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The present study was aimed to determine if cervicospinal substance P (SP) and its neurokinin-1 receptor (NK-1R), calcitonin
gene-related peptide (CGRP), cyclooxygenase-1 (COX-1), and prostaglandin E2 (PGE2) were involved in electroacupuncture (EA)
analgesia in neck-incision pain rats. EA intervention was applied to bilateral Futu (LI18), Hegu (LI4)-Neiguan (PC6), and Zusanli
(ST36)-Yanglingquan (GB34) for 30min. Cervicospinal SP and CGRP immunoactivity was detected by immunofluorescence
technique, NK-1R and COX-1 protein and mRNA expression levels were determined using Western blot and real-time PCR,
respectively, and PGE2 content was measured using ELISA. Outcomes indicated that EA of EA-LI18 and LI4-PC6 (not ST36-GB34)
significantly suppressed neck-incision induced decrease of thermal pain threshold (𝑃 < 0.05). EA stimulation of LI18 and LI4-PC6
markedly inhibited neck-incision induced upregulation of SP and CGRP immunoactivity, NK-1 R and COX-1 mRNA and protein
expression levels, as well as the increase of PGE2 content in the dorsal cervicospinal cord (𝑃 < 0.05). These findings showed that
LI18 and LI4-PC6EA stimulation-induced downregulation of SP, CGRP,NK-1R, COX-1, and PGE2 levels in the dorsal cervicospinal
cordmay contribute to their effects in relieving neck-incision pain.This study highlights the targets of EA intervention for reducing
post-thyroid-surgery pain for the first time.

1. Introduction

Postoperative pain in patients undergoing thyroidectomy
generally lasts for hours or days in spite of being moderate in
severity and different in duration for the types of diseases [1].
In the treatment of this type of postoperative pain, oral
administration of opioids (about 90% of the patients) and
nonopioid adjuncts is the optimized choice currently [2].
However, these drugs may worsen anesthetics-induced nau-
sea, vomiting, and other side effects [3] and the analgesic
effect of these drugs is not always effective [4].

Therefore, a multimodal approach combining various
analgesics with a nonpharmacological strategy is necessary

for providing adequate postoperative pain control. Acupunc-
ture, a component of traditional Chinese medicine, has been
used to treat pain for millennia, and accumulating evidence
indicates the efficacy of acupuncture for postoperative anal-
gesia [5–10]. It has been demonstrated that the analgesic
effect of acupuncture is related to its functions in upregu-
lating plasma beta-endorphin level in patients undergoing
colonoscopy [6], breast radical carcinoma operation [11], and
in activating peripheral opioid pathway in a mouse model of
postoperative pain [12]. It has been well documented from
clinical practice of acupuncture analgesia and anesthesia that
Futu (LI18) and Hegu (LI4)-Neiguan (PC6) are effective
acupoints for thyroid surgery [13–16]. But there have been no
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research reports about acupuncture intervention for relieving
postthyroidectomy pain till now. In the past several years, our
research group investigated the spinal mechanism of elec-
troacupuncture (EA) therapy underlying pain relief of thy-
roid surgery. Our findings showed that the analgesic effect of
EA of Futu (LI18) and Hegu (LI4)-Neiguan (PC6) for neck-
incision pain is closely associated with its actions in upregu-
lating 5-HT 2A receptor (5-HT2AR)mRNAand protein, glial
cell derived neurotrophic factor (GDNF), and its receptor
GDNF family receptor alpha-1 (GFR alpha-1) gene expression
[17, 18], and in downregulating expression levels of intra-
cellular cAMP mRNA and cAMP response element binding
protein (CREB) mRNA in the cervical spinal cord (C1–C4)
[19].

