
O R I G I N A L  R E S E A R C H

Electroacupuncture Relieves LPS-Induced 
Depression-Like Behaviour in Rats Through 
IDO-Mediated Tryptophan-Degrading Pathway

This article was published in the following Dove Press journal: 
Neuropsychiatric Disease and Treatment

Kun Zhang1,2 

Ran Liu1,2 

Yuan Gao2 

Wen Ma2 

Weidong Shen1,2

1Department of Acupuncture, Shuguang 
Hospital Affiliated to Shanghai University 
of Traditional Chinese Medicine, 
Shanghai, People’s Republic of China; 
2Institute of Acupuncture and Anesthesia, 
Shuguang Hospital Affiliated to Shanghai 
University of Traditional Chinese 
Medicine, Shanghai, People’s Republic of 
China 

Background: Neuroinflammation is an important pathological mechanism of depression 
that leads to an increase in indoleamine-2,3-dioxygenase (IDO) activity and NMDAR 
activation. This study aimed to observe the effects of electroacupuncture on depression- 
like behaviour in lipopolysaccharide (LPS)-treated rats and the underlying mechanism.
Methods: Wistar rats were intraperitoneally administered LPS (0.5 mg/kg) for 7 consecutive 
days to establish a depression model. Electroacupuncture treatment was administered 1 hour 
after daily LPS injection. The open field test (OFT), forced swimming test (FST), and 
sucrose preference test (SPT) were used to evaluate the depressive-like behaviours. IL-1β, 
IL-6, and TNF-α levels were determined by enzyme-linked immunosorbent assay (ELISA); 
Trp, 5-hydroxytryptamine (5-HT), kynurenine (Kyn) and quinolinic acid (Quin) were 
detected by ultra-high-performance liquid chromatography-tandem mass spectrometry; and 
N-methyl-D-aspartate receptor (NMDAR) protein and mRNA were assessed by Western blot 
and real-time qPCR.
Results: The results showed that electroacupuncture treatment successfully corrected LPS- 
induced depressive-like behaviour, reduced the inflammatory factor (IL-1β, IL-6 and TNF-α) 
levels in the blood and hippocampus, prevented IDO over-activation and recovered NR2B 
expression after challenge by LPS.
Conclusion: Electroacupuncture treatment provided protection against LPS-induced depres
sive-like behaviour, and the associated mechanisms may be related to inhibiting the inflam
matory response, regulating the IDO-mediated tryptophan-degrading pathway, and inhibiting 
NR2B activation.
Keywords: depression, electroacupuncture, LPS, IDO

Introduction
Depression disorder is a common mental disease accompanied by manifestations of 
low mood, low interest, decreased energy, and inattention. Depression causes 
deteriorated physical function, increased disability, and decreased quality of life1,2 

and leads to a significant increase in suicide risk.3 According to statistics by the 
World Health Organization, depression accounts for nearly 4.3% of the global 
disease burden and is expected to rank first in 2030.4,5 Such findings prompted 
researchers to explore the pathogenesis of depression from a broader perspective 
and find safer and more effective treatments.

Growing evidence suggests that inflammation is involved in the pathophysiolo
gical process of depression. Research shows that the levels of proinflammatory 
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cytokines, such as TNF-α, IL-1β, and IL-6, in the periph
eral blood of patients with depression are significantly 
increased;6–8 moreover, patients treated with cytokines 
for immunotherapy exhibit increased risk of depression 
disorder.9 Furthermore, patients with chronic inflammatory 
diseases are significantly more likely to suffer from 
depression.10,11 Similar indications have been found in 
related animal studies, which observed abnormal elevated 
levels of inflammatory cytokines in acute and chronic 
depressive stress models.12–14

