MEDICAL
SCIENCE

L4

MONITOR

Received: 2016.11.26
Accepted: 2016.12.12
Published: 2017.06.23

Authors’ Contribution: BCF 1,2
Study Design A cD 2
Data Collection B

Statistical Analysis C BC 3

Data Interpretation D BF 1

Manuscript Preparation E BF 1
Literature Search F

Funds Collection G F2

AG 1,2

Corresponding Author:
Source of support:

ANIMAL STUDY

e-ISSN 1643-3750
© Med Sci Monit, 2017; 23: 3080-3087
DOI: 10.12659/MSM.902549

Mechanism Underlying Acupuncture-
Ameliorated Depressive Behaviors by Enhancing
Glial Glutamate Transporter in Chronic
Unpredictable Mild Stress (CUMS) Rats

Ding Luo 1 The Second Clinical College, Guangzhou University of Traditional Chinese
Rui Ma Medicine, Guangzhou, Guangdong, P.R. China
2 Department of Acupuncture and Moxibustion, The Second Affiliated Hospital of

Yanan Wu Guangzhou University of Traditional Chinese Medicine, Guangzhou, Guangdong,
Xuechun Zhang PR. China

Yue Liu 3 Dlepartment of Traditional Chir'lese Medicine, The Fourth Hosipital of Changsha
Lin Wang City, Changsha, Hunan, P.R. China

Wenbin Fu

Wenbin Fu, e-mail: fuwenbin@139.com

This study was supported by the National Natural Science Foundation of China (No. 81173348) and Guangdong Province Scientific
and Technical Programs (No. 2013B032500008 and No. 2014A020221079), and the Guangdong Provincial High-Level University
Construction Program

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Major depressive disorder (MDD) is a recurrent mental illness worldwide. The glutamatergic neurotransmission
system is now a target for antidepressant therapy because it takes part in synaptic plasticity and cognition in
physical condition and has a potential excitatory neurotoxicity in pathological conditions. Glial glutamate trans-
porter EAAT2 performs 90% of Glu neurotransmission. Therefore, the aim of the study was to evaluate the ef-
fect of acupuncture on depressive behaviors and EAAT2 in CUMS.

We randomly divided 56 male SD rats into a normal group, a model group, an acupuncture group, and a rilu-
zole group. Rats in the model group, acupuncture group, and riluzole group underwent chronic unpredictable
mild stress (CUMS) exposure for 21 days. The acupuncture group received electro-acupuncture stimulation on
LI4 and LR3 for 5 continuous days per week for 4 weeks, and rats in the riluzole group received 4 mg/kg of rilu-
zole orally (Sanofi, J20140092) for 4 weeks after undergoing CUMS stimulation.

Rats showed significantly increased sucrose consumption in the sucrose preference test paradigm, and showed
elevated food intake and shortened latency in the novelty-suppressed feeding test paradigm after undergoing
acupuncture therapy and riluzole treatment. The amelioration of depressive behavioral actions was consistent
with increasing number of positive cells, protein, and mRNA expression of glial glutamate transporter EAAT2
in the hippocampus and PFC.

The results suggest that acupuncture and riluzole are both effective in improving sucrose consumption, la-
tency, and food intake in CUMS rats. However, acupuncture appears to achieve an antidepressant effect later
than riluzole does because it might need accumulated stimulation by enhancing EAAT2 expression. Enhance
glial glutamate transporter EAAT2 in the hippocampus and PFC is a mechanism underlying the antidepressant
effect of acupuncture.
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Background

Major depressive disorder (MDD) is a recurrent mental illness
worldwide, which imposes a heavy medical and economic bur-
den on society [1]. According to the WHO, MDD will become
the second leading cause of disability by 2020 due to suicidal
ideation [2]. Despite years of efforts to develop more effective
treatment, there are few available pharmaceutical options and
therapies for depressed patients. The great need for effective
and rapid-acting antidepressant therapies is underscored by
the moderate effect, significant time-lag, and partial respon-
siveness of currently used drug [3].

Although it is important to develop effectual therapies and
to better understand the pathogenesis, the heterogeneity of
MDD makes this difficult. The monoamine neurotransmission
system was targeted in antidepressant drug development for
decades. However, release of core depressive symptoms be-
gins several days or weeks after elevating synaptic monoamine
levels by use of monoamine antidepressants [4-6]. This limi-
tation means that our understanding of the role of the mono-
amine system in the pathogenesis of MDD remains incomplete.

