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Background: Pain is considered as a multidimensional conscious experience that includes a sensory component 

and a negative affective-motivational component. Electroacupuncture (EA) is widely used to treat pain and pain- 

induced negative emotions, however, little is known about the mechanisms underlying the effect of EA. 

Objective: This study investigated the effect of EA on alleviating the anxiety-like behaviors in pain aversion rats 

and its anterior cingulate cortex (ACC) regulation mechanism. 

Methods: After a Freund’s complete adjuvant (CFA)-conditioned place aversion (C-CPA) model was established 

in rats, EA treatment (2/100 Hz, 30 min, once/day, 4 days totally) was applied at bilateral Zusanli (ST36) and 

Kunlun (BL60) acupoints. Von Frey filaments were used to measure changes of pain withdrawal threshold (PWT) 

at indicated time points. Elevated zero maze (EZM) was used to investigate the changes of pain-related anxiety 

and CPA was used to investigate the changes of pain aversion. The protein expression levels of GAD67, PV, and 

NPY in ACC were detected by Western blotting. 

Results: Compared with the control group, the staying time in the "CFA-paired compartment" was significantly 

reduced, and the PWT was decreased in model group. In the EZM assessment, the distance and the time in open 

arm, as well as the number of open arm entries of model group were significantly lower than those in the control 

group. In the CPA assessment, the time spent in the "CFA-paired compartment" was significantly decreased in 

model group compared with control group, and EA reversed the changes in pain sensation and in pain-related 

emotions. Western blotting showed that the NPY level, but not the levels of GAD67 and PV, was significantly 

increased in the ACC of the model group compared to that of the control group. The increased expression of NPY 

in the ACC was significantly downregulated by EA, while sham EA produced no such effect. 

Conclusion: EA can effectively relieve the pain and pain-related emotions, and its mechanism may be achieved 

by down-regulating the expression of NPY in the ACC. 
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. Introduction 

Chronic pain not only causes painful sensations, but also often causes

dverse emotional reactions such as depression and anxiety ( Xie et al.,

012 ; Williams and Craig, 2016 ). It is reported that more than 50%

hronic pain patients suffering from anxiety disorder, which greatly in-

reases the patients’ pain burden ( Feingold et al., 2017 ). While there

ave been great advances in understanding of the neuroscience basis of
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ain sensation, many researchers have begun to turn their attention to

he mechanisms of pain emotion ( Lumley et al., 2011 ). 

The anterior cingulate cortex (ACC), an important part of the lim-

ic system, has demonstrated the role in the processing of informa-

ion related to pain and emotions ( Meda et al., 2019 ; Bliss et al., 2016 ;

omtsian et al., 2018 ). Clinical studies showed that ACC is activated in

umans during pain and its activity is modulated during pain manage-

ent ( Peyron et al., 2000 ; Antioch et al., 2020 ). Preclinical studies also
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Fig. 1. Experimental flow chart. 
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ound that ACC activation is closely related to mood disorders caused

y chronic pain ( Barthas et al., 2015 ; Jarrin et al., 2020 ) and ACC le-

ions are associated with pain aversion. For example, it has been shown

n rats that ACC lesions significantly reduce the aversion produced by

ind paw formalin injection ( Johansen et al., 2001 ) and block condi-

ional preference of analgesics in neuropathic pain ( Qu et al., 2011 ). 

