
Research Article

Pra-C exerts analgesic effect through
inhibiting microglial activation in anterior
cingulate cortex in complete Freund’s
adjuvant-induced mouse model

Dan-jie Su1, Long-fei Li2, Sai-ying Wang2, Qi Yang2, Yu-jing Wu3,
Ming-gao Zhao2 , and Le Yang2

Abstract

Chronic pain is highly prevalent worldwide and severely affects daily lives of patients and family members. Praeruptorin C

(Pra-C) is a main active ingredient derived from Peucedanum praeruptorum Dunn, traditionally used as antibechic, anti-

bronchitis and anti-hypertension drug. Here, we evaluated the effects of Pra-C in a chronic inflammatory pain mouse

model induced by complete Freund’s adjuvant (CFA) injection. Pra-C (3 mg/kg) treatment for just 3 days after CFA challenge

relieved CFA-induced mechanical allodynia and hindpaw edema in mice. In the anterior cingulate cortex (ACC), Pra-C

treatment inhibited microglia activation and reduced levels of proinflammatory cytokines, TNF-a and IL-1b, and suppressed

upregulation of glutamate receptors caused by CFA injection. In addition, Pra-C attenuated neuronal hyperexcitability in

ACC of CFA-injected mice. In vitro studies confirmed the analgesic effect of Pra-C was due to its inhibitory ability on

microglial activation. In conclusion, Pra-C administration had a certain effect on relieving chronic pain by inhibiting microglial

activation, attenuating proinflammatory cytokine releasing and regulating excitatory synaptic proteins in the ACC of the

CFA-injected mice.
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Introduction

Pain has been classified into two major forms, one is

acute pain, which lasts a short moment and often

serves as protective signals, the other is chronic pain,

which lasts for a long time induced by tissue or nerve

injury and causes mood disorders, sleep loss and cogni-

tive impairment. Chronic pain severely affects working

efficiency and living quality.1 Up to 19% of adults are

suffering from chronic pain, which has become an enor-

mous burden to patients, families and society.2 The stud-

ies of mechanism and new drugs on chronic pain or

pain-related diseases remain as hot topics in current

and future medical researches.
According to definition of pain by International

Association for the Study of Pain (IASP), one can not

experience pain without the central nervous system

(CNS).3 Anterior cortical cortex (ACC), along with the

somatosensory cortex, prefrontal cortex, insular cortex
and amygdala, is a core brain region related to sensory
and negative feelings of chronic pain shown by human
brain imaging studies.4 ACC stimulation could facilitate
spinal sensory excitatory transmission and cause behav-
ioral pain sensitization, suggesting this top-down
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facilitation may be very important in the process of
chronic pain.5 Inhibition of excitatory transmission in
ACC could reverse chronic pain, which could also be
reduced by blocking the descending facilitation of corti-
cospinal projections.6

Inflammation is one of the main causes of chronic
pain, systemic inflammation could lead to hyperalgesia
and allodynia, both of which are clinical characteriza-
tions of chronic pain.7 Microglia, the resident macro-
phages of the CNS, has been reported taking part in
various brain pathologies.8 Under stimuli like inflamma-
tion, microglia would secrete more proinflammatory
cytokines, including TNF-a and IL-1b, which mediates
synaptic plasticity,9 and plays a critical role in chronic
pain.10,11 Drugs inhibiting microglial activation have
shown analgesic effect in different animal models,12,13

suggesting a potential target for treating chronic pain.
Praeruptorin C (Pra-C) is a component derived from

the root of Peucedanum praeruptorum Dunn, used as an
expectorant, antibechic, anti-bronchitis and anti-
hypertension drug in traditional Chinese medicine.14

Previous studies have suggested that Pra-C could protect
neurons from excitatory toxicity through down-
regulating glutamate N-methyl-D-aspartate (NMDA)
receptor subtype,15 and inhibit inflammatory responses
in lipopolysaccharide (LPS)-stimulated RAW264.7 cells
through blocking NF-jB and STAT3 signal pathway.16

Herein, we hypothesized that Pra-C may provide anti-
inflammation effect in the CNS especially acting on
microglia for treating chronic pain caused by systemic
inflammation.

