E-
W fractions. Among these isolated compounds, only rhyn-
chophylline and isorhynchophylline significantly increased
the cell viability in Aβ25−35-treated PC12 cells (Figure 3(c)),
suggesting that rhynchophylline and isorhynchophylline may
be the key active components of Uncaria rhynchophylla.

3.3. Effect of Rhynchophylline and Isorhynchophylline on Intra-
cellular Calcium Concentration in Aβ25−35-Treated PC12 Cells.
As shown in Figure 4, treating PC12 cells with 20 μM Aβ25−35

for 24 h caused a significant increase in the intracellular
calcium level (230% of the control), while pretreating the
cells with rhynchophylline and isorhynchophylline (100 μM)
significantly decreased the intracellular calcium level in
Aβ25−35-treated PC12 cells.

3.4. Effect of Rhynchophylline and Isorhynchophylline on
Tau Hyperphosphorylation in Aβ25−35-Treated PC12 Cells. As
shown in Figure 5, tau protein hyperphosphorylation at Thr
205, Ser 396, and Ser 404 sites was significantly increased
(144%, 160%, and 176% of the control, resp.) when treating
the cells with 20 μM Aβ25−35 for 24 h. However, phosphory-
lation of tau protein was significantly inhibited by pretreat-
ing the cells with rhynchophylline and isorhynchophylline
(100 μM) for 2 h. Meanwhile, the total tau protein did not
change significantly for all treatments.

4. Discussion

In Chinese herbal medicine, Uncaria rhynchophylla is clas-
sified as a liver-pacifying and wind-extinguishing herb and
is commonly used for treating central nervous system-
related symptoms such as tremor, seizure, and epilepsy [19].
Although the neuroprotective effect of Uncaria rhynchophylla
has been well studied [20–22], this is the first evidence to
report for the identification of active anti-AD ingredients
from Uncaria rhynchophylla by using the bioassay-guided
fractionation approach. Six alkaloid compounds including
corynoxine, corynoxine B, corynoxeine, isorhynchophylline,
isocorynoxeine, and rhynchophylline were isolated and
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Figure 5: Effect of rhynchophylline and isorhynchophylline on tau protein hyperphosphorylation in Aβ25−35-treated PC12 cells. The tau
protein hyperphosphorylation was assessed by measuring the phosphorylated tau protein (at Thr 205, Ser 396, and Ser 404 sites) and total
tau. Values given are the mean ± SEM (n = 3). #P < 0.01 compared with the control group; ∗P < 0.05 and ∗∗P < 0.01 compared with the
Aβ25−35-treated control.

characterized from the Uncaria rhynchophylla. Among these
compounds, only rhynchophylline and isorhynchophylline,
the major tetracyclic oxindole alkaloids present in Uncaria
rhynchophylla [23], significantly attenuated Aβ25−35-induced
cell death, the intracellular calcium overload, and tau
protein hyperphosphorylation in PC12 cell. Recently, the
protective effects of rhynchophylline and isorhynchophylline
on different models of neurotoxicity have been described
[11, 23, 24]. Based on these findings, rhynchophylline and
isorhynchophylline may be the major active ingredients of
Uncaria rhynchophylla for its anti-AD activity.

The intracellular calcium concentration plays a critical
role in the neuron development. Recent researches have
revealed that the neurotoxicity induced by Aβ is mediated by
the overloading of intracellular calcium in primary neurons
such as hippocampal neurons [25] and cortical neurons [26].
In addition, the accentuation of the intracellular calcium has
been considered as one of the activating pathways for Aβ-
induced neurotoxicity [27]. Therefore, the blockage of intra-
cellular calcium overloading might provide neuroprotection
against Aβ-induced cell death in PC12 cells. Our finding
indicated that treating PC12 cells with Aβ25−35 significantly
increased intracellular calcium levels, whereas pretreating
the cells with rhynchophylline and isorhynchophylline was
able to inhibit the intracellular calcium influx which may

contribute to the neuroprotective effect of rhynchophylline
and isorhynchophylline.

Continuous calcium influx can induce the phosphoryla-
tion of tau protein [28]. Neurofibrillary tangles are intracel-
lular aggregates of hyperphosphorylated tau protein which
is commonly known as a primary pathological hallmark of
AD. It has been reported that hyperphosphorylation of tau
protein is an essential element for Aβ-induced neurotoxicity
[29]. Upon Aβ stimulation, hyperphosphorylation of tau
protein is significantly increased at the AD-related epitope
and paired helical filament, resulting in a cytoskeletal desta-
bilization, memory dysfunction, and death of the neurons
[30, 31]. It has been suggested that tau phosphorylation is
the limiting factor in Aβ-induced cell death [32]. In addition,
it has been reported that tau hyperphosphorylations is
increased significantly in postmortem brain tissues of AD
patients [33]. Thus, pharmaceutical agents that can inhibit
Aβ-induced tau phosphorylation are potential candidates
for the effective treatment of AD. In this study, Aβ was
found to cause a marked elevation of tau protein hyper-
phosphorylation in PC12 cells, while pretreating the cells
with rhynchophylline and isorhynchophylline significantly
decreased the level of tau hyperphosphorylation. The results
suggest that the inhibition of tau protein hyperphospho-
rylation rhynchophylline and isorhynchophylline may be
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one of the acting mechanisms for the protective effect of
rhynchophylline and isorhynchophylline against Aβ-induced
neurotoxicity.

5. Conclusions

In summary, our results demonstrated that rhynchophylline
and isorhynchophylline significantly decreased Aβ25−35-
induced cell death, calcium overloading, and tau protein
hyperphosphorylation in PC12 cells, suggesting that rhyn-
chophylline and isorhynchophylline may be the major active
ingredients of Uncaria rhynchophylla for the treatment of
AD, and their neuroprotective effect may be mediated,
at least in part, by inhibition of intracellular calcium
overloading and tau protein hyperphosphorylation. Further
investigation on the potential use of rhynchophylline and
isorhynchophylline in animal model of AD is warranted.
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Flavonoids, a group of compounds mainly derived from vegetables and herbal medicines, share a chemical resemblance to
estrogen, and indeed some of which have been used as estrogen substitutes. In searching for possible functions of flavonoids,
the neuroprotective effect in brain could lead to novel treatment, or prevention, for neurodegenerative diseases. Here, different
subclasses of flavonoids were analyzed for its inductive role in neurite outgrowth of cultured PC12 cells. Amongst the tested
flavonoids, a flavonol aglycone, isorhamnetin that was isolated mainly from the leaves of Ginkgo biloba L. showed robust induction
in the expression of neurofilament, a protein marker for neurite outgrowth, of cultured PC12 cells. Although isorhamnetin by itself
did not show significant inductive effect on neurite outgrowth of cultured PC12 cells, the application of isorhamnetin potentiated
the nerve growth factor- (NGF-)induced neurite outgrowth. In parallel, the expression of neurofilaments was markedly increased
in the cotreatment of NGF and isorhamnetin in the cultures. The identification of these neurite-promoting flavonoids could be
very useful in finding potential drugs, or food supplements, for treating various neurodegenerative diseases, including Alzheimer’s
disease and depression.

1. Introduction

Flavonoids belong to a family of polyphenolic compounds
and have been considered as substitutes for estrogen [1–3].
They are widely present in our daily diet and also serve
as major ingredients of vegetables and herbal supple-
ments. Chemically, flavonoid is dividing into different sub-
classes including flavanone, flavone, flavonol, flavanonol,
isoflavone, chalcone, and others. Recently, attentions have
been focused on the neurobeneficial effects of different
classes of flavonoids, including neuroprotection against neu-
rotoxin stress, promotion of memory, and learning and
cognitive functions. Indeed, the protective functions of
flavonoids have been reported in various bioassay systems
[3–6]. Interestingly, the beneficial effects of flavonoids are
not restricted to mediate the neuroprotection. Different lines

of evidence indicated that flavonoids also possessed biolog-
ical activities in promoting neuronal differentiation. There-
fore, flavonoids could serve as one of the resources in devel-
oping new drugs, or food supplements, for the prevention of
neurodegenerative diseases, for example, Alzheimer’s disease
and depression. Moreover, the low toxicity of flavonoids in
humans has been known [1, 2].

Cultured pheochromocytoma PC12 cell line is com-
monly being used for the detection of neuronal differenti-
ation in responding to various stimuli, for example, nerve
growth factor (NGF) [7–9]. By measuring the length of
neurite or the number of cells processing neurites, the status
of differentiated PC12 cells could be determined. In addition,
the neuronal differentiation could be determined biochemi-
cally in analyzing the expression of neurofilaments (NFs) that
are the major structural components of the differentiated
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neurons [10]. Three mammalian neurofilament subunits,
NF68 (Mr at∼68 kDa), NF160 (Mr at∼160 kDa), and NF200
(Mr at ∼200 kDa), are believed to form heterodimers in
making the structural domain of neurites [11].

Here, the length of neurites and the expression of neu-
rofilaments were determined in cultured PC12 cells under
the treatment of different subclasses of common flavonoids.
Isorhamnetin, a flavonol aglycone from Ginkgo biloba L., was
shown to induce the expression of neurofilaments and to
potentiate the neurite-inducing activity of NGF. The identi-
fication of these neurite-promoting flavonoids could be very
useful in finding potential drugs, or food supplements, for
treating various neurodegenerative diseases.

2. Materials and Methods

2.1. Chemicals and Flavonoids. Isorhamnetin and other fla-
vonoids were purchased from National Institute for the Con-
trol of Pharmaceutical Biology Products (NICPBP; Beijing,
China), or Sigma (St. Louis, MO, USA) or Wakojunyaku
(Osaka, Japan) or Kunming Institute of Botany, Chinese
Academy of Science (Kunming, China) and solubilized in
dimethylsulfoxide (DMSO) to give stock solution at a series
of concentration from 25–100 mM, stored at −20◦C. The
MEK1/2 inhibitor U0126 was purchased from Sigma.

2.2. Cell Culture and Flavonoid Treatment. Pheochromocy-
toma PC12 cells, a cell line derived from rat adrenal medulla,
were obtained from American Type Culture Collection
(ATCC, Manassas, VA, USA), and which were maintained in
Dulbecco’s modified Eagle’s medium supplemented with 6%
fetal calf serum, 6% horse serum, 100 units/mL penicillin,
and 100 μg/mL streptomycin in a humidified CO2 (7.5%)
incubator at 37◦C. Fresh medium was supplied every other
day. All culture reagents were purchased from Invitrogen
Technologies (Carlsbad, CA, USA). During the treatment
with flavonoids, cultured PC12 cells were serum starved for 3
hours in Dulbecco’s modified Eagle’s medium supplemented
with 1% fetal calf serum, 1% horse serum, and penicillin-
streptomycin, and then were treated with the flavonoids
and/or other reagents for 72 hours. In analyzing the signaling
pathway, the cells were pretreated with the MEK1/2 inhibitor
U0126 (20 μM) for 3 hours before the exposure to flavonoid
or NGF.

2.3. Cell Viability Test. Cell viability was assessed by MTT
[3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium
bromide] assay [12]. PC12 cells were seeded in the 96-well
plate and incubated for 24 hours. After that, cells were treated
with the flavonoids, or other chemicals, for another 72 hours.
Then, the MTT solution was added to the cell cultures and
incubated for 1 hour at 37◦C. Absorbance was measured at
570 nm in a microplate reader (Thermo Scientific, Fremont,
CA, USA).

2.4. Western Blot Analysis. After the indicated time of treat-
ment, the cells were solubilized in lysis buffer containing
0.125 M Tris-HCl, pH 6.8, 4% SDS, 20% glycerol, 2%

2-mercaptoethanol, and analyzed immediately or stored
frozen at −20◦C. Proteins were separated on the 8% SDS-
polyacrylamide gels and transferred to the nitrocellulose.
Transfer and equal loading of the samples was confirmed
by staining the Ponceau-S. The nitrocellulose was blocked
with 5% fat-free milk in Tris-buffer saline/0.1% Tween
20 (TBS-T), and then incubated in the primary antibody
diluted in 2.5% fat-free milk in TBS-T for 2 hours in the
room temperature. The primary antibodies used were: anti-
NF200 (Sigma), anti-NF160 (Sigma), anti-NF68 (Sigma),
anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH;
Abcam Ltd., Cambridge, UK), anti-phospho-TrkA (Cell
signaling, Danvers MA, USA), anti-TrkA (Cell Signaling),
anti-phospho-Akt (Cell Signaling), anti-Akt (Cell Signaling),
anti-phospho-Erk1/2 (Cell Signaling), and anti-Erk1/2 (Cell
Signaling). After that, the nitrocellulose was rinsed with TBS-
T and incubated for 1 hour at the room temperature in
peroxidase- (HRP-)conjugated anti-mouse secondary anti-
body (Invitrogen), or peroxidase- (HRP-)conjugated anti-
rabbit secondary antibody (Invitrogen), diluted in the 2.5%
fat-free milk in TBS-T. After intensive washing with TBS-T,
the immune complexes were visualized using the enhanced
chemiluminescence (ECL) method (GE Healthcare, Piscat-
away, NJ, USA). The intensities of the bands in the control
and different samples, run on the same gel and under strictly
standardized ECL conditions, were compared on an image
analyzer, using a calibration plot constructed from a parallel
gel with serial dilutions of one of the samples.