GABA is the main inhibitory neurotransmitter in ACC ( Kim et al.,

011 ). GABAergic interneurons constrain the spread of excitation by

ontrolling generation and timing of spiking of adjacent glutamatergic

yramidal neurons ( Pouille and Scanziani, 2001 ). It has been proposed

hat the hyperactivity of ACC in response to injury results from sec-

ndary loss of GABAergic inhibition function ( Narita et al., 2011 ). In

ddition to their role in modulation of pain sensation, GABAergic neu-

ons in ACC are crucial for mediating nociceptive affect-motivation and

s such conferring an aversive value to the noxious stimulus ( Ang et al.,

015 ). Indeed, a study utilizing injections of GABAA receptor ago-

ist muscimol to silence discrete areas of limbic cortex found that in-

eraction of ACC with prelimbic cortex is responsible for acquisition

nd expression of aversive dimension of pain assessed by formalin-CPA

 Jiang et al., 2014 ). While the GABA system is clearly involved in the

versive dimension of pain, the role of specific GABAergic interneurons

ediating such activity remains to be explored. GABAergic interneurons

re heterogeneous and are classified into five main groups based on the

xpression of specific molecular markers ( DeFelipe et al., 2013 ) of which

nterneurons expressing parvalbumin (PV) and neuropeptide Y(NPY)

ave been reported with roles in emotional regulation ( Schmeltzer et al.,

016 ; Page et al., 2019 ). 

Electroacupuncture (EA) has been widely used to treat pain and pain-

nduced negative emotions, such as anxiety, depression and cognitive

mpairment ( Yin et al., 2020 ; Zheng et al., 2020 ; Shao et al., 2015 ).

ur previous studies have shown that the effect of EA on chronic in-

ammatory pain-related emotions is closely related to its modulation of

CC neuronal activity ( Du et al., 2017 ). The effect of EA on GABAer-

ic inhibition in ACC has, however, not been explored in detail. In this

tudy, we aimed to explore the role of GABAergic system in ACC under

hronic pain condition, with emphasis on the PV and NPY expressing

nterneurons. In addition, we investigated whether and how EA therapy

lleviated nociception-induced aversion and anxiety-like behaviors in

dult rats. 

. Materials and Methods 

.1. Animals 

Adult male healthy Sprague–Dawley (SD) rats (weighing 200 ± 20 g)

ere provided by the Shanghai Laboratory Animal Center, Chinese

cademy of sciences [SCXK (HU) 2018-0006]. During breeding, rats

ere group-housed with a maximum of four animals per cage (tem-
2 
erature: 25 ± 2°C, humidity: 40–60%), kept under a reversed 12 h

ight/dark cycle and given food and water ad libitum . The procedure

eceived approval from the animal protection agency and the use com-

ittee (IACUC-20180319-12). All the experimental protocols were in

ccordance with the Regulations on the Control of Laboratory Animals

f the People’s Republic of China. 

.2. Experimental design 

Rats were randomly assigned into four groups: (1) control group, (2)

FA group, (3) CFA + EA group, and (4) CFA + sham EA group. Pain

nd aversion behavior tests were performed according to the schedule

 Fig. 1 ). On Day 0 and Day 2, measurement of paw withdrawal thresh-

ld (PWT) was carried out to detect the change of pain thresholds. On

ay 1, the CFA-induced conditioned place aversion (C-CPA) model was

stablished, and the test of CPA was repeated on Day 3 to detect the

ain-induced aversion of rats. On Day 3, pain-induced anxiety emotion

as observed by elevated zero maze (EZM). The protein level of ACC in

ats was detected by Western blotting. 

.3. C-CPA model establishment 

The C-CPA model was divided into three stages. All stages were per-

ormed in a conditional position box which was divided into two equal

quare (30 cm × 30 cm) compartments with a partition. The wall of

ompartment "A" was covered with evenly distributed white dots, and

he corner of the box away from the partition was coated with cinnamon

il; The wall of compartment "B" was covered with evenly distributed

hite equilateral triangles, and the corner of the box away from the par-

ition was coated with 5% acetic acid. Thus, two independent matching

ooms were formed, which have visual and olfactory differences for rats.

n infrared camera mounted on the top of the conditional position box,

onnected to an external computer, automatically recorded and ana-

yzed the time (10 min) the rats spent in each compartment during the

est. After each test, the conditional position box was cleaned with 10%

thanol. 

1) Preconditioning stage 

In the Preconditioning stage (Day -1), after removing the clapboard,

he rats were free to shuttle back and forth in the chamber, and the

ime (10 min) of the rats in compartment A and B was recorded as the

aseline time in the pretreatment period. Rats with a clear natural pref-

rence (i.e., spending less than 30% of their time in a compartment)

ere removed. 