In the present study, we treated the mice with Pra-C
(i.p. injection) after complete Freund’s adjuvant (CFA)
injection into the hind paws of mice, a classic way to
induce inflammatory pain, to investigate the possible
role of Pra-C in chronic pain and the involved
mechanisms.

Materials and methods

Materials

Complete Freunds adjuvant (CFA),
Lipopolysaccharides (LPS), anti-b-actin antibody and
Hoechst 33258 were obtained from Sigma (St. Louis,
MO, USA). Primary antibody, including, GluN2A,
GluN2B, GluA1, GluA2, Iba-1 were purchased from
Abcam (Cambridge, UK). All secondary antibodies con-
jugated with horseradish peroxidase (HRP) were pur-
chased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM) was purchased from Hyclone (Logan, UT,
USA), Neurobasal medium, B27, and glutamine were
provided by Invitrogen (Carlsbad, CA, USA). In addi-
tion, Pra-C was purchased from Shanghai PureOne

Biotechnology (Shanghai, China), and was of 98%

pure to meet the standard. All of the chemicals and

reagents used were of standard biochemical quality.

Animals

C57BL/6 adult male mice (5 weeks) were got from the

Experimental Animal Center of the Air Force Military

Medical University (Xi’an, China). All animal experi-

ments were carried out under protocols approved by

the Animal Care and Use Committee of the Fourth

Military Medical University and performed following

the guidelines outlined in the NIH Guide for the Care

and Use of Laboratory Animals (NIH publication No.

80-23, revised 1996). They were placed in an environ-

ment of alternating light of 12 hours and darkness of

12 hours with a temperature of 24�2�C and a relative

humidity of 50-60%. Sufficient food and water were

given without regular addition. Mice were allowed to

acclimate for 2 weeks of laboratory environment

before any experiments.

Experimental designs and Pra-C treatment

Mice were divided into 3 groups, control, CFA and Pra-

C groups. The latter two groups of mice were injected

subcutaneously with 10 ml CFA (50% in saline) into the

left paw of the mice to induce the chronic inflammatory

pain, while the control animals were injected with an

equal volume of 0.9% saline into the same position.

Pra-C was dissolved in olive oil and administrated intra-

peritoneally (3 mg/kg) to Pra-C group on day 1, 2, 3

after CFA injection. Pra-C dose was selected based on

previous study.17 All the behaviors of animals were

tested at a fixed time during testing days. Animals

were accommodated for 30 min in the testing room

before behavioral tests and were sacrificed to collect

the ACC after behavior tests on day 21 to examine

molecular events during phase of hyperalgesia and

effects of Pra-C treatment.

Mechanical allodynia

Mice were placed in individual plastic boxes for 30 min

to get acclimatization. The mechanical allodynia was

assessed with a set of von Frey filaments (0.008-2g) by

using the up-down paradigm before (Day 0) and after

the CFA injection (Day 1, 3, 7, 14 and 21). The von Frey

filaments were applied to the point of bending on the

plantar surface of hindpaws and repeated 6 times at 10-

second intervals. The injected hindpaw was tested with

intervals longer than 3min. Positive responses included

prolonged hindpaw withdrawal followed by licking or

scratching. The next force filaments were selected

according to the previous results.
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Cell culture and treatment

BV2 cell lines were purchased from China Center for

Type Culture Collection (CCTCC). BV-2 cells were

maintained in DMEM supplemented with 10% Fetal

Bovine Serum and 1% penicillin/streptomycin. Cells

were cultured in a humidified incubator with 5% CO2

at 37�C and passaged twice every 2–3 days.
Primary cortical neuron cultures were prepared as

described previously.18 Briefly, the cortex was isolated

from 13– to 15-day-old C57BL/6 mouse embryos and

trypsinized for 15min with 0.25% trypsin. Cells were

seeded onto 6-well plates that were precoated with

25 lg/mL poly-d-lysine in water. 24 h after plating with

DMEM containing 20% FBS, the medium was

completely replaced with neurobasal medium supple-

mented with 2% B27 (Invitrogen, A3582801). Half of

the medium was replaced every 3 days, and neurons

were cultured in a humidified incubator with 5% CO2

at 37�C, and used for experiments at 10 days in vitro.
The BV2 cells were seeded in a 6-well plate at a den-

sity of 1� 105cell/well. Then, cells were incubated with

Pra-C (10 lM) for 1 h, followed by stimulating with LPS

(100 ng/ml) for 24 h. Pra-C dose was selected base on

previous study.15 After stimulation, the LPS and Pra-C-

containing medium was replaced with fresh medium and

the stimulated BV2 cells were cultured for another 24 h.