2.5. Neurite Outgrowth Assay. Cultured PC12 cells were
treated with isorhamnetin and/or NGF for 72 hours, with
fresh medium and reagents supplied every 24 hours. A
light microscope (Diagnostic Instruments, Sterling Heights,
MI, USA) equipped with a phase-contrast condenser, 10x
objective lens and a digital camera (Diagnostic Instruments)
were used to capture the images with the manual setting. For
analyzing the number and length of neurite, approximately
100 cells were counted from at least 10 randomly chosen
visual fields for each culture. Using the photoshop software,
the cells were then analyzed for the number and length of
neurite. The cells were scored as differentiated if one or more
neurites were longer than the diameter of cell body, and they
were also classified to different groups according to the length
of neurite that it possessed, that is, <15 μm, 15–30 μm, and
>30 μm.

2.6. Statistical Analysis and Other Assays. Statistical analyses
were performed using one way ANOVA followed by the
Students t-test. Statistically significant changes were classed
as ∗ where P < 0.05; ∗∗ where P < 0.01; ∗∗∗ where P < 0.001.

3. Results

3.1. Effect of Flavonoids on the Differentiation of PC12 Cells.
Sixty-five flavonoids from different subclasses were screened
for their differentiating effect on cultured PC12 cells. These
flavonoids are mainly derived from health foods and Chinese
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Figure 1: NGF induces the expression of neurofilaments in cultured
PC12 cells. Cultured PC12 cells were treated with NGF (0.3 to
50 ng/mL) for 72 hours. The cell lysates were collected to determine
the expressions of NF68 (Mr ∼ 68 kDa), NF160 (Mr ∼ 160 kDa),
and NF200 (Mr ∼ 200 kDa). GADPH (Mr ∼ 38 kDa) served as a
loading control (upper panel). Quantification plot was shown in
lower panel. Values are expressed as the fold of change (×Basal)
against the control (no treatment; set as 1), and in Mean ± SEM,
n = 4, each with triplicate samples. Representative images were
shown. ∗∗P < 0.01 compared to the control.

herbal medicines. To enhance the efficiency of the screening
platform, the first screening test was done on the expression
of neurofilaments, including NF68, NF160, and NF200,
instead of the extension of neurite. Indeed, application
of NGF in cultured PC12 cells induced the expression of
neurofilaments in a dose-dependent manner (Figure 1). Up
to 5 ng/mL of NGF, the increased expressions of NF68 (at
∼68 kDa) and NF160 (at ∼160 kDa), and NF200 (at ∼
200 kDa) that could be significant are revealed here. The
NGF-induced expression was more robust for NF68 and
NF160 induction: the maximal expression at 50 ng/mL NGF
was∼50 folds. The maximal induction of NF200 was over 30
folds.

To screen the potential neuronal differentiation effect
of flavonoids, different flavonoids were applied onto cul-
tured PC12 cells for 72 hours in different concentra-
tions: these concentrations (e.g., isorhamnetin) had nei-
ther cytotoxicity nor proliferating effect, as achieved from
the MTT assay (Supplementary figure available online at
doi: 10.1155/2012/278273). After the treatment, the cells
were collected to perform western blot analysis to deter-
mine the expression levels of NF68, NF160, and NF200.
Some of the flavonoids increased the expression levels of
neurofilaments (Table 1). For those having strong induc-
tive effects (i.e., > ±±) were: hesperidin from Citrus
medica var. sarcodactylis and Citrus limonum var. dulcis,
luteolin from Flos lonicerae, sulphuretin from Cotinus family,
daidzein, genistein and glycitein from Glycine max (L.)
Merr., tectoridin from Belamcanda chinensis, cardamonin
from Alpinia katsumadai, and kaempferol, quercetin, and
isorhamnetin from G. biloba. Among these flavonoids, the
flavonol aglycone, isorhamnetin, was found to have the most
evident effect in inducing the expression of neurofilaments
in PC12 cells. Thus, isorhamnetin was chosen for further
investigation.

Isorhamnetin is a flavonol aglycone (Figure 2(a)). In
the cultures treated with isorhamnetin, the expressions of
NF68, NF168, and NF200 were increased: the neurofilament
induction was in a dose-dependent manner (Figure 2(b)).
The protein induction was significantly revealed at 1 μM of
isorhamnetin. Under 10 μM of isorhamnetin in the cultures,
the expressions of NF68 and NF160 were increased over
6 folds: while NF200 was significantly altered to over 3
folds. The expression level of control protein GAPDH was
unchanged (Figure 2(b)). The outgrowth of neurite was
subsequently analyzed in isorhamnetin-treated PC12 cells.
The effect of isorhamnetin in inducing neurite outgrowth
of cultured PC12 cells was not significant (Figure 2(c)),
at lease under the low concentration at 3 μM. At higher
concentration of isorhamnetin (10 μM), the differentiated
cell was revealed, but the induction was much less than
that of NGF at 50 ng/mL (Figure 2(c)). Quantitation was
performed on the extent of those neurites. Counting the
number of differentiated cells (i.e., having a neurite longer
than the cell body), only ∼30% of total cell population could
be considered as differentiated under the treatment of 10 μM
isorhamnetin (Figure 2(d), upper panel). Low concentration
of isorhamnetin did not show any induction effect. In
contrast, NGF at 50 ng/mL induced the cell differentiation
almost to 100%. The length of neurite was also measured:
the number of cells possessing neurite length at 15–30 μm
was significantly increased (∼10%) in 10 μM isorhamnetin-
treated cells (Figure 2(d), lower panel). Thus, the neurite-
inducing effect of isorhamnetin in cultured PC12 cells was
very little as compared to that of NGF at 50 ng/mL.

3.2. Isorhamnetin Potentiates the NGF-Induced Differentiation
of PC12 Cells. Since isorhamnetin did not seem to have a
significant effect on neurite outgrowth of PC12 cells, we
therefore aimed to search for the collaborative effect of this
flavonoid when applied together with NGF. First, a suitable
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Figure 2: Isorhamnetin induces the neurofilament expression in cultured PC12 cells but not the neurite outgrowth. (a) The chemical
structure of isorhamnetin is illustrated. (b) Cultured PC12 cells were treated with isorhamnetin (1 to 10 μM) for 72 hours. The cell lysates
were collected to determine the expressions of NF68, NF160, and NF200 (upper panel). GADPH served as a loading control. The lower
panel shows the quantitation from the blots by a densitometer. Values are expressed as the fold of change (×Basal) against the control (no
treatment; set as 1), and in mean ± SEM, n = 4, each with triplicate samples. (c) Cultures were treated with isorhamnetin (3 or 10 μM)
and NGF (50 ng/mL), as indicated, for 72 hours. Cells were fixed with ice-cold 4% paraformaldehyde. Bar = 10 μm. Representative images
were shown. (d) Cultured PC12 cell was treated as in (c). The % of differentiated cell (upper panel) and length of neurite (lower panel) were
counted as described in the Materials and Methods section. Values are expressed as % of total cells in 100 counted cells, mean ± SEM, n = 4.
∗∗P < 0.01 compared to the control.
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Table 1: Flavonoids induce the expressions of NF68, NF160, and NF200.

Flavonoid NF68 NF160 NF200 Flavonoid NF68 NF160 NF200 Flavonoid NF68 NF160 NF200

Flavanones Biflavones Chalcones

Alpinetin − − − Ginkgetin + + − Cardamonin ++ + +

Farrerol − − − Dihydrochalcones Flavanes

Hesperidin ++ + − Phloretin − − − (−)-Catechin − − −
Liquiritin − − − Phloridzin − − − (−)-Epicatechin − − −
Naringenine + − − Flavanonols Flavonols

Naringin − − − Dihydromyricetin − − − Astragalin − − −
Neohesperidin − − − Silybin − − − Galangin + + −
Prunin − − − Isoflavones Hibifolin − − −
Flavones Calycosin − − − Hyperin + + −
Apigenin − − − Calycosin-7-O-glc − − − Icariin − − −
Apiin − − − Daidzein ++ + − Isoquercitrin − − −
Baicalein − − − Daidzin − − − Isorhamnetin +++ +++ +

Baicalin − − − Formononetin − − − Isorhamnetin-3-O-rut − − −
Chrysin − − − Genistein ++ + − Kaempferol ++ + +

Hebacetin-8-OCH3 + − − Genistin − − − Kaempferol-3-O-rut − − −
Isovitexin − − − Glycitein ++ + − Kaempferol-3-O-glc + − −
Luteolin ++ + + Glycitin − − − Quercetin ++ + −
Lysionotin − − − Irisflorentin + + − Quercetin-3′-O-glc + − −
Morusin − − − Ononin − − − RNFG + + −
Scutellarin − − − Pratensein + + − Rutin − − −
Scoparin + − − Puerarin − − − Tiliroside − − −
Tangeretin + − − 4′,7-OCH3-puerarin − − − Vitexicarpin − − −
Wogonin − − − 4′,7-OCOCH3-puerarin − − −
Aurones Tectoridin ++ + −
Sulphuretin ++ + − Tectorigenin − − − NGF +++ +++ +++

Data are means ± SEM, n = 3. Data are based on the means. And the value of SEM is within 5% of the mean, which is not shown for clarity. “+” to
“+++” indicate the percentage of increasing of the neurofilaments expression level (“+” indicates 100% to 200% increasing in the tested activities, “++”
indicates 200% to 300% increasing, and “+++” indicates >300% increasing). “−” indicates no effect, that is, below 10%. For the tested flavonoids, the
maximal testing concentrations distribute from 3 μM to 30 μM, according to the results from cell viability assay. The submaximal doses of these flavonoids
were used for comparison. NGF at 50 ng/ml served as a positive control. RNFG is corresponding to Radix Notoginseng flavonol glucoside or quercetin 3-O-
β-D-xylopyranosyl-β-D-galactopyranoside.

concentration of NGF was selected: this concentration
should have no effect on the neurite outgrowth and/or the
neurofilament expression. The concentration of NGF below
1 ng/mL did not show any significant effect on the number of
differentiated cell and/or the neurite outgrowth of cultured
PC12 cells (Figure 3). Moreover, the expression of neurofil-
ament was not increased under NGF concentration below
1 ng/mL (see Figure 1). Under this scenario, 0.5 ng/mL, a
concentration of NGF at which it showed no induction effect
at all, was used here to cotreat PC12 cultures together with
isorhamnetin.

Isorhamnetin (10 μM) and NGF (0.5 ng/mL) were coap-
plied in cultured PC12 cells for 72 hours. Then, the cultures
were collected to perform Western blot analysis to determine
the change of neurofilament expression, including NF68,
NF160, and NF200. NGF at 0.5 ng/mL showed no effect
on neurofilament expression, while isorhamnetin at 10 μM
only showed the induction of NF68 at ∼10% (Figure 4). The
cotreatment of isorhamnetin and NGF robustly increased
the expressions of neurofilaments, that is, NF68, NF160 and
NF200. The induction of these neurofilaments was over 30

folds: this magnitude of induction shared a similarity to
that of high concentration of NGF at 50 ng/mL (Figure 4).
In addition, the outgrowth of neurite in the cultures was
analyzed. The cotreatment of isorhamnetin (10 μM) and
NGF (0.5 ng/mL) induced the differentiation of cultured
PC12 cells, and the outgrowth of neurite was clearly revealed
in the cotreatment (Figure 5(a)). In addition, the number
of differentiated cells significantly increased by ∼60% after
this cotreatment (Figure 5(b), upper panel), and which also
induced the length of neurite (Figure 5(b), lower panel). After
the cotreatment, those cells having the long neurite, for
example, above 15 μm in length, were markedly increased:
this induction effect was similar to that of high concentration
of NGF at 50 ng/mL (Figure 5(b), lower panel). These results
therefore suggested the potentiating role of isorhamnetin in
the neurite outgrowth activity of NGF.

3.3. The Effect of Isorhamnetin on NGF-Induced Signaling
Pathways. To explore the mechanism of isorhamnetin-
induced neurofilament expression and its potentiating effect
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Figure 3: NGF induces the neurite outgrowth in a dose-dependent
manner. Cultured PC12 cultures were treated with NGF (0.3
to 50 ng/mL) for 72 hours. Cells were fixed with ice-cold 4%
paraformaldehyde. The % of differentiated cell (upper panel) and
length of neurite (lower panel) were counted as described in the
Method section. Values are expressed as % of total cells in 100
counted cells, Mean ± SEM, n = 4. ∗∗P < 0.01 compared to the
control.

on NGF-induced neurite outgrowth, the effects of iso-
rhamnetin in phosphorylating the NGF-induced signaling
molecules was tested. NGF, or isorhamnetin, was applied
onto the serum-starved PC12 cell cultures. After treatment
at different time periods, the cell lysates were collected to
perform western blotting, as to reveal the phosphorylation
levels of various signaling molecules. NGF at low level
induced the phosphorylations of TrkA (∼140 kDA), Erk1/2
(∼44/42 kDa), and Akt (∼60 kDa) within 5 min (Figure 6).
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Figure 4: Isorhamnetin potentiates the NGF-induced neurofil-
ament expression. Cultured PC12 cells were treated with NGF
(0.5 ng/mL), isorhamnetin (10 μM), and NGF (0.5 ng/mL) +
isorhamnetin (10 μM) for 72 hours. NGF at 50 ng/mL was applied
as a control. The cell lysates were collected to determine the
expressions of NF68, NF160, and NF200 (upper panel). GADPH
served as a loading control. Quantification plot was shown in lower
panel. Values are expressed as the fold of change (× Basal) against
the control (no treatment; set as 1), and in mean ± SEM, n = 4.
Representative images were shown. ∗∗ where P < 0.01 compared to
the control.