2) CFA conditioning stage 

In the CFA Conditioning stage (Day 0), a clapboard was inserted to

orm two independent rooms. The rats were randomly placed in com-

artment "A" or compartment "B", and were allowed to move freely in
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Fig. 2. C-CPA training process diagram. 
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hese matching rooms for 45 min and placed back in cage. The matching

oom was defined as "non-conditional box" or "non-pain environment".

fter 30 min, the model group, the electroacupuncture group and the

ham electroacupuncture group were injected with 0.1 ml Complete Fre-

nd’s Adjuvant (Sigma, USA) into the left hind paw of rats, while the

ontrol group was injected with 0.9% sodium chloride at the same site.

ix hours after injection, when the rats’ hind paw showed signs of in-

ammation such as redness and swelling, the rats were put into another

ompartment to move freely for 45 min. The matching chamber was

efined as "condition box" or "painful environment", and then the rats

ere put back into the cage. 

3) Postconditioning stage 

In the postconditioning stage (Day 1), the clapboard was removed,

nd the rats were allowed to move freely for 10 min. The activity behav-

ors of the rats in two different compartments were recorded, and the

esidence time of the rats in the "non-pain environment" and "pain envi-

onment" was analyzed. If the rats’ residence time in the "pain environ-

ent" was significantly reduced, it indicated that the c-CPA model was

uccessfully established, and the rats showed pain aversion. Avoidance

core (CPA Score) = Postconditioning – Preconditioning. The training

rocess of CPA is shown in Fig. 2 . 

.4. EA treatment 

All rats in the EA group were treated with EA stimulation. The in-

ervention began at 30 min after CFA injection (Day 0), Stainless-steel

eedles (0.18 mm × 13 mm) were inserted into the bilateral Zusanli

ST36) and Kunlun (BL60) acupoints. The needles were connected to a

ANS Acupuncture Point Nerve Stimulator (LH-202H Huawei Co, Ltd,

eijing, China). The parameters of the stimulator were as follows: 2/100

z, the intensity was set at 0.5 mA, 1.0 mA, and 1.5 mA (the intensity

ncreased every 10 min, once a day). 

Sham EA group: The same needles were inserted subcutaneously into

he ST36 and BL60 acupoints (no more than 2 mm) of the animals. The

eedles were connected to the same stimulator, but no electrical stimu-

ation was administered. 

.5. PWTs 

The same up-down method was used in this experiment as reported

reviously ( Xiang et al., 2019 ). The rats were placed into individual

ages for 30 min before measurement to allow acclimation to the envi-

onment. The von Frey hairs (Stoelting Co, Thermo, Gilroy, CA, USA)

ere applied in a consecutive ascending order (0.4, 0.6, 1, 2, 4, 6, 8, 15,

nd 26 g) to the central surface of the hind paw (avoiding the footpad)

ntil the hair bent into an "S" shape, and it was maintained there for

-8 s. The force of 4 g was first applied. If the rat did not exhibit a pos-

tive avoidance response (such as brisk withdrawal or paw flinching),

he result was recorded as "O", and the von Frey hair was replaced with

 hair of higher force. Conversely, in the case of an avoidance response,

he result was recorded as “X ”, and the von Frey hair was replaced with

 hair of lower force. After a “OX ” or “XO ” combination of responses,
3 
 more measurements were performed and recorded as above (for ex-

mple, “OXOXOO ”). The pain threshold was calculated according to the

ollowing formula: PWTs (g) = (10[Xf + 𝜅𝛿])/10000, where "Xf" is the

orce of the last hair test, the " 𝜅" value is obtained from the k-value ta-

le, and " 𝛿" is the average value of the difference between the logarithm

f hairs of each force, which is approximately equal to 0.231. Here, the

aximum stimulation intensity was 26 g, and the minimum stimulation

ntensity was 0.4 g. 

.6. CPA test 

The CPA test was conducted on Day 3. The whole test procedure and

PA Score calculation method was the same as that of postconditioning.