After centrifugation at 150�g for 5 min and removal of

cell debris, the supernatants were collected as the condi-

tioned medium (CM). Half of the neuronal culture

medium was replaced by the conditioned medium.

After 24 h, total proteins were extracted from neurons

for the Western-blot analysis.

Western blot

Western blot analysis was conducted as described previ-

ously.19 Tissue samples from the ACC were dissected

from the brain slices and cell proteins were isolated

from cultured cortex neurons. All proteins were quanti-

fied by BCA Kits and equal amounts of protein were

separated and electrotransferred onto Immun-Blot

PVDF membranes. Membranes were blocked with 5%

non-fat milk in Tris-phosphate buffer containing 0.05%

Tween 20 (TBST) for 1 h and then were incubated with

primary antibodies at 4�C overnight. Membranes were

washed 3 times with TBST for 5 min of each time and

were further incubated with HRP-conjugated secondary

antibodies. The following primary antibodies were used:

GluN2A (1:500; Abcam, ab133265), GluN2B (1:500;

Abcam, ab65783), GluA1 (1:500; Abcam, ab31232),

GluA2 (1:1000; Abcam, ab133477), b-actin (1:10000;

Sigma, A5441).

Enzyme-linked immunosorbent assay (ELISA)

The ACC tissue samples were isolated from the brain of
mice after behavior tests. The supernatants of BV-2 cells
were collected as mentioned previously in cell treatment
section. The content of TNF-a (R&D Systems, DY410)
and IL-1b (R&D Systems, DY401) in both tissue and
supernatant samples was detected by double-antibody
sandwich method according to the manufacturer’s
instructions (R&D Systems).

Immunofluorescence staining

After behavior tests, mice were anesthetized with diethyl
ether and perfused with 4% polyformaldehyde. The
brain was isolated from the mice and was immersed in
4% paraformaldehyde overnight and then dehydrated
through an ascending sucrose series (15% and 30%
(w/v) sucrose in 0.1 M PBS) at 4�C overnight respective-
ly. Coronal sections (30 lm) from the ACC were cut by a
cryogenic constant sectioning device (Leica, CM1950),
immediately mounted on superfrost slides, and stored
at 4�C overnight to dry. The next day, all sections
were washed with 0.3% Triton X-100 PBS and then
were blocked (10% goat serum, 0.1% Triton X-100 in
PBS) for 2 hours at 4�C. The brain sections were incu-
bated with goat-anti-Iba-1(1:100; Abcam, ab178847) in
blocking solution for 16 h at 4�C and washed with PBS,
further incubated with goat anti-rabbit IgG Alexa Fluor
594 (1:200; Abcam, ab150080) in PBS for 1.5 h at room
temperature in the dark environment. Nuclei were
counter-stained with Hoechst 33258 (Sigma, 94403).
The slides were coverslipped with 50% glycerine and
were photographed with an Olympus Fluoview FV100
microscope (Olympus, Japan).

Whole-cell patch-clamp recording

The mice were anesthetized by isoflurane in air and then
decapitated. Brains were placed for 2 min in an ice-cold
artificial cerebrospinal fluid (ACSF, in mM) containing
124 NaCl, 2.5 KCl, 1 MgCl2, 2M CaCl2, 25 NaHCO3, 1
NaH2PO4 and 10 Glucose (310–320 mOsm), continuous-
ly bubbling with mixed gas of 95% O2 and 5% CO2.
Coronal brain slices containing the ACC were prepared
just like previously described.20 Experiment was per-
formed in a recording chamber on the stage of an
Olympus microscope with infrared digital interference
contrast optics for visualization of whole-cell patch-
clamp recordings. Continuous perfusion of ACSF at a
rate of 2 ml/min were given during the whole recording
time and the room temperature was maintained at 23�
1�C. Recording pipettes (3–6 MX) were filled with solu-
tion containing (mM) 5 NaCl, 145 K-gluconate, 1 MgCl,
10 HEPES, 0.2 EGTA, 2 K-ATP, and 0.1 Na3-GTP,
adjusted to pH 7.2 with KOH (280–290 mOsm).
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Spontaneous excitatory postsynaptic currents (sEPSC)

