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Abstract

Background/Aims: Acupuncture involves inserting a fine needle into a specific point, often
called an acupoint, thereby initiating a therapeutic effect accompanied by phenomena such
as soreness, heaviness, fullness, and numbness. Acupoints are characterized as points located
in deep tissues with abundant sensory nerve terminals, which suggests that there is a strong
relationship between acupoints and peripheral sensory afferents. In this study, we determined
whether manual acupuncture (MA) or different frequencies of electroacupuncture (EA) share
similar mechanisms for activating excitatory neurotransmission. Methods: We performed MA
or EA at acupoint ST36 and we also used western blot and immunostaining techniques to
determine neural changes at the peripheral dorsal root ganglion (DRG), spinal cord (SC), and
somatosensory cortex (SSC) levels. Results: Our results show that either MA or EA at the
ST36 acupoint significantly increased components of the TRPV1-related signaling pathway,
such as pPKA, pPI3K, pPKC-pERK, and pAKT (but not pp38 or pJNK) at the peripheral DRG
and central SC-SSC levels. Furthermore, excitatory phosphorylated N-methyl-D-aspartate
receptor (o(NMDA) and pCaMKlla (but not pNR2B, pCaMKII3, or pCaMKIly) also increased.
These molecules could not increase in the DRG and SC-SSC of TRPV1-“-mice. Conclusion: Our
data demonstrates that both MA and EA can activate excitatory signals in either peripheral or
central levels. We also define that TRPV1 is crucial for an acupuncture effect and then initiate
excitatory pNR1-pCaMKII pathway, at peripheral DRG and central SC-SSC level. We suggest
that the TRPV1 signaling pathway is highly correlated to Acupuncture effect that implies the
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Introduction

Acupuncture is a major part of traditional Chinese medicine that has been used for
more than 3000 years and its therapeutic effect is accepted worldwide. The acupuncture
procedure is performed by inserting a needle into acupoints manually (manual acupuncture,
MA) or with electric enhancement (electroacupuncture, EA). It has been reported that
acupoints are highly abundant at peripheral sensory nerve endings and manipulating
acupoints could change the signals from the transient receptor potential vanilloid receptor
1 (TRPV1) and c-fos in local tissue and the spinal cord (SC) dorsal horn [1, 2]. Goldman et
al. used microdialysis and high performance liquid chromatography to show that adenosine
triphosphate (ATP), which is degraded into adenosine to elicit its analgesic effect, was
released at acupoints during MA [3]. Acupuncture has been used to control body weight
[4], reduce epilepsy [5], ameliorate learning and memory impairment [6], and for pain
management [7-10]. The analgesic effect of acupuncture activates the release of endogenous
opiates [11] and adenosine [3]. Acupuncture involves inserting a fine needle into a specific
point, which is often called an acupoint, thereby initiating a phenomenon known as de-qi.
De-qi is a crucial indicator during acupuncture treatments, which includes obvious feelings
such as soreness, heaviness, fullness, and numbness. Acupoints are characterized as points
located in deep tissues with abundant sensory nerve terminals, thereby suggesting a strong
relationship between acupoints and peripheral sensory afferents. One study demonstrated
that EA significantly increases the expression of TRPV1 to that observed in the control body
weight group [4].

TRPV1, a capsaicin receptor, was first described as a thermosensitive channel isolated
from sensory neurons mainly in the dorsal root ganglion (DRG) [12]. Members of the
TRPV family contain six transmembrane segments with six ankyrin repeats and large N-
and C-termini in the cytoplasm. TRPV1 has high Ca* permeability and can be activated by
capsaicin, heat (>43°C), and exposure to low pH. Acupuncture can trigger local ATP release
and calcium wave propagation through active TRPV receptors [13-16]. TRPV1 may also be an
acupuncture-responding channel because it is highly expressed in acupoints with abundant
sensory nerve endings that deliver signals to the SC [1, 2].

