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RESEARCH ARTICLE Neural control

Role of TRPV1 in acupuncture modulation of reflex excitatory
cardiovascular responses

Zhi-Ling Guo,* Liang-Wu Fu,* Hou-Fen Su, Stephanie C. Tjen-A-Looi, and John C. Longhurst
Department of Medicine and Susan-Samueli Institute for Integrative Health, School of Medicine, University of California at
Irvine, Irvine, California

Submitted 10 November 2017; accepted in final form 2 January 2018

Guo ZL, Fu LW, Su HF, Tjen-A-Looi SC, Longhurst JC. Role
of TRPV1 in acupuncture modulation of reflex excitatory cardiovas-
cular responses. Am J Physiol Regul Integr Comp Physiol 314:
R655–R666, 2018. First published January 3, 2018; doi:10.1152/
ajpregu.00405.2017.—We have shown that acupuncture, including
manual and electroacupuncture (MA and EA), at the P5–6 acupoints
stimulates afferent fibers in the median nerve (MN) to modulate
sympathoexcitatory cardiovascular reflexes through central regulation
of autonomic function. However, the mechanisms underlying acu-
puncture activation of these sensory afferent nerves and their cell
bodies in the dorsal root ganglia (DRG) are unclear. Transient recep-
tor potential vanilloid type 1 (TRPV1) is present in sensory nerve
fibers distributed in the general region of acupoints like ST36 and BL
40 located in the hindlimb. However, the contribution of TRPV1 to
activation of sensory nerves by acupuncture, leading to modulation of
pressor responses, has not been studied. We hypothesized that TRPV1
participates in acupuncture’s activation of sensory afferents and their
associated cell bodies in the DRG to modulate pressor reflexes. Local
injection of iodoresiniferatoxin (Iodo-RTX; a selective TRPV1 antag-
onist), but not 5% DMSO (vehicle), into the P6 acupoint on the
forelimb reversed the MA’s inhibition of pressor reflexes induced by
gastric distension (GD). Conversely, inhibition of GD-induced sym-
pathoexcitatory responses by EA at P5–6 was unchanged after ad-
ministration of Iodo-RTX into P5–6. Single-unit activity of Group III
or IV bimodal afferents sensitive to both mechanical and capsaicin
stimuli responded to MA stimulation at P6. MA-evoked activity was
attenuated significantly (P � 0.05) by local administration of Iodo-
RTX (n � 12) but not by 5% DMSO (n � 12) into the region of the
P6 acupoint in rats. Administration of Iodo-RTX into P5–6 did not
reduce bimodal afferent activity evoked by EA stimulation (n � 8).
Finally, MA at P6 and EA at P5–6 induced phosphorylation of
extracellular signal-regulated kinases (ERK; an intracellular signaling
messenger involved in cellular excitation) in DRG neurons located at
C7–8 spinal levels receiving MN inputs. After TRPV1 was knocked
down in the DRG at these spinal levels with intrathecal injection of
TRPV1-siRNA, expression of phosphorylated ERK in the DRG neu-
ron was reduced in MA-treated, but not EA-treated animals. These
data suggest that TRPV1 in Group III and IV bimodal sensory afferent
nerves contributes to acupuncture inhibition of reflex increases in
blood pressure and specifically plays an important role during MA but
not EA.

blood pressure; dorsal root ganglia; sensory receptors; somatic affer-
ent

INTRODUCTION

Acupuncture, including both manual and electroacupuncture
(MA and EA), increasingly is accepted as alternative therapies
for a number of diseases, including hypertension (26, 32, 43).
However, there is insufficient mechanistic evidence of its
actions, particularly its actions on sensory nerves. Acupuncture
applied in point-specific regions is used empirically to treat a
number of diseases. In this regard, P5 (Jianshi) and P6
(Neiguan) acupoints overlying the median nerve (MN) are
commonly employed to manage cardiovascular disorders (26,
40). For example, we have shown that MA and EA at P5–6
attenuate sympathoexcitatory reflex pressor responses (44) and
sustained hypertension following prolonged exposure to cold
in rats (25) and moderate hypertension in patients (30). The
mechanisms underlying the peripheral action of acupuncture at
the acupoint to lower elevated blood pressure (BP) are largely
unknown.

