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Abstract
This study aims to investigate the molecular mechanisms of acupuncture in the remissio
of depression. A depressive disorder model was induced by exposing SpragueeDawley rat
to chronic unpredictable stress. The rats were divided into five groups: healthy (blan
group) and stressed rats (model group), and stressed rats treated with acupunctur
(acupuncture group), riluzole (riluzole group), acupuncture combined with botulinum
toxin A (BTX-A) injection (acupunctureþ BTX-A group) or riluzole combined with BTX-
injection (riluzoleþ BTX-A group). Behavioral analysis showed significant differences i
sucrose consumption, weight, and horizontal or vertical movements between the mode
and both the riluzole and acupuncture groups. No obvious differences between the rilu
zoleþ BTX-A and acupunctureþ BTX-A groups were found. Moreover, no significance dif
ferences in glutamate content in the hippocampus were found among the riluzoleþ BTX
A, acupunctureþ BTX-A and model groups (p> 0.05). Western blots and reverse tran
scription polymerase chain reactions were employed to detect protein and mRNA expres
sions of VGLUT2, SNAP25, VAMP1, VAMP2, VAMP7, and syntaxin1; no obvious difference
among the riluzoleþ BTX-A, acupunctureþ BTX-A and model groups were found. Thes
data suggest that soluble N-ethylmaleimide-sensitive factor attachment receptor pro
teins are involved in the remission of depression in rats treated with acupuncture.
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1. Introduction

Depressive disorder is a mental disorder characterized b
persistent low mood and is very difficult to cure. So far, th
etiology of depression remains unclear. According to
World Health Organization report, the rate of globa
depression is about 11%, which makes it the world’s fourt
major disease [1]. Antidepressants, such as triple-reuptak
inhibitors and riluzole, are the mainstay in the treatmen
of depressive disorders. However, the outcomes of treat
ment are unsatisfactory [2e4]. Therefore, alternativ
treatments for depressive disorders must be sought. Pre
vious studies have found acupuncture to be an effectiv
treatment modality for remitting stress disorders [5]
However, the mechanism underlying this effect remain
ambiguous.

Extremely high levels of glutamate have been found i
depressive patients, and clinical studies have indicated tha
depressive disorders are associated with increased gluta
matergic activity [6]. Glutamatergic neurotransmission oc
curs predominantly within the confines of a tripartit
synapse. It is then recycled through the glutamateeglut
amine cycle by glutamate receptors in postsynaptic neu
rons. The interactions among synaptic soluble N
ethylmaleimide-sensitive factor attachment recepto
(SNARE) proteins, synaptobrevin (vesicle-associated mem
brane protein, VAMP), synaptosomal associated protein 2
(SNAP-25), and syntaxin in the plasma membrane pla
important roles in glutamate neurotransmission. Dysregula
tion of the glutamatergic system has been found to be a
important factor in depressive disorders [7].

Acupuncture is an ancient Chinese medical technic tha
can be traced back at least 2500 years. It is now widel
used as a form of complementary and alternative med
cine in many countries [8,9]. Clinical studies have foun
acupuncture to be an effective treatment modality fo
remitting stress disorder, anxiety, and depression [10e13]
Electroconvulsive therapy might regulate the expressio
of distinct neurotrophic signaling pathways, including th
metabotropic glutamate receptor, neuron glucose trans
porter, and Gamma aminobutyric acid A (GABA-A) recep
tor. Despite the effectiveness of acupuncture in th
treatment of depressive disorders, very few studies hav
investigated the underlying mechanisms.

To probe into the mechanism of acupuncture in th
treatment of depressive disorders, we investigated synapti
SNARE proteins and the glutamateeglutamine cycle. Botu
linum toxin A (BTX-A), secreted by the deadly botulinum, i
a highly toxic bacterial endotoxin. Evidence has shown tha
BTX-A is able to specifically hydrolyze SNARE protein
[14,15]. In this study, BTX-A was used to regulate the SNAR
protein content and to investigate the molecular mecha
nisms of acupuncture.