However, the pathogenesis of postoperative pain is very
complex, including both peripheral and central neuronal
changes, cellular and molecular activities, ectopia, sensitiza-
tion of nociceptors, phenotypic switching, structural plastic-
ity, disinhibition, and neuroinflammation [20–22]. Neuronal
cells in the superficial layers of the spinal dorsal horn play
an important role in the development and maintenance of
hyperalgesia. Various mediators released from the central
terminals of the primary sensory neurons contribute to this
process. Among them, the excitatory amino acid glutamate,
calcitonin gene related peptide (CGRP), substance P (SP),
brain-derived neurotrophic factor (BDNF) and somatostatin,
and so forth. Proinflammatory cytokines, chemokines, and
so forth produced and released from nonneuronal cells (pre-
dominantly immune and glial cells) are also important medi-
ators for persistent pain and all are capable of changing the
response properties of central pain signaling neurons [23, 24].
Among the factors, SP, one of the neurotransmitters released
from the primary nociceptive afferent endings in the dorsal
horn of the spinal cord and postsynaptically binds to NK (1)-
receptors [25]. CGRP, an important molecule in the spinal
nociceptive processing and ensuring response from primary
afferents in the spinal dorsal horn, and PGE2, the main
product of cyclooxygenases (COX) and a crucial mediator
for inflammatory pain sensitization via promoting synaptic
transmission within the spinal cord dorsal horn [26], also
contribute to the spinal pain processing network. Therefore,
the present studywas designed to observe their changes in the
cervical spinal cord after neckincision and electroacupunc-
ture (EA) intervention, so as to study the mechanism of
acupuncture therapy underlying relieving thyroid surgery-
induced pain.

2. Material and Methods

2.1. Animals and Grouping. Adult male Wistar rats (200–
250 g), purchased from Beijing Union Medical College, were
acclimatized to standard laboratory conditions (about 12 h
alternate light-dark cycle) of our institute’s environment first
for a week and were given free access to standard chow pellet
diet and water. All protocols were approved by the Institute of
Acu-moxibustion, China Academy of Chinese Medical Sci-
ences, and accorded to the Guidelines for Laboratory Animal
Care and Use of the Chinese Ministry of Science and Tech-
nology. The rats were randomly assigned to 5 experimental

groups: control, model, Futu (LI18), Hegu (LI4)-Neiguan
(PC6), and Zusanli (ST36)-Yanglingquan (GB34), with 8 rats
in each group.

2.2. Thyroid Area Incision Surgery. After detecting the base-
line thermal pain threshold, the rat’s neck-incision pain
model was established by making a 1.5 cm longitudinal inci-
sion along the midline of the neck under isoflurane (1-2% in
oxygen) inhalational anesthesia using a table-top Isoflurane
anesthesia unit (VME, Matrix Company, USA), followed by
repeated blunt dissection stimulation of the bilateral ster-
nohyoideus around the thyroid gland regions for 5min with
a pair of forceps. The incision was then sutured in layers.

2.3. Measurement of Thermal Pain Threshold. The thermal
pain threshold of the neck-incision areawasmeasured 30min
before surgery, 4 h after surgical incision procedures and
post-EA using a tail-flick apparatus (Model 37360, Tail Flick
Unit, UGOBasile, Italy).Theheat intensitywas set to 25 units,
and the cut-off time was set to 30 s to prevent tissue damage.
The latency of escape was recorded automatically when the
rat swiftly moved its neck from the heat source. Each rat was
tested 3 times, with a 3–5 minutes’ interval between tests.