Proinflammatory cytokines have been reported to activate 
indoleamine 2,3-dioxygenase (IDO) as a critical event in the 
switch from sickness to depression.15 IDO is a key enzyme 
responsible for tryptophan degradation along the kynurenine 
pathway.16 Excessive production of proinflammatory cyto
kines, such as IFN-γ, IL-6, TNF-α, and IL-1β, leads to 
increased IDO activity, which subsequently prompts the 
metabolism of Trp to shift towards kynurenine (Kyn) and 
eventually activates the N-methyl-D-aspartate receptor 
(NMDAR).17–19 Researchers have found that patients with 
depression have increased IDO activity in the blood, and 
depressive patients with suicidal tendencies have higher 
IDO activity than those without suicidal tendencies.20,21 

Moreover, clinical studies have indicated that depressed 
patients could benefit from anti-inflammatory drugs and 
IDO inhibitors.22–24 Therefore, we speculated that inhibiting 
IDO activity is a viable therapeutic target for inflammation- 
associated depression.

Acupuncture is a widely used complementary and alter
native therapy, and it has been reported to effectively alle
viate the clinical symptoms of depression.25 Several 
existing meta-analyses also support the safety and signifi
cant clinical efficacy of acupuncture in ameliorating depres
sive symptoms.26–28 Although some studies have discussed 
the underlying mechanism of its anti-depressive effect,29–31 

the mechanism of action is still not completely understood. 
In this study, lipopolysaccharide (LPS) was peripherally 
administered to establish a rat depression model to explore 
whether the antidepressant effect of acupuncture is related 
to the inhibition of the inflammatory response and regula
tion of the IDO-mediated tryptophan-degrading pathway.

Materials and Methods
Chemicals and Instruments
Trp, 5-hydroxytryptamine (5-HT), kynurenine (Kyn) and 
quinolinic acid (Quin), and LPS (Escherichia coli, serotype 
0111:4) were purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Benzoyl chloride and ammonium formate were 
obtained from Aladdin (Shanghai, China). LC-MS grade 
methanol, acetonitrile, and formic acid were purchased 
from Fisher Scientific. Enzyme-linked immunosorbent 
assay (ELISA) kits were purchased from Boster Biological 
Technology Co., Ltd. (Wuhan, China). NMDAR antibody 
was purchased from Abcam (Cambridge, UK). The real-time 
PCR system used in this study was the Thermo Fisher ABI 
StepOne Plus system. Ultra-high-performance liquid chro
matography-tandem mass spectrometry (UHPLC-MS/MS) 
analysis was performed on an Agilent 1290 Infinity II 
UHPLC system coupled to a 6470A triple quadrupole mass 
spectrometer (Santa Clara, CA, United States).

Animal and LPS-Induced Model
Male Wistar rats weighing 180–200 g were obtained from 
the Animal Experiment Centre of Shanghai University of 
Traditional Chinese Medicine, China. Before the start of the 
experiment, the rats were fed adaptively for 1 week under 
standard feeding conditions (room temperature of 25 °C; 
12-h/12-h light/dark cycle) and provided free access to food 
and water. The experiment was approved by the 
Experimental Animal Welfare and Ethics Committee of 
Shanghai University of Traditional Chinese Medicine. (ani
mal ethical clearance number: PZSHUTCM190322027). 
Experiments were conducted according to the National 
Institute of Health’s Guide for the Care and Use of 
Laboratory Animals (publication 80–23), revised in 1996.

LPS was dissolved in sterile 0.9% saline at 
a concentration of 0.1 mg/mL and intraperitoneally injected 
into the Wistar rats at a dosage of 0.5 mg/kg daily for 1 week 
to induce depression-like behaviours. The dose was based 
on previously reported studies32,33 and verified in our pre
liminary studies.