were recorded form layer II-III neurons clamped at

–70 mV with an Axon 200B amplifier (Axon

Instruments, CA). Access resistance was 15–30 MX
and monitored throughout the experiment. Data were

discarded if access resistance changed more than 20%

during an experiment.

Data analyses

All data were presented as mean�SEM. The statistical

significance of differences between groups were analyzed

with One-way analysis of variance (ANOVA) followed

by LSD and S-N-K(s) t-tests. In all cases, the criterion

for statistical significance was p< 0.05.

Results

Effect of Pra-C on CFA-induced hindpaw edema

and mechanical allodynia in mice

Inflammatory pain is one of the main forms of chronic

pain, usually serves as the model for researchers to find

the potential treatment targets and new drugs.

Intraplantar injection of CFA into the left hind paw

produced a significant enhancement of
hypersensitivity to mechanical stimuli in the ipsilateral
hind paw, and this pain-sensitive feeling could last more
than 21 days.21 Pra-C (3 mg/kg) administration from
Day 1 to Day 3 could considerably reduce
mechanical allodynia (Figure 1(c)). The paw withdrawal
threshold didn’t change much in the contralateral
hind paw (Figure 1(d)). Moreover, Pra-C treatment sig-
nificantly decreased the localized swelling caused
by CFA injection (Figure 1(b)). These results
suggested that Pra-C exerted analgesia and anti-
inflammation effects.

Pra-C attenuated the activation of microglia and
reduced inflammatory cytokines in the ACC of mice
with inflammatory pain

Microglia, the main cells related to inflammatory stim-
uli, are activated 24 h after tissue damage and could last
for 3 months,22 along with increased secretion of inflam-
matory cytokines, such as TNF-a and IL-1b.23 To fur-
ther determine the anti-inflammatory effect of Pra-C, we
harvested brain slices containing ACC for immunofluo-
rescence staining (Figure 2(a)), and collected ACC
tissue for ELISA on day 21 just after behavioral test.

Figure 1. Pra-C relieved the chronic inflammatory pain. (a) Chemical structure of Pra-C. (b) Pra-C reduced the hindpaw edema induced
by CFA injection. (c) Pra-C attenuated mechanical allodynia in the ipsilateral hindpaw. Mechanical allodynia was detected on days 0, 1, 3, 7,
14, 21 after CFA injection. (d) No difference in paw withdrawal threshold among groups. Each value represents the mean� SEM of three
independent experiments (n¼ 6 in each group, *p< 0.05, **p< 0.01 vs. control group, #p< 0.05, ##p< 0.01 vs. CFAvehicle injected
group). Ctrl: control; CFA: complete Freund’s adjuvant; Veh: vehicle; Pra-C: Praeruptorin C.
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After CFA injection, the number of activated microglia

was significantly increased (F(2,12)¼ 19.852, p< 0.01,

Figure 2(b)), while Pra-C treatment just for 3 days,

which was believed to be the critical window for micro-

glia activation, could dramatically attenuate these

increasement (F(2,12)¼ 19.852, p< 0.01, Figure 2(b)).

Systemic inflammation caused by CFA led to a

significant upregulation in levels of TNF-a
(F(2,12)¼ 36.386, p< 0.01, Figure 2(c)) and IL-1b
(F(2,12)¼ 33.584, p< 0.01, Figure 2(d)), while the conse-

quence was reversed by Pra-C treatment

((F(2,12)¼ 36.386, p< 0.05, Figure 2(c); (F(2,12)¼ 33.584,

p< 0.01, Figure 2(d))). These findings suggested that

Pra-C attenuated immune cell activation and the release

of inflammatory products in the ACC after CFA injec-

tion, which may be the mechanism for the analgesic

effect of Pra-C.