However, isorhamnetin could not induce the phosphoryla-
tion of any of these molecules, even up to 30 min of treat-
ment. To test the possible potentiating effect of isorhamnetin
in the NGF-activated signaling, we cotreated isorhamnetin
with NGF at 5 ng/mL. Here, NGF in 5 ng/mL was the lowest
concentration to phosphorylate the molecules (Figure 6);
however, the cotreatment with isorhamnetin did not enhance
the phosphorylation. To further confirm the role of MEK
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Figure 5: Isorhamnetin potentiates the NGF-induced neurite outgrowth. Cultured PC12 cells were treated with NGF (0.5 ng/mL), isorham-
netin (10 μM), and NGF (0.5 ng/mL) + isorhamnetin (10 μM) for 72 hours, as in Figure 4. (a) Cells were fixed with ice-cold 4%
paraformaldehyde and the extension of neurites was revealed. Bar = 10 μm. (b) The % of differentiated cell (upper panel) and length of
neurite (lower panel) were counted as described in the Method section. Values are expressed as % of cells in 100 counted cells, mean ± SEM,
n = 4. ∗∗P < 0.01 compared to the control.

pathway in the function of isorhamnetin, the pretreatment
of U0126 at 20 μM was applied onto the cultures, as
to block the mitogen-activated protein kinase signaling.
Results showed that U0126 did not block the neurofilament
expression induced by isorhamnetin, or the potentiating
effect of isorhamnetin, on NGF-induced neurite outgrowth
(Figure 7). In contrast, this concentration of U0126 was
demonstrated to partially blocked the NGF signaling (data
not shown here), and which was in line to previous studies
[13, 14]. These results suggested that the response triggered

by isorhamnetin could be very different to that of NGF in the
cultures.

4. Discussion

Sixty-five flavonoids were screened for their differentiating
effect on cultured PC12 cells. Over 20 of them showed
inductive effect on the expression of neurofilaments; how-
ever, which did not simultaneously induce the neurite out-
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Figure 6: The potentiating effect of isorhamnetin is not mediated by NGF-induced signaling cascade. Cultured PC12 cells, serum starvation
for 5 hours, were treated with NGF (5 ng/mL), isorhamnetin (Iso; 10 μM), and NGF (5 ng/mL) + isorhamnetin (Iso; 10 μM) for different
time. Total TrkA and phosphorylated TrkA (a) total Akt and phosphorylated Akt (b) total Erk1/2 and phosphorylated Erk1/2 (c) were
revealed by using specific antibodies. (d) Quantification plot of the phosphorylation level in treatment of 5 min was shown. Values are
expressed as the fold of change (×Basal) against the control (no treatment; set as 1), and in mean ± SEM, n = 4. Representative images were
shown. ∗∗ where P < 0.01 compared to the control.
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Figure 7: The potentiating effect of isorhamnetin on NGF-induced response could not be blocked by U0126. Cultured PC12 cells, serum
starvation for 5 hours, were treated with NGF (0.5 ng/mL), isorhamnetin (Iso; 10 μM), and NGF (0.5 ng/mL) + isorhamnetin (Iso; 10 μM)
for 72 hours with or without the pretreatment of U0126 (20 μM) for 3 hours. NGF at 50 ng/mL served as a positive control. (a) The cell
lysates were collected to determine the expressions of NF68, NF160, and NF200. GADPH served as a loading control. (b) Quantification plot
was shown in lower panel. Values are expressed as the fold of change (×Basal) against the control (no treatment; set as 1), and in mean ±
SEM, n = 4. Representative images were shown. ∗∗where P < 0.01 compared to the control.

growth in the cultures. Isorhamnetin, a flavonol aglycone
isolated mainly from G. biloba, was chosen to do the fol-
lowing studies including the cotreatment with NGF in
low concentration. However, the effect of isorhamnetin on
neurite outgrowth was very limited. Thus, the expression
of neurofilament and neurite outgrowth in cultured PC12
cells could be two independent events. On the other hand,
isorhamnetin showed a robust effect in potentiating the
neurite-inducing activity of NGF, that is, the coapplication
of isorhamnetin with low concentration of NGF (0.5 ng/mL)
could achieve the effect as that of high concentration of
NGF (50 ng/mL). Therefore, the NGF-potentiating effect of
isorhamnetin could be considered as a new direction in
developing health food supplements to help the recovery of
neurodegenerative diseases relating to NGF insufficient.

Ginkgo leaf extract is the most popular herbal supple-
ment being sold in Europe and the USA, where it is used to
treat the symptoms of early-stage Alzheimer’s disease, vascu-
lar dementia and tinnitus of vascular origin [15]. The most
well-known standardized preparation of Ginkgo extract on
the current herbal market is Egb 761 that consists of two
major groups of substances: the flavone glycosides (flavonoid
fraction, 24%) and the terpene lactones (terpenoid fraction,

6%) [16]. The amount of isorhamnetin in dry Ginkgo
leaf could reach 0.85 ± 0.02 mg/g [17]. Isorhamnetin has
been proved to have the activities of antitumor [18], anti-
oxidation [3, 19], reducing the superoxide anion in liver cells
[20], and decreasing the risk of many disorders, for example,
diabetes, hypertension, and heart disease [21]. In nervous
system, isorhamnetin was also shown to have the protective
effect against the oxidative stress induced by simulated
microgravity in vitro [22]. Besides isorhamnetin, other
flavonoids, or natural compounds, have also been shown
to induce neuronal differentiation and neurite outgrowth,
for example, wogonin isolated from Scutellaria baicalensis
[23] and euxanthone isolated from Polygala caudate [24].
In addition, the NGF-potentiating flavonoids have also been
reported, for example, liquiritin from Glycyrrhizae root [25]
and littorachalcone from Verbena litoralis [26].

Neurofilaments are the key components during the
extension of neurite, and their expression level could serve
as a marker for neuronal differentiation. The application
of isorhamnetin in cultured PC12 cells could increase
significantly the expression levels of NF68 and NF160. Both
NF68 and NF160 are the protein markers for the early stage
of the differentiation. In contrast, the expression of NF200, a
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marker protein for late stage of neuron differentiation [27],
was also altered but at a less extent as compared to that of
NF68 or NF160 at the isorhamnetin-treated cultures. Under
this scenario, the involvement of isorhamnetin in neuronal
differentiation could be mainly at the early stage, which how-
ever could not fully support the entire differentiation process
at late stage. The potentiating effect of isorhamnetin in the
NGF-induced neurite outgrowth also supported this notion.
The increased expressions of NF68 and NF160 in cultured
cells, induced by isorhamnetin, could be a prelude for the
expression of NF200, and the neurite outgrowth could be the
final outcome of increased protein expressions.

NGF is one of the key modulators of neurite outgrowth
during development and into adulthood, many diseases
of nervous system are associated with NGF insufficiency,
especially some neurodegenerative diseases [28], for exam-
ple, depression [29] and Alzheimer’s disease [30]. For
the property of potentiating effect on NGF-induced neu-
rite outgrowth, isorhamnetin would have potential to be
used to treat the differentiation problem caused by NGF
insufficiency. Therefore, the NGF-potentiating effect of
isorhamnetin could be considered as a new direction in
developing drugs or health food supplements to help the
prevention and recovery of neurodegenerative diseases. NGF
achieves its function by binding and activating TrkA recep-
tor on neuronal cells. The NGF-activated TrkA stimulates
downstream signaling pathways, which results in neuronal
differentiation and promoting cell survival [13]. The NGF-
induced neurite outgrowth is mediated by activation of
Ras/ERK, PI3K/Akt, and phospholipase-C-γ (PLC-γ1) [14].
Various classes of flavonoids were demonstrated to induce
the neurite outgrowth, or to potentiate the NGF-induced
neurite outgrowth, in cultured neurons, and the signal could
be mediated by a MEK pathway [31–33]. Here, isorhamnetin
can neither directly activate these signaling molecules by
phosphorylation, nor potentiated NGF-induced activation
of the signaling pathways, which may tell us that even
though different flavonoids have the similar effects in neurite
outgrowth, their mechanism may be totally different. The
signal triggered by isorhamnetin in cultured PC12 cells is
being determined currently in our laboratory.

5. Conclusion

Flavonoids are a group of natural compounds with multiple
biofunctions. In this study, we aimed to investigate their
effects on neuronal differentiation of cultured PC12 cells.
Sixty-five flavonoids from different subclasses were screened
for their differentiating effect on cultured PC12 cells. Among
these flavonoids, a flavonol aglycone, isorhamnetin was
found to have the best effect in inducing the expression
of neurofilaments, and which potentiated the NGF-induced
neurite outgrowth and neurofilament expression. Although
the mechanism has not been revealed, this property of
isorhamnetin could be a new direction in searching potential
candidates as new drugs or food supplements for neurode-
generative diseases.
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Alzheimer’s disease (AD) is an irreversible neurodegenerative disorder characterized by amyloid accumulation, neuronal death,
and cognitive impairments. Yi-Chi-Tsung-Ming-Tang (YCTMT) is a traditional Chinese medicine and has never been used to
enhance cognitive function and treat neurodegenerative disorders such as senile dementia. Whether YCTMT has a beneficial role
in improving learning and memory in AD patients remains unclear. The present study showed that oral administration of YCTMT
ameliorated amyloid-β- (Aβ1−40) injection-induced learning and memory impairments in rats, examined using passive avoidance
and Morris water-maze tests. Immunostaining and Western Blot results showed that continuous Aβ1−40 infusion caused amyloid
accumulation and decreased acetylcholine level in hippocampus. Oral administration of medium and high dose of YCTMT 7
days after the Aβ1−40 infusion decreased amyloid accumulation area and reversed acetylcholine decline in the Aβ1−40-injected
hippocampus, suggesting that YCTMT might inhibit Aβ plague accumulation and rescue reduced acetylcholine expression. This
study has provided evidence on the beneficial role of YCTMT in ameliorating amyloid-induced AD-like symptom, indicating that
YCTMT may offer an alternative strategy for treating AD.

1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder that gradually impairs memory and cognition [1].
It has been estimated that about 5% of the population older
than 65 years is affected by AD [2]. The incidence of AD
doubles every 5 years and 1275 new cases diagnosed yearly
per 100,000 persons older than 65 [3]. In 2010, the number
of worldwide AD patients has reached 35 million [4, 5]. The
high cost spending on AD treatment and patient care makes

AD become one of the most challenging brain disorders in
elder human and causes tremendous financial burden.

AD is characterized by cognitive impairment, memory
loss, dementia in neuropsychology, and intracellular neu-
rofibrillary tangles and senile plaques in histopathology [6,
7]. During the progress of AD, short-term memory is first
affected due to neuronal dysfunction and degeneration in the
hippocampus and amygdala. The pathogenic mechanisms of
AD include impaired cholinergic function, increased oxida-
tive stress, induction of the amyloid cascade (i.e., amyloid
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beta, Aβ, deposition, and plaque formation), expression of
inflammatory mediators, deficiencies in steroid hormones,
and appearance of glutamate-mediated excitotoxicity [2].
The amyloid cascade hypothesis, which suggests a pivotal
role for Aβ in the pathogenesis of AD, is accepted by most
investigators in this field [8]. Aβ is the major component
of the senile plaques [9–11], and extensive studies have
indicated that Aβ peptides contribute to the neuronal cell loss
and pathogenesis of AD [12, 13].

Aβ1−40 is a prone-to-aggregation product of amyloid
precursor protein (APP) proteolytic cleavage [14, 15] and
has been shown to have a toxic effect on endothelial
cells in cerebral circulation in vitro [16]. Direct injection
of synthetic Aβ1−40 into particular brain regions has been
used to induce AD-like pathological changes in animal
model [17]. Recently, Passos and colleagues described a
mouse model of acute inflammation induced by Aβ1−40

intracerebroventricular injection that appears to mimic the
early phase of AD progression [18, 19]. Increased oxidative
stress owning to lipid peroxidation, protein oxidation, and
hydrogen peroxide formation may also be involved in Aβ-
induced neurotoxicity [20]. Indeed, antioxidant therapy
prevents the learning and memory deficits induced by Aβ in
rats [21], and it also delays the clinical progression of the
disease in humans [22]. Proteomic analysis using peptide
mass fingerprint (PMF) has also revealed Aβ1−40-induced
changes in protein expression in the rat hippocampus
[23].

Acetylcholine (Ach), a neurotransmitter of cholinergic
system, influences neuron plasticity and plays an important
role in cognition and memory [24, 25]. Aβ deposition
is closely associated with dysfunction and degeneration of
cholinergic neuronal circuits in the basal forebrain nuclei
and also results in deficit of Ach in cortical and hippocampal
areas [26]. Consistently, upregulation of acetylcholinesterase,
an enzyme that catalyzes the hydrolysis of Ach, has been
reported within and around amyloid plaques [27], and
upregulation of its activity has also been shown to encourage
the assembly of Aβ into fibrils that lead to Aβ toxicity [28].
The level of Ach has also been shown to be related to the
degree of amnesia and Aβ depositions in the AD brain [29].
All these studies suggest that Ach plays an important role in
AD [30, 31].