Many acupoints are located in areas rich in sensory inner-
vation (1, 14). Application of acupuncture at select acupoints
activates underlying somatic afferent nerves including Group I
to IV afferents (22, 44). In particular, our previous studies have
shown that MA and EA at P5–6 stimulate both thinly myelin-
ated Group III and unmyelinated Group IV fibers in the MN to
influence central regulation of autonomic function and, hence,
modulate sympathoexcitatory cardiovascular reflexes (26, 27,
39, 44, 45). Group I to IV somatic afferents can be categorized
as predominately mechanosensitive, chemosensitive, thermo-
sensitive, and polymodal (37, 38). Little is known about which
functional types of somatic afferents are activated during
acupuncture, more specifically during MA and EA stimulation.
Furthermore, the underlying mechanisms by which acupunc-
ture activates these sensory nerves and their cell bodies in the
dorsal root ganglia (DRG) also remain unclear.

Transient receptor potential vanilloid type 1 (TRPV1) is
present in both neuronal and nonneuronal cells in the general
region of acupoints in the hindlimb such as ST36 [(Zusanli,
beneath the knee (42)] and BL40 [(Weizhong, in the middle of
the popliteal fossa (1);]. TRPV1 is a ligand-gated and nonse-
lective cation channel that serves as a molecular target for
capsaicin (ingredient in chili peppers). TRPV1 is activated by
natural stimuli, including lipid derivatives, acidic protons (pH
below 5.9), noxious heat (above 42°C), and mechanical stim-
ulation (3, 5, 34, 35, 41). Stimulation of TRPV1 activates both
sensory nerves and nonneuronal cells (36). Capsaicin admin-
istered into the ST36 acupoint can replicate the analgesic effect
of MA in mice (42). Although these studies imply a potential
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association of TRPV1 at the acupoints during acupuncture,
they do not prove a role for TRPV1 at the acupoints with
respect to activation of sensory afferent nerves during acupunc-
ture stimulation nor during acupuncture modulation of cardio-
vascular responses.

Primary sensory neuronal cell bodies in the DRG transmit
sensory information from the periphery to central nervous
system (CNS). Extracellular signal-regulated kinase (ERK),
one of the five mitogen-activated protein kinases (MAPK)
cascades identified in the intracellular signaling pathways, is
activated during membrane depolarization and is involved in
the excitation of DRG neurons (6, 9). Expression of phosphor-
ylated ERK (pERK) is increased in DRG following activation
of sensory afferent endings by mechanical and electrical stim-
uli (9). Stimulation of TRPV1 in sensory afferent nerves leads
to pERK expression in DRG neurons (6, 9).

We therefore investigated the role of TRPV1 in somatic
sensory afferent stimulation during MA and EA and in acu-
puncture modulation of cardiovascular responses. We hypoth-
esized that TRPV1 is involved in MA and EA activation of
sensory afferent nerves and cervical DRG neurons that express
pERK and thus serves as an important peripheral chemical
signal during acupuncture modulation of sympathoexcitatory
BP reflex responses.

METHODS

Anesthesia and Surgical Preparations

All experimental preparations and protocols were reviewed and
approved by the Animal Care and Use Committee of the University of
California at Irvine, CA. The study conformed to the American
Physiological Society’s Guiding Principles for Research Involving
Animals. Studies were performed on adult Sprague-Dawley male rats
(350–550 g).

Anesthesia was induced with ketamine (100 mg/kg im) and main-
tained with �-chloralose (50–60 mg/kg iv) in terminal experiments,
including cardiovascular reflexes induced by gastric distension (GD)
and recordings of afferent activity. Additional doses of �-chloralose
(25–30 mg/kg iv) were given as necessary to maintain an adequate
depth of anesthesia by observing the absence of conjunctival reflex
response. A femoral artery and vein were cannulated for measuring
blood pressure (BP) and administrating drugs, respectively. The
femoral artery was cannulated and attached to a pressure transducer
(Statham P23 ID, Gould) to monitor systemic BP. Heart rate (HR) was
derived from the pulsatile BP signal. The trachea was intubated, and
respiration was maintained with a ventilator (model 661; Harvard
Apparatus, Holliston, MA). Arterial blood gases and pH were mea-
sured periodically with a blood-gas analyzer (model ABL5; Radiom-
eter, Copenhagen, Denmark) and were kept within normal physiolog-
ical limits (pH 7.35–7.45, PO2 �100 mmHg and PCO2 30–40 mmHg)
by adjusting the ventilation rate or volume, enriching the inspired
oxygen supply and infusion of a solution of 8% sodium bicarbonate.
Body temperature was kept between 36 and 38°C with a heating pad
and lamp.