Pra-C reversed up-regulation of excitatory synaptic
proteins in the ACC

The excitatory protein level upregulation in some brain
regions could affect synaptic plasticity and promote ner-
vous disorders.24 Glutamate receptors are most studied
excitatory synaptic proteins, such as GluA1 and
GluA2-containing a-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid (AMPA) receptors, GluN2A and
GluN2B-containing NMDA receptors.25 To investigate
the role of Pra-C in chronic pain mediating, we collected
ACC region of mice to perform western blots. The
expression of AMPA receptor GluA1 (F(2,6)¼ 24.611,
p< 0.01, Figure 3(d)), GluA2 (F(2,6)¼ 29.163, p< 0.01,
Figure 3(e)) and NMDA receptor GluN2A
(F(2,6)¼ 14.689, p< 0.01, Figure 3(b)), GluN2B
(F(2,6)¼ 31.166, p< 0.01, Figure 3(c)) significantly

Figure 2. Pra-C inhibited microglial activation and inflammatory cytokines release in ACC. (a) ACC slices were immunostained with Iba-1
antibody (red), and nuclei were stained with Hoechst 33258 (Blue). Scale bar¼ 50 mm. Dash-dot-dot lines were used to indicate layer I
(left), II (middle) and III (right) of ACC. (b) Pra-C treatment showed inhibition of microglial activation by reducing the number of Iba-1
positive cells. Pra-C reduced the elevated levels of TNF-a (c) and IL-1b (d) in ACC on day 21 after CFA injection. Each value represents the
mean� SEM of three independent experiments (n¼ 5 in each group, *p< 0.05, **p< 0.01 vs. control group, #p< 0.05, ##p< 0.01 vs.
CFA-vehicle injected group).
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increased. However, Pra-C treatment for 3 days reversed
these upregulated expressions (F(2,6)¼ 14.689, p< 0.01,
Figure 3(b); F(2,6)¼ 31.166, p< 0.01, Figure 3(c);
F(2,6)¼ 24.611, p< 0.01, Figure 3(d); F(2,6)¼ 29.163,
p< 0.05, Figure 3(e)). These results indicated that Pra-
C could reverse the abnormal up-regulated excitatory
proteins in CFA-treated mice.

Effects of Pra-C on excitatory synaptic transmission in
the ACC

Since the expressions of excitatory synaptic proteins in
the ACC were changed after CAF-injection, we

wondered whether the function of neurons was dis-
turbed. We performed whole-cell patch-clamp record-
ings and recorded spontaneous excitatory postsynaptic
currents (sEPSC) in the neurons of ACC 21 days later
since the CAF injection. Both the amplitude
(F(2,21)¼ 8.274, p< 0.01, Figure 4(d)) and frequency
(F(2,21)¼ 8.324, p< 0.01, Figure 4(e)) of sEPSC were sig-
nificantly increased in the ACC neurons of CFA-injected
mice, whereas Pra-C treatment could dramatically
reverse the enhancement of both amplitude
(F(2,21)¼ 8.274, p< 0.05, Figure 4(d)) and frequency
(F(2,21)¼ 8.324, p< 0.05, Figure 4(e)) of sEPSC induced

Figure 3. Effects of Pra-C on excitatory synaptic proteins in ACC. (a) Representative results of Western blot analysis showed the
expression of GluN2A, GluN2B, GluA1, GluA2. Pra-C treatment significantly decreased the upregulated expression of GluN2A (b),
GluN2B (c), GluA1 (d) and GluA2 (e) on the day 21 after CFA injection. Each value represents the mean� SEM of three independent
experiments (n¼ 3 in each group, **p<0.01 vs. control group, #p<0.05, ##p<0.01 vs. CFA-vehicle injected group).
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by CFA injection (Figure 4). These results strongly

showed the regulatory effect on excitability of ACC neu-

rons by Pra-C.