2.4. Electroacupuncture Stimulation. Four hours after neck-
incision, under light anesthesia with isoflurane (0.5–1% in
oxygen) via a nose cone of a table-top Isoflurane anesthesia
unit, the rats of the 3 electroacupuncture (EA) treatment
groups were administrated with EA stimulation following
insertion of filiform needles (Gauge-32, made by Suzhou
Acu-moxibustion Products Factory, China) into bilateral
Futu (LI18), Hegu (LI4), Neiguan (PC6), Zusanli (ST36),
and Yanglingquan (GB34), respectively.With reference to the
descriptions about LI18 in the human body, the rat’s LI18 is
located between the sternal branch and the clavicular branch
of the sternocleidomastoid muscle, at the middle of the
sternocleidomastoidmuscle and on the horizontal level of the
4th cervical vertebra. In the rat, LI4 is located between the 1st
and 2nd metacarpal bones; PC6, about 3mm to the wrist
transverse stripe on the axopetal end; ST36, about 5mm
inferior to the capitulum fibulae and posterior-lateral to the
hindlimb knee joint; and GB34, about 5mm superior-lateral
to ST36 [27].

After insertion, the needle handles were connected to a
HANS EA Apparatus (Hans-100A, Jisheng Medical Technol-
ogy, Co., Ltd., Nanjing, China) for stimulating the abovemen-
tioned acupoints with duration of 30min, frequency of alter-
native 2Hz and 15Hz (2/15Hz), and electric current strength
of 1mA for the first 15min and 2mA for the rest 15min.
Animals of the control group and model group were treated
with the same anesthesia and other procedures but without
EA stimulation.

2.5. Tissue Preparation. After the EA treatment and for
immunofluorescence staining, rats were deeply anesthetized
with a mixture solution of 20% urethane (420mg/kg) and
1.5% chloralose (50mg/kg, 1 : 2, 6mL/kg, i.p.) and transcar-
diacly perfused through the ascending aorta with normal
saline (250mL), followed by 200mL of 4% paraformaldehyde
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(Yili Fine Chemical Co., Ltd., Beijing, China) in 0.1M phos-
phate buffer saline (PBS, pH 7.4). The upper segments of the
cervical spinal cord (C2–C5) were removed and placed in the
same fixative (4∘C) overnight and then kept in 0.1M sodium
phosphate buffer (pH 7.4) containing 30% sucrose for 24 h.

For Western blot and quantitative real-time PCR analy-
sis, the rats, deeply anesthetized with the same anesthetics
mentioned above, were killed for collecting dorsal part of the
cervical spinal cord (C2–C5, semisection along the longitudi-
nal plane) on an ice plate after the EA treatment, kept in liquid
nitrogen or stored in−80∘C formRNA and protein extraction
later.

2.6. Immunofluorescence Assay. The spinal cord tissue was
sectioned on a freezing microtome at 40 𝜇m for immunoflu-
orescence double-labeling. Free-floating tissue sections were
placed in 0.01M PBS, washed with PBS Tween-20 (PBST)
three times, incubated in 1N HCL for 20min and in 3%
H
2
O
2
in distilled water for 15min, and blocked with 5% goat

serum for 30min at room temperature to block the unspecific
staining, respectively. The sections were incubated with a
mixture solution of primary antibodies: calcitonin-gene-
related peptide (CGRP, diluted 1 : 500, C8198, Sigma, USA)
and substance P (SP, 1 : 1000, Santa Cruz Biotechnology Inc.,
USA) for 36–48 h at 4∘C, washed three times with phosphate
buffered saline (PBS), and then incubated in the secondary
antibodies, goat anti-rabbit IgG conjugated Alexa Fluor 561
(Invitrogen, red fluorescence, diluted 1 : 300) and goat anti-
mouse IgG conjugated Alexa Fluor 488 (Invitrogen, green
fluorescence, diluted 1 : 300) on a rocking bed (away from
light) for 2 h under room temperature, respectively.

For control staining, primary antibody was omitted. The
tissue sections were mounted on glass slides, washed four
more times with running water, dried under room temper-
ature and away from light, and sealed with coverslips at last.
The analysis was performed using a light microscope Olym-
pusAX70with an objectivemagnification of 40x and software
analySIS Pro 3.1. Visualization was performed with avidin-
biotin complex method. Images of the spinal cord slices were
acquired using confocal microscope (FV1000, Olympus,
Japan). Laser channels used were 488 nm excitation and
561 nm excitation. And the fluorescence intensity was mea-
sured byAdobe Photoshop 6.0 (Adobe Systems, San Jose, CA,
USA).