N-methyl-D-aspartate (NMDA) receptors are a target of glutamate, which is an
excitatory neurotransmitter in the mammalian peripheral and central nervous system. The
four types of NRs comprise AMPA, NMDA, kainite, and metabotropic receptors [17, 18]. NRs
are heteromeric protein complexes, which comprise a Ca?*-permeable ion channel with four
subunits. There are three main NDMAR families: NR1, NR2, and NR3. The NR1, NR2A, NR2B,
and NR2D subunits are distributed in the DRG and SC [19, 20]. Activation of NRs can induce
the influx of Ca?* and then lead to the activation of Ca?*/calmodulin-dependent protein kinase
2 (CaMKII) for signaling in the postsynaptic density [21]. There are four isomers of CaMKII
in mammals, i.e., a, B, y, and 8. CaMKII is a holoenzyme and a serine/threonine kinase that
is highly expressed in the brain mainly participates in its phosphorylation [22]. Jang et al.
reported that peripheral release of glutamate induced by local nerve stimulation leads to
tactile hypersensitivity of the skin. In addition, the PKA- and PKC-dependent mechanisms
mediated mainly by activating NMDA are also induced [23]. Wong et al. demonstrated that
injecting nerve growth factor into the masseter muscle initiates mechanical sensitization
in rats. The duration of mechanical sensitization was associated with increased peripheral
activation of NMDA by masseter muscle afferent fibers [24].

In this study, we applied MA or different frequencies of EA at the ST36 acupoint to
identify neural activation by acupuncture. Our rational is that either MA or EA delivers
mechanical stimulation to activate TRPV1 and NMDA at the ST36 acupoint and passes
peripheral signals to the central nervous system. We used immunostaining, western blot, and
genetic techniques to verify the involvement of TRPV1 and associated signaling pathways
after acupuncture treatment. Our results showed that both MA and different frequencies of
EA could activate the TRPV1 and excitatory pNR1-pCaMKIla-pERK signaling pathway in the
DRG, SC, and somatosensory cortex (SSC) areas. The levels of these compounds were not
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increased in TRPV1~-mice, which suggests that TRPV1 is a key mechanosensitive channel in
the mammalian peripheral DRG and central SC-SSC pathway.

Materials and Methods

Animals

Experiments were conducted using male C57/B6 mice (ages 8 to 12 weeks) purchased from BioLASCO
Co. Ltd (Taipei, Taiwan) and used as a backcross pool for all lines of genetically modified mutant mice.
Knockout mice of TRPV1 was obtained from the Jackson Laboratory (Bar Harbor, ME). Mice were randomly
assigned to five groups (n = 8 per group): (1) Control, (2) MA, (3) 2 Hz EA, (4) 15 Hz EA, and (5) 50 Hz EA.
The sample size required for an alpha of 0.05 and a power of 80% was eight animals per group. After arrival,
the mice were housed under a 12/12 h light/dark cycle, where water and food were available ad libitum.
All of the procedures were approved by the Institute of Animal Care and Use Committee of China Medical
University (permit No. 2016-061) and they were conducted in accordance with the Guide for the use of
Laboratory Animals provided by the National Research Council and the ethical guidelines of the International
Association for the Study of Pain. The number of animals used and their suffering were minimized.

Acupuncture manipulation

Acupuncture was delivered using stainless steel needles (0.5 inch, 32 G, YU KUANG, Taiwan), which
were inserted into the muscle layer at a depth of 2-3 mm in the bilateral ST36 acupoint, the location of
ST36 is approximately 3-4 mm below and 1-2 mm lateral to the midpoint of the knee in mice, under 1%
isoflurane anesthetization. In the control group, a needle was inserted into the ST36 acupoint without any
rotation or twisting. To ensure an insertion depth of 3 mm, a piece of tape was attached to the needle, which
only left sufficient space for manipulation and the needle tip of 3 mm. In the MA group, the tape was used
as a guide and the needle was twisted anticlockwise by 360°, and then back for one twist at a speed of
approximately 1 turn/s. The protocol used two twists every 3 min for a duration of 15 min. In the EA group,
we applied 2, 15, and 50 Hz EA by delivering electrical stimulation with a Trio 300 electrical stimulator
(Grand Medical Instrument Co. Ltd). A stimulator (Trio 300, Ito, Japan) delivered 100-pus square pulses of 1
mA for 15 min at 2, 15, and 50 Hz.