Electroacupuncture Treatment
Rats were randomly divided into 3 groups (n = 8): (a) the 
control group, (b) the LPS group, and (c) the electroacu
puncture group. The control group was intraperitoneally 
injected with physiological saline (5 mL/kg). The LPS 
group and electroacupuncture group were intraperitoneally 
injected with LPS (0.5 mg/kg). The Yintang (GV29) and 
Baihui (GV20) acupoints were selected for the electroacu
puncture group. A disposable stainless-steel needle was 
inserted at depths of approximately 6–7 mm (GV20) and 
3–4 mm (GV29). The needle was connected to an electro
acupuncture device (frequency 2 Hz, intermittent wave, 
Hwato SDZ-V, Suzhou Medical Supplies, China). 
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Treatment was initiated 1 hour after LPS injection, and 
each treatment session lasted for 30 min each time. 
Electroacupuncture was administered once a day for 7 con
secutive days.

Behavioural Studies
To verify the effect of the LPS process on depression-like 
behaviour, the three groups were subjected to the forced 
swimming test (FST), open field test (OFT) and sucrose 
preference test (SPT) 24 hours after the last injection 
of LPS.

SPT
The SPT was conducted as described previously with 
minor modifications.33 For the first 24 hours, all rats 
were given two bottles containing 1% sucrose solution; 
for the second 24 hours, they were given a bottle of water 
and a bottle containing 1% sucrose solution. At the 
12th hour, the positions of the bottle containing the 
sucrose solution and the water bottle were changed. 
Then, all rats were deprived of water for 24 hours, and 
the rats were given a bottle of 1% sucrose solution and 
a bottle of pure water. After 2 hours, the bottles were 
removed and weighed, and the consumption of sucrose 
solution and pure water was recorded.

OFT
The OFT was conducted to assess rat locomotor activity. 
The floor of a medical ABS plastic box (100×100×50 cm) 
was divided into 25 equal squares, and the number of 
gridlines crossed and the total distance of horizontal 
motion over a 5-min period were recorded. The test results 
were recorded with SuperMaze 2.0 (Xinruan Information 
and Technology, Shanghai, China).

FST
The FST was performed according to a previously reported 
method with slight modifications.34 The rats were placed 
in a bucket (50 cm high × 25 cm in diameter) filled with 
water (20–22 °C) to a depth of 35 cm. The rats were 
allowed to swim for 6 min, and immobility was recorded 
during the last 4 min. Immobility was defined as no move
ments other than those necessary to keep the head above 
the water. Immobility time was recorded by two observers 
who were unaware of the grouping.

ELISA
After the behavioural tests, the rats were anaesthetized via 
abdominal injection of pentobarbital sodium. Blood was 

collected from the abdominal aorta and centrifuged at 
5000 rpm for 15 min after being allowed to stand for 
4 hours. Then, the supernatant was collected and placed 
into a refrigerator at −80 °C until subsequent testing. 
According to the manufacturer’s instructions, the concen
trations of IL-1β, IL-6, and TNF-α in the serum and hippo
campus were determined by ELISA kits.

UHPLC-MS/MS Analysis
Sample preparation was performed as described by 
a previous publication with modifications.35 The tissue 
samples were weighed carefully, 10 volumes (μL/mg) of 
80% acetonitrile solution was added, and the homogenates 
were ground and then centrifuged at 16,000 rcf and 4 °C 
for 15 min. Extraction of the supernatant was repeated, 
and then the supernatants were combined. A total of 100 
μL supernatant was evaporated to dryness under nitrogen 
gas, and then 50 μL Na2CO3 (100 mmol/L) was added for 
redissolution. Derivatization was performed by adding 
50 μL 2% benzoyl chloride in acetonitrile, and after cen
trifugation, the supernatant was isometrically mixed with 
isotope internal standards for quantification by UHPLC- 
MS/MS. All analytical standards were prepared individu
ally at a concentration of 1 mM as stock solutions. 
A working solution containing 250 μM Trp, 50 μM Kyn, 
5-HT and Quin was prepared by mixing standard stock 
solutions. After chemical derivatization by benzoyl chlor
ide using the same protocol as that used for sample pre
paration, a derivatized working solution was obtained and 
serially diluted. The samples of the calibration curves were 
finally obtained by isometrically mixing the serially 
diluted standard mixture with an internal standard solution 
(benzoyl-13C6 chloride-derivatized standard mixture). 
Samples were injected into a Waters UPLC BEH C18 
column (100 mm × 2.1 mm, 1.7 μm) at a flow rate of 
0.25 mL/min. The mobile phase consisted of water in 
2 mM ammonium formate and 0.1% formic acid (A) and 
acetonitrile (B). Chromatographic separation was con
ducted by a gradient elution programme as follows: 0–1 
min, 15% B; 2 min, 40% B; 9 min, 60% B; 9.3 min, 100% 
B; 10.8 min, 100% B; 10.9 min, 15% B; 13 min, 15% 
B. The column temperature was 40 °C. The eluted analysts 
were ionized with an electrospray ionization source in 
positive mode (ESI+). The ESI+ source drying gas tem
perature was 300 °C, and the sheath gas temperature was 
350 °C. The flow rates of the ESI+ source drying gas and 
sheath gas were 5 and 11 L/min, respectively. The pressure 
of the nebulizer was 40 psi, and the capillary voltage was 
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4000 V. Dynamic multiple reaction monitoring (dMRM) 
was performed to acquire data.