2.7. Western Blotting Analysis. Total protein was extracted
from the tissue in RIPA lysis buffer (containing protease and
phosphatase inhibitor mixtures (Roche)) by using a tissue
homogenizer, followed by clearing tissue debris by centrifu-
gation at 13000 rpm at 4∘C for 20min. Twenty micrograms
of protein was loaded per lane and separated by 5% or 8%
SDS-PAGE gel electrophoresis, then, transferred onto PVDF
membranes. Blocking was carried out in 3% bovine serum
albumin (BSA, Amresco, USA) solution for 30min at room
temperature. The membranes were incubated with pri-
mary antibody rabbit anti-NK-1R (diluted 1 : 2000, BS2632,
Bioworld, USA), or rabbit anti-COX-1 (diluted 1 : 2000, 5153-
1, Epitomics, USA) overnight at 4∘C and with secondary

antibody (1 : 20000 dilution of goat anti-rabbit Immunoglob-
ulin G) conjugated to horseradish peroxidase (Jackson,
ImmunoResearch Laboratories,West Grove, PA, USA) for 1 h
at room temperature on the following day. Immunoblotting
signal was detected by ECL (enhanced chemiluminescence)
on chemiluminescent films. For densitometric analyses, the
blots were scanned and quantified using TotalLab Quant
analysis software (TotalLab Limited, England), and the result
was expressed as the ratio of target gene immunoreactivity to
𝛽-actin immunoreactivity.

2.8. Quantitative Real-Time PCR. Total RNA was extracted
with Trizol (CW0581, CWbio. Co. Ltd, Beijing, China),
and then reversely transcribed with cDNA Synthesis Kit
(CW0744, CWbio. Co. Ltd, Beijing, China).The reverse tran-
scribed products were amplified. The primer sequences used
were as follows: NK-1R: forward 5-GAGCATCCCAAC-
AGGACTTAT-3, reverse 5-ATGGTAGCGGTCAGA-
GGAGT-3; COX-1: forward 5-TCCTACATGGGATGA-
CGAGC-3, reverse 5-GGTTGCGATACTGGAACTGG-3;
𝛽-actin: forward 5-GGAGATTACTGCCCTGGCTCCTA-
3, reverse 5-GACTCATCGTACTCCTGCTTGCTG-3.

Quantitative real-time (QRT)-PCR was performed in 96-
well plates using the QRT-PCR detection systems (AB7500,
Applied Biosystem, USA). Three different biological repli-
cates for each sample were performed. All the cDNA samples
were amplified in triplicate from the same RNA preparation
and the mean value was calculated. Each reaction included
2 𝜇L of cDNA, 10 𝜇L of REALSYBRMixture (2x), 0.8 𝜇L
(10 𝜇mol/𝜇L) of both forward and reverse primers, and 7.2 𝜇L
of PCR-grade water, equating to a final volume of 20 𝜇L.
PCR was performed under the following conditions: 10min
at 95∘C, followed by 40 cycles of 15 s at 95∘C, and 60 s at
60∘C. Then, the fluorescence acquisition after each cycle was
performed. Finally, a dissociation curve was generated by
increasing temperature from 65∘C to 95∘C in order to verify
primer specificity. All samples for each reference gene were
run on the same plate to avoid between-ran variations. The
relative expression was calculated in accordance with the
ΔΔCt method. Relative mRNA levels were expressed as
2
−ΔΔCt values.