Tissue sampling and western blot analysis

Bilateral L3-L5 DRG, L3-L5 SC dorsal horn, and SSC neurons were excised immediately to extract
proteins. The total proteins were prepared by homogenizing the DRG, SC, and SSC in lysis buffer containing
50 mM Tris-HCl (pH 7.4), 250 mM NaCl, 1% NP-40, 5 mM EDTA, 50 mM NaF, 1 mM Na3V04, 0.02% NaNO3,
and 1x protease inhibitor cocktail (AMRESCO). The extracted proteins (30 pug per sample according to the
BCA protein assay) were subjected to 8% SDS-Tris glycine gel electrophoresis and transferred to a PVDF
membrane. The membrane was blocked with 5% non-fat milk in TBS-T buffer (10 mM Tris pH 7.5, 100
mM NaCl, 0.1% Tween 20), incubated with the first antibody in TBS-T and 1% bovine serum albumin, and
incubated for 1 h at room temperature. A peroxidase-conjugated anti-rabbit antibody (1:5000) was used as
the secondary antibody. The bands were visualized using an enhanced chemiluminescencent substrate kit
(PIERCE) with LAS-3000 Fujifilm (Fuji Photo Film Co. Ltd). If appropriate, the image intensities of specific
bands were quantified with NIH Image] software (Bethesda, MD, USA). The protein ratios were obtained by
dividing the target protein intensities by the intensity of a-tubulin in the same sample. The calculated ratios
were then adjusted by dividing the ratios from the same comparison group relative to the control.

Immunohistochemical staining

Mice were anesthetized with isoflurane and then perfused transcardially with 4% paraformaldehyde.
Next, we dissected the SC from the lumbar section. The tissue samples were embedded in paraffin. The
paraffin-embedded sections were cut to a thickness of 5 pym and pasted onto micro-slide glasses coated
with APS. The sections were post-fixed briefly with 4% paraformaldehyde for 3 min and then incubated
with blocking solution containing 3% BSA, 0.1% Triton X-100, and 0.02% sodium azide in PBS for 2 h at
room temperature. After blocking, the sections were incubated at 4°C overnight with the primary antibodies
against anti-pNR1 (1:1000, Cell Signalling, Danvers, USA, ref. 3381), anti-pNR2B (1:1000, Cell Signalling,
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ref. 4208), anti-pPKA (1:1000, Novus, Littleton USA, ref. NBP1-40676), pPI3K (1:1000, Millipore, ref. 4228),
anti-pPKC (1:1000, Cell Signalling, ref. 2060), anti-pAkt (1:1000, Millipore, ref. 4060), anti-phosphorylated
Ca?"/calmodulin-dependent PK (pCaMKIla 1:1000, Cell Signalling, ref. 11945), anti-CaMKII§ (1:1000,
Abcam, Cambridge, Massachusetts, USA, ref. ab54927), anti-CaMKIly (1:1000, Abcam, ref. ab37999), anti-
pERK (1:1000, Novus, ref. NB100-92406), anti-pp38 (1:1000, Novus, ref. NBP1-51458), anti-pJNK (1:1000,
Novus, ref AF1205). The secondary antibody was goat anti-rabbit (1:500) antibody (Molecular Probes,
Carlsbad, CA, USA). We incubated the slices with avidin-biotin horseradish peroxidase complex (1 h),
washed them three times with 0.1M Tris buffer (5 min each), and then developed them in diaminobenzidine
tetrahydrochloride (1-2 min), before washing three times with 0.1 M Tris buffer (5 min each). Finally, the
sections were incubated with 0.1 M Tris buffer to stop the reaction. The slides were mounted with cover
slips and visualized by using a CKX41 microscope with an Olympus U-RFLT50 Power Supply Unit (Olympus,
Tokyo, Japan).