Western Blot Analysis
After blood was drawn from the abdominal aorta, the rats 
were immediately decapitated. The hippocampal tissues 
were separated and placed in liquid nitrogen for quick 
freezing and then placed in a refrigerator at −80 °C until 
analysis. The hippocampal tissue was cut into small 
pieces, ground in a homogenizer with RIPA lysis buffer, 
and then centrifuged at 4 °C for 5 min at 12,000 rpm. The 
supernatant was collected, and the protein concentration of 
the supernatant was measured using a BCA protein con
centration determination kit. Total protein (30 μg) was 
electrophoretically separated by sodium dodecyl sulfate– 
polyacrylamide gel electrophoresis (SDS–PAGE) and then 
transferred to polyvinylidene fluoride (PVDF) membranes. 
NMDAR2A (Abcam 1:1000) and NMDAR2B (Abcam 
1:1000) antibodies were added, and the membranes were 
incubated at 4 °C overnight. β-actin was used as an inter
nal reference. The next day, the membranes were washed 
with TBST three times for 5 min each, and then the blots 
were incubated with secondary antibody for 2 hours at 
room temperature and subsequently washed five times in 
TBST for 15 min each. ECL chemiluminescence detection 
reagent was applied to visualize the signals on the blot, 
and the optical densities of the bands were analysed by 
ImageJ.

Real-Time qPCR (RT-qPCR)
According to the manufacturers’ instructions, total RNA 
was extracted from the hippocampus with TRIzol reagent 
(Gibco, Invitrogen) and RNA was transcribed into cDNA 

using a reverse transcription kit. Then, the cDNA was 
amplified with primers. The primer sequences for the 
genes were as follows: (NMDAR2A: forward, 5ʹ-GGAT 
CCGACATCCACGTTCT-3ʹ; reverse, 5ʹ-GGAGAAGAC 
GTGCCAGTCGTA-3ʹ; NMDAR2B: forward, 5ʹ-GTGGA 
TATGCAAGCGAGAAGA-3ʹ; reverse, 5ʹ-GCTGGGCTT 
CATCTTCAGCTA-3ʹ; GAPDH: forward, 5ʹ-CGCATTGC 
AGAGGATGGTAG-3ʹ; reverse, 5ʹ-CACCGACCTTCAC 
CATCTTG-3ʹ). The results were analysed using the 
2−ΔΔCT method for relative quantitative analysis.

Statistical Analysis
GraphPad Prism 8 (GraphPad Software, San Diego, CA, 
USA) was used for statistical analyses. The data were 
expressed as the mean ± SEM, and differences between 
groups were analysed by one-way ANOVA with Tukey’s 
post hoc test. P < 0.05 was considered statistically 
significant.