2. Materials and methods

2.1. Animals

Adult, male SpragueeDawley rats (180e220 g) were used i
this experiment. Animals were obtained from the Exper
mental Animal Center of Guangzhou University of Chines
Medicine, Guangzhou, China. Both the animal’s care an
the study protocol were conducted according to the He
sinki Declaration Accords and followed the guidelines o
the Committee on the Care and Use of Laboratory Animal
at the Experimental Animal Center of Guangzhou Univer
sity of Chinese Medicine. Animals were housed under a 1
hour light/dark cycle at a constant room temperature o
23�C.

2.2. Depressive disorder model and treatment

Depression disorder was induced in the rats by exposin
them to chronic unpredictable stress (CUS) for 21 days [16]
The CUS included cold swims (5 minutes), water deprivatio
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(24 hours), food deprivation (24 hours), tail pinching (1
minute), tail shaking (1 time/s, 15 minutes), reverse day and
night, and electric shock (5 minutes). Only one form of CUS
was conducted each day at a frequency of 21 times a day.

After 21 days of CUS, the model was assessed by using the
sucrose preference test and the open-field test [17]. The
stressed ratswere then randomized intofivegroups (8 rats per
group): untreated stressed rats (model group) and stressed
rats treatedwith only acupuncture (acupuncture group),with
only riluzole (riluzole group), with riluzoleþ BTX-A injection
(riluzoleþ BTX-A group), and with acupunctureþ BTX-A in-
jection (acupunctureþ BTX-A group). Acupuncture inter-
vention in the acupuncture groupwas conducted each day for
3 consecutive weeks. The body acupoints for acupuncture
were Hegu (LI4) and Taichong (LR3) on both sides of the body
(Fig. 1). The intensity was adjusted to induce a slight muscle
contraction of the hind limb. At the same time, intra-
cerebroventricular injection of BTX-Awas implemented for 3
consecutive weeks in the acupunctureþ BTX-A group. In the
riluzole group, rats were orally administrated riluzole at
1.8 mg/kg for 3 consecutive weeks. In the riluzoleþ BTX-A
group, rats were intragastrically administered riluzole
(1.8 mg/kg dissolved in saline) combined with an intra-
cerebroventricular injection of BTX-A for 3 consecutive
weeks. Eight healthy rats that received no treatment were
used as a blank control.

2.3. Behavioral assays

Sucrose preference test: On the 19th day, rats were habit-
uated to 1% (wt/vol) sucrose solution (for 3 days) to prevent
neophobia during testing. On the 22nd day, following 2 hours
of water deprivation, rats were presented with two bottles
containing 1% sucrose or water and allowed to drink for 1
hour. Sucrose and water intake were recorded, and this test
was performed for 3 consecutive days (Days 22e24). Su-
crose intake was averaged across experiments.

Open-field test: Rats were subjected to an open-field
test before, and 7 days, 14 days, and 22 days after
exposure to CUS. The open-field test was performed in a
square iron box (80� 80� 40 cm3) with a black base. The
base was divided into 25 mini squares (4 cm� 4 cm each).
Figure 1 Body acupoints for acupuncture. (
Each animal was tested in the open-field four times (3
minutes each time). The crossing score was determined as
the number of squares crossed during the test, and the
rearing score was determined as the number of times the
rat stood up. The box was cleaned with 70% ethanol after
each time.

2.4. Analysis of glutamate in the hippocampus

Rats were anesthetized with CO2 and decapitated. The
hippocampus was dissected on ice and rapidly frozen by
using liquid nitrogen. The samples were weighed and ho-
mogenized in 90% cold ethyl alcohol. The samples were
then centrifuged at 1,500 g for 10 minutes, and the
resulting supernatant was analyzed. The precipitation was
extracted for glutamate three times, and all the superna-
tant was collected into one tube. The supernatant was
filtered with a 0.45-mm pore filter before loading (Millipore,
Boston, MA, USA). Quantification of glutamate was per-
formed by using a high performance liquid chromatography
system (GILSON, Madison, Wisconsin, USA) with
fluorescence detection on a Hypersil ODS column (Thermo
Fisher Scientific, Waltham, MA, USA) (4.0 mm� 125 mm,
5 mm). The mobile phase consisted of Mobile Phase A [10-
mmol/L Na2HPO4 (PB), pH 7] and Mobile Phase B (PB:me-
thanol:acetonitrileZ 50:35:15, V/V). Mobile Phase B was
elevated from 0% to 100% within 25 minutes at a flow rate of
1.0 mL/min. The excited and the emitted wavelengths
were selected as 340 nm and 450 nm, respectively.