Statistical analysis

All of the data were expressed as the mean * standard error. Significant differences between the control
group, MA group, and 2, 15, and 50 Hz EA groups were tested using ANOVA, followed by a post hoc Tukey’s
test. p < 0.05 was considered significantly different.

Results

MA and EA increased immunopositive signals for the TRPV1-associated signaling pathway

in the peripheral DRG

We performed Western blot analysis of DRGs in mice from groups subjected to MA or
different frequencies of EA. Our results indicated that the pPKA protein expression levels
were higher in MA (Fig. 1A, p < 0.05, n = 6). The same results were also obtained in the 2,
15, and 50 Hz EA groups (Fig. 14, all p < 0.05, n = 6). We then verified that pPI3K was also
augmented after MA manipulation (Fig. 14, all p < 0.05, n = 6). Similar results were also
obtained for the pPKC and pAKT (Fig. 1A, all p < 0.05, n = 6). We found that the pERK levels
increased after MA and EA stimulation (Fig. 1B, all p < 0.05, n = 6). However, similar results
were not obtained for the pp38 (Fig. 1B, all p > 0.05, n = 6) and p]JNK pathways (Fig. 1B, all
p>0.05,n=6).

We showed that control mice DRGs exhibited normal pNR1 expression, whereas the
pNR1 protein expression levels were higher in the MA group (Fig. 1B, p < 0.05, n = 6).
Similar results were also obtained for the EA groups, where the 2 Hz EA, 15 Hz EA, and 50
Hz EA groups all had higher pNR1 expression levels compared with the control group (Fig.
1B, all p < 0.05, n = 6). However, the pNR2B levels did not differ between the control and
experimental groups in the mice DRGs, as shown in Fig. 1C. In the MA group, the pCaMKIl«a
protein expression levels were higher than those of the control mice (Fig. 1C, p < 0.05,n = 6).
Similarly, in the 2, 15, and 50 Hz groups, EA dramatically increased the pCaMKIla expression
levels (Fig. 1C, all p < 0.05, n = 6). However, the expression levels of pCaMKII6 were the same
in all of the groups (Fig. 1C, all p > 0.05, n = 6). Similar results were also obtained for the
DRGs incubated with pCaMKIly antibody (Fig. 1C, all p > 0.05, n = 6).

MA and EA activate the TRPV1-associated signaling pathway in the central SC level

Next, we examined TRPV1-associated mechanisms in the central SC level. We found that
the pPKA protein expression levels were higher in the MA and EA groups (Fig. 24, all p< 0.05,
n = 6). We then found that the pPI3K levels were increased in the MA group (Fig. 24, all p <
0.05, n = 6) and similar data were obtained for the pPKC levels (Fig. 24, all p < 0.05, n = 6).
Moreover, the pAKT (Fig. 24, all p < 0.05, n = 6) and pERK levels were increased after MA and
EA stimulation (Fig. 2B, all p < 0.05, n = 6). However, similar patterns were not detected in
the pp38 (Fig. 2B, all p > 0.05, n = 6) and pJNK pathways (Fig. 2B, all p > 0.05, n = 6).

We found that MA and EA significantly potentiated the expression of pNR1 protein in
the SC of mice (Fig. 2B, all p < 0.05, n = 6). We found that the levels of pNR2B did not differ
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Fig. 1. Expression levels of TRPV1-associated signaling pathway proteins in DRG after MA and EA
manipulation. (A) pPKA, pPI3K, pPKC, and pAKT, (B) pERK, pp38, pJNK, and pNR1 (C) pNR2B, pCaMKlIla,
pCaMKII§, and pCaMKIly expression levels in tissues from the Con, MA, 2 Hz, 15 Hz, and 50 Hz EA groups
(from left to right). Con = Control; MA = Manual acupuncture; EA = Electroacupuncture. *p<0.05 compared
with the control group. The western blot bands at the top show the target protein. The lower bands are
internal controls (B-actin or a-tubulin).
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Fig. 2. Expression levels of TRPV1-associated signaling pathway proteins in the lumbar SC after MA and EA
manipulation. (A) pPKA, pPI3K, pPKC, and pAKT, (B) pERK, pp38, pJNK, and pNR1 (C) pNR2B, pCaMKIla,
pCaMKIIg, and pCaMKIly expression levels in tissues from the Con, MA, 2 Hz, 15 Hz, and 50 Hz EA groups
(from left to right). Con = Control; MA = Manual acupuncture; EA = Electroacupuncture. *p<0.05 compared
with the control group. The western blot bands at the top show the target protein. The lower bands are
internal controls (B-actin or a-tubulin).