2.9. Enzyme-Linked Immunosorbent Assay (ELISA). The cer-
vical spinal cord (C2–C5, semitransection) tissue specimen
(1 g), added with 5mL of homogenization buffer (0.1M
phosphate, pH 7.4, containing 1mM EDTA and 10 𝜇M
indomethacin), was homogenized at 5500 rpm for 20 s using a
polytron homogenizer (PT1200, Switzerland), and then cen-
trifuged at 4∘C and 10,000 rpm for 10min using a centrifuger
(Eppendorf Centrifuge 5430, Germany). The supernatant
(50𝜇L) from each sample was added to a PGE2 assay plate
for determining PGE2 levels by enzyme immunoassay (pros-
taglandin-E2-Monoclonal Enzyme immunoassay Kit, 2A-
514010-96, Cayman, USA) according to the manufacture’s
protocols. A microplate reader (Multiskan MK3, Thermo,
USA) at a wavelength of 410 nm was used to detect PGE2
contents, and data were computerized with Excel. The mea-
surements were made in duplicate, and the results were
expressed in pg/mg.
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Figure 1: Effect of EA stimulation of Futu (LI18), Hegu (LI4)-
Neiguan (PC6), and Zusanli (ST36)-Yanglingquan (GB34) on ther-
mal pain thresholds (PT) in rats with neck incision pain (𝑛 = 8 in
each group). Pain thresholds were measured at the time-points of
pre-incision, 4 h post incision, and post-EA, and data are expressed
as mean ± SD. ⋆𝑃 < 0.05, compared with the normal group; 𝑃 <
0.05, compared with the model group (after neck incision).

2.10. Statistical Analysis. The data collected in the present
study were expressed as mean ± standard deviation (Mean ±
SD) and analyzed by two-way repeated measures ANOVA,
followed by post hoc test for least significant difference (LSD)
to determine differences between two groups. 𝑃 < 0.05 was
considered statistically significant.

3. Results

3.1. Effects of EA on Thermal Pain Threshold. Before neck-
incision, the rats’ thermal pain thresholds had no significant
differences among the normal, model, LI18, LI4-PC6, and
ST36-GB34 groups (𝑃 > 0.05). Four hours after the incision,
the pain thresholds were significantly decreased (𝑃 < 0.05).
Following EA stimulation of LI18 and LI4-PC6, the pain
thresholds were considerably increased (𝑃 < 0.05), while that
of EA of ST36-GB34 had no marked changes in comparison
with the model group (𝑃 > 0.05, Figure 1).

3.2. Effects of EA on the Immunoreactivity of SP and CGRP in
Spinal Dorsal Horn. Results of immunofluorescence staining
showed that SP and CGRP immunoreaction (IR)-positive
products were densely distributed in the superficial layer of
dorsal horns of the cervical spinal cord, particularly 4 h after
neck incision (Figure 2(a)). In comparison with the normal
control group, the fluorescence intensity of both SP and
CGRP IR-positive products in the cervicospinal cord were
significantly increased in the model group (Figures 2(b) and
2(c), 𝑃 < 0.05), suggesting an increase of immunoactivity of
SP and CGRP after neck incision. Following EA intervention,
the immunoactivity levels of spinal CGRP in the LI18 group
and LI4-PC6 group, and SP in the LI18 group were signifi-
cantly decreased (𝑃 < 0.05). No apparent changes of both

SP and CGRP immunoactivity were found in the ST36-GB34
group in comparison with the model group (𝑃 > 0.05).

3.3. Effects of EA on Expression of NK-1R mRNA and Protein
in Dorsal Spinal Cord. Compared with the normal group, the
relative expression levels of NK-1R mRNA and protein in the
dorsal cervical spinal cord were significantly increased in the
model group (𝑃 < 0.05, Figures 3(a) and 3(b)). Following EA
intervention, the expression levels of both NK-1RmRNA and
protein in the LI18 group, and NK-1R mRNA in the LI4-PC6
groupwere considerably lower than those in themodel group
(𝑃 < 0.05). No significant differences were found between
ST36-GB34 andmodel groups in the expression levels of NK-
1R mRNA and protein (𝑃 > 0.05). The effects of EA of LI18
were apparently superior to those of EA of ST36-GB34 in
downregulating the expression of NK-1 mRNA and protein
(𝑃 < 0.05).