Inhibition of cytokines released from microglia by

Pra-C attenuated abnormal neuronal excitability

To confirm the target of Pra-C since it exhibited excit-

ability regulatory effect under chronic pain condition,

we cultured and treated BV-2 cells and primary cortical

neurons respectively. After pre-treatment with the dose

of 10 lM Pra-C or vehicle, BV-2 cells were stimulated

with 100 ng/ml of LPS for activation. Supernatant

medium was collected and the concentration of cytokine

was tested by ELISA. As was shown in Figure 5(a) and

(b), LPS increased the release of TNF-a (F(3,16)¼ 29.940,

p< 0.01, Figure 5(a)) and IL-1b (F(3,16)¼ 18.938,

p< 0.01, Figure 5(b)). However, pretreatment with

Pra-C could inhibit the effects of LPS (F(3,16)¼ 29.940,

p< 0.01, Figure 5(a); F(3,16)¼ 18.938, p< 0.01, Figure 5

Figure 4. Pra-C treatment abolished the enhanced excitatory transmission in neurons of ACC after CFA injection. (a) The sample
showed the sEPSCs in pyramidal neurons of the ACC in each group. Cumulative amplitude (b) and frequency (c) histogram of sEPSC from
slices in different groups. The amplitude (d) and frequency (e) of sEPSC analysis showed Pra-C treatment remarkably reversed both
increased indicates in the ACC neurons after CFA injection. All graph represented mean� SEM (n¼8 neurons/4 mice, *p< 0.05,
**p< 0.01 vs. control group, #p< 0.05 vs. CFA-vehicle injected group) .sEPSC: spontaneous excitatory postsynaptic current.
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(b)). Then we mixed the same volume of BV-2 superna-
tant (drug-free because the whole medium was changed
24 h before collection) with neurobasal to get microglial
conditioned medium (MCM). Incubation with MCM
from LPS-stimulated BV-2 increased excitatory synaptic
proteins GluA1 (F(5,18)¼ 41.706, p< 0.01, Figure 5(c)

and (f)), GluA2 (F(5,18)¼ 5.647, p< 0.05, Figure 5(c)
and (g)) and GluN2B (F(5,18)¼ 34.796, p< 0.01, Figure
5(c) and (e)) significantly, but Pra-C pretreatment atten-
uated the upregulation of GluA1 (F(5,18)¼ 41.706,
p< 0.05, Figure 5(c) and (f) and GluN2B
(F(5,18)¼ 34.796, p< 0.01, Figure 5(c) and (e))

Figure 5. Pra-C attenuated increased cortical neuronal excitability by inhibiting cytokines released from microglia. Elevated levels of TNF-
a (a) and IL-1b (b) released from BV-2 cells after LPS stimulation were significantly abolished by pretreatment with Pra-C. (c)
Representative results of Western blot analysis showed expression levels of GluN2A, GluN2B, GluA1, GluA2 in primary cultured cortical
neurons under different treatment. (d) GluN2A levels didn’t show significant change among these groups. (e–g) MCM from BV-2 activated
by LPS with pretreatment with Pra-C notably prevented upregulation of GluN2B (e) and GluA1 (f) in cortical neurons, but no significant
change in GluA2 levels. None treated or Pra-C treated MCM, and Pra-C directly incubation didn’t change these excitatory synaptic
proteins in cortical neurons (d–g). Each value represents the mean� SEM of three independent experiments (n¼ 5 in each group of ELISA
assay and n¼ 4 in each group of Western blot, *p< 0.05, **p< 0.01 vs. control group, #p< 0.05, ##p< 0.01 vs. LPS stimulated group).
LPS: Lipopolysaccharides; MCM: microglial conditional medium.
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dramatically. Incubation with none-treated MCM or
directly treatment with Pra-C showed no significant
change in these excitatory synaptic proteins compared
with control groups (Figure 5(c) to (g)). These results
indicated that of Pra-C regulated neuronal excitability
through inhibition of microglial activation.

Discussion

In this study, we first showed that Pra-C treatment effec-
tively relieved CFA-induced chronic inflammatory pain
on mechanical allodynia and paw edema in mice. In
addition, we further discovered the inhibition of micro-
glial activation and reduced levels of released inflamma-
tory cytokine from microglia might be responsible for
the analgesic effect of Pra-C.