among all of the groups (Fig. 2C, all p > 0.05, n = 6). We then showed that the pCaMKIla levels
were higher in the MA group than the control (Fig. 2C, p < 0.05, n = 6). In the 2, 15, and 50 Hz
groups, EA potentiated the expression of pCaMKIla (Fig. 2C, p < 0.05). However, the levels of
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pCaMKII§ and pCaMKIly were not changed by either MA or different EA frequencies of in the
SC of mice (Fig. 2C, all p > 0.05, n = 6).

MA and EA activate the TRPV1-associated signaling pathway in the brain SSC level

We next found that the pPKA protein expression levels were higher in SSC of both MA
and EA groups (Fig. 34, all p< 0.05, n = 6). We then found that the pPI3K levels were increased
in the MA group (Fig. 34, all p < 0.05, n = 6) and similar data were obtained for the pPKC
levels (Fig. 3A, n = 6). The pAKT (Fig. 34, all p < 0.05, n = 6) and pERK levels were increased
after MA and EA stimulation (Fig. 3B, all p < 0.05, n = 6). However, similar patterns were not
detected in the pp38 (Fig. 3B, all p > 0.05, n = 6) and pJNK pathways (Fig. 3B, all p > 0.05, n
= 6). We next found that MA significantly potentiated the expression of pNR1 protein in the
SSC of mice (Fig. 3B, p < 0.05, n = 6). In the 2, 15, and 50 Hz groups, EA also led to higher
pNR1 expression levels in the SSC compared with the control group (Fig. 3B, all p < 0.05,n =
6). pNR2B did not differ among all of the groups (Fig. 3C, all p > 0.05, n = 6). The pCaMKIl«
levels were higher in the MA and EA group (Fig. 3C, p < 0.05, n = 6). However, the levels of
pCaMKII§ and pCaMKIlywere not changed by either MA or different EA frequencies of in the
SSC of mice (Fig. 3C, all p > 0.05, n = 6).

MA- and EA-induced activation of the TRPV1-related signaling pathway was abolished in

TRPV1~/-mice in the peripheral DRG

We deleted the TRPV1 gene to determine whether the MA- or EA-induced signaling
pathway was abolished in the peripheral DRG level. We found that the pPKA protein
expression levels were not significantly different after MA and EA manipulation (Fig. 44,
p > 0.05, n = 6). Our results suggested that the pPI3K levels were not increased after MA
manipulation in TRPV1~-mice DRG (Fig. 44, all p > 0.05, n = 6) and similar results were also
obtained for the pPKC (Fig. 44, all p > 0.05, n = 6) and pAKT levels (Fig. 44, all p > 0.05,n =
6). The levels of pERK were not increased after MA and EA stimulation (Fig. 4B, all p > 0.05,
n = 6), and similar results were obtained for pp38 (Fig. 4B, all p > 0.05, n = 6) and p]JNK (Fig.
4B, all p> 0.05,n = 6).
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Fig. 3. Expression levels of TRPV1-associated signaling pathway proteins in the SSC after MA and EA
manipulation. (A) pPKA, pPI3K, pPKC, and pAKT, (B) pERK, pp38, pJNK, and pNR1 (C) pNR2B, pCaMKlIla,
pCaMKIIg, and pCaMKIly expression levels in tissues from the Con, MA, 2 Hz, 15 Hz, and 50 Hz EA groups
(from left to right). Con = Control; MA = Manual acupuncture; EA = Electroacupuncture. *p<0.05 compared
with the control group. The western blot bands at the top show the target protein. The lower bands are
internal controls (B-actin or a-tubulin).
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*p<0.05 compared with the control group. The western blot bands at the top show the target protein. The
lower bands are internal controls ($-actin or a-tubulin).
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Fig. 5. Expression levels of TRPV1-associated signaling pathway proteins in the lumbar SC from TRPV1-/-
mice after MA and EA manipulation. (A) pPKA, pPI3K, pPKC, and pAKT, (B) pERK, pp38, pJNK, and pNR1 (C)
PNR2B, pCaMKIlla, pCaMKIIg, and pCaMKIly expression levels in tissues from the Con, MA, 2 Hz, 15 Hz, and
50 Hz EA groups (from left to right). Con = Control; MA = Manual acupuncture; EA = Electroacupuncture.