While up to now there has been no effective treatment for
AD, targeting Aβ production and reversing Ach diminution
are attractive therapeutic strategies for AD [32, 33]. In addi-
tion, alternative medicines that improve AD symptom have
also been recently identified and they are natural and may
be safer and more effective than currently commercialized
drugs for AD [32, 33]. YCTMT was first introduced by an
ancient Chinese physician, Dong-Yuan Li, in Jin Dynasty
(AD 1200s). YCTMT is a decoction made of various Chinese
herbs including Astragali radix, Ginseng radix, Puerariae
radix, Paeoniae lactiforae, Phellodendri contex, Viticis fructus,
Cimicifugae uralensis, and Glycyrrhiza uralensis. Ginseng
can reduce oxidative stress that damages neuroplasticity,
neurogenesis, and memory formation [34, 35]. In addi-
tion, Ginseng has also been shown to promote axonal
and dendritic extension [36]. Astragalus promotes axonal

maturation and prevents memory loss in mice [37]. Puerarin
and Glycyrrhiza have been shown to have neuroprotective
effects against Aβ treatment in mouse model [38, 39].
According to the theory of Dr. Li, Yi-Chi-Tsung-Ming-Tang
(YCTMT, also known as Yiqicongming decoction) treats or
prevents dizziness, tinnitus, and blurred vision. Therefore, it
is intriguing to know whether YCTMT also has a beneficial
effect on ameliorating AD-related symptoms. The aim of
this study was to evaluate the effect of YCTMT treatment on
Aβ1−40-induced AD-like symptoms and possible underlying
mechanism.

2. Materials and Methods

2.1. Drugs and Reagents. YCTMT is composed of Astragali
radix, Ginseng radix, Puerariae radix, Paeoniae lactiforae,
Phellodendri contex, Viticis fructus, Cimicifugae uralensis, and
Glycyrrhiza uralensis in a ratio of 5 : 5 : 5 : 1 : 1 : 1.5 : 3 : 5 (dry
weight). All components were purchased from a Chinese
herbal shop in Taichung city, Taiwan, and confirmed by
Professor Ming-Tsuen Hsieh. YCTMT (0.5 kg) was prepared
as a mixture of all above components and extracted with 5 L
distilled water at 100◦C. The liquid extract was powdered
by heating in a rotary vacuum evaporator. In the study,
YCTMT powder was dissolved in distilled water to make the
final concentrations at 0.5, 1.0, and 2.0 g/mL. Aβ1−40 was
purchased from Tocris Bioscience (Ellisville, MO, USA) and
dissolved in a vehicle containing 35% acetonitrile and 0.1%
trifluoroacetic acid. Other chemicals were purchased from
Sigma-Aldrich (St Louis, MO, USA).

2.2. Animals. Adult male Sprague-Dawley (S.D.) rats (200–
250 g) were purchased from BioLASCO (Taipei, Taiwan).
The rats were maintained on a standard diet with water
ad libitum and housed under a 12 : 12 light-dark cycle
in a temperature-controlled environment (23 ± 1◦C). The
animals were cared in accordance with guidelines provided
by the Institutional Animal Ethics Committee of China
Medical University (Taichung, Taiwan).

2.3. Rat Model with AD-Like Phenotype. Rat model with
AD-like phenotype was developed by infusing Aβ1−40 into
cerebral ventricle in the brain as described previously [18,
19, 40]. Briefly, one week before experiment, animals were
randomly divided into five groups (n = 9 for each group). At
day 0, rats were anaesthetized with phenobarbital (45 mg/kg,
i.p.), placed in a Narishige stereotaxic instrument with the
head being fixed. The skull was opened carefully, and a
cannula was implanted into the right ventricle at coordinates:
A − 1.4, L ± 2.4, and V 7.2, using an atlas [41]. At
day 1, vehicle or Aβ1−40 was continuously administered
(25 pM/day) intraventricularly at an infusion rate of 0.5 μL/h
for three weeks via the cannula that was powered by a
miniosmotic pump (model 2002, Alzet, CA, USA). The
control rats were infused with the vehicle only. From the 8th
day, rats were fed with YCTMT (0.5, 1.0, and 2.0 g/kg/day)
orally once a day. The experimental scheme was presented in
Figure 1.
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Figure 1: Experimental scheme.

2.4. Passive Avoidance Test. The passive avoidance test was
performed at day 15 and 16 after surgery according to
step-through passive avoidance task previously described
[42]. Briefly, the guillotine door connecting the light and
dark space was closed during the trial training. When a
rat was placed in the light space, with its back facing the
guillotine door, the door was opened. The time of step-
through latency (STL) taken by the rat to enter the light space
was measured with a stopwatch. Once the rat entered the
dark space, the door was closed. An inescapable scrambled
foot-shock (1.0 mA for 2 s) was then delivered through the
grid floor. The rat was removed from the dark space 5
seconds after the shock was administered. Then, the rat was
put back into the home cage until the retention trial was
over.

2.5. Morris Water-Maze Test. A Morris water-maze test was
used in the study to assess the memory capability [43, 44].
In brief, the apparatus consisted of a circular water tank
(180 cm in diameter, 60 cm in height, filled with water in
a depth of 50 cm, at 28 ± 1◦C) with a platform (11 cm
in diameter) set under the water. Morris water-maze is a
swimming-based model in which animals must learn to
escape from water and step onto the platform. An escape
platform was placed in a constant position in the center
of one of the four quadrants of the tank and 1 cm below
the water surface. For reference memory test, the rats were
trained for 3 days (starting from day 17 to 19), 120 s per
trial, and 4 trials per day starting at four different positions
with 30 min intervals (Figure 1). If the rats could not find
the hidden platform within each training session (120 s), the
animals were led to it. If the rats swam onto the platform
within 120 s, the rat was allowed to stay on the platform for
30 s then returned to home cage. In each training session, the
latency to escape onto the hidden platform was recorded. For
probe memory test, the hidden platform was removed on day
20, and memory retrieval was examined by a probe trail that
lasted for 120 s in the pool. The time at which the animals
crossed the annulus where the platform had been located
was assigned. Twenty-four hours after probe trial, working
memory (reacquisition) test was performed by measuring
the time each rat spent in the new quadrant of the target
platform.

2.6. Immunohistochemical Detection for Aβ and Ach Expres-
sion in Brain. Rats were sacrificed at day 21 with pentobar-
bital (90 mg/kg, i.p.) and perfused transcardially with saline,
followed by 4% paraformaldehyde in saline. After postfixa-
tion, the whole brain was removed and prepared for paraffin
slice. Brain sections with 5 μm thickness were obtained on a
microtome (Leica 2030 Biocut) at 1-mm interval from the
stereotaxic coordinates between −1.46 mm and −3.40 mm
Bregma. Brain sections were deparaffinized in xylene, rehy-
drated in a series of ethanol, and endogenous peroxidase
quenched with 1% (v/v) H2O2 in methanol and microwaved
for 15 min (with 650 W) in 0.01 M citrate buffer (pH 6.0).
Nonspecific binding sites were blocked by blocking buffer
containing 10% (v/v) goat normal serum and 0.1% Triton
X-100 in PBS for 60 min at room temperature. Antibodies
against Aβ (1 : 300 dilution, Convance, no. SIG-39220) and
Ach (1 : 300 dilution, Chemicon, Billerica, MA, USA) were
applied to sections overnight at 4◦C. Sections were washed
with PBS, incubated with biotinylated secondary antibody
for 2 hr at 25◦C, washed, and placed in avidin-peroxidase
conjugate solution for 1 hr. The horseradish peroxidase
reaction was detected with 0.05% diaminobenzidine and
0.03% H2O2. The reaction was stopped with H2O, and
sections were dehydrated in an ethanol series, cleared in
xylene, and coverslipped in permanent mounting solution.
Protein expression area in each brain section was measured
according to Lim et al. [45] and Liao et al. [46] with slight
modification. Briefly, a full brain middle section area was
measured by an image analyzer (Leica, Q500MC, Nussloch,
Germany). Brain sections of each rat group were measured
under 40x magnification, and at least 20 fields from each
brain section were counted. The permillage of Aβ- or Ach-
positive areas was calculated using the following equation:
‰of Aβ or Ach area = (sum of Aβ- or Ach-positive area/total
area of brain section) ×1000‰.

2.7. Western Blot. Protein extraction was performed in RIPA
lysis Buffer 50 mM Tris, pH 7.4, 150 mM NaCl, 1% NP-40,
0.5% sodium deoxycholate, 0.1% SDS, protease inhibitor
cocktail (sodium orthovanadate, sodium fluoride, EDTA,
leupeptin), and 1 mM PMSF. Quantification of protein was
performed using the BCA Protein Assay Kit (Beyotime).
Equal amounts of protein samples were separated on 12%
SDS-PAGE gels and transferred onto a PVDF membrane
at 0.8 mA/cm2 for 1.5 h. The membrane was blocked with
5% nonfat milk in a 20 mM Tris-HCl (pH 7.4) containing
150 mM NaCl and 0.05% Tween20 (TBS-T) for 1 h at
RT and incubated with the primary antibodies: β-amyloid
antibody (1 : 1000 dilution, Abcam, Cambridge, MA, USA),
antiacetylcholine (Chemicon, no. MAB5302.), and β-actin
(abs, no. abs-24) at 4◦C overnight. After being washed with
TBS-T, the membrane was incubated with HRP-conjugated
IgG (MILLIPORE, Chemiluminescent HRP Substrate, no.
WBKLS0500) for 1 h at RT, washed with TBS-T again,
and detected by ECL (Thermo Scientific). Densitometric
quantitation was analyzed with FUJIFILM, Multi Gauge
V3.0 Software, and standardized with β-actin. All Western
Blotting samples were run in triplicate.
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2.8. Statistical Analysis. All of the data obtained were
expressed as mean ± standard errors of means (SEM) and
analyzed using one-way analysis of variance (ANOVA),
followed by post hoc between-group analyses using Scheffé’s
test for multigroup comparisons. The criterion for statistical
significance was P < 0.05 in all evaluation.

3. Results

3.1. YCTMT Posttreatment Reversed Aβ1−40-Mediated Impair-
ment in Memory Retention. Result from passive avoidance
test showed that at day 15 after Aβ1−40 infusion significantly
reduced the step through latency (STL) of treated mice com-
pared to the vehicle injection (P < 0.05, Figure 2), suggesting
an Aβ1−40-induced impairment in memory retention after
2-week continuous injection. YCTMT posttreatment for 7
days with doses of 1.0 and 2.0 g/kg/day, but not 0.5 g/kg/day,
significantly attenuated Aβ1−40-mediated reduction in STL
(P < 0.05, Figure 2), indicating that YCTMT reversed
Aβ1−40-mediated impairment in a dose-dependent manner.
There was no significant difference between the control and
YCTMT-treated groups at 1.0 and 2.0 g/kg/day. This result
suggested that treatment with YCTMT recovered Aβ1−40-
induced deficit in memory retention in rats.

3.2. YCTMT Effectively Reversed Aβ1−40-Induced Impairments
in Learning and Memory. To further evaluate the therapeutic
effect of YCTMT on Aβ1−40-induced impairments in learning
and memory, Morris water maze test was conducted. In
reference memory test, these Aβ1−40-treated animals showed
significantly longer escape latency than normal control
animals at day 17, 18, and 19 postinfusion of amyloid
(Figure 3(a)). Posttreatment of YCTMT with the lowest dose
of 0.5 g/kg/day showed no effect on Aβ1−40-caused deficits.
However, YCTMT treatment at dose of 1.0 g/kg/day signifi-
cantly reduced escape latency in Aβ1−40-treated rats at day 17
and 19, but not at day 18. Posttreatment with 2.0 g/kg/day
YCTMT reversed increased escape latency caused by Aβ1−40

injection at all three test days (day 17 to 19), and the
latency reached the level as short as that of normal control.
These results indicated that Aβ1−40-induced impairments in
spatial learning memory were reversed by posttreatment with
YCTMT in a dose-dependent manner.

The beneficial effect of YCTMT on Aβ1−40-induced
learning deficit was further analyzed using probe and work-
ing memory tests. The number of annulus crossing, referred
to the number of passing over the previous platform site, was
measured at day 20. Result showed that number of annulus
crossings in Aβ1−40-treated group was significantly lower
than that of control group, whereas YCTMT posttreatment
significantly elevated the number in a dose-dependent
manner and showed significance at 1.0 and 2.0 g/kg/day
(P < 0.05, Figure 3(b)). Compared to the control group,
Aβ1−40-treated group also showed significantly longer escape
latency to found the platform at a constant location and
to find the hidden platform at a new location during the
reference memory test (day 17–19, Figure 3(a)) and during
the working memory test (day 21, Figure 3(c)), respectively,
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Figure 2: Passive avoidance test at day 15 after Aβ1−40 infusion.
Aβ1−40 infusion reduced step-through latency of rats, and it was
restored by YCTMT posttreatment (n = 9 for each group). YCTMT
(0.5, 1.0, and 2.0 g/kg/day) was administrated for a week before
test. ∗Represents significant difference between the indicated and
normal control group; #between the indicated and Aβ1−40 group,
P < 0.05.

suggesting the Aβ1−40-induced impairments in reference
and working memory in injected rats. Posttreatment with
YCTMT at dose of 1.0 and 2.0 g/kg/day significantly reversed
Aβ1−40-caused increase of escape latency. These results
again demonstrated that YCTMT was able to ameliorate
Aβ1−40-caused impairment in learning and memory in a
variety of forms.