3.4. Effects of EA Intervention on Expression of COX-1 mRNA
and Protein in Dorsal Spinal Cord. In comparison with the
normal group, the expression levels of COX-1 mRNA and
protein in the cervical spinal cordwere significantly increased
in the model group (𝑃 < 0.05, Figures 4(a) and 4(b)). After
EA intervention, the expression levels of COX-1 mRNA and
protein were obviously downregulated in the LI18 and LI4-
PC6 groups (𝑃 < 0.05). No significant changes were found
in COX-1 mRNA and protein expression in the ST36-GB34
group compared with the model group (𝑃 > 0.05).

3.5. Effects of EA on PGE2 Content in the Cervical Spinal Cord.
In comparison with the normal control group, PGE2 content
of the cervical spinal cord in the model group was signifi-
cantly increased 4 h after neck incision (𝑃 < 0.05, Figure 5).
Following EA interventions of LI18 and LI4-PC6, spinal
PGE2 levels in the LI18, LI4-PC6, and ST36-GB34 groups
were considerably decreased (𝑃 < 0.05), having no significant
differences among the three groups (𝑃 > 0.05).

4. Discussion

In the present report, we characterized for the first time
changes of the expression of CGRP, NK-1R, and COX-1
mRNA and proteins and PGE2 level in the cervical spinal
cord in neck-incision pain rats. Results of this study showed
that, 4 hours after neck incision and repeated mechanical
stimulation (for miming thyroidectomy), the regional ther-
mal pain threshold was significantly decreased. At the same
time, the immunoactivity of both SP and CGRP in the super-
ficial layers of the cervical spinal dorsal horns, the expression
levels of NK-1R mRNA and protein, COX-1 mRNA and
protein, and PGE2 content of the cervical dorsal spinal cord
tissue were considerably increased in rats with neck-incision
pain. The behavioral pain reactions, immunoactivity of SP,
and the expression of NK-1R mRNA and protein and COX-
1 mRNA and protein of the present study were identical to
the results of our past studies using conventional immuno-
histochemistry in the same rat model [28] and similar study
in postsurgery rats [29]. Among the indexes, spinal COX-1
expression changewas the same to Zhu and colleagues’ results
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(c)

Figure 2: Effect of EA stimulation of different acupoints on the immunoactivity of SP and CGRP in the rat’s cervical spinal cord 4 h after
neck incision (𝑛 = 6 in each group). (a) Representative confocal microscopic photos of immunofluorescence double staining showing SP
and CGRP immunoreaction (IR) positive products (green for SP and red for CGRP) in the cervical spinal cord in the 5 groups. (b) and (c)
Histograms showing the mean fluorescence intensity of SP-IR positive products (b) and CGRP-IR positive products (c) in the 5 groups. Data
are expressed as the mean ± SD (ANOVA, followed by LSD post hoc test); ⋆𝑃 < 0.05, compared with the normal control group; 𝑃 < 0.05,
compared with the model group.

about COX-1 immunoactivity change of the lumbar spinal
cord determined by using immunohistochemistry [30] and
the validated role of COX-1 in spinal hypersensitivity by
intrathecal injection of preferring inhibitor, ketorolac, and
the specific inhibitor SC-560 of COX-1 in paw-incisionmodel
[31].

It has been demonstrated that SP and CGRP coexist to
a large extent (70%) in terminals of the primary afferent
neurons in the dorsal horn of the spinal cord [32], and
released in response to peripheral noxious stimuli [33].
Therefore, SP and CGRP (proinflammatory neuropeptides)
immunoactivity was obviously increased following neck-
incision and local mechanical stimulation in the present
study. Simultaneously, spinal NK-1R mRNA and protein
expression levels were also upregulated after neck incision.