*p<0.05 compared with the control group. The western blot bands at the top show the target protein. The
lower bands are internal controls ($-actin or a-tubulin).

In MA group of TRPV1~/-mice, the pNR1 protein expression levels in the DRG were similar
to those in the control group (Fig. 4B, p > 0.05, n = 6). Similar results were also obtained for
the EA groups (Fig. 4B, all p > 0.05, n = 6). The pNR2B levels did not differ among groups (Fig.
4C, all p > 0.05, n = 6). We also tested whether the pCaMKII levels differed in TRPV1~/-mice
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after MA or EA stimulation. The pCaMKIla protein expression levels were not changed in
the DRG in any of the groups of TRPV1~/-mice (Fig. 4C, p > 0.05, n = 6). The pCaMKIIS levels
were similar in all groups (Fig. 4C, all p > 0.05, n = 6). Moreover, the same results were also
obtained for pCaMKIly (Fig. 4C, all p > 0.05, n = 6).

MA- and EA-induced increases in TRPV1-associated compounds were reduced in the

central SC of TRPV1~/-mice

We found that the pPKA protein expression levels were not increased in the SC of the MA
and EA manipulation groups (Fig. 54, p > 0.05, n = 6). We showed that the pPI3K levels were
not increased after MA or EA manipulation in the SC of TRPV1~/-mice (Fig. 54, all p > 0.05, n
= 6). Similar results were also obtained for the pPKC (Fig. 54, all p > 0.05, n = 6) and pAKT
(Fig. 54, all p > 0.05, n = 6). Our results suggested that the pERK levels were not increased
after MA and EA stimulation (Fig. 5B, all p > 0.05, n = 6), and similar results were obtained
for pp38 (Fig. 5B, all p > 0.05, n = 6) and pJNK (Fig. 5B, all p > 0.05, n = 6).

In TRPV1-/-mice SC, the pNR1 protein levels were similar to those in the control group
after MA and EA manipulation (Fig. 5B, p > 0.05, n = 6). The pNR2B levels did not differ
among any groups (Fig. 5C, all p > 0.05, n = 6). The pCaMKIla protein expression levels did
not change in the SC among all the groups of TRPV1~/-mice (Fig. 5C, p > 0.05, n = 6). The
pCaMKIIS protein levels were similar in all groups (Fig. 5C, all p > 0.05, n = 6). There is also
not different in pCaMKIly (Fig. 5C, all p > 0.05, n = 6).