3.3. YCTMT Significantly Decreased Aβ1−40-Induced Aβ
Plaque Area. To investigate the effect of YCTMT post-
treatment on amyloid protein burden in the brain, sec-
tions were analyzed with immunohistochemical staining.
4G8 antibody against amino acid residues 17–24 of beta-
amyloid was used in the study (Figures 4(a)–4(e)). Intracere-
broventricular (i.c.v.) administration of Aβ1−40significantly
increased Aβ plaque area (arrow in Figure 4(b)) in hip-
pocampus compared with vehicle injection in the control
group (Figure 4(a)). Amyloid accumulation was shown in
brown and located in the hippocampus. Treatment with 1.0
and 2.0 g/kg/day YCTMT reduced the amyloid-accumulated
area, showing as decreased size of 4G8-positive area in
hippocampus (Figures 4(d) and 4(e)). Quantitative analysis
showed that YCTMT treatment reduced Aβ plaque area
in hippocampus in a concentration-dependent manner
(Figure 4(f)). This result suggests that the beneficial effect
of YCTMT on Aβ1−40-induced impairment in cognition
might be mediated by reducing Aβ accumulation in the
hippocampus.

3.4. YCTMT Significantly Reversed Aβ1−40-Induced Decrement
of Ach Area. Ach is an important neurotransmitter and
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Figure 3: YCTMT posttreatment improved memory of Aβ1−40-infused rat in Morris water-maze test. (a) Reference memory test at day
17–19. (b) Probe test at day 20. (c) Working memory test at day 21. Aβ1−40-infused rats were administrated with YCTMT (0.5, 1.0, and
2.0 g/kg/day) before tests. ∗Represents significant difference between the sham and Aβ1−40 on the same day; #is for the comparison between
Aβ1−40 and Aβ1−40 + YCTMT on the same day, P < 0.05.

plays critical roles in the formation of learning/memory
and etiology of Alzheimer’s disease [47]. To explore the
possible mechanism of YCTMT-mediated beneficial role
in relieving AD-like symptom, we further evaluated Ach
expression using immunohistochemical analysis (Figure 5)
and Western Blot (Figure 6). Injection of Aβ1−40 significantly
decreased Ach expression in hippocampus compared with

the control group (Figures 5(a) and 5(b)). Quantitative data
showed that YCTMT reversed Ach area in a concentration-
dependent manner in the whole brain. Treatment with
1.0 and 2.0 g/kg/day YCTMT significantly reversed the
expression of Ach in the brain (Figures 5(d) and 5(e)).
YCTMT-induced reversal of Ach expression level after Aβ1−40

injection was also confirmed with Western Blot. Quantitative
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Figure 4: YCTMT posttreatment decreased Aβ1−40-induced amyloid accumulation. (a) Control. (b) Aβ1−40 infusion (25 pmol). (c)–(e)
YCTMT treatment with doses of 0.5, 1.0, and 2.0 g/kg/day. (f) Quantification of amyloid accumulation area. ∗Represents significant
difference between the indicated and normal control group; #between the indicated and Aβ1−40 group, P < 0.05. The scale bar represents
100 μm.

result of Western Blot showed that medium- and high-
dose YCTMT treatment rescued reduced Ach expression
(Figure 6(c)), suggesting the beneficial effect of YCTMT on
AD-like symptom. This result suggested that posttreatment
with YCTMT could reverse Aβ1−40-reduced diminish of Ach
expression correlated with functional deficit in the AD brain.

We also found that there was a correlation between amyl-
oid plaque area and acetylcholine expression site (R =0.719).

4. Discussion

In this study, we observed a beneficial effect of YCTMT post-
treatment on Aβ1−40-induced AD-like symptoms. YCTMT
treatment decreased Aβ1−40-induced amyloid burden and
reversed declined Ach level in hippocampus. It also improved
learning and memory function in treated rats in a dose-
dependent manner. These results provide evidence of the
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Figure 5: YCTMT posttreatment reversed Aβ1−40-induced decreases of Ach level. (a) Control. (b) Aβ1−40 infusion (25 pmol). (c)–(e)
YCTMT treatment with doses of 0.5, 1.0, and 2.0 g/kg/day, respectively. (f) Quantification of Ach expression. ∗Represents significant
difference between the indicated and normal control group; #between the indicated and Aβ1−40 group, P < 0.05. The scale bar represents
100 μm.

therapeutic effect of YCTMT on AD and suggest a potential
treatment strategy.

Investigators have established that toxic Aβ is the major
player in neuronal damage and dementia in both in vitro
culture assays and in the intact brain of animal [48]. Notably,
i.c.v. injections of Aβ1−40 into rats produced learning disabil-
ity, brain morphological changes, and cholinergic neuronal

degeneration [49]. In addition, Aβ1−40 induces spatial learn-
ing and spatial working memory deficits in animal model
[50]. In the present study, we confirmed that continuous
infusion of Aβ1−40 into the cerebral ventricle induced
deficits in memory retention, spatial learning memory, probe
memory, and working memory in the rats. Moreover, post-
treatment with YCTMT reversed various types of learning
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Figure 6: YCTMT posttreatment reversed Aβ1−40 and Ach protein level. (a) Comparison of protein level of beta-amyloid and Ach using
Western Blot. (b) Quantification of amyloid protein level. (c) Quantification of Ach protein level. ∗represents significant difference between
the indicated and normal control group; #between the indicated and Aβ1−40 group, P < 0.05.

and memory loss caused by Aβ1−40. These results indicated
that YCTMT might have beneficial anti-Alzheimer’s disease
effects on Aβ1−40-induced AD animal model.

We also found that i.c.v. administration of Aβ1−40-
induced Aβ plague formation was consistent with previous
report [15, 18–20, 22]. Both WB and immunostaining results
showed that posttreatment with YCTMT for 7 days downreg-
ulated Aβ burden in the rat brain. Aβ1−40 contributes to the
progression of AD and directly impairs cholinergic signaling

and Ach release [51]. Activities of choline acetyltransferase
and acetylcholinesterase, one for synthesis and the other for
hydrolysis of acetylcholine, decrease significantly and corre-
late with the extent of intellectual impairment in Alzheimer’s
dementia patients [52]. Coincidently, we also found that
posttreatment with YCTMT recovered the expressions of Ach
in the rat brains that were challenged with Aβ1−40. These
results implied that YCTMT might reduce the production
of Aβ plaque, possibly through increasing the expression of



Evidence-Based Complementary and Alternative Medicine 9

Ach. However, the mechanisms underlying the influence of
Ach expression need further study.

Traditional Chinese Medicine (TCM) has been around
for thousands of years and extensively used in the prevention,
diagnosis, and treatment of diseases in China. There are
several TCMs that have been used to enhance cognitive
function and senile dementia [53]. YCTMT is one of the
TCMs and has been conventionally used in the improvement
of visual acuity and hearing in purpose. Our results provided
new evidence of the beneficial role of YCTMT in AD-
associated learning and memory deficits. Oral administra-
tion of YCTMT in S.D. rats appeared to reverse the Aβ1−40-
impaired memory, spatial learning memory, probe memory,
and working memory deficits. YCTMT might inhibit Aβ
plague accumulation and reverse Ach decline. This study
suggests a potential use of YCTMT as a potential therapeutic
agent for treating AD.

5. Conclusion

We have shown that YCTMT inhibits Aβ plague accumula-
tion and rescues reduced acetylcholine expression. This study
has provided evidence on the beneficial role of YCTMT in
ameliorating amyloid-induced AD-like symptom, indicating
that YCTMT may offer an alternative strategy for treating
AD.
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Flemingia macrophylla (Leguminosae) is a popular traditional remedy used in Taiwan as anti-inflammatory, promoting blood
circulation and antidiabetes agent. Recent study also suggested its neuroprotective activity against Alzheimer’s disease. Therefore,
the effects of F. macrophylla on Aβ production and degradation were studied. The effect of F. macrophylla on Aβ metabolism was
detected using the cultured mouse neuroblastoma cells N2a transfected with human Swedish mutant APP (swAPP-N2a cells). The
effects on Aβ degradation were evaluated on a cell-free system. An ELISA assay was applied to detect the level of Aβ1-40 and Aβ1-
42. Western blots assay was employed to measure the levels of soluble amyloid precursor protein and insulin degrading enzyme
(IDE). Three fractions of F. macrophylla modified Aβ accumulation by both inhibiting β-secretase and activating IDE. Three
flavonoids modified Aβ accumulation by activating IDE. The activated IDE pool by the flavonoids was distinctly regulated by
bacitracin (an IDE inhibitor). Furthermore, flavonoid 94-18-13 also modulates Aβ accumulation by enhancing IDE expression. In
conclusion, the components of F. macrophylla possess the potential for developing new therapeutic drugs for Alzheimer’s disease.

1. Introduction

Flemingia macrophylla (Leguminosae) is a popular tradi-
tional remedy used in Taiwan [1] and India [2]. The stems or
leaves have been used as an anti-inflammatory, blood circula-
tion promotion and antidiabetic agent, all of which were rele-
vant to the pathogenesis of Alzheimer’s disease (AD). Recent
research has suggested its neuroprotective activity against
amyloid β (Aβ) [3], hepatoprotective activity [4], antiinflam-
matory activity [5], and antiosteoporosis activity [6].

AD is a complex mental illness characterized by the
accumulation of extracellular senile plaques and intracel-
lular neurofibrillary tangles. Senile plaques are composed
of deposited Aβ, derived from the processing of amyloid
precursor protein (APP) by two enzymes: β-site APP cleaving
enzyme (BACE or β-secretase) and γ-secretase [7]. Accord-
ing to the amyloid hypothesis, abnormal accumulation of Aβ

in the brain is the primary causative factor contributing to
AD pathogenesis, whereby the disease process is believed to
result from an imbalance between Aβ production (anabolic
activity) and clearance (catabolic activity) [8–10]. APP
molecules are cleaved by secretases at the cell surface, the
Golgi complex, and along the endosomal/lysosomal pathway
[11, 12]. Most cell surface β-secretase is reinternalized into
early endosomal compartments, from where it can be recy-
cled back to the cell surface or later be redirected to endoso-
mal/lysosomal compartments and/or to the trans-Golgi [13].
It is generally believed that removal of Aβ from the brain
might be of great therapeutic benefit [14]. Consequently,
therapeutic strategies aiming to decrease Aβ levels, such
as inhibition of either β-secretase or γ-secretase and Aβ
immunization, are currently a major focus of AD research
[15–17]. Much more attention has been paid to abnormal Aβ
production, but recently, the role of Aβ degradation in Aβ
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homoeostasis has been increasingly recognized, as several
enzymes that degrade Aβ have been identified, such as
insulin degrading enzyme (IDE), neprilysin (NEP), and
matrix metalloproteins (MMPs) [18].

Clinical and epidemiological studies have found that
type 2 diabetes and hyperinsulinemia increased the risk of
developing AD, and the link between these two diseases may
be IDE [19, 20]. IDE is a zinc metalloendopeptidase that
is highly expressed in the liver, testis, muscle, and brain.
Although it is predominantly cytosolic, a secreted form of
IDE in extracellular compartments such as cerebrospinal
fluid was also identified [21]. IDE degrades a wide range of
substrates that include insulin, amylin, insulin-like growth
factors, and Aβ [18]. Furthermore, previous work has
reported that the IDE level in AD is reduced [22].

In this study, we investigate the effect of F. macrophylla
extracts or isolated pure compounds on Aβ accumulation
and found that they decrease extracellular accumulation
of Aβ1-40 in the cultured mouse neuroblastoma cells N2a
transfected with human Swedish mutant APP (swAPP-N2a
cells) by inhibiting β-secretase or enhancing Aβ degradation.

2. Methods

2.1. Reagents. Medium for cell culture, heparin, Lipofec-
tamine, and human β amyloid 1-40 and 1-42 kits were pur-
chased from Invitrogen (Carlsbad, CA, USA). Mouse anti-
actin antibody and anti-IDE polyclonal antibody, rabbit
polyclonal anti-APP (KPI domain) antibody, and synthetic
Aβ1-40 were purchased from Millipore (Billerica, MA,
USA). Anti-Aβ1-17 antibody (clone 6E10) was from Signet
(Dedham, MA). Enhanced chemiluminescence detection
reagents, anti-rabbit and anti-mouse IgG antibody conju-
gated with horseradish peroxidase were obtained from GE
Healthcare (Buckinghamshire, UK). Insulin, progesterone,
putrescine, sodium selenite, and transferrin were purchased
from Sigma (St. Louis, MO, USA). All other reagents were
purchased from Sigma (St. Louis, MO, USA) or Merck
(Darmstadt, Germany).