To address this question, increasing research attention has
focussed on the glutamatergic neurotransmission system.
Glutamate (Glu) is the most common excitatory neurotrans-
mitter in the central nervous system and it takes part in syn-
aptic plasticity and cognition in physical condition as well as
having potential excitatory neurotoxicity in pathological con-
ditions [7]. Glu transmission in the mammalian brain is main-
ly transported by glial cells to maintain homeostasis through
tripartite glutamatergic synapses [8,9]. Glu transmission be-
tween synapses is handled by excitatory amino acid glutamate
transporters (EAATSs) located in neurons and glial cells. As gli-
al cells are the most numerous cell types in CNS, glutamate
is transported mainly by EAATs in astrocytes in the mammali-
an brain. The dysfunction of EAATs induced by stress and de-
pression can directly affect Glu transmission, and the excess
Glu accumulation in the synaptic cleft results in neuronal at-
rophy and synapse loss in cerebral regions involved in emo-
tion [10,11]. Hence, enhancing glutamatergic transmission to
achieve neuron protection or synapse plasticity gives us a new
insight into novel antidepressant development. And EAATs then
also become an important target because it binds and trans-
ports Glu into astrocytes to convert to glutamine. Riluzole, the
only drug used for treatment of ALS, exerts its neuroprotec-
tive effect by reducing the excitotoxic effect of excessive ac-
cumulation of extracellular Glu. The beneficial effects of rilu-
zole on anhedonia induced by CUMS and resulting from Glu
modulation show the antidepressant effect of riluzole in rats.

Acupuncture, a therapy widely used in China for thousands of
years, is still used in psychological clinical practice. According

ANIMAL STUDY

to our previous clinical and animal studies, acupuncture had
shown alleviation effect on depressive behaviors [12-14]. The
underlying mechanism may implicate astrocytes protection ef-
fect of acupuncture that astrocytes account for over 90% of
the uptake of the glutamate in brain. It also is involved in in-
creasing soluble N-ethylmaleimide-sensitive factor attachment
receptor (SNARE) proteins, which enhance the glutamatergic
transmission in astrocytes for remission of depression [15].
Moreover, given the ubiquitous nature of Glu and glial cells
in the brain of depressed subjects, the mechanism of the an-
tidepressant effect acupuncture is quite complex. To further
identify how acupuncture affects glutamate transmission to
alleviate depressive syndromes, we used behavioral parame-
ters, immunohistochemistry, Western blot, and real-time poly-
merase chain reaction to evaluate the transfer of EAAT2 in Glu
on astrocytes in the CNS.

Material and Methods

Animals

We used 56 male SD rats purchased from the Laboratory Animal
Center of Guangdong Province, weighting 260-280 g at the
beginning of the experiment (permit no. 440072000000348).
The rats were housed in a controlled environment (22°C, 12-h
light cycle starting at 8: 00 AM), with ad libitum food and wa-
ter. All experimental protocols were approved by local animal
ethics committee and followed the guidelines of animal bioeth-
ics. Rats were randomly divided into a normal group, a mod-
el group, an acupuncture group, and a riluzole group. Rats in
the model group, acupuncture group, and riluzole group un-
derwent chronic unpredictable mild stress (CUMS) exposure
for 21 days [16]. A total of 7 different stressors were used, in-
cluding food and water deprivation, cages tilted and rotated,
lights on/off, cold stress, and crowded and isolation housing.
Sucrose preference test and novelty-suppressed feeding test
were used to assess the model rats after CUMS stimulation.

Acupuncture and administration

Rats in the acupuncture group received electro-acupuncture
stimulation on LI4 and LR3 for 5 continuous days per week for 4
weeks, immediately after CUMS by a skilled acupuncture prac-
titioner, as reported in previous studies [15,17]. LI4 is located
on the depression between the first and second metacarpal
of the forelimbs, and while LR3 is located on the depression
of the first and second metacarpal of the hind limbs. We used
stainless needles 0.25 mm in diameter and 30 mm in length
(Hua Tuo Medical Instruments Co. Ltd., Suzhou, China). The nee-
dles were inserted 2 mm into the skin. The electric acupunc-
ture apparatus G-6805I1 was employed for electro-acupuncture
stimulation at a frequency 2 Hz for 30 min 1 time. Rats in the
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riluzole group received 4 mg/kg of riluzole (Sanofi, J20140092)
orally for 4 weeks. The administration of the drug was per-
formed orally by gastric gavage with rat biomedical needles.