.7. EZM 

This EZM test was measured on a circular platform (100 cm diame-

er × 50 cm length × 25 cm width), consisting of two open arms and two

losed arms. At the beginning of the test, rats were individually placed

etween the open arm and closed arm, facing the open arm with dim

ight and were allowed to explore the arena for 30 s. Rats activity was

ecorded on video during 5 min. The video was analyzed using Smart

.0 software, including the data of the total distance, the distance in

pen arm, the time in open arm and the number of open arm entries. In

rder to eliminate the olfactory stimulus of the odor between animals,

he test box was washed with 10% alcohol before each measurement to

liminate the information left by the previous rat such as odor, stool,

tc. 

.8. Western blotting 

Animals were anesthetized with 2% pentobarbital sodium and

uickly perfused with 150 mL of 0.9% NaCl (4°C). Then, the ACC on

he left side of the rat brain were extracted rapidly and stored at -80°C.

he ACC was homogenized in RIPA buffer and centrifuged at 14000 rpm

or 5 min at 4°C. The protein concentration of the tissue lysates was de-

ermined by the BCA method. 15 𝜇g lysates were denatured and loaded

nd then transferred to polyvinylidene difluoride (PVDF) membranes

Merck KGaA, Darmstadt, Germany) by 5% SDS-PAGE electrophoresis.

ext, the membranes were blocked with 5% low-fat milk in TBST for

 h at room temperature. We used rabbit anti-GAD67 (1:200, Abcam)

nd rabbit anti-PV (1:200, Abcam) as the primary antibodies, and rabbit

nti-GAPDH (HRP) (1:1000, Abcam) as the internal control. The mem-

ranes were incubated overnight at 4°C ( > 12 h). Subsequently, the

embranes were incubated with secondary antibody for 2 h at room

emperature. An ECL kit (Pierce, Rockford, lL, USA) was used for devel-

pment. The blots were photographed after color development, and the

verage optical density values of the bands were calculated. 

.9. Immunofluorescence 

Rats were sacrificed under deep anesthesia with pentobarbital (80

g/kg, i.p.) after the behavioral testing on Day 3. Rats were transcar-

ially perfused with normal saline and 4% paraformaldehyde in 0.1 M
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Fig. 3. The establishment of C-CPA model . (A) Time spent in the CFA-paired compartment on pre- and postconditioning days. (B) CPA scores on the postconditioning 

day. Data are presented as mean ± SEM, ∗ P < 0.05, ∗ ∗ P < 0.01 vs. Control. 
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hosphate-buffered saline (PBS, Solarbio, China) for prefixation. Then,

he brain was postfixed in 4% paraformaldehyde for 24 h before trans-

er to 15% and 30% sucrose for dehydration. The OCT-embedded blocks

ere sectioned at 30 𝜇m thickness. Sections were rinsed with TBST and

locked with 10% normal donkey serum for 1h at 37°C. The sections

ere incubated overnight at 4°C with the following antibodies: rab-

it anti-NPY (1:400, ab10980, Abcam, USA). Subsequently, the sections

ere washed in TBST and incubated with the secondary Donkey Anti-

abbit IgG H&L (Alexa Fluor® 488) preadsorbed (1:500, ab150061, Ab-

am, USA) for 1 h at 37°C. Images were taken using the Imager. M2 mi-

roscope (ZEISS, Germany). The quantitative analyses of the number of

ositive cells in ACC were performed using the ImageJ software. 

.10. Statistical analysis 

All data were presented as the mean ± standard error of the mean

x ̄± SEM). SPSS 20.0 software was used for statistical analysis. Analysis

f variance (ANOVA) followed by LSD multiple comparison tests was

sed to compare three or more samples. Student’s t-test was used to

ompare two independent samples. P < 0.05 was considered statistically

ignificant. 