Studies have showed that NK-1R is present on approx-
imately 80% of lamina 1 neurons that project to various
brain regions [34] and NK-1R on lamina I neurons activated
signal transduction pathways and low-threshold (T-type)
voltage-gated calcium channels synergistically and facilitated
calcium-dependent long-term potentiation (LTP) at synapses
from nociceptive nerve fibers.This may be the cellular mech-
anism of lamina I neurons in spinal dorsal horn expressing
NK-1 receptor for SP mediated abnormal pain sensitivity
under conditions of inflammation, trauma, or nerve injury
[35].

Yaksh and colleagues [36] held that the postoperative
hypersensitivity process results partially from a complex cas-
cade startingwith the release of SP and glutamate, followed by
activation of spinal NK-1 and NMDA receptors. Among
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(b)

Figure 3: Effect of EA stimulation of different acupoints on the
relative expression levels of NK-1R mRNA (a) and protein (b) in the
cervical spinal cord 4 h after neck incision in rats. Data are expressed
as mean ± SD (𝑛 = 7), (ANOVA, followed by LSD post hoc test).
⋆

𝑃 < 0.05, compared with the normal group, 𝑃 < 0.05, compared
with the model group; 𝑃 < 0.05, compared with the LI18 group,
X
𝑃 < 0.05, compared with the LI4-PC6 group.

several elements, this cascade activates spinal phospholipases
and generates prostanoids by COX activity, leading to spinal
prostanoid release. Further studies have shown that nerve or
tissue injury is associated not only with increases in NK-1
receptor density, but also with increases in NK-1 gene expres-
sion; thus, persistent activation of SP-containing primary
afferent neurons might increase transcription of the NK-1
receptormRNA and enhance the expression of NK-1 receptor
protein [37], which is consistent to our observations in the
present study. A cAMP response element (CRE) site occurs
within the promoter region of the NK-1 receptor gene which
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(b)

Figure 4: Effect of EA stimulation of different acupoints on COX-1
mRNA (a) and protein (b) expression 4 h after neck incision in rats.
Data are expressed as mean ± SD (𝑛 = 7), (ANOVA, followed by
LSD post hoc test); ⋆𝑃 < 0.05, compared with the normal group,


𝑃 < 0.05, compared with the model group; 𝑃 < 0.05, compared
with the LI18 group; X

𝑃 < 0.05, compared with the LI4-PC6 group.

has a CREB binding site [38]. CGRP is a transmembrane
signaling molecule that increases cAMP levels and cAMP
(CRE)-dependent gene expression, and also increases the lev-
els of NK-1R mRNA in spinal neurons, indicating that CGRP
regulates the expression of NK-1R via a pathway involving
activation of the transcription factor, (CREB) [39]. Moreover,
we have demonstrated that in formalin injection induced
neck pain rats, the expression levels of cervical spinal NMDA
receptor 2B subunit mRNA and its phosphorylated protein
were markedly upregulated [40], but if the NMDA R is
involved in neck-incision induced pain processing or not, it
needs further study.

It was demonstrated that NK-1 receptors are not only
expressed in neurons, but also in astrocytes and microglia
which have a high affinity for SP, and more importantly,
SP and NK-1 receptor interactions elicit activation of signal
transduction pathways in both cell types and can initiate
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Figure 5: Effect of EA stimulation of different acupoints on
prostaglandin E2 (PGE2) content in the dorsal spinal cord (C2–C5)
4 h after neck incision in rats. Data are expressed as mean ± SD
(𝑛 = 8), (ANOVA, followed by LSD post hoc test). ⋆𝑃 < 0.05,
compared with the normal group, 𝑃 < 0.05, compared with the
model group. The level of PGE2 in the cervical spinal cord was
determined using an ELISA kit.

or augment pain responses [41, 42]. SP can also stimulate
secretion of TNF-alpha frommacrophages from which IL-1𝛽
was found to increase the production of SP and PGE2 in a
number of neurons and glial cells [43, 44]. Prostaglandins
(PGs), including PGD-2, PGE-2, PGF-2 alpha, and PGI-2 and
known to be produced by cyclooxygenase (COX), catalyze
their synthesis from arachidonic acid [45] and potentiate
release of excitatory amino acids, SP, CGRP, and nitric oxide
to enhance excitation and synaptic transmission of pain sig-
nals in the spinal cord [46].