Behavior parameters
Sucrose preference test

The sucrose preference test (SPT) was used to evaluate anhe-
donia behavior caused by CUMS, as previously described [18].
Rats were caged individually and had free access to 1% su-
crose solution for 48 h followed by 4 h of water deprivation
and 1 h of exposure to 2 bottles (sucrose solution and water).
The sucrose preference was assessed by weighting the bot-
tles and calculated by the equation: volume of sucrose/total
volume of (sucrose + water) x100%.

Novelty-suppressed feeding test

The novelty-suppressed feeding test (NSFT) was performed,
as previously described [19,20] for rat behavior changes after
CUMS. Rats were fasted for 12 h before the test. The test was
done in a wooden box (80x80x40 cm) with a small amount of
food in the center. Each rat was removed from the home cage
and placed in a corner of the box. The latency to feed (the time
the animal took to approach and take the first bite of the food)
was recorded by an observer who was blind to the grouping.

Immunohistochemistry

Rats were euthanized under anesthesia, followed by transcar-
dial perfusion with saline and 4% paraformaldehyde in 0.1 M
phosphate-buffer at 4°C. Then, the left hippocampus and pre-
frontal cortex were quickly removed and post-fixed in 12% for-
malin solution for 24 h at room temperature. A 3-mm coronal
block was cut and embedded in paraffin, then sectioned at
3 pum each. Sections were dried at 65°C after unfolding in po-
lysine and were kept in 37°C. Then the sections prepared for
subsequent examination of immunohistochemistry. Paraffin-
embedded sections were dewaxed in dimethylbenzene and hy-
drated in gradient ethanol and water. After been submerged
in a mixed solution of hydrogen peroxide and methanol for
endogenous peroxidase inactivation, sections were heated in
citrate buffer for 5 min by microvan to antigen retrieval fol-
lowed by washing in 0.01 M PBS 3 times. The blocked slices
were then incubated in EAAT2 primary antibodies (Abcam, USA)
dissolved in 0.01 MPBS with the dilution 1: 500 overnight at
4°C. The secondary antibody was then used on the second day
at room temperature for 15 min and stained by DAB. Negative
controls received the same treatment, omitting the primary an-
tibodies, and showed no specific staining. We selected 5 visu-
al regions in the hippocampus and prefrontal cortex for count-
ing immune-positive cells under 10x and 20x microscopes.
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Western blot

Rats were sacrificed and right prefrontal cortex and hippocam-
pus tissue samples quickly removed. Protein concentrations
were measured by BCA kits (Thermo Scientific) and 15 g of
protein was loaded onto 7.5% polyacrylamide gels for electro-
phoresis. Proteins were transferred to a nitrocellulose mem-
brane and blocked for 1 h with 2% BSA. Membranes were
incubated overnight with anti-EAAT2 (Sigma, USA, 1: 3000)
antibody at 4°C. Then, membranes were washed 3 times with
TBST and incubated for 1 h with IgG HRP anti-rabbit second-
ary antibody (Jingiao, Beijing, 1: 5000) in 5% milk at room tem-
perature, and proteins were detected with enhanced chemilu-
minescence. Bands were quantified using Bio-Rad Image Lab
software and normalized to GAPDH.

Real-time polymerase chain reaction

Total RNA was extracted from the hippocampus and pre-
frontal cortex by use of an RNA extraction kit (Invitrogen,
USA) according to manufacturer’s instructions. The com-
plementary DNA was synthesized by Shanghai Science &
Technical Co. (Shanghai, China). The forward and reverse prim-
ers of EAAT2 were 5’-GAACTTCGGTCAATGTAGTGGGCG-3’ and
5’-TGGACTGCGTCTTGGTCATTTCG-3’, and 5’-GGAGATTACTG
CCCTGGCTCCTA-3’ and 5’-GACTCATCGTACTCCTGCTTGCTG-3’
for actin. All samples were normalized by actin. Each sample
was tested twice. The 224" method was used for measuring
relative gene expression.

Statistical analysis

The results are represented as Mean +SD. SPSS 18.0 software
was used for statistical analysis. Repeated measures ANOVA
with subsequent Duncan’s test was used to determine the sig-
nificant difference in multiple comparisons. A P-value of less
than 0.05 was considered significant.