. Results 

.1. The establishment of C-CPA model 

As shown in Fig. 3 A, compared with preconditioning, the time in

he CFA-paired compartment on Day 1 was significantly reduced after

he injection of CFA into the hind paw of the rats ( P < 0.05), indicating

he rats’ aversion to conditioned place. In addition, as shown in Fig. 3 B,

ll groups of CPA score showed significant decrease after CFA injection

xcept the control group ( P < 0.01). In conclusion, this result indicated

he successful establishment of the C-CPA model, and pre-stimulation of

A for 2 days was not sufficient to relieve the pain aversion. 

.2. EA alleviates the mechanical hypersensitivity of C-CPA rats 

The PWTs of rats were measured in each group on Day 0 and Day

. As shown in Fig. 4 , before the modeling, there was no significant

ifference in the PWTs between the groups ( P < 0.05). After the injection

f CFA (Day 2), there was a significant decrease in PWTs in the other

roups compared with the control group. In addition, the PWTs of model

roup and sham EA group were significantly lower than that of the EA

roup ( P < 0.01), indicating that the intervention of EA increased the

ain thresholds in rats. 
4 
.3. EA relieved pain aversion of C-CPA rats 

To determine whether EA improved pain aversion in the C-CPA

odel, we performed CPA test. As shown in Fig. 5 A, compared with pre-

onditioning, rats in the model group and sham EA group of the time in

he CFA-paired chamber had significantly reduced ( P < 0.05 ) , and the

PA score was significantly decreased compared with the control group

 P < 0.05 ) . However, compared with the model group, EA group could

ncrease the time in the CFA-paired chamber and CPA score ( P < 0.05),

ut sham EA group had no such effect. The results indicated that EA

ould relieve the pain aversion in C-CPA rats. 

.4. EA inhibited pain-induced anxiety behavior of C-CPA Rats 

To further determine whether EA also interfered with pain-induced

nxiety, we observed anxiety-like behavior changes with EZM test on

ay 3. As shown in Fig. 6 , compared with the control group, the dis-

ance in open arm, the time in open arm and the number of open arm

ntries were significantly reduced in the model group and the sham EA

roup ( P < 0.05), while EA intervention could revert the consequence

 P < 0.05). There was no difference in the total distance traveled for

ifferent groups of rats used in EZM test ( P > 0.05), indicating that the

otor ability of rats in each group was normal. The data showed that

A could relieve pain-induced anxiety behavior in C-CPA rats. 

.5. Effect of EA on the protein expression of GAD67, PV and NPY in ACC

f C-CPA rats 

To assess the intervention of EA on GABA-related proteins in ACC,

e examined the protein expression of GAD67, PV and NPY in ACC of

-CPA rats. In Fig. 7 , we found that only the protein level of NPY in ACC

n the model group was significantly increased compared with the level

n the control group ( P < 0.05), while the levels of PV and GAD67 in the

wo groups showed no difference statistically ( P > 0.05). Furthermore,

he expression of NPY in ACC in EA group was significantly decreased

ompared with the model group and the sham EA group ( P < 0.05),

hile there was no significant difference in PV and GAD67 ( P > 0.05). It

howed that C-CPA rats could increase the level of NPY, but not GAD67

nd PV in ACC, and that EA could down-regulate the expression of NPY

n ACC. 

.6. Effect of EA on the positive cells of NPY in ACC of C-CPA rats 

To further examine the intervention of EA on NPY positive cells, we

etected the number of NPY positive cells in ACC of C-CPA rats by im-

unofluorescence. In Fig. 8 , we found that the number of NPY positive
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Fig. 4. Changes of paw withdrawal thresholds with 

EA treatment . Data are presented as mean ± SEM. 
∗ ∗ P < 0.01 vs. Control; △△P < 0.01 vs. Model; 
## P < 0.01 vs. EA. 