Results
Effects of Electroacupuncture on 
Depression-Like Behaviours
Distinctly significant differences among these groups were 
observed in the SPT [F (2, 27) = 12.37, P = 0.0002, 
Figure 1A], OFT [F (2, 27) = 9.387, P = 0.0008, Figure 1B] 
and FST [F (2, 27) = 14.58, P < 0.0001, Figure 1C]. Multiple 
comparisons suggested that the sucrose preference percentage 
(P < 0.0001, Figure 1A) and the number of crossings in 
the OFT (P = 0.0008, Figure 1B) exhibited an evident 
decrease and the immobility duration increased considerably 
(P < 0.0001 in Figure 1C) in the LPS-administered group 
compared with the control group. In contrast, the electroacu
puncture treatment substantially ameliorated the sucrose 

Figure 1 Effects of electroacupuncture on depressive-like behaviours. Sucrose preference test (A), crossing numbers in open field test (B), and immobility time in the forced 
swimming test (C). Data are expressed as the mean ± SEM, (n = 10). **P < 0.01 compared to the control group; #P < 0.05 compared to the LPS group.
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consumption (P = 0.0218, Figure 1A) and the number of 
crossings in the OFT (P = 0.0113, Figure 1B) and decreased 
the immobility duration (P = 0.0315, Figure 1C) compared 
with the LPS group.

Effect of Electroacupuncture on 
Proinflammatory Factors in the Serum 
and Hippocampus
Overall statistically significant differences were obtained 
for IL-1β [F (2, 24) = 61.67; P < 0.0001, Figure 2A], IL-6 
[F (2, 24) = 144.3; P < 0.0001, Figure 2B], and TNF-α [F (2, 
24) = 513.9, P < 0.0001, Figure 2C] in the serum, and 
significant differences were observed for IL-1β [F (2, 18) 
= 36.42; P < 0.0001, Figure 2D], IL-6 [F (2, 18) = 33.80; 
P < 0.0001, Figure 2E], and TNF-α [F (2, 18) = 42.19, 
P < 0.0001, Figure 2F] in the hippocampus. A post hoc 
analysis indicated that LPS administration strongly 
increased the levels of proinflammatory factors IL-1β 

(P < 0.0001), IL-6 (P < 0.0001), and TNF-α (P < 0.0001) 
in the serum and hippocampus (Figure 3A–E). Treatment 
with electroacupuncture reversed the increase of IL-1β 
(P < 0.0001), IL-6 (P < 0.0001), and TNF-α (P < 0.0001) 
in the serum and IL-1β (P = 0.0013), IL-6 (P < 0.0001), and 
TNF-α (P = 0.0002) in the hippocampus (Figure 3A–E).

Effect of Electroacupuncture on the 
IDO-Mediated Tryptophan-Degrading 
Pathway
As shown in Figure 3, the levels of Trp [F (2, 6) = 9.644, 
P = 0.0134, Figure 3A], kyn [F (2, 6) = 75.14, P < 0.0001, 
Figure 3B], Quin [F (2, 6) = 21.31, P = 0.0019, Figure 3C], 
and 5-HT [F (2, 6) = 20.71, P = 0.0020, Figure 3D] and the 
activity of IDO [F (2, 6) = 183.9, P < 0.0001, Figure 3E] were 
significantly different among these groups. Post hoc analysis 
indicated after LPS-administration, the levels of Trp 
(P = 0.0115, Figure 3A) and 5-HT (P = 0.0016, Figure 3D) 

Figure 2 Effect of electroacupuncture on proinflammatory factors in the serum and hippocampus. IL-1β, IL-6, and TNF-α levels in the plasma (A–C), IL-1β, IL-6, and TNF-α 
levels in the hippocampus (D–F). Data are expressed as the mean ± SEM, (n = 8–10). **P < 0.01 compared to the control group; ##P < 0.01 compared to the LPS group.
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were significant decreased while the levels of kyn 
(P < 0.0001, Figure 3B) and Quin (P = 0.0015, Figure 3C) 
and activity of IDO (P < 0.0001, Figure 3E) were signifi
cantly increased in the hippocampus compared with the 
control group. Treatment with electroacupuncture reversed 
the decreasing trend for Trp (P = 0.0777, Figure 3A) and 
5-HT (P = 0.0388, Figure 3D) and reduced the level of kyn 
(P = 0.0004, Figure 3B) and Quin (P = 0.0395, Figure 3C) 
and the activity of IDO (P < 0.0001, Figure 3E).