Results

Acupuncture ameliorated depressive behaviors induced by
CUMS

The sucrose preference test and novelty-suppressed feeding test
reliably demonstrated changes in rat depressive behavior after
chronic stress stimulation, acupuncture, and administration.

As shown in Figure 1, sucrose consumption of rats in the mod-
el group, acupuncture group, and riluzole group was dramati-
cally decreased after undergoing CUMS compared to the nor-
mal group (p<0.05) at baseline. There was still no significant
amelioration 1 week after acupuncture and drug intervention
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Figure 1. The SPT paradigm: Rats that underwent CUMS
showing sharply decreased in sucrose consumption
and the change cannot be self-healing. Rats treated
by riluzole and acupuncture could rectify the declining
of sucrose consumption. Rats in the riluzole group
showed significant improvement at the 2" week, while
acupuncture group improved in the 3 week. Sucrose
consumption in the riluzole and acupuncture groups
was nearly at the same level at the 3" week and
both reached normal level at the 4t week. * Means
significant difference compared to normal group
(P<0.05). * Means significant difference compared to
model group (P<0.05).

(p>0.05). Two weeks after intervention, sucrose consumption
of rats in the riluzole group was significantly increased com-
pared to the acupuncture group and model group (p<0.05), but
was still lower than in the normal group (p<0.05). However, the
sucrose consumption of the acupuncture group at the third
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week was sharply elevated from baseline and the second week
(p<0.05), and was at the same level as the riluzole group. At
the end of the 4™ week, the intervention groups achieved a
normal level (p<0.05) and the model group showed a declin-
ing trend in SPT (p>0.05).

According to the novelty-suppressed feeding test results, we
also found remarkable improvement in latency to feeding and
food intake, as shown in Figure 2. The CUMS rats had longer
latency to feeding and less food intake than the normal control
rats. In the riluzole group, the latency to feeding was signifi-
cantly reduced at the 2" week (P<0.05) and then maintained a
stable level to the 3 and 4™ weeks (Figure 2A), and the same
trend was also shown in food intake (Figure 2B). Although la-
tency to feeding gradually improved in the acupuncture group,
it sharply decreased in the 3 week and was maintained to
the 4" week. Food intake had an increasing trend from the 2
week onward (Figure 2A).

Acupuncture increased EAAT2 expression in the
hippocampus and prefrontal cortex

To determine the effects of acupuncture on EAAT2 expression
in the hippocampus and prefrontal cortex, immunohistochem-
istry, Western blot analysis, and RT-PCT were used. As shown in
Figure 3, CUMS a had negative influence on EAAT2-positive cell
count, protein, and mRNA expression of EAAT2 in the hippo-
campus and prefrontal cortex. The acupuncture group and the
riluzole group had robust increase in EAAT2-positive cell count
and protein expression in the HP and PFC groups compared
to the model group (P<0.05) in HP and PFC. There was no sig-
nificant difference in EAAT2-positive cells, protein expression,
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Figure 2. The NSFT paradigm: The longer latency to feeding and lower food intake caused by CUMS was improved by administration
and acupuncture. The riluzole group had alleviated SPT deficit after the 2" week and kept a steady level through the 4t
week (P<0.05). In the acupuncture group, a sharp improvement occurred in the 3 week and then was maintained from
the 4t week (P<0.05). * Means significant difference compared to normal group (P<0.05). * Means significant difference

compared to model group (P<0.05).
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Figure 3. Effects of acupuncture on EAAT2 expression in hippocampus and prefrontal cortex. CUMS had a negative influence on
EAAT2-positive cell count, protein, and mRNA expression of EAAT2 in the hippocampus and prefrontal cortex (P<0.05).
Acupuncture and riluzole significantly increased EAAT2-positive cells and protein expression in the HP and PFC (P<0.05).
EAAT2 mRNA expression in the PFC was also increased, but there was no change in the hippocampus. * Means significant
difference compared to normal group (P<0.05). # Means significant difference compared to model group (P<0.05).

and mRNA between the acupuncture group and the riluzole
group (P<0.05). However, there was no significant change in
EAAT2 mRNA in the hippocampus (P>0.05).