2.2. Plant Material, Extraction, and Isolation. The aerial parts
of F. macrophylla were collected from Kaohsiung County,
Taiwan in May, 2002. The plant was identified by Mr. Jun-
Chih Ou, former associate investigator of National Research
Institute of Chinese Medicine, and comparison with the
voucher specimens was deposited earlier at the Herbarium
of the Department of Botany, National Taiwan University,
Taipei, Taiwan (no. TAI219262, April, 1988). The extraction
and isolation of each fraction for this assay is listed in Table 1,
and the structure and chemical name of the flavonoids
isolated from F. macrophylla were displayed in Figure 1.

2.3. Cell Culture and Transfection. Neuro-2a (N2a) cells were
cultured in minimal essential medium (MEM) containing
10% fetal bovine serum (FBS). Confluent 90% N2a cells
were transfected with plasmid containing human Swedish
mutant of amyloid precursor protein (pCGR/APP770) by
using Lipofectamine 2000. After transfection for 6 h, the cells

Table 1: Extraction and isolation of F. macrophylla. The ground
aerial parts of F. macrophylla (12 kg) were extracted following the
protocol, and the fractions were named.

Fraction
name

The protocol of extraction and fractionation

EtOH

The aerial parts of F. macrophylla were extracted three
times with 95% ethanol (EtOH) at 60◦C overnight.
The combined EtOH extract was evaporated under
reduced pressure.

H2O
EtOH extract was taken up in water as water-soluble
fraction.

H25M
H50M
H75M
H100M

The water-soluble fraction (H2O) was
chromatogramed over Diaion HP-20 column and
eluted with 25%-, 50%-, 75%-, and 100%-methanol
to give four fractions: H25M, H50M, H75M, and
H100M, respectively.

EA
n-BuOH

The water-soluble fraction (H2O) was partitioned
with ethyl acetate and n-butanol successively to get
two fractions: EA and n-BuOH, respectively.

B25M
B50M
B75M
B100M

The n-BuOH fraction was chromatogramed over
Diaion HP-20 column and eluted with 25%-, 50%-,
75%-, and 100%-methanol to give four fractions:
B25M, B50M, B75M, B100M, respectively.

EA-n

EA and n-BuOH fractions were subjected to silica gel
column chromatography using a
hexane-EA-methanol gradient and EA-methanol
gradient, respectively. Eleven fractions were collected
as EA-n (n = 4, 35, 52, 55, 74, 79, 85, 94, 103, 121,
165).

Flavonoids

The fractions rich in flavonoids were separated first
over a silica gel column with a 25%–60% EA/hexane
gradient as eluent and then over Sephadex LH-20
columns with EA or methanol to afford flavonoids.

were incubated with chemical defined medium (DMEM/F12
medium containing 5 mM Hepes pH 7.4, 0.6% glucose,
2.5 mM glutamine, 3 mM NaHCO3, 100 μg/mL, transferring,
20 nM progesterone, 60 μM putrescine, 30 nM sodium selen-
ite, 2 μg/mL heparin, and 100 nM insulin) for 20 h. For treat-
ment with cells, the fractions or flavanoids of F. macrophylla
were introduced into the chemical defined medium.

2.4. MTT Assay. The reduction of 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) was used to
evaluate cell viability. Cells were incubated with 0.5 mg/mL
MTT for 1 h. The formazan particles were dissolved with
DMSO. OD600 nm was measured using an ELISA reader.

2.5. The Cell-Free Assay of Aβ1-40 Degradation. The con-
ditioned medium of N2a cells containing the proteases to
degrade Aβ was collected and used for the cell-free assay
of Aβ degradation. Ten ng of synthetic Aβ1-40 (Invitrogen,
03-138) were added into 300 μL N2a-conditioned medium
containing various reagents and incubated at 37◦C for 24 h.
The remaining Aβ were then quantified by ELISA assay
kit.
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Figure 1: The structure and chemical name of the flavonoids isolated from F. macrophylla.

2.6. Quantification of Aβ1-40 in Cells and Culture Medium.
After treatment, culture media and cell were collected sep-
arately and subjected to determining the levels of Aβ1-40
using assay kits. The detailed experiments were performed
according to the manufacturer’s protocol.

2.7. Immunoblotting. After treatment, culture media were
collected and cells were washed with ice-cold phosphate
buffered saline (PBS) three times. Cells were harvested
in lysis buffer (50 mM Hepes pH7.5, 2.5 mM EDTA,
1 mM phenylmethylsulfonyl fluoride, 5 μg/mL aprotinin,
and 10 μg/mL leupeptin), and cell lysates were prepared.
Equal protein amounts of cell lysate and equal volume
of culture medium were subjected to SDS-polyacrylamide
gel electrophoresis and immunoblotting. Fujifilm LAS-3000
(Tokyo, Japan) was used to detect and quantify the immuno-
reactive protein.

2.8. Statistical Analysis. Results are expressed as mean ±
SD and were analyzed by ANOVA with post hoc multiple
comparisons with a Bonferroni test.

3. Results

3.1. The Effects of Insulin and Bacitracin on Aβ1-40 Level in
swAPP-N2a Cells Culture. To determine the importance of
IDE activity on the levels of both extracellular and intracel-
lular Aβ1-40 in swAPP-N2a cell culture, various concentra-
tions of insulin (the substrate of IDE) and/or 2 nM bacitracin
(a competitive inhibitor of IDE) were subjected into swAPP-
N2a cell culture, and the Aβ1-40 accumulation was assayed.
The results showed that insulin promotes Aβ1-40 accumu-
lation in a concentration-dependent manner. Extracellular
Aβ1-40 was hardly detected (i.e., 0.88 ± 1.07 ng/mL) in
the culture medium without containing insulin. Insulin at
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Figure 2: The effect of insulin and bacitracin on the level of
extracellular and intracellular Aβ1-40. APP-transfected N2a cells
were treated with indicated concentrations of insulin and bacitracin
for 20 h. The level of extracellular (a) and intracellular (b) Aβ1-
40 was determined by ELISA. Results are means ± SD from three
independent experiments. Significant differences between control
and treated cells are indicated by ∗P < 0.05, ∗∗∗P < 0.001.

10, 100, 1000, and 4200 nM increased the level of extra-
cellular Aβ1-40 to 3.70 ± 2.18 ng/mL, 14.78 ± 2.17 ng/mL,
23.38 ± 1.83 ng/mL, and 26.02 ± 1.45 ng/mL, respectively
(Figure 2(a)). The results suggested that about 26 ng/mL
of extracellular Aβ1-40 in the cultured medium regulated
by insulin sensitive peptidase(s), including IDE. Therefore,
bacitracin was employed to verify the IDE-sensitive pool of
extracellular Aβ1-40 in the cultured medium. The results
showed that 2 nM bacitracin increased the level of extracel-
lular Aβ1-40 to 10.66±1.32 ng/mL (Figure 2(a)), and higher
concentration of bacitracin did not significantly enhance this
effect, suggesting that about 11 ng/mL of extracellular Aβ1-
40 in the cultured medium was regulated by IDE.

Insulin may regulate the extracellular Aβ1-40 by enhanc-
ing exocytosis of the intracellular Aβ1-40. Therefore, the
level of intracellular Aβ1-40 was assayed. The results showed
that the level of intracellular Aβ1-40 was concentration
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Figure 3: The effect of insulin and bacitracin on Aβ1-40 degrada-
tion in the N2a-conditioned medium. Aβ1-40 (10 ng) were incu-
bated in the N2a-conditioned medium with indicated concentra-
tions of insulin and bacitracin, at 37◦C for 16 h. The level of
remaining Aβ1-40 was determined by ELISA. Results are means ±
SD from three independent experiments. Significant differences
between control and FM fractions-treated cells are indicated by
∗∗∗P < 0.001.

dependently reduced by insulin, but not by bacitracin
(Figure 2(b)). The results suggested that insulin may pro-
mote the level of extracellular Aβ1-40 by inhibiting IDE
and by accelerating the exocytosis of intracellular Aβ1-
40. Alternately, bacitracin did not affect the exocytosis of
intracellular Aβ1-40. The similar effects of insulin and
bacitracin were found on Aβ1-42 (data not shown).

3.2. The Effects of Insulin and Bacitracin on the Degradation
of Synthetic Aβ1-40 in the N2a-Conditioned Medium. For
bypassing the involvement of Aβ anabolic and trafficking
pathway, a cell-free Aβ degradation assay using N2a cell-
conditioned medium as the source of secreted protease and
the synthetic Aβ1-40 was employed as the substrate. The
results showed that Aβ degradation was inhibited by insulin
in a concentration-dependent manner (Figure 3). The added
synthetic Aβ1-40 (10 ng) was degraded to 0.83 ± 0.17 ng in
the conditioned medium without containing insulin, and 10,
100, and 1000 nM insulin increased the level of remaining
Aβ1-40 to 3.65±0.82 ng, 7.13±0.55 ng, and 10.34±1.11 ng,
respectively, indicating that the degradation of 10 ng Aβ was
completely abolished by 1 μM insulin (Figure 3). Treatment
with 2 nM, 5 nM bacitracin, or 2 nM bacitracin combined
with 100 nM insulin increased the remaining level of Aβ1-
40 to 4.83±0.96, 5.51±0.65, and 9.81±0.35 ng, respectively
(Figure 3), suggesting a synergism of insulin and bacitracin
on inhibiting Aβ degradation.

3.3. The Effects of the Fractions and Flavonoids Isolated from F.
macrophylla on the Level of Aβ1-40. To determine the effects
of the fractions and flavonoids isolated from F. macrophylla
on the level of extracellular Aβ1-40, the cell toxicity of the
fractions and flavonoids was detected, and was then the
subtoxic concentration (STC) of the fractions and flavonoids
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Table 2: The effects of the fractions of F. macrophylla on the levels
of extracellular and intracellular Aβ1-40. APP-transfected N2a cells
were treated with the fractions of F. macrophylla at the STC for 20 h.
The level of extracellular and intracellular Aβ1-40 was determined
by ELISA. Results are means ± SD from three independent
experiments. Significant differences between control and fractions-
treated cells are indicated by ∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P <
0.001.

Fractions
STC

(μg/mL)
Aβ1-40 (% of control)

Extracellular Intracellular

EtOH 10 46.18± 8.19∗∗∗ 94.92± 21.28

H2O 100 28.16± 7.38∗∗∗ 155.62± 13.79∗∗∗

H25M 1 78.70± 5.21∗ nda

H50M 1 86.05± 24.57 nd

H75M 50 13.75± 5.56∗∗∗ 212.47± 47.25∗∗∗

H100M 1 69.98± 13.68∗∗ nd

BuOH 1 63.49± 8.09∗∗∗ nd

B25M 1 66.19± 18.86∗ nd

B50M 10 18.66± 2.77∗∗∗ 100.36± 16.35

B75M 50 9.40± 3.05∗∗∗ 238.75± 60.32∗∗∗

B100M 50 64.95± 9.02∗∗ nd

EA 1 124.57± 35.93 nd

EA-1 10 55.16± 6.27∗∗ nd

EA-4 1 119.70± 24.55 nd

EA-35 10 71.64± 13.65∗ nd

EA-52 1 64.57± 6.94∗ nd

EA-55 1 54.14± 22.13∗∗ nd

EA-74 1 52.65± 12.65∗∗ 96.21± 4.71

EA-79 1 107.02± 10.67 nd

EA-85 1 111.94± 26.00 nd

EA-94 1 98.63± 27.61 nd

EA-103 1 77.66± 4.73∗ nd

EA-121 1 60.82± 18.82∗∗ nd

EA-165 1 69.57± 19.16∗ nd
a
nd, not determined.

was subjected into the extracellular Aβ1-40 accumulation
assay. The results indicated that five highly polar fractions
(i.e., EtOH, H2O, H75M, B50M, and B75M) attenuated the
accumulation of medial Aβ1-40 by more than 50% (Table 2).
Among the lesser polar fractions, EA-74 is the most effective
fraction which attenuated the accumulation of medial Aβ1-
40 to 52.62 ± 12.56% of control (Table 2). Three flavonoids
(i.e., 49-2, 52-11, and 94-18-13) attenuated the accumulation
of extracellular Aβ1-40 by more than 30% (Table 3).

The effects of the fractions and flavonoids on the
intracellular Aβ1-40 accumulation were further evaluated.
The result showed that the fraction H2O, H75M, and B75M
elevated the intracellular level of Aβ1-40 to 155.6 ± 13.4,
213.5 ± 47.3, and 238.8 ± 60.3% of the control, respectively,
and the fraction EtOH, B50M, and EA-74 and the flavonoid
49-2, 52-11, and 94-18-13 did not exert significant effects
on the intracellular Aβ1-40 accumulation (Tables 2 and 3).
Those were therefore selected for further investigation.

Table 3: The effects of the flavonoids isolated from F. macrophylla
on the levels of extracellular and intracellular Aβ1-40. APP-
transfected N2a cells were treated with the flavonoids at STC for
20 h. The level of extracellular and intracellular Aβ1-40 was deter-
mined by ELISA. Results are means ± SD from three independent
experiments. Significant differences between control and flavonoid-
treated cells are indicated by ∗P < 0.05, and ∗∗P < 0.01.