Induction of Pressor Reflexes

As we described in detail previously (28, 39, 44), consistent reflex
increases in BP were induced by GD. In brief, a 3-cm (unstressed
dimension) latex balloon was attached to a polyurethane tube (3-mm
diameter) that was inserted into the stomach through the mouth and
esophagus. A syringe was attached to the cannula to inflate and deflate
the balloon with air. A latex balloon was inflated with 3–5 ml of air,
a volume that induced a distension pressure of �25 mmHg. Disten-
sion pressures were selected to fall within the range that a rat normally

experiences during ingestion of food and fluids in a single large meal
(28). To induce increases in BP, the balloon was inflated inside the
stomach. Increases in BP were observed within 30 s of inflation. The
balloon was deflated within 30 s after reaching the maximal increase
in BP.

Acupuncture Application

P5 and P6 acupoints are located on forelimbs correspondingly 2.5
and 4.0 mm above the flexor crease in the paw (Fig. 1), between the
tendons of the palmaris longus and flexor carpi radialis muscles
overlying the MN (17). Stimulation of these acupoints has been shown
to evoke MN discharge and attenuate reflex cardiovascular responses
(28, 39, 44). A stainless steel acupuncture needle (32-gauge; Suzhou
Medical Appliance, Suzhou, China) was applied at P6 during MA,
while two needles were used at P5–6 during EA. MA was performed
by gentle manual rotation of the acupuncture needle twice per second
guided by an audible stimulator set at 2 Hz to help maintain the
frequency at that level. The needles used for EA (2 Hz, 0.3–0.5 mA,
0.5 ms) were connected to a constant-current stimulator with a
stimulus isolation unit (model no. S88; Grass, West Warwick, RI).
MA and EA were applied at 2 Hz since both forms of acupuncture at
this frequency significantly modulate reflex-induced elevations in BP
(44). During sham acupuncture, needles were inserted into the same
acupoint(s) without subsequent mechanical or electrical stimulation
(27, 44). Correct placement of the needle at P5 and P6 was confirmed
by observing slight repetitive paw twitches with electrical stimulation
of P5 and P6 (27, 44). The flexor twitches were important observa-
tions to confirm stimulation of motor fibers in the MN. We typically
lowered the current during electrical stimulation to a level just below
motor threshold. Of note, MN motor fiber stimulation does not
participate in EA cardiovascular response, since we have shown that
EA inhibition of reflex cardiovascular responses does not change
following muscle paralysis (31). Gallamine triethiodide (4 mg/kg) was
administered intravenously before application of MA or EA to avoid
muscle movement during MN stimulation (31).

Single-Unit Somatic Afferent Recordings

Single-unit activity of afferent fibers in the MN was recorded as we
described previously (39, 44). In brief, the MN was isolated in the
upper forelimb near the humerus and covered with warm mineral oil.
The MN then was split into fine nerve filaments under a surgical
microscope (model OPMI 1-FC, Zeiss, Germany). The peripheral end
of a filament was draped over one pole of a bipolar recording
electrode attached to a high-impedance probe. The other pole of the
electrode was grounded with a saline-saturated cotton thread to the
surrounding tissue. Action potentials of each afferent fiber were
amplified (50,000�) and bandpass filtered (100–3,000 Hz) through an
AC amplifier (model P511 preamplifier, Grass Instruments) and then
processed through an audio amplifier (model AM8B, Grass Instru-
ments) and displayed on a storage oscilloscope (model 2201, Tektro-
nix, UK) to allow discrimination. The activity of afferents was
recorded on a computer using data acquisition and analysis software
(Spike 2; Cambridge Electronic Design, Cambridge, UK) that sam-
pled signals at 10,000 Hz through an analog-to-digital converter
(micro 1401 mkII, Cambridge Electronic Design) for on- and off-line
quantitative analysis. The discharge frequency was quantified using
the Spike 2 software window discriminator. A histogram was created
for each afferent.