Effect of Electroacupuncture on NMDAR 
Protein and mRNA Levels
A one-way ANOVA indicated significant interaction effects 
between LPS and electroacupuncture administration for the 
levels of relative protein [F (2, 6) = 52.13, P = 0.0002, 
Figure 4B] and mRNA [F (2, 9) = 16.69, P = 0.0009, 
Figure 4E] of NR2B. A post hoc analysis indicated that 
LPS administration strongly increased the expression of the 
NR2B protein (P = 0.0002, Figure 4B and C) and mRNA 
(P = 0.0009, Figure 4E) in the hippocampus. Treatment 

with electroacupuncture significantly downregulated the 
NR2B protein (P = 0.0007, Figure 4B and C) and mRNA 
(P = 0.0073, Figure 4E). However, significant differences 
were not observed in the relative protein and mRNA levels 
of NR2A (Figure 4A and D) between the three groups.

Discussion
A growing number of studies have indicated the satisfac
tory effectiveness of acupuncture when treating depres
sion. Studies have reported that acupuncture can reduce 
the level of inflammatory factors and relieve depressive 
symptoms in chronic unpredictable mild stress depression 
model rats.36,37 Meanwhile, in various LPS-induced mod
els, acupuncture has shown a good anti-inflammatory 
effect.38–40 This study is the first to explore the effect of 
electroacupuncture on a LPS-induced depression model, 
and the results showed that electroacupuncture has a good 
antidepressant effect. In addition, electroacupuncture can 
effectively reduce the levels of proinflammatory cytokines 
(IL-1 β, IL-6 and TNF-α), inhibit the activity of IDO, and 

Figure 3 Effect of electroacupuncture on the tryptophan degrading pathway and IDO activity in hippocampus. Tryptophan (A), kynurenine (B), quinolinic acid (C), 
5-Hydroxytryptamine (D), and IDO activity (Kyn/Trp radio) (E). Data are expressed as the mean ± SEM, (n = 6). *P < 0.05, **P < 0.01 compared to the control group; #P < 
0.05; ##P < 0.01 compared to the LPS group.
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downregulate the protein and mRNA expression of NR2B. 
All of these changes may be partly attributed to the anti
depressant effect of electroacupuncture.

Intraperitoneal injection of LPS is commonly used to 
induce inflammatory depression models. Based on pre
vious research, a rat model of depression was successfully 
replicated, and then the SPT, OFT, and FST, which are 
classical tests, were used to assess the depression-like 
behaviour. The results showed that the depression model 
rats exhibited reduced sucrose water consumption in the 
SPT, crossed the gridlines significantly fewer times in the 
OFT, and exhibited a significantly longer immobility time 
in the FST. These behavioural changes were reversed by 
electroacupuncture treatment, indicating that electroacu
puncture has a good antidepressant effect.

Hippocampal neuroinflammation is closely related to 
depression. Multiple clinical studies and animal experi
ments have suggested that hippocampal neuroinflammation 
is involved in the pathological process of depression.41,42 

Anti-inflammatory therapy can help relieve depression and 
stress-related mood disorders.43 As an immune activator 

and cytokine inducer, LPS can lead to immune activation 
and inflammatory cytokine release, thereby causing depres
sion-like behaviour in rats.33,44 A previous study found that 
acupuncture could effectively suppress neuroinflammation 
in the hippocampus of a stress-induced depression rat 
model.45 Therefore, the contents of IL-1β, IL-6, and TNF- 
α in the plasma and hippocampus were measured in this 
study. We found that intraperitoneal injection of LPS 
induced a significant increase in the inflammatory factors 
IL-1β, IL-6, and TNF-α in the rat serum and hippocampus 
compared with the control animals while the electroacu
puncture treatment effectively reduced the levels of inflam
matory factors while improving the symptoms of depressed 
rats.