Fig. 5. Effects of EA stimulation on aversive emotion induced by the C-CPA model on Day 3. (A) Time spent in the CFA-paired compartment on the CPA test 

day in each group. (B) CPA scores on the CPA test. Data are presented as mean ± SEM. ∗ P < 0.05, ∗ ∗ P < 0.01 vs. Control; △P < 0.05 vs. Model; ## P < 0.01 vs. EA. 
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ells in ACC was significantly increased in the model group compared

ith those in the control group ( P < 0.05). Compared with the model

roup, the number of NPY positive cells was significantly reduced in

he EA group ( P < 0.05). This was consistent with the results of Western

lotting, suggesting that EA treatment can reverse the upregulated NPY

n ACC of C-CPA rats. Sham EA had no effect on NPY expression in ACC.

. Discussion 

In our study we demonstrated that CFA-based pain aversion model

s a reliable model for studying pain and pain associated anxiety-like

ehavior in rats. Using this model, we demonstrated that EA can effec-

ively relieve the pain and pain-related emotions, and that mechanism

f EA action may involve down-regulation of the expression of NPY in

CC. 

Clinical studies have shown that avoidance behavior induced by

ain emotions is a significant performance in the occurrence and de-

elopment of chronic pain ( Vlaeyen and Linton, 2012 ; Vlaeyen and Lin-

on, 2000 ). Our research group used CFA-induced C-CPA model to study

he relevant mechanism of pain emotion in rats. CFA-induced persis-

ent hyperalgesia model is one of the most commonly used models of

nflammatory pain ( Ren and Dubner, 1999 ) and CPA is used to assess

he state of aversive motivation during withdrawal of addictive drugs

 Valero et al., 2018 ) and pain-induced aversion ( Du et al., 2020 ). In our

tudy we confirmed the establishment of affective pain based on the

-CPA model ( Du et al., 2020 ). The study showed that after CFA was

njected into the paw, and then after the “pain environment ” matching
5 
onditionally, model group rats’ residence time in the “pain environ-

ent ” matching box was significantly reduced in Day 1, indicating that

he C-CPA model was successfully established. In addition, it is well

nown that the emotional changes caused by pain are diverse, and it

s easy to cause anxiety, depression and other negative emotions. Few

revious studies continued to observe pain anxiety on the basis of pain

version. Therefore, in Day 3, we continued to use the EZM as a behav-

oral paradigm to detect the changes of pain anxiety in rats. The study

ound that the model group rats’ distance in open arm, the time in open

rm and the number of open arm entries all decreased significantly, but

here was no significant difference in total distance compared with the

ontrol group, indicating that the model rats had pain-induced anxiety,

ather than surgery-induced motor impairment. The occurrence of pain-

nduced anxiety observed in the present study was significantly earlier

han the result previously reported, when pain anxiety was commonly

bserved after 4 weeks ( Yalcin et al., 2011 ). Because some studies have

ound that negative emotions can further aggravate the sensitivity of

ain ( Bushnell et al., 2013 ), and the C-CPA model established in this

tudy can generate pain aversion. We speculated that the anxiety caused

y pain may occur earlier because the generation of aversion increases

he sensitivity to harmful stimuli. 

Substantial evidence suggests that ACC plays an important role in

rocessing harmful stimuli as well as the emotional dimensions associ-

ted with pain ( Zhuo, 2016 ; Xiao and Zhang, 2018 ; Cao et al., 2014 ).

eep brain stimulation of the ACC in human study has been reported

o relieve the emotional components of intractable chronic neuropathic

ain ( Boccard et al., 2017 ) and microinjection of excitatory amino acids
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Fig. 6. Changes of EZM behavior with EA treatment. (A) the distance in open arm in each group. (B) the time in open arm. (C) the number of open arm entries in 

each group. (D) Total distance in the EZM in each group. Data are presented as mean ± SEM. ∗ P < 0.05, ∗ ∗ P < 0.01 vs. Control; △P < 0.05, △△P < 0.01 vs. Model; 
# P < 0.05, ## P < 0.01 vs. EA. 