COX has two forms of COX-1 and COX-2 which are
constitutively expressed in the spinal cord. Double labeling
studies showed that 96% of COX-1 immunoreactive cells
are colocalizedwithmicroglia and 98%of COX-2 immunore-
active cells colocalized with neurons [47]. COX-1 expression
was upregulated in microglia within hours after surgical
incision [48–50] or thoracic muscle deep incision [51], and
COX-2 played a prominent role in inflammatory pain [52–
54]. These results indicate that SP, NK-1R, CGRP, COX-1,
and PGE-2 in the spinal cord are all involved in postsurgery
pain including neck-incision pain of the present study. Both
neurons and glia cells in the cervical spinal cord are probably
complicated with the neck-incision pain processing. How-
ever, the detailed interaction situations of the cervicospinal
neurons and glia cells in inducing postincision pain need
studying in the future.

In addition, findings of the present study showed that
following EA intervention of LI18 (at the neck) and LI4-
PC6 (at the forelimb), the thermal pain thresholds were
obviously upregulated, while EA stimulation of ST36-GB34
(at the hindlimb) had no apparent effect on the decreased
pain threshold in neck-incision pain rats. Correspondingly,
EA of LI18 and LI4-PC6 could effectively suppress neck-
incision induced upregulation of expression of NK-1 mRNA,
COX-1 mRNA and protein, and PGE2 content in the upper-
cervical spinal cord. However, EA stimulation of ST36-GB34
had no apparent effect on SP and CGRP immunoactivity,
NK-1R mRNA and protein, and COX-1 mRNA and protein

expression levels in the cervical spinal cord. It suggests
that the effects of EA stimulation of the three acupoints or
acupoint groups in resisting pain reaction and suppressing
incision-induced upregulation of spinal NK-1 mRNA and
COX-1 mRNA and protein are mainly via homosegmental
nerve reflex pathway. But, why the content of spinal PGE-2
was also downregulated after EA of ST36-GB34, the reason
was not clear and the result needs being confirmed further.

The results of EA analgesia and spinal SP expression are
basically identical to those in our past studies [17, 28, 55] and
changes of spinal PGE-2 after EA intervention are similar
to those of other studies in reducing spinal PGE-2 levels
in inflammatory pain rats [56, 57]. Up to now, we have
not found any studies on the involvement of spinal CGRP,
NK-1R mRNA and protein and COX-1 mRNA and protein
in postsurgery pain. However, viewing from the known
mechanisms of pain processing, we do not think that changes
of these indexes are not expectable under EA analgesia.More-
over, EA analgesia might also involve its favorable regulation
on the communication or interaction between neurons and
glia cells in the spinal cord in neck-incision pain rats.

In conclusion, findings of the present study show that SP,
CGRP, NK-1R, COX-1, and PGE2 in the cervicospinal cord
play an important role in pain processing after neck incision
in the rat. EA stimulation of LI18 and LI4-PC6 can effectively
suppress neck-incision-induced sensory hypersensitivity by
downregulating expression levels of spinal SP, CGRP, NK-
1 mRNA, COX-1 mRNA and protein, and PGE2 content in
the cervicospinal cord. These results highlight the targets of
EA therapy for reducing post-thyroid-surgery pain.The exact
mechanisms of EA underlying regulation of cross-talk of
spinal neurons and gliacytes will be researched in the coming
days.
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