Discussion

Our results demonstrated the antidepressant effect of acu-
puncture on behavioral actions by increased glial glutamate
transporter EAAT2 expression in the hippocampus and pre-
frontal cortex. Rats significantly increased sucrose consump-
tion in the SPT paradigm, and showed elevated food intake
and shortened latency in the NSFT paradigm after 3 weeks of
acupuncture therapy. The amelioration of depressive behav-
joral actions was consistent with increased positive cell num-
ber, protein, and mRNA expression of glial glutamate trans-
porter EAAT2 in the hippocampus and PFC after interventions
using acupuncture and riluzole.

Glutamate (Glu), the major excitatory neurotransmitter in the
mammalian brain, is well accepted as a treatment target in

psychiatric disorders because it plays a key role in synaptic
plasticity and memory. Excessive extracellular Glu is a potent
neuronal excitotoxin, triggering neurotoxicity and impairing
synaptic and neural plasticity, most commonly induced by ab-
normal activity of the glutamatergic system [21]. Therefore,
correcting abnormal glutamatergic activity by means such as
boosting extrasynaptic Glu level and circuitry is crucial to de-
pressive disorder treatment [22]. The neurotransmission of Glu
in the CNS is mainly performed by glial transporters. Deficits
in glial cells could lead to a mismatch of excitatory and ener-
getic supply, finally developing into neural atrophy [23]. High-
affinity excitatory amino acid transporters (EAATSs) in glial cells
contribute to the most Glu clearance in extracellular clefts [24].
Failure of the EAATs may results in Glu accumulation and cel-
lular damage. EAAT2 is responsible for over 90% of glutamate
reuptake among 5 EAATs in the CNS, which predominantly ex-
ist in glial membranes [25]. Decreased concentrations of EAAT2
can directly result in extracellular Glu accumulation, according
to postmortem studies [26]. Therefore, we chose EAAT2 as an
indicator for evaluating the glutamate neurotransmission ef-
fect of acupuncture in this study.
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Figure 4. EAAT2 immunohistochemistry photographs in hippocampus: (A) Normal group; (B) Model group; (C) Acupuncture group;
(D) Riluzole group.
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Riluzole, the positive control in our study, is a glutamate reup-
take enhancer acting by increasing Glu reuptake via EAAT2
and inhibiting Glu release to avoid excitotoxic effects by ex-
tracellular Glu concentration [27]. The glutamatergic dysfunc-
tion implicated in neural plasticity and cellular resilience may
then contribute to the pathophysiology of depressive disor-
der, and riluzole was evaluated as a treatment for depression
in both human and rodents [28] . A recent preclinical, obser-
vational, open-label study showed great improvement in the
riluzole group compared to the placebo group [29,30]. In the
present study, riluzole showed dramatic amelioration of su-
crose consumption, latency, and food intake in the behavioral
paradigm compared to the CUMS model group. Corresponding
with the improvement in behavioral actions, EAAT2-positive
cell count and protein expression in the hippocampus and pre-
frontal cortex were increased (Figures 3-5), and the same ten-
dency was found in the acupuncture group. Thus, we specu-
lated that increased level of glial glutamate transporter EAAT2
may be an underlying mechanism by which acupuncture ame-
liorates depressive behaviors induced by CUMS.

However, it is interesting to note that the time course of de-
pressive behavioral actions remission was different between
the riluzole and acupuncture groups. The behavioral actions
significantly improved at the 2" week in the riluzole group,
but in the acupuncture group this occurred at the 3 week.
The same trend was also found in EAAT2-positive cells, protein,
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and mRNA expression. That suggests that a certain minimum
level of acupuncture stimulation is needed before the antide-
pressant effect can be achieved.

These results suggest that an underlying mechanism of the ef-
fect of acupuncture treatment on CUMS is by enhancing the
glial glutamate transporter EAAT2. The present study has some
limitations. First, the dose-effect relationship of acupuncture
stimulation and antidepressant effect should be further elabo-
rated. Second, not only glutamate transporter EAAT2, but also
the details of glutamate cycling in CNS, should be explored
to expand understanding of the underlying mechanism, such
as Glu transmission and synaptic plasticity. Therefore, more
study is needed.

Conclusions

The results suggest that acupuncture is effective in improv-
ing sucrose consumption, latency, and food intake in CUMS
rats. Enhanced glial glutamate transporter EAAT2 in the hip-
pocampus and PFC is an underlying mechanism of the anti-
depressant effect of acupuncture.
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