A large number of studies have illuminated the piv-
otal role of ACC in the process of chronic pain.5,26 ACC
acts as nociceptive information collector from amygdala,
thalamus and other pain-related regions in mammalian
brain.27 Besides, in vivo and in vitro electrophysiological
studies have demonstrated ACC neurons respond to
noxious stimuli, and the excitability of ACC neurons
increases with intensity of pain.28 Inhibition of ACC
activity with epigenetic or pharmacologic methods is
analgesic in different animal models of chronic
pain,29,30 and surgical ablation of ACC can reduce
pain sensitation.31 In this case, drugs that could inhibit
ACC activity right after injury or other noxious stimuli
may have potential analgesic functions. Previous studies
have indicated the non-neuronal cells especially micro-
glia were involved in the initiation of pain, not only in
spinal cord but also in the ACC.32 We administered Pra-
C to mice after CFA injection, and the Pra-C treatment
lasted only for the first 3 days, which is just the time
window as microglial activation and before astrocytic
activation.33 As resident immune cells in CNS, under
autoimmune inflammation conditions, activated micro-
glia releases and responses to several cytokines, includ-
ing TNF-a and IL-1b, which contribute the maintenance
of pain. Our result has shown that Pra-C treatment
remarkably inhibited activation of microglia in ACC
of CFA-injected mice, and significantly reduced inflam-
matory cytokine release in ACC. This suggested that
Pra-C could relieve pain through its microglial inhibito-
ry effect.

Glutamate is the major excitatory transmitter in the
CNS, activating glutamate receptors, including
AMPARs and NMDARs. These synaptic proteins are
key molecules responsible for the development of pain
hypersensitivity.34 Upregulation of these excitatory glu-
tamate receptors have been found in many studies within
different animal models.35,36 Inhibition of the ACC glu-
tamatergic system, especially reducing AMPAR and
NMDAR accumulation, reversed chronic pain.6 We

found that the reversed elevation of GluA1, GluA2,

GluN2A, GluN2B in ACC of CFA-injected mice

caused by Pra-C treatment may correct abnormal excit-

ability changes in ACC, which was responsible for pain

relief. And our electrophysiological experiment result

confirmed the ACC neuronal excitability had been

reversed by Pra-C treatment after CFA-injection, par-

tially demonstrated the function of Pra-C on hyperactiv-

ity in ACC. Future studies were needed to reveal the

direct effect of Pra-C in synaptic plasticity.
Glial cells support and affect neurons all the time.

Neuron-glia crosstalk participate in many CNS disor-

ders like stroke,37 neurodegenerative diseases38 as well

as pain state.39 The activation of microglia leads to

inflammatory cascade responses, releasing high levels

of pro-inflammatory cytokines, acting on neurons

around and results in abnormal excitability enhance-

ment. In a previous study, we observed that Pra-C

exerts neuroprotection effect against excitatory toxicity

through inhibiting GluN2B of cortical neurons.15

Whether the Pra-C reduced neuronal excitability

through inhibition of microglial activation or directly

targeting neurons needs to be clarified. We performed

in vitro tests on BV-2, a widely used mouse microglial

cell line. After pretreatment with Pra-C and stimulation

with LPS, the medium was changed totally to avoid drug

existance in MCM affecting neurons. Our results indi-

cated that Pra-C alone or MCM with Pra-C treatment

didn’t affect levels of excitatory synaptic proteins in cor-

tical neurons, while Pra-C pretreatment remarkably

reduced these levels in LPS-stimulating MCM group.

Additionally, abnormal expression of these excitatory

proteins was highly related with inflammatory cytokines

like TNF-a and IL-1b in MCM. These findings, in line

with previous studies, indicate that the analgesic effect of

Pra-C is associated with the inhibition of microglial

activation.
To conclude, the present results showed that Pra-C

relieves inflammatory pain induced by CFA challenge in

mice. It also confirmed that microglial inhibition, proin-

flammatory cytokine releasing blockage and excitatory

synaptic protein regulation attribute to the analgesic

effect of Pra-C. Further studies need to assess the effects

of Pra-C in other pain models. In short, Pra-C should be

considered as a potential agent for further development

in chronic pain treatment.
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