Fig. 7. The effect of EA treatment on the protein of GAD67, PV, and NPY in ACC of C-CAP rats. (A–C) Western blotting images and relative protein level of 

GAD67, PV, and NPY in rat from different groups. Dates are mean ± SEM; n = 10. ∗ P < 0.05, ∗ ∗ P < 0.01 vs. Control; △P < 0.05 vs. Model; ## P < 0.01 vs. EA. 
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n  
nto ACC produced avoidance learning in the absence of a peripheral

oxious stimulus ( Johansen and Fields, 2004 ). In addition, a recent

tudy in mice expressing rAAV-Camk2 𝛼-ChR2 showed that optogenetic

timulation of rostral ACC rather than mid cingulate cortex mediates

ain affect or fear ( Tan et al., 2017 ). While the exact neuronal corre-

ates of transmission of pain associated affect remain to be established,

 substantial amount of evidences support the role of GABAergic trans-
6 
ission in regulating anxiety ( Lippa et al., 2005 ). Mechanism of ac-

ion for some of the most prominent anxiolytic drugs involves poten-

iation of GABAA receptors ( Mohler, 2012 ). Neuronal activity is how-

ver complex and depends on the balance of excitation and inhibition

E/I), through the complex interaction of glutamatergic and GABAergic

nterneurons ( Page and Coutellier, 2019 ). A clinical study using mag-

etic resonance spectroscopy found inverse correlation between GABA
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Fig. 8. The effect of EA treatment on the 

positive cells of NPY in ACC of C-CAP rats. 

(A) Representative images of NPY positive cells 

in the ACC in the different groups (scale bars: 

500 𝜇m; local figure scale bars: 50 𝜇m). (B) 

Quantification of the immunofluorescence re- 

sults for NPY positive cells in the ACC in the 

different groups. Dates are mean ± SEM; n = 3–

4. ∗ P < 0.05, ∗ ∗ P < 0.01 vs. Control; △P < 0.05 

vs. Model; ## P < 0.01 vs. EA. 
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oncentration and BOLD signal suggested that an increase in the activ-

ty of GABAergic interneurons led to a decrease in the activity of cor-

ical pyramidal neurons and reduced excitatory drive to target nerve

reas ( Stan et al., 2014 ). Such notion is supported by electrophysiologi-

al recordings from rat ACC under condition of formalin-induced condi-

ional positional avoidance (F-CPA) ( Wang et al., 2005 ). The study re-

ealed that the removal of GABAA inhibition with bicuculline enhanced

lutamatergic transmission to ACC layer V neurons while activation of

ABAA receptors with muscimol reduced glutamatergic transmission

nd blocked F-CPA without affecting formalin-induced acute nocicep-

ive responses. Combined findings suggest that GABAA inhibition may
7 
e involved in pain-related aversive responses by modulating excita-

ory transmission in ACC. Another study reported that transplantation

f inhibitory GABAergic interneurons progenitor cells into the ACC can

lock the position preference of gabapentin in neuropathic pain models

 Juarez-Salinas et al., 2019 ). 

Previous studies of our research group found multiple proteomic

hanges in ACC using CFA-induced CPA model. One study found that the

ABA neurons of the ventral tegmental area inhibited dopamine neu-

ons through the neurotransmission of GABAA receptors, thus causing

onditional location avoidance ( Tan et al., 2012 ). Other studies have re-

orted removal of GABAA inhibition can promote glutamate reception-
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ediated multisynaptic excitability transmission to ACC layer V neu-

ons and activation of GABAA receptors in the ACC with muscimol

locked formalin-induced conditional positional avoidance, which sug-

ested that GABAA inhibition may be involved in pain-related aversive

esponses by modulating excitatory transmission in ACC. 

Glutamate decarboxylase 67 (GAD67), a key enzyme in GABA syn-

hesis, can reflect the functional state of the GABA transmitter system

n CNS. We have previously reported on multiple proteomic changes

n ACC occurring in CFA-induced CPA model ( Wu et al., 2019 ). In

ur current study, the Western blot analysis found no significant

hanges in GAD67 in ACC of C-CPA rats. Considering that pain-induced

nxiodepressive-like consequences develop slowly and persist beyond

he period of mechanical hypersensitivity ( Sellmeijer et al., 2018 ), we

uspect that early pain-induced emotions may not be sufficient to cause

etectable changes in GAD67 expression. Our data, however, are in ac-

ordance with the observation in anxious mice under chronic stress,

here the expression of GAD67 did not change in hippocampal tissue

 Zhang et al., 2019 ). 