2.5. Western blot analysis

The hippocampus was lysed in Radio Immunoprecipitation
Assay Buffer. Protein concentrations were determined by
using a Bicinchoninic acid (BCA) protein assay kit (Thermo
Fisher Scientific, Waltham, MA, USA). The protein extrac-
tion (30 mg/lane) was separated by using 12% (w/v) gradient
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to nitrocellulose membranes (Millipore,
Billerica, MA, USA). Membranes were blocked with 5% (w/v)
skimmed milk in 0.05% tris-buffered saline with Tween-20
A) Hegu acupoint. (B) Taichong acupoint.
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Table 1 Primers used in this study.

Primer Forward (50e30) Reverse (50e30)

VGLUT1 CCACGACCAATGTGCGAAAGC ACAGCCAGGACCAGGAAGGA
VGLUT2 CCTCTCCAACTCACAGCCTTG CTCGTGTCCAGCCTTACCAGA
VAMP1 GCGTCCCACATGCTTCTGACT GCGTGTTCCTGAGAGCCTGTT
VAMP2 GGTGGATGAGGTGGTGGACAT CGCTTGAGCTTGGCTGCACTT
VAMP7 GCCCAAGTGGACGAACTGAAAGG GGTGACGGACGAATCTACGAGGT
Syntaxin 1 GTGGAACACGCTGTGGACTAC CGATGGTGGAGGCGATGATGAT
SNAP-25 GCAGGTGAGCGGCATCAT GCACGTTGGTTGGCTTCATC
18S GAATTCCCAGTAAGTGCGGGTCAT CGAGGGCCTCACTAAACCATC

Primers were designed using Primer Express version 2.0 software (Foster, CA, USA). Primer specificity was confirmed using Primer-BLAST
web software (National Centre for Biotechnology Information, Bethesda, Maryland, USA).
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at room temperature for 2 hours and were incubated wit
rabbit polyclonal anti-V-GLUT1 (Abcam, 1:3000), V-GLUT2
syntaxin-1A, VMAP1, VMAP2, VMAP7, or SNAP-25 (Abcam
1:2000) in phosphate buffer solution (0.25% Triton X, 1
bovine serum albumin) overnight at 4�C. Membranes wer
then incubated with antirabbit horseradish peroxidase
conjugated secondary antibody (1:5000, Boster, Wuhan
China) for another 2 hours at room temperature. Blots wer
visualized by using enhanced chemiluminescence and film
exposures. Blots were scanned with a ChemiDoc imag
analysis system (Bio-Rad Laboratories, Hercules, CA, USA
and analyzed with ImageJ software (National Institutes o
Health, Bethesda, MD, USA).
Figure 2 Behavioral assays: (A) weight changes for each group
presented as mean� standard error of the mean. * p< 0.05 vers
model group.
2.6. Quantitative real-time polymerase chain
reaction analysis

Total RNA was extracted from the hippocampus by using a
RNA Extraction Kit (Invitrogen, Thermo Fisher Scientific
Waltham, MA, USA) according to manufacturer’s in
structions. The concentration of total RNA was quantifie
by measuring the absorbance at 260 nm. For cDNA synthe
sis, 1.5 mg of total RNA were used with oligo dT primers an
SuperScript II reverse transcriptase (Invitrogen) and wa
subsequently diluted with nuclease-free water to obtai
10-ng/uL cDNA. The primers used in this study are shown i
Table 1. Real-time Quantitative Polymerase Chain Reactio
and (B) changes in sucrose consumption for each group. Data are
us control group. y p< 0.05 versus model group. z p> 0.05 versus



Table 2 Horizontal or vertical movements of rats in each group (squares/3 min; nZ 8).