The receptive field of each afferent was determined carefully by
observing its responses to probing the region of the P6 acupoint with
a blunt glass probe (�1 mm in diameter). The location of the afferent
nerve ending was confirmed through electrical stimulation to evoke an
action potential by using a stimulating electrode placed in the region
of the receptive field (13, 38). Conduction distance was measured with
a thread placed between the receptive field and the recording electrode
along the course of the MN. Conduction time was determined by
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measuring the latency from the signal of electrical stimulation to the
corresponding action potential in Group III and IV afferents. Conduc-
tion velocity of each afferent was calculated by dividing the conduc-
tion distance by conduction time. Classification of fibers followed
established categories from previous studies on rats (39, 44). Fibers
with conduction velocities �2 m/s were classified as unmyelinated
Group IV (C-)fibers, whereas those with velocities between 2.0 and 20
m/s were considered to be Group III (A�-)fibers.

Intrathecal Injection of siRNA to Knockdown TRPV1

Rats were anesthetized with a ketamine-xylazine mixture (100/10
mg/kg ip). After applicaton of xylocaine gel in the ear canals, rats
were placed on a sterile stereotaxic apparatus. The surgical area was
shaved, cleaned, and disinfected with a povidone iodine-based disin-
fectant. Through an incision over the occipital bone, a catheter (PE10)
was inserted through the atlantooccipital membrane to reach spinal

Fig. 1. Influence of blockade of transient re-
ceptor potential vanilloid type 1 (TRPV1) in
region of acupoints on manual acupuncture
(MA) and electroacupuncture (EA) modulation
of pressor reflexes induced by gastric disten-
sion (GD). Bars represent increases in mean
arterial blood pressure (MAP) following GD.
Values below each bar indicate baseline MAP
values (means 	 SE) before GD. A: sham acu-
puncture was conducted by inserting acupunc-
ture needles into the P6 or P5–6 acupoints
without manual or electrical stimulation for 30
min. The diagram above this panel displays the
sites of the P5 and P6 acupoints (17). B: 5%
DMSO was injected into P6 during MA. C:
injection of iodoresiniferatoxin (Iodo-RTX; 0.1
mM) into P6 with MA treatment. D: injection
of Iodo-RTX into P5–6 with EA treatment.
*P � 0.05, after vs. before MA or EA; #P �
0.05, after vs. before microinjection into the
acupoint. Labels E1–3 within bar histogram
displayed in C represent original BP tracings of
a rat shown in E, E1–3.
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level C7–8. Correct placement of the catheter was confirmed before
harvesting the DRGs at the end of experiment by visualizing the tip of
the catheter located at the C7–8 spinal level. The indwelling catheter
was secured in place with sutures and protected with a cotton jacket
placed around the neck and thorax. The wound was closed with a
nonabsorbable nylon suture. The external portion of the catheter was
capped. Once the rat awakened fully, buprenorphine (0.01–0.05
mg/kg im) was administered every 8–12 h for a total of 4 days to
relieve pain and penicillin G procaine (7,500 U/kg im) daily to prevent
infection. The animal was allowed to recover under close supervision.
The siRNA (small interfering RNA) for TRPV1 was mixed with
i-Fect (in vivo transfection reagent) and injected intrathecally once
daily for 3–4 consecutive days under sedation with ketamine (50
mg/kg ip) to silence TRPV1 in the DRG (7, 12, 33). In an identical
manner, as the control, scrambled siRNAs mixed with i-Fect were
injected intrathecally. Stealth TRPV1-siRNA (RSS331240) and
scrambled siRNAs were purchased from ThermoFisher Scientific
(Rockford, IL). i-Fect was purchased from Neuromics (NI35150;
Edina, MN). i-Fect is a novel cationic lipid-based reagent with high
biocompatibility and low cytotoxicity. It efficiently delivers siRNA to
DRG neurons and silences genes in vivo (33). On each day of
injection, 5.4 
g of TRPV1-siRNA mixed with 12 
l of i-Fect was
infused and followed by a 10-
l normal saline flush. During and after
intrathecal injections, animals did not exhibit abnormal behavioral
signs, abnormal stances, or posture, reclusive behavior, increased
inspiratory rate, or abnormal breathing patterns. Twenty-four hours
after completion of the last intrathecal injection of TRPV1-siRNA or
scrambled siRNAs, animals were reanesthetized with ketamine-xyla-
zine mixture and treated with MA or EA for 30 min (see Experimental
Protocols for details). After euthanasia, DRGs (C7–8) of rats were
harvested to examine expression of TRPV1 and pERK, using Western
blot and immunohistochemical staining, as described in the next
section. Excitation of DRG neurons was evaluated by assessing pERK
expression.