Flavonoid
STC

(μg/mL)
Aβ1-40 (% of control)

Extracellular Intracellular

49-3 0.1 66.93± 11.16∗ 96.03± 5.64

52-11 0.1 65.41± 16.90∗ 99.36± 9.81

85-29 0.1 94.26± 18.15 nd

92-26 1 87.00± 29.13 nd

94-18-13 0.1 56.83± 7.52∗∗ 104.23± 12.40
a
nd, not determined.
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Figure 4: The effects of the fractions and flavonoids of F. macro-
phylla on Aβ1-40 degradation in the N2a-conditioned medium.
Aβ1-40 (10 ng) were incubated in the N2a-conditioned medium
with 100 nM insulin and the fractions and flavonoids of F.
macrophylla at NTC, 37◦C for 20 h. The level of remaining Aβ1-
40 was determined by ELISA. Results are means ± SD from three
independent experiments. Significant differences between control
and the treated cells are indicated by ∗∗P < 0.01, ∗∗∗P < 0.001.

3.4. The Effects of the Fractions and Flavonoids Isolated from
F. macrophylla on the Aβ1-40 Degradation in the N2a-
Conditioned Medium. The fraction EtOH, EA-47, B50M,
and flavonoid 49-3, 52-11, and 94-19-13 decreased the
remaining synthetic Aβ1-40 to 82.66±1.26%, 83.25±0.74%,
83.50 ± 7.30%, 76.02 ± 4.88%, 83.24 ± 8.60%, and 82.31 ±
8.04% of the control, respectively (Figure 4). The results
suggesting that the fractions and flavonoids may ameliorate
Aβ accumulation by promoting Aβ degradation. The similar
effects were found on Aβ1-42 (data not shown).

3.5. The Level of Secreted IDE Was Promoted by Flavonoid
94-18-13. Treatment with the fraction B50M, EA-74, and
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Figure 5: The level of IDE was differentially affected by the fractions
and flavonoids of F. macrophylla. N2a cells were treated with
fractions and flavonoids for 20 h at NTC. The level of IDE in cell
lysate and medium was determined by immunoblotting. The upper
panel is the representative blot. The lower panel is the relative
level of IDE in cell lysate (closed column) and medium (opened
column) exhibited as percentage of the control. Results are means
± SD from three independent experiments. Significant differences
between control and the treated cells are indicated by ∗P < 0.05,
∗∗P < 0.01 and ∗∗∗P < 0.001.

flavonoid 49-2, 52-11, and 94-18-13 attenuated the level
of cellular IDE by about 20%, whereas the fraction EtOH
failed to show significant effect on the level of cellular
IDE (Figure 5). Treatment with the faction B50M and EA-
74 eliminated the level of medial IDE by 21.3 ± 12.0 and
26.6 ± 9.9%, respectively. On the contrary, flavonoid 94-
18-13 increased the level of medial IDE to 146.9 ± 16.7%
of the control. The result suggested that only flavonoid 94-
18-13 may accelerate Aβ degradation by promoting IDE
expression. The change in enzyme activity may also be
involved although it is not detected in this study.

3.6. The Recovery Effect of Bacitracin on the Treatment-
Reduced Accumulation of Extracellular Aβ1-40. The promot-
ing activity of the fractions and flavonoids on Aβ degradation
by IDE may include bacitracin-sensitive and -insensitive
pools. The bacitracin-sensitive pools in the cultures treated
with the fraction EtOH, EA-74, B50M, and flavonoid 94-19-
13 were 10.71, 10.83, 11.35, and 11.29 ng/mL, respectively
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Figure 6: Aβ1-40 accumulation reduced by the fractions and
flavonoids was differentially recovered by bacitracin. (a) swAPP770-
transfected N2a cells were treated with the fractions and flavonoids
for 20 h at NTC, in the absence (closed columns) and presence
(opened columns) of 2 nM bacitracin. The level of extracellular
Aβ1-40 was determined by ELISA. (b) The recovery effect of
bacitracin was calculated by the subtraction between the levels of
the cells treated with and without bacitracin. Results are means ±
SD from three independent experiments. Significant differences
between control and FM fractions-treated cells are indicated by
∗∗∗P < 0.001.

(Figure 6). The results suggested that these treatments did
not affect the bacitracin-sensitive pool. The bacitracin-
sensitive pools in the cultures treated with the flavonoid
49-3 and 52-11 were 7.18 and 14.05 ng/mL, suggesting that
flavonoid 49-3 and 52-11 reduce and enhance the bacitracin-
sensitive pool, respectively.

3.7. The Level of Soluble APPβ Was Decreased by the Fractions
of F. macrophylla. The anabolic pathway of Aβ may also be
affected by the fractions of F. macrophylla which resulted in
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the decrease of extracellular Aβ. Two categories of soluble
APP (sAPP) including α-secretase-derived sAPP (sAPPα)
and β-secretase-derived sAPP (sAPPβ) may be detected in
the swAPP-N2a-conditioned medium. Two antibodies were
used to detect these two sAPPs. The anti-Aβ1-17 (6E10)
antibody may recognize sAPPα (this fragment contains Aβ1-
17), and the anti-APP (KPI domain) antibody may recognize
both sAPPα and sAPPβ on immunoblot. The result showed
that 6E10 antibody-recognized sAPPα was not significantly
affected by the fractions of F. macrophylla. By contrast, the
anti-APP (KPI domain) antibody-recognized sAPPα and
sAPPβ were significantly decreased. The fractions of EtOH,
EA-47, and B50M decreased the level of sAPPs to 76.73 ±
9.11%, 78.99 ± 7.02%, and 79.44 ± 8.48%, respectively. The
result indicated that the fractions may inhibit the activity of
β-secretase and then decrease the level of sAPPβ (Figure 7),
which may reflect the effects of these fractions on attenuating
Aβ accumulation.

4. Discussion

It is generally believed that removal of Aβ from the brain
might be of great benefit for AD therapy [14, 23]. To find the
reagents which are capable of reducing Aβ levels is required
for improving the treatment of AD. Aβ level are determined
by the metabolic balance between anabolic and catabolic
activities. Among the catabolic enzymes, insulin degrading
enzyme (IDE) is thought to be the principal secreted enzyme
responsible for the degradation of Aβ in the extracellular
space [18, 21, 24]. An interesting link between insulin and
Aβ is that they both are IDE substrates [20, 25, 26], and
the patients with type 2 diabetes have an increased risk of
AD [27]. Since IDE is more efficient on degrading insulin
than Aβ, the concomitant increase in insulin and Aβ levels
may lead to a redistribution of available IDE away from its
function as an Aβ-degrading enzyme [25]. Thus, the involve-
ment of IDE on Aβ degradation in our experimental system
was verified by insulin and bacitracin, an IDE competitive
inhibitor [28], to promote Aβ accumulation. Aβ degradation
was completely abolished by 1 μM Insulin, which was only
partially inhibited by bacitracin. The results suggesting that
IDE may be the major enzyme contribute to degrade the
extracellular Aβ.

By using swAPP-N2a as cell model, we investigated the
effects of F. macrophylla on reducing Aβ accumulation in the
present of 100 nM insulin. Previous studies have indicated
that some herbal medicine-derived compounds reduced
Aβ accumulation in the similar cell models [29–33]. F.
macrophylla is a popular traditional remedy used in Taiwan
[1] and India [2]. The stems have been used in folk medicine
for antirheumatic and anti-inflammatory agent, promoting
blood circulation and antidiabetes. Our recent research
has suggested the AD-relative neuroprotective effects of F.
macrophylla on the primary cultures of neonatal cortical
neurons against Aβ-mediated neurotoxicity [3]. However,
the effect of F. macrophylla on Aβ accumulation and the
underlying mechanism has not been studied. To investigate
whether F. macrophylla affects Aβ metabolism, we detect the
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Figure 7: The effect of the fractions of F. macrophylla on the
level of secreted APP in swAPP770-transfected N2a cell. swAPP770-
transfected N2a cells were treated with the fractions for 20 h at NTC
of 10, 1, and 10 μg/mL, respectively. The level of 6E10 antibody-
stained sAPP (i.e., sAPPα) and KPI antibody-stained sAPPs (i.e.,
sAPPα plus sAPPβ) in conditioned medium was determined by
immunoblotting. The upper part is the representative image of
immunoblot. The lower part is the relative level of 6E10 antibody-
stained sAPPα (opened column) and KPI antibody-stained sAPPs
(closed column). Results are means ± SD from three independent
experiments. Significant differences between control and FM
fractions-treated cells are indicated by ∗P < 0.05.

extracellular and intracellular Aβ1-40 levels of the treated
swAPP-N2a cells by ELISA assay and found that fraction
EtOH, EA-74, and B50M and flavonoid 49-3, 52-11, and
94-19-13 significantly reduced the extracellular Aβ1-40 ac-
cumulation without promoting the intracellular Aβ1-40
accumulation.

Several target sites including Aβ anabolic, trafficking, and
catabolic pathways could be considered as the targets of the
fractions or flavonoids on Aβ accumulation in swAPP-N2a
cells. Therefore, a cell-free Aβ degradation system using
N2a cell-conditioned medium as protease source and the
synthetic Aβ1-40 as subtract was used to bypass the involve-
ment of Aβ anabolic and trafficking pathway. The results
showed that Aβ degradation was inhibited by insulin in a
concentration-dependent manner. Aβ degradation was com-
pletely abolished by 1 μM insulin. Bacitracin partially inhib-
ited the degradation of Aβ1-40 alone or combined with
insulin. It has been proposed that both microglia and
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astrocytes secrete protease, including IDE that mediates the
degradation of Aβ in the extracellular milieu [21, 34] which
may be similar to our system.

Aβ degradation by IDE was promoted by the fractions
and flavonoids. In the presence of 100 nM insulin, the frac-
tions and flavonoids decreased the remaining Aβ1-40 to
about 80% of the control. The results suggest that the frac-
tions and flavonoids may ameliorate Aβ accumulation by
promoting Aβ degradation.

To study the mechanism underlying the effect of the frac-
tions and flavonoids on the level of IDE, we first performed
western blot analysis to detect IDE expression. The results
showed that only flavonoid 94-18-13 significantly improved
IDE expression. Nevertheless, the underlying mechanism
required further investigation, although recent studies have
indicated that IDE expression may be regulated through liver
X receptor [35], NMDA receptor [36], β2 adrenergic receptor
[37], insulin receptor [38], dopamine receptor [39], and
glucocorticoid receptor [40].

To study the effect of the fractions and compounds on
the IDE-dependent degradation pool of extracellular Aβ, we
then detected extracellular Aβ1-40 levels with ELISA after
treating swAPP-N2a cells with the fractions or flavonoids
in the absence or presence of 2 nM bacitracin. We found
that three fractions and flavonoid 94-19-13 activated IDE
without affecting the bacitracin-sensitive pool, which was
partially compressed and extended by flavonoid 49-3 and 52-
11, respectively, through the allosteric regulatory effect. In
the previous study, Cabrol et al. [41] discovered two small
molecule activators of IDE through high-throughput com-
pound screening. They established the putative ATP-binding
domain as a key modulator of IDE proteolytic activity. ATP
inhibits IDE-mediated insulin degradation at physiological
concentration [42]. On the other hand, ATP was found
to activate IDE-mediated fluorogenic substrate by confor-
mational switch through its triphosphate moiety [43, 44].
Recently, the allosteric regulatory sites of IDE were identified
[45]. Therefore, the fractions and flavonoids may activate
IDE by occupying the allosteric binding site.

To determine whether the fractions affect Aβ anabolism,
the western blot of medial sAPPs (sAPPα and sAPPβ) was
performed. The results showed that all three fractions ame-
liorated the production of sAPPs but not sAPPα, suggesting
that sAPPβ was affected by these three fractions through
inhibiting the activity of β-secretase. The previous studies
have demonstrated that the tenuigenin isolated from Polygala
tenuifolia and berberine isolated from Coptidis rhizome can
inhibit the secretion of Aβ via β-secretase inhibition [30–32].

5. Conclusion

The results suggested that the fraction EtOH, EA-74, and
B50M of F. macrophylla may modify Aβ accumulation by
both inhibiting β-secretase and activating IDE. The three
flavonoids may modify Aβ accumulation by activating IDE.
The activated IDE poor by these three flavonoids was dis-
tinctly regulated by bacitracin. Furthermore, flavonoid 94-
18-13 also modulates Aβ accumulation by enhancing IDE

expression. Change in Aβ accumulation may prevent Aβ
aggregation and the subsequent neurotoxicity on AD. Such
information could be exploited to develop the new therapeu-
tic drugs for sporadic AD.
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The aim of this study was to examine the effect of toki-shakuyaku-san (TSS) on mild cognitive impairment (MCI) and Alzheimer’s
disease (AD) using single-photon emission computed tomography (SPECT). All subjects were administered TSS (7.5 g/day) for
eight weeks. SPECT and evaluations using the Mini Mental State Examination (MMSE), Neuropsychiatric Inventory, and Physical
Self-Maintenance Scale were performed before and after treatment with TSS. Three patients with MCI and five patients with AD
completed the study. No adverse events occurred during the study period. After treatment with TSS, regional cerebral blood flow
(rCBF) in the posterior cingulate was significantly higher than that before treatment. No brain region showed a significant decrease
in rCBF. TSS treatment also tended to improve the score for orientation to place on the MMSE. These results suggest that TSS could
be useful for treatment of MCI and AD.