MA- and EA-induced increases in TRPV1-associated compounds were reduced in the

central SSC of TRPV1~-mice

We found that the pPKA protein expression levels were not increased in the SSC of the
MA and EA manipulation groups (Fig. 64, all p > 0.05, n = 6). We showed that the pPI3K
levels were not increased after MA or EA manipulation in the SC of TRPV1~-mice (Fig. 64, all
p > 0.05, n = 6). Similar results were also obtained for the pPKC (Fig. 64, all p > 0.05, n = 6)
and pAKT (Fig. 64, all p > 0.05, n = 6). Our results suggested that the pERK levels were not
increased after MA and EA stimulation (Fig. 6B, all p > 0.05, n = 6), and similar results were
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Fig. 6. Expression levels of TRPV1-associated signaling pathway proteins in the SSC from TRPV1-/-mice
after MA and EA manipulation. (A) pPKA, pPI3K, pPKC, and pAKT, (B) pERK, pp38, pJNK, and pNR1 (C)
pNR2B, pCaMKlIla, pCaMKII3, and pCaMKIly expression levels in tissues from the Con, MA, 2 Hz, 15 Hz, and
50 Hz EA groups (from left to right). Con = Control; MA = Manual acupuncture; EA = Electroacupuncture.
*p<0.05 compared with the control group. The western blot bands at the top show the target protein. The
lower bands are internal controls ($-actin or a-tubulin).
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Fig. 7. Effects of MA or
2 Hz EA on pPKC- and |
pCaMKIla-positive cells ;
in the SC of mice. Positive
cells (brown) in the SC
increased after MA or 2 PPKC
Hz EA manipulation. (A) | E ?
pPKC-positive signals in
the SC dorsal horn of Con
mice. (B) pPKC-positive
signals in the SC dorsal
horn of MA mice. (C)
pPKC-positive signals in the SC dorsal horn of EA mice. (D) pPKC-positive signals in the SC dorsal horn of
TRPV1/ mice. (E) pCaMKIlla-positive signals in the SC dorsal horn of Con mice. (F) pCaMKIla-positive
signals in the SC dorsal horn of MA mice. (G) pCaMKIla-positive signals in SC dorsal horn of EA mice. (H)
pCaMKIla-positive signals in the SC dorsal horn of TRPV1+/- mice.

Con TRPV1/-

pCaMKlIlow

Fig. 8. Schematic illustration of
underlying mechanisms in acupuncture
manipulation. Summary diagram of how
TRPV1 is crucial for sensing acupuncture
and related mechanisms. Our results
show that TRPV1 acts as a receptor in
acupuncture manipulation. Activation
of TRPV1 increases the expression of
pPKA, pPI3K, pPKC. Furthermore, pERK
and pAKT were also increased. Moreover,
aforementioned molecules could be
attenuated in TRPV1/- mice.

obtained for pp38 (Fig. 6B, all p > 0.05, n = 6) and pJNK (Fig. 6B, all p > 0.05, n = 6).

In TRPV1-/-mice SC, the pNR1 protein levels were similar to those in the control group
after MA and EA manipulation (Fig. 6B, all p > 0.05, n = 6). The pNR2B levels did not differ
among any groups (Fig. 6C, all p > 0.05, n = 6). The pCaMKIla protein expression levels did
not change in the SC among all the groups of TRPV1~-mice (Fig. 6C, p > 0.05, n = 6). The
pCaMKIIS protein levels were similar in all groups (Fig. 6C, all p > 0.05, n = 6). There is also
not different in pCaMKIly (Fig. 6C, all p > 0.05, n = 6).

Fig. 7 shows the pPKC and pCaMKIla expression levels in the central SC. Consistent with
the western blotting results, the number of pPKC-immunopositive neurons was increased
by either MA or EA but not in TRPV1/- mice (Fig. 7A-D). Similarly, the number of pCaMKIIa-
immunopositive neurons was enhanced by MA or EA but not in TRPV1/- mice (Fig. 7E-H).
The current study provides molecular mechanisms of acupuncture manipulation on TRPV1
and relevant molecules (Fig. 8).

Discussion

In the current study, our results suggest that MA or EA at the ST36 acupoint can activate
excitatory neural signals in the peripheral DRG and central SC-SSC levels. Our findings also
indicate that the levels of TRPV1-associated downstream compounds, such as pPKA, pPI3K,
pPKC-pERK, and pAKT, were increased by MA or EA manipulation. Furthermore, excitatory
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pNR1 and pCaMKIla were increased in the DRG of mice after MA or EA manipulation.
These signals were also increased in the central SC-SSC level of mice. Immunohistochemical
analyses show that either MA or EA increased neural signals in both the dorsal horn of SC.
Our findings provide crucial evidence of neural activation, mainly by activating TRPV1 to
induce the pNR1-pCaMKIla signaling pathway in the peripheral DRG and central SC-SSC
using MA or EA.