Western Blots

DRG tissue was lysed with cell lysis buffer (Cell Signaling Tech-
nology, Danvers, MA), which included 137 mM NaCl, 20 mM
Tris·HCl (pH 7.5), 10% glycerol, 1% Triton X-100, 0.5% Nonidet
P-40, 2 mM EDTA (pH 8.0), 3 
g/ml aprotinin, 3 
g/ml leupeptin, 2
mM phenylmethylsulfonyl fluoride, 20 mM NaF, 10 mM sodium
pyrophosphate, and 2 mM Na3VO4. Equal amounts of proteins were
separated by SDS-PAGE. The proteins were transferred to polyvi-
nylidene difluoride membrane (Millipore, Bedford, MA) and incu-
bated with a blocking buffer (5% nonfat milk in 20 mM Tris·HCl with
pH 7.5, 137 mM NaCl, and 0.1% Tween 20) for 1 h at room
temperature. The membranes were incubated overnight with primary
antibodies, including mouse monoclonal anti-TRPV1 (BS397, Ab-
cam, Cambridge, MA), goat anti-�-actin (sc-1616), rabbit polyclonal
anti-pERK1/2 (Thr202/Tyr204, sc-16982; both from Santa Cruz Bio-
technology, Santa Cruz, CA), and mouse monoclonal anti-ERK1/2
(3A7, p44/42 MAPK; Cell Signaling Technology, Trask Lane, MA) at
4°C. The membranes then were washed three times using a solution
containing 20 mM Tris·HCl (pH 7.5), 137 mM NaCl, and 0.1% Tween
20) and incubated with secondary antibodies (1:5,000 to 1:10,000
dilution) for 1 h at room temperature. The secondary antibodies were
fluorescent conjugated antibodies, including donkey anti-goat (red,
IRDye 680RD, 926-68074), goat anti-rabbit (red, IRDye 680RD,
926-68071), and anti-mouse (green, IRDye 800CW, 926-32210; all
from LI-COR Biotechnology, Lincoln, NE). After being washed three
times, the membranes were detected with Odyssey Imaging System
(LI-COR Biotechnology). All comparisons were made with samples
run on the same gel and examined on the same film. For final analysis,
the intensity of signals was normalized to the control sample on the
same gel. Data were analyzed with ImageJ (NIH). TRPV1 and pERK

in the DRG were detected, with �-actin and ERK as loading controls,
respectively.

Immunohistochemical Staining

Transcardial perfusion was performed using 500 ml of 0.9% saline
solution followed by 500 ml of 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4) following deep anesthesia with ketamine-
xylazine (0.5–0.7 ml im). DRGs at C7–8 were harvested and sliced
into 10-
m sections using a cryostat microtome (Leica CM1850;
Heidelberger Strasse, Nussloch, Germany). DRG sections were col-
lected serially and used for immunohistochemical labeling as de-
scribed below.

After being washed for 30 min (10 min � 3 times) with phosphate-
buffered saline containing 0.3% Triton X-100 (PBST, pH 7.4), DRG
sections were treated for 1 h with 1% normal donkey serum (Jackson
Immunoresearch Laboratories, West Grove, PA). The sections were
incubated with a primary polyclonal guinea pig anti-TRPV1 antibody
(PA1-29770, 1:400 dilution, ThermoFisher Scientific) or rabbit anti-
pERK antibody (137F5, p44/42 MAPK, 1:400 dilution; Cell Signaling
Technology) at 4°C for 48 h. Staining pERK in the DRG section was
used to identify activation of DRG neurons during MA and EA (6, 9).
The tissues subsequently were rinsed three times (10 min for each
rinse) in PBST and incubated with a fluorescein-conjugated donkey
anti-guinea pig or a rhodamine-conjugated donkey anti-rabbit (1:200
dilution, Jackson Immunoresearch Laboratories) for 24 h at 4°C. DRG
sections on the slide were air-dried. The slides were coverslipped
using mounting medium (Vector Laboratories, Burlingame, CA). In
immunohistochemical control studies, all TRPV1 or pERK staining
was abolished when 1 ml of the diluted primary antibody was
preincubated with control protein of TRPV1 (10 
g; sc-12498 P,
Santa Cruz Biotechnology) or pERK (10 
l, Cell Signaling Technol-
ogy), respectively. In addition, no labeling was detected when the
primary or secondary antibody was omitted.