1. Introduction

Cholinesterase inhibitors (ChEIs) and memantine, an N-
methyl-D-aspartate antagonist, are commonly used in treat-
ment of Alzheimer’s disease (AD). These drugs slow the
progression of the disease and improve cognition, function,
and behavior impairment but often have to be discontinued
because of adverse events [1, 2]. There are no approved
drugs for treatment of mild cognitive impairment (MCI).
A systematic review showed that ChEIs were ineffective in
preventing progression of MCI to AD or improving cognitive
functions and led to adverse events [3].

There has been a recent increase in the use of traditional
herbal medicine for treatment of dementia. Yokukan-san has
been shown to improve behavioral and psychological symp-
toms of dementia (BPSD) [4, 5], hachimi-jio-gan improved
cognitive function and activity of daily living (ADL) in AD
[6], and choto-san was effective for patients with vascular

dementia [7, 8]. Moreover, combination treatment with
kami-untan-to and donepezil improved cognitive function
and increased regional cerebral blood flow (rCBF) in the
bilateral frontal lobes [9].

Toki-shakuyaku-san (TSS) is mainly used for gynecologic
disorders but has also been used for treatment of cognitive
impairment based on accumulated evidence of its neuroac-
tive and neuroprotective effects. TSS activates cholinergic
[10–14] and monoaminergic [12, 13, 15] neurons and has a
protective effect on amyloid β [16, 17], an antioxidant effect
[18, 19], and an antiapoptosis action [12]. Several clinical
studies have also suggested that TSS improves cognitive
impairment in dementia, MCI, and poststroke patients [20–
22]. Brain imaging may be useful to examine the effects of
TSS. Therefore, the aim of this study was to identify the
effects of TSS in patients with MCI and AD using single-
photon emission computed tomography (SPECT).
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2. Methods

2.1. Subjects. The subjects were 13 patients treated at the
Center for Diagnosis of Dementia at the Kyoto Prefectural
University of Medicine. Four patients were diagnosed with
MCI and 9 with AD, based on Petersen et al. [23] and the
National Institute of Neurological and Communicative Dis-
ease and Stroke-Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria for probable AD
[24]. We excluded patients with a significant history of psy-
chiatric or neurological disorders (other than MCI and AD),
including stroke, head injury, epilepsy, psychiatric disorders,
alcohol abuse, or a serious medical condition. Participants
had not been prescribed ChEIs or memantine since our
center examines patients who have not been diagnosed with
dementia. This study was approved by the Ethics Committee
of the Kyoto Prefectural University of Medicine. Informed
consent was obtained from all of the patients.

2.2. Study Protocol. Subjects were treated with TSS given
as a daily dose of 7.5 g of powder for eight weeks. During
this period, new medications were not introduced. TSS is
registered in the Pharmacopoeia of Japan as Kampo Medi-
cine TJ-23. The TSS used in the study was provided by Tsu-
mura (Tokyo, Japan) and was prepared from the extract of
a mixture of dried plants: 4.0 g Paeoniae radix, 4.0 g At-
ractylodis lanceae rhizoma, 4.0 g Alismatis rhizoma, 4.0 g
Hoelen, 3.0 g Cnidii rhizome, and 3.0 g Angelicae radix. All
subjects underwent magnetic resonance imaging (MRI) or
computed tomography (CT) before treatment. SPECT was
performed before and after treatment.

Cognitive impairment was evaluated using the Mini
Mental State Examination (MMSE) [25] before and after the
study period. The MMSE has 11 subscales including orien-
tation to time, orientation to place, registration, attention,
recall, naming, repetition, auditory comprehension/com-
mand, reading comprehension, sentence construction, and
constructional praxis. BPSD were evaluated before and aft-
er the study period using the Neuropsychiatric Inventory
(NPI) [26]. The NPI is a caregiver-based clinical instrument
that evaluates 10 domains of neuropsychiatric symptoms in
dementia: delusions, hallucinations, agitation, depression,
anxiety, euphoria, apathy, disinhibition, irritability, and
aberrant motor behavior. The frequency score ranges from 0
to 4 points, and the severity score ranges from 0 to 3 points.
The NPI score for each subscale is created by multiplying
the frequency and severity scores, with a maximum score
of 12. Therefore, the NPI total score ranges from 0 to 120.
Higher scores denote a greater severity of a symptom. ADL
before and after the study period were evaluated using the
Physical Self-Maintenance Scale (PSMS) [27], which consists
of 6 items related to physical activities: toileting, feeding,
dressing, grooming, ambulating, and bathing. A lower total
score indicates greater impairment of ADL.

2.3. Image Acquisition and Analysis. Brain perfusion SPECT
was performed by intravenous injection of 185 MBq of
N-isopropyl-p-[123I]iodoamphetamine (I-123-IMP) (Nihon

Mediphysics, Hyogo, Japan) in subjects seated at rest with
their eyes open. SPECT imaging commenced 22 min after
the injection and continued for 16 min. A triple-head
gamma camera (Prism Irix, Picker International, Cleveland,
OH, USA) and a low-energy, high-resolution, and parallel
collimator were used. Projection data from each camera were
obtained in a 128×128 format for 40 angles of 1201 at 8 s per
angle (voxel size: 2× 2× 2 mm).

Image analysis was performed using Statistical Paramet-
ric Mapping (SPM) 8 (Wellcome Department of Cognitive
Neurology, University College, London, UK) in Matlab 7.5
(Mathworks Inv., Sherborn, MA, USA). After confirmation
of no significant artifacts due to atrophy using MRI or CT
scans, all SPECT images were anatomically normalized using
the I-123-IMP template (Fujifilm RI Pharma, Tokyo, Japan)
matched to the Montreal Neurological Institute (MNI) tem-
plate. The normalized images were smoothed using a 12-mm
full-width half-maximum (FWHM) isotropic Gaussian ker-
nel. To examine regional differences, the images were scaled
to a mean global cerebral blood flow of 50 mL/100 g/min.

2.4. Statistical Analysis. A Wilcoxon signed rank test was
used to analyze the changes in MMSE, NPI, and PSMS
scores. Data were analyzed using SPSS 12.0 J for Windows
(SPSS Inc., Chicago, IL, USA). P < 0.05 was considered
statistically significant. A paired t-test was performed to
determine whether TSS affected rCBF in patients with MCI
and AD. The X , Y , and Z coordinates provided by SPM
approximate the MNI brain space. The statistical thresholds
were set to a family-wise error (FWE)-corrected P value of
0.05 at the voxel level.

3. Results

3.1. Subject Characteristics. Eight of the 13 subjects com-
pleted the study. Five were discontinued because of poor
compliance (n = 3), a move to another area (n = 1),
and refusal to continue (n = 1). None of the subjects had
adverse events. The characteristics of the 8 subjects who
completed the study are shown in Table 1. Six had not been
prescribed with a psychoactive drug, 1 had taken risperidone
(1 mg/day), and 1 had taken rilmazafone (0.5 mg/day) before
the start of the study. Both subjects continued to take these
drugs during the study.

3.2. Changes in MMSE, NPI, and PSMS Scores. Changes in
MMSE, NPI, and PSMS scores are shown in Table 2. At
baseline, cognitive impairment and BPSD were mild, and
ADL was high. Scores for the MMSE, NPI total, and PSMS
did not change significantly after TSS treatment. Among the
MMSE subscales, the score for orientation to place showed
a tendency to improve (P = 0.025), but the change was
not significant using a Bonferroni correction (P = 0.025 >
0.05/11) (Table 3).

3.3. Paired t-Test Using SPM. The paired t-test showed
a significant increase in rCBF in the posterior cingulate
after TSS treatment compared to before treatment (Table 4).
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Table 1: Clinical characteristics of subjects who completed the
study.

Item Value

Sex, M/F 3/5

Handedness, R/L 8/0

Age, y.o. 77.8± 4.9

Diagnosis, MCI/AD 3/5

Age at onset, y.o. 76.3± 4.3

Duration of illness, years 1.6± 1.6

Education, years 12.0± 1.7

AD: Alzheimer’s disease; F: female; L: left; M: male; MCI: mild cognitive
impairment; R: right; SD: standard deviation; y.o.: years old.
Values are shown as a number ratio or as the mean ± SD.

Table 2: Changes in MMSE, NPI and PSMS scores from before to
after TSS treatment for 8 weeks.

Baseline
mean ± SD

8 weeks
mean ± SD

P value

MMSE 23.4± 3.6 23.9± 3.8 0.279

NPI total score 5.5± 5.9 3.9± 4.6 0.180

PSMS 5.9± 0.4 5.4± 1.4 0.414

MMSE: Mini Mental State Examination; NPI: Neuropsychiatric Inventory;
PSMS: Physical Self-Maintenance Scale; SD: standard deviation.

Table 3: Changes in MMSE subscale scores from before to after TSS
treatment for 8 weeks.

Baseline
mean ± SD

8 weeks
mean ± SD

P value

Orientation to time 3.5± 1.6 3.1± 2.1 0.414

Orientation to place 3.9± 0.4 4.5± 0.5 0.025

Registration 3.0± 0.0 3.0± 0.0 1.000

Attention 3.5± 1.6 3.4± 1.6 0.655

Recall 1.0± 1.2 1.0± 0.9 0.891

Naming 2.0± 0.0 2.0± 0.0 1.000

Repetition 0.9± 0.4 1.0± 0.0 0.317

Auditory
comprehension/command

2.8± 0.5 3.0± 0.0 0.157

Reading comprehension 1.0± 0.0 1.0± 0.0 1.000

Sentence construction 1.0± 0.0 1.0± 0.0 1.000

Constructional praxis 0.9± 0.4 0.9± 0.4 1.000

MMSE: Mini Mental State Examination; SD: standard deviation.

When the statistical thresholds were set to an uncorrected P
value of 0.001 at the voxel level and a corrected P value of 0.05
at the cluster level, the posterior cingulate was the only brain
region that showed a significant increase in rCBF (Figure 1).
No brain region showed a significant decrease in rCBF.

4. Discussion

In this study, rCBF in the posterior cingulate was significantly
increased after eight weeks of treatment with TSS. The
MMSE, NPI total, and PSMS scores did not worsen and
adverse events did not occur during the treatment. Moreover,

TSS treatment tended to improve the score for orientation to
place on the MMSE.

Some clinical studies have demonstrated improvement
in cognitive impairment by TSS in dementia and poststroke
patients. Inanaga et al. reported improvement in orientation
to time and place, spontaneous activity, emotional lability,
and motivation in 80 dementia patients (40 with vascular
dementia, 38 with AD, and 2 with mixed dementia) after
12 weeks of TSS treatment [20], while Goto et al. demon-
strated that TSS is effective in suppressing impairment of
visuospatial perception and the lower limbs in poststroke
patients [22]. In our subjects, orientation to place tended
to improve while other cognitive impairments and BPSD
were unchanged. These findings are partly consistent with
previous studies and suggest that TSS might be particularly
effective for improvement of spatial perception.

TSS treatment in this study was associated with a change
in rCBF in the posterior cingulate. This brain region plays
an important role in many cognitive functions, including
visuospatial orientation, topokinesis, navigation of the body
in space, self reflection, autobiographical memory, and
assessment of objects in space in terms of first-person ori-
entation [28]. Connections between the posterior cingulate
and the parahippocampus are likely to play a major role
in memory-related functions [29], and these connections
may be disturbed in MCI and AD [30, 31]. Moreover,
hypofunction in the posterior cingulate is associated with
visuoperceptual deficits in MCI and AD [32], as well as
disorientation to time and place in AD [33]. In this study,
TSS increased rCBF in the posterior cingulate and improved
orientation to place based on the MMSE. Therefore, TSS
might be useful for treatment of cognitive impairment
associated with the posterior cingulate.

Previous studies have shown that donepezil increases
or maintains rCBF, mainly in the frontal lobes [34–37]. In
contrast, in this study, TSS increased rCBF in the posterior
cingulate. In addition to the cholinergic effect, TSS also has
monoaminergic, antiamyloid, antioxidant and antiapoptosis
effects [10–19]. Collectively, these results suggest that TSS
has different effects on cognitive impairment compared to
those of donepezil. Therefore, combining TSS with donepezil
might have an additional benefit in treatment of MCI and
AD.

The study has several limitations, since it was performed
with an open label design with no control group, the
observation period was short, and the sample size was small.
These limitations may reduce the strength of the results, but
the findings were partly consistent with previous studies.
Moreover, to our knowledge, this is the first study to demon-
strate an effect of TSS on rCBF in patients with MCI and AD.

5. Conclusions

Treatment with TSS significantly increased rCBF in the pos-
terior cingulate and tended to improve orientation to place
in MCI and AD patients. Therefore, TSS might be useful for
treatment of MCI and AD. Moreover, since the effects of TSS
on rCBF may differ from those of donepezil, combination
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Table 4: Results of paired t-tests.

Brain area
MNI coordinates at the center of the cluster Z value at the local

maximum
Voxel P value

(corrected)
Cluster

size
Cluster P value

(corrected)X Y Z

Posterior cingulate
2 −32 40 5.66 0.002 6 <0.001

4 −24 44 5.08 0.039 1 0.015

25

20

15

10

5

0

Figure 1: Regions showing a significant increase in rCBF after TSS treatment. The statistical thresholds were set to an uncorrected P value
of 0.001 at the voxel level and to a corrected P value of 0.05 at the cluster level.

therapy of TSS and donepezil might be particularly effective.
A study in a large number of MCI and AD patients is needed
to confirm the effects of TSS.
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