Groups Before therapy 7 d 14 d 22 d

Vertical movements Blank group 14.2 � 2.2 14.2 � 1.7 13.7 � 1.4 13.9 � 1.7
Model group 7.5 � 1.5 5.5 � 1.3 4.3 � 0.7 3.5 � 1.1&
Riluzole group 7.6 � 1.2 5.4 � 1.7 6.2 � 1.6 7.8 � 1.5
Acupuncture group 7.7 � 1.3 5.3 � 1.5 6.9 � 1.4 7.2 � 1.4
Riluzoleþ BTX-A group 7.7 � 1.2 5.3 � 1.2 4.9 � 0.5 3.2 � 0.7
Acupunctureþ BTX-A group 7.5 � 1.4 5.4 � 1.2 4.1 � 1.4 3.4 � 0.9

Horizontal movements Blank group 71.1 � 7.2 69.8 � 6.8 70.3 � 7.5 70.6 � 7.9
Model group 55.8 � 5.3 46.0 � 5.1 41.7 � 5.9 33.8 � 5.7
Riluzole group 56.3 � 6.4 45.2 � 5.6 52.4 � 5.3 60.8 � 5.3
Acupuncture group 54.8 � 5.9 46.2 � 5.4 45.4 � 6.2 54.7 � 6.2
Riluzoleþ BTX-A group 56.3 � 6.5 45.2 � 5.3 40.6 � 5.8 34.6 � 4.8
Acupunctureþ BTX-A group 55.7 � 6.3 45.4 � 4.3 40.6 � 5.6 34.7 � 5.2

Data are presented as mean� standard error of the mean.
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(qPCR) was performed by utilizing a hot-start SYBR-green-
based method (Invitrogen). Gene fold changes were
determined by utilizing the DDCt method with 18srRNA for
normalization. DNA was amplified with an initial denatur-
ation at 94�C for 3 minutes, followed by 35 cycles at 94�C
(15 seconds) and 60�C (15 seconds). All experiments were
performed in triplicate and repeated twice.
2.7. Statistical analysis

The data are presented as means� standard errors of the
mean and were analyzed by using SPSS version 13.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). The statistical
significance of the differences between groups was
analyzed by using either the Student t test or the one-way
Figure 3 Glutamate content in the hippocampus in each
group. Data are presented as mean� standard error of the
mean. * p< 0.05 versus control group, y p< 0.05 versus model
group, z p> 0.05 versus model group.
analysis of variance. A value of p< 0.05 was considered as
statistical significance.

3. Results

All rats developed depression-like behaviors after 21 days
of exposure to CUS. The changes in the weights and sucrose
consumptions in each group are shown in Fig. 2. The
weights of the rats were significantly lower in the model
group (165.5� 14.3 g) compared with the blank group
(275.3� 15.5 g; p< 0.05). Moreover, compared with the
blank group (21.3� 2.5 mg/g), sucrose consumption drop-
ped markedly in the model group (11.3� 1.2 mg/g;
p< 0.05). Acupuncture or riluzole treatment ameliorated
the changes in weight and sucrose consumption (p< 0.05).
By contrast, no obvious differences, including weight and
sucrose consumption differences, were observed among the
model, the acupunctureþ BTX-A, and the riluzoleþ BTX-A
group (p> 0.05).

Open-field tests were performed the day before treat-
ment and 7 days, 14 days, and 22 days after treatment.
After acupuncture or riluzole treatment, the horizontal and
vertical movements were significantly increased compared
with the model group (p< 0.05). By contrast, no distinct
differences were observed among the model, the acu-
punctureþ BTX-A, and the riluzoleþ BTX-A groups after
acupuncture combined with BTX-A or riluzole combined
with BTX-A treatment (p> 0.05; Table 2).

The content of glutamate in the hippocampus was very
much higher after 21 days of exposure to CUS (p< 0.05).
After 22 days of therapy, glutamate contents were
1.74� 0.078 mg/g in the riluzoleþ BTX-A group and
1.75� 0.11 mg/g in the acupunctureþ BTX-A group;
these values were similar to the value for the model
group and much higher than the value for the blank group
(p< 0.05). In addition, no obvious differences were noted
among the blank, riluzole, and acupuncture groups
(p< 0.05; Fig. 3).