Acupuncture has been reported as effective for pain control by increasing adenosine
release [25, 26]. Previous studies showed that the TRPV1 and pERK protein levels were
increased after EA stimulation. Thus, EA can alter the expression of NR1 and TRPV1 in
hippocampal CA1 areas in middle cerebral artery occlusion rats [27]. In addition, EA can
inhibit long-term potentiation in the SC dorsal horn of rats after nerve injury [28]. We found
that pNR1 but not pNR2B was significantly activated by both MA and different frequencies
of EA. EA is effective for treating inflammatory pain using ipsilateral and contralateral
acupoints, thereby suggesting central activation [9]. Our results indicate that MA and EA
could reliably increase neural signals in the peripheral DRG and SC dorsal horn.

Ferrini et al. demonstrated similar IPSPs in lamina II of the spinal dorsal horn in mice
via TRPV1 [29], where they used capsaicin (a TRPV1 agonist) to stimulate primary afferent
terminal fibers active to release substance P. Subsequently, substance P could induce IPSCs
in lamina II (substantia gelatinosa) neurons to produce y-amino butyric acid A (GABAA) and
glycine. GABA and glycine are mainly inhibitory mediators in the SC [30, 31]. A recent study
also demonstrated that the expression of TRPV1 in peripheral nerve fibers was significantly
increased after EA stimulation of acupoints but not non-acupoint meridians or non-meridian
control skin [1]. Significantly higher expression levels of TRPV1 were found with nNOS in the
subepidermal nerve fibers in the acupoints, which increased after EA. This indicates that
TRPV1 upregulation after EA is crucial for mediating the transduction of EA signals to the
CNS [1].

However, the activation of TRPV1 in primary afferent fibers can increase the release of
glutamate in postsynaptic regions [32]. Excitatory-postsynaptic currents in the dorsal horn
neurons of mice are observed after glutamate release due to capsaicin stimulation. Recently,
Ryu et al. found that EA can reduce pain by decreasing the phosphorylation of NMDA [33].
In addition, Jang et al. found that intrathecal injection of dizocilpine, an NR antagonist,
combined with 2 Hz EA at the Zusanli and Sanyinjiao acupoints could strengthen the analgesic
effect during thermal hypersensitivity of the hindpaw in a pain model after injection with
complete Freund’s adjuvant [34]. These findings indicate that NMDA are potential targets for
acupuncture. Recently, yamamoto et al. reported that mechanoreceptor blocker gadolinium
significantly attenuated the MA- and EA-induced physiological bradycardic response and
depressor response. They suggest that the mechanoreceptors are involved in the sensory
mechanisms for both MA and EA. Wu et al. suggest that TRPV1 is highly expressed in different
anatomical layers of ST36 acupoint. They show that TRPV1 was not only existed in nerve
fibers but also expressed in skeletal muscle cells and fibroblasts. Injection of TRPV1 agonists
into ST36 showed that replicated acupuncture analgesia [10].

Conclusion

We conclude that MA and EA share the same signal transmission pathway. All of
our manipulations significantly elicited the TRPV1-associated signaling pathway, pPKA,
pPI3K, pPKC-pERK, and pAKT, as well as activating pNR1-pCaMKIla excitatory signaling
transduction in the peripheral DRG and central SC-SSC of mice. We also showed that pp38,
pJNK, pNR2B, pCaMKII3, and pCaMKIlywere unaltered after the MA and EA manipulations.
Our results provide strong evidence because these mechanisms were abolished in TRPV1-/-
mice. These results suggest that EA manipulation mechanically activated the peripheral and
central nervous systems through a TRPV1-associated signaling pathway. We suggest that the
TRPV1 signaling pathway is highly correlated to clinical effect of Acupuncture.
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