IDO is the rate-limiting enzyme in the tryptophan- 
kynurenine metabolic pathway,16 and although its expres
sion is low under normal conditions, in the case of immune 
activation under the action of IFN-γ, TNF-α and other 
inflammatory factors, its activity is greatly increased.17–19 

Increased IDO catalyses the conversion of tryptophan to 
Kyn, increases the levels of neurotoxic metabolite Quin, 

Figure 4 Effect of electroacupuncture on NMDAR protein and mRNA levels. Relative protein expression of NR2A and NR2B (A, B), Western blot bands (C), and relative 
mRNA expression of NR2A and NR2B (D, E). Data are expressed as mean ± SEM, (n = 5). **P < 0.01 compared to the control group; ##P < 0.01 compared to the LPS 
group.
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and reduces the bioavailability of tryptophan, resulting in 
insufficient synthesis of 5-HT.46,47 IDO activity is closely 
related to depression, and the ratio of Kyn/Trp is often used 
as an index to evaluate the activity of IDO. The higher the 
ratio, the greater the activity of IDO.48 In this study, we used 
UHPLC-MS/MS to determine the levels of Trp, Kyn, Quin 
and 5-HT in the hippocampi of rats and evaluated IDO 
activity by measuring the ratio of Kyn to Trp. The results 
showed that the 5-HT levels were significantly reduced, and 
Quin and IDO activity were significantly increased in the 
model group compared with the control group. 
Electroacupuncture reversed the increases in the concentra
tions of Quin and increased the 5-HT level in the hippo
campus as well as reduced the activity of IDO.

NMDAR is an ionic glutamate receptor involved in 
learning and memory, synaptic plasticity, excitotoxicity, 
and so on, and it is closely related to depression.49,50 

NMDARs are heterooligomeric complexes that consist of 
essential NR1 subunit and regulatory NR2 (NR2A-D) 
subunits,51 NR2A- and NR2B-containing NMDARs are 
considered the major isoforms of functional NMDARs in 
neurons.52 NR2B-containing NMDARs mainly reside at 
extrasynaptic sites and are involved in cell death.53,54 

A previous study found that NR2B expression was signif
icantly upregulated in animal models of depression.55 In 
addition, compared with depressed patients who did not 
die of suicide, the expression level of NR2B mRNA was 
higher in depressed patients who died by suicide.56 Quin is 
an endogenous agonist of NMDAR, when NMDAR is 
activated, ion channels are opened. Then, the influx of 
a large amount of Ca2+ into the extracellular fluid causes 
calcium overload in neurons, triggering a series of down
stream pro-death signalling events, such as calpain activa
tion, reactive oxygen species generation, and 
mitochondrial damage, further aggravating the symptoms 
of depression.57–59 We detected the protein and mRNA 
expression of NMDAR subunits in hippocampal homoge
nates by Western blotting and q-PCR analysis. The results 
showed that the increased protein and mRNA expression 
of NR2B in the LPS group was reversed by electroacu
puncture treatment. Similar to our study, an increase in 
NR2B expression but not in NR2A expression was 
observed in response to LPS challenge in previous 
reports.60 Combining these findings, we can speculate 
that antidepressant effects of electroacupuncture may be 
related to the inhibition of inflammatory response as well 
as IDO over-activation, thereby inhibiting the activation of 
NR2B.

Conclusions
In conclusion, we provide relevant evidence to suggest 
that electroacupuncture relieves LPS-induced depression- 
like behaviour. The underlying mechanisms may involve 
in inhibiting inflammatory response, regulating IDO- 
mediated tryptophan-degrading pathway, inhibiting the 
activation of NR2B. It is suggested that electroacupuncture 
can be an effective treatment for depression disorder.
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