Glutamicacideglutamicacid (Glueglu) cycle-related
proteins were investigated before and after therapy. The
protein and mRNA expression levels of synapsin, VGLUT1,
and VGLUT2 were decreased after 21 days of exposure to
CUS (p< 0.05; Figs. 4 and 5). However, VGLUT1 and VGLUT2



-
-
E
g
.
s
d
e
s

-
-
d
e
.
-
f
e
]
g

Figure 4 Protein expression levels of each group. 1Z blank group; 2Zmodel group; 3Z riluzole group; 4Z acupuncture group;
5Z riluzoleþ BTX-A group; 6Z acupunctureþ BTX-A group.

Figure 5 mRNA expression levels of each group. Data are presented as mean� standard error of the mean. * p< 0.05 versus
control group, y p< 0.05 versus model group, z p> 0.05 versus model group.
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were downregulated after riluzoleþ BTX-A or acupunctur
eþ BTX-A treatment, similar to the model group. Further
more, the model group exhibited upregulated SNAR
complex-related genes and protein expressions includin
SNAP25, VAMP1, VAMP2, VAMP7, and syntaxin1 (p< 0.05)
However, both riluzole and acupuncture treatment
reduced these genes and protein expressions compare
with the model group (p< 0.05). In addition, both th
riluzoleþ BTX-A and the acupunctureþ BTX-A treatment
restored these deduction (p> 0.05).
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4. Discussion

SNARE proteins are membrane-associated proteins tha
have been implicated as being central in most intracellula
membrane trafficking events studied so far [18]. The syn
aptic proteins syntaxin, SNAP-25, and VAMP10 were the firs
SNAREs to be discovered. SNARE proteins play key roles i
all eukaryotic cell endocytosis, secretion, and membran
fusion [19].

Neurotransmitter release is mediated by synapti
vesicle exocytosis at the active zone of a synapse. Gluta
mate is the major excitatory neurotransmitter in th
brain, and SNARE proteins are involved in all glueglu cy
cles. Furthermore, glutamate release is found to be sen
sitive to stress and glucocorticoids. Reagan et al [20] foun
that exposure to acute stress rapidly increased glutamat
release in the hippocampus and the prefrontal cortex
Rats receiving CUS treatments showed significant in
creases in the amount of glutamate and the number o
structural changes in the hippocampus [20]. In “th
excitatory amino acid mechanism theory” Ongur et al [21
indicated that the etiology of depressive disorders amon
nervous-system disorders was associated with glutamat
release. Danglot et al [22] constructed mutant mic
lacking neuronal SNARE vesicles (TI-VAMP/VAMP7) t
characterize forebrain neuronal synaptic release, an
they found that the number of neurons was greatl
reduced. Extremely high contents of glutamate have als
been found in depressive patients, and clinical studie
have indicated that depressive disorder is associated wit
increased glutamatergic activity [6].

Botulinum neurotoxins (BoNTs) represent a family o
seven antigenically distinct molecules and are produce
by clostridium botulinum bacteria strains. Due to thei
capacity to block neuromuscular signal transmission
BoNTs always lead to botulism [23]. BoNTs bind to cellula
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receptors, causing cellular internalization or endosomal
escape, finally resulting in SNARE-protein cleavage
[24,25]. In this study, we injected BTX-A into the rat’s
encephalocele to hydrolyze SNARE proteins and found
that acupuncture therapy and riluzole therapy for rats
that had been injected with BTX-A were ineffectual in
treating depression. Decreased rat weights, sucrose con-
sumption, horizontal and vertical movements, together
with increased amounts of glutamate in the hippocampus
and glueglu cycle-related gene expression levels in the
BTX-A treatment groups indicated that SNARE proteins
might be one of the targets of antidepression. However,
single acupuncture or riluzole therapy affected SNARE
proteins expression and showed efficacy in remitting
depression syndrome. Furthermore, these results are also
in accord with the results of our clinical, randomized,
controlled trials of acupuncture for the treatment of
depression [5].

In conclusion, this study suggests that SNARE proteins
are involved in the remission of depression in rats treated
by using acupuncture. Therefore, SNARE proteins might be
targets of antidepression. However, we are still at the
beginning of our understanding of how these proteins
operate and how they are regulated through acupuncture.
Further studies using gene-knockout mice are still needed
for a deeper understanding of this antidepression mecha-
nism of acupuncture. In addition, cautious and deeper
research will be indispensable if the effect of acupuncture
in treating depression in human is to be assessed.
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