Another neuropeptide with high expression level in the central ner-

ous system and was associated with chronic pain and stress is NPY

 Diaz-delCastillo et al., 2018 ; Reichmann and Holzer, 2016 ). An in-

rease in NPY positive neurons in the medial prefrontal cortexof chronic

tress-resilient rats was reported previously ( Czeh et al., 2018 ), and a

rotective nature of such increase was suggested. NPY signaling in the

arabrachial nucleus of the hindbrain can powerfully and selectively at-

enuate the behavioral response to inflammatory pain ( Alhadeff et al.,

018 ). In addition, injection of NPY into the periaqueductal gray mat-

er can produce analgesic and anti-anxiety effects ( Vázquez-León et al.,

017 ). The changes in NPY levels of ACC and their relationship to emo-

ion were to this date not explored in detail. Our study found that the

xpression protein and positive cells of NPY in ACC is significantly in-

reased in the C-CPA model. The functional significance of increase in

PY levels and its effect on the regulation of pain and pain-associated

motion has, however, not been explored. It is noteworthy that the pre-

ious studies have found that low doses of celecoxib, diclofenac and

uloxetine significantly inhibited the affective pain but not the sensory

ain ( Boyce-Rustay et al., 2010 ), suggesting that the emotional and sen-

ory components of pain are supported by different mechanisms. 

EA is a traditional Chinese medical treatment and has been proven

o have beneficial effects on pain ( Zhang et al., 2014 ; Liao et al., 2017 )

nd pain-induced anxiety-like behaviors ( Amorim et al., 2018 ; Liu et al.,

019 ) in both clinical studies and in preclinical research. Previous stud-

es have also shown that acupuncture is a safe treatment with rare ad-

erse side effects ( White, 2004 ). In this study we first evaluated the ef-

ect of acupuncture in chronic inflammatory pain model in rats. In accor-

ance with previously published data the EA intervention significantly

educed mechanical hypersensitivity ( Xiang et al., 2019 ). To assess pain

ssociated anxiety-like behavior in rats, we used a modified EZM device

ased on standard elevated cross maze ( Tucker and McCabe, 2017 ) to

ssess the anxiety-like behaviors in the C-CPA model rats. Our main find-

ng was that EA could alleviate the anxiety-like behaviors as assessed in

he EZM (that is, increased the distance of open arm, the time in open

rm and the number of open arm entries) and reduced the aversion (in-

reased the spend time in the “painful environment ”). In contrast, sham

A had no effect on either sensory or affective dimension. The therapeu-

ic mechanism of EA is not fully understood, however, several previous

tudies explored the potential mechanism of EA in preventing anxiety-

ike and aversive behaviors. EA has been reported to reduce anxiety

nd depression produced by chronic unpredictable stress through re-

uced neuroinflamation in hippocampus ( Yue et al., 2018 ). A different

tudy reported that EA therapy alleviates adolescent cocaine exposure-

nhanced anxiety-like behaviors in adult mice by attenuating the activ-

ties of PV interneurons in the prelimbic cortex ( Nie et al., 2020 ). In our

tudy, we found that EA reversed the increase of NPY protein level in

CC of C-CPA model rats, while it had no effect on levels of GAD67 and
8 
V. Our finding is consistent with anxiolytic effects of NPY previously

eported in animal models of anxiety ( Vázquez-León et al., 2017 ). 

. Conclusion 

In conclusion, our findings demonstrated that rat model of pain

version could reliably induce anxiety-like behavior, and that EA ef-

ectively reverses chronic inflammatory pain and its negative emotions.

he mechanism of EA action may involve downregulation of NPY ex-

ression in GABA ergic system of ACC. However, whether NPY was in-

olved in both pain and pain emotion regulation remains to be further

tudied. 
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