Image Data Analysis

DRG sections were scanned and examined with a standard fluo-
rescent microscope (Nikon, E400, Melville, NY). Two epifluores-
cence filters (B-2A, or G-2A) equipped in a fluorescent microscope
were used to identify single stains appearing as green (fluorescein) or
red (rhodamine) in DRG sections. Fluorescent images were captured
with a Spot digital camera (RT color v.3.0; Spot Diagnostic Instru-
ments, Sterling Heights, MI). TRPV1- and pERK-immunoreactive
(IR) neurons appeared as bright green and red, respectively (Figs. 5
and 7). The numbers of TRPV1-IR and pERK-IR neurons per section
were counted in each animal. The positive neurons were expressed as
a percentage of total counted DRG neurons, which were determined
by dividing the numbers of TRPV1-IR and pERK-IR neurons with
distinctive labeling by the total number of DRG neurons in the same
section (6, 9). In each rat, six sections of C7–8 DRGs were selected
randomly.

Drugs

The TRPV1 antagonist iodoresiniferatoxin (Iodo-RTX, 0.1 mM)
was used to block TRPV1 (35). The vehicle for this drug is 5%
dimethyl sulfoxide (DMSO). Microinjection of the vehicle into the
acupoint served as a chemical control.

Experimental Protocols

Effects of TRPV1 blockade in the region of acupoints during MA
and EA modulation of pressor reflexes. PRESSOR REFLEX RESPONSES

INDUCED BY GASTRIC DISTENSION. A 30-min stabilization period was
allowed after the surgical procedure. The balloon was inflated every
10 min by injecting 3–5 ml of air for 30 s. The volume of air used for
distension was consistent throughout each experiment. Ten-minute
intervals between inflations prevented tachyphylaxis of the cardiovas-
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cular responses (28, 44). Rats were subjected to 10 repeated GDs
while BP reflex responses were monitored and recorded. After com-
pletion of each experiment, rats were euthanized with intravenous
injection of potassium chloride (2 meq/ml) under deep anesthesia, and
the stomach was then exposed to verify the location of the balloon.
Only animals in which the balloon was observed to be within the
stomach were used for data analysis.

SHAM ACUPUNCTURE. After two reproducible control responses to
GD were recorded, acupuncture needles were inserted bilaterally into
the P6 or P5–6 acupoints without manual or electrical stimulation for
30 min in rats, termed sham acupuncture. Eight additional GD-
induced reflex responses were recorded during and after sham
acupuncture.

BLOCKADE OF TRPV1 IN THE REGION OF ACUPOINTS. After two
consistent BP responses to GD were established, needles were in-
serted bilaterally into the P6 acupoint and rotated manually at a
frequency of �2 Hz for 5 min every 10 min during a 30-min period,
while GD was repeated every 10 min eight more times. Iodo-RTX or
the vehicle (5% DMSO) in 10-
l volume was injected into the region
of the needle placed at P6 10 min before the 30 min of MA stimulation
was terminated. A needle (28G1/2, attached to 0.5 ml of U-100 insulin
syringe) used for the injection was inserted near the acupuncture
needle at the same depth (3–4 mm) as the placement of the acupunc-
ture needle (14, 42, 43). Ten microliters of blue dye injected at P6
were observed to diffuse over a region of ~3 mm3.

In separate rats, needles were inserted bilaterally at P5–6 and
stimulated electrically at a frequency of 2 Hz (0.3–0.5 mA, 0.5 ms
duration). Each set of electrodes was stimulated separately as a
positive and negative pole, so that current did not flow from one
location to the contralateral forelimb. Iodo-RTX was injected into the
regions of P5 and P6.

TRPV1-mediated activation of somatic afferent nerves during MA
and EA stimulation. After identification of the receptive field of a
single-unit MN afferent fiber in the region of the P6 acupoint, Von
Frey filaments ranging from 0.009 to 316 g were used to examine the
afferent response to gentle and strong mechanical stimulation to
determine mechanical threshold. Next, the response of this afferent to
capsaicin (5–10 
g in 10 
l) injected into the receptive field was
tested. If the afferent was sensitive to both mechanical stimulation and
capsaicin (classified as a bimodal afferent), the afferent response to
MA stimulation at P6 or EA stimulation at P5–6 for 30 s before and
after injection of Iodo-RTX (0.1 mM, 10 
l) into P6 or P5 and P6
accordingly was evaluated, as described above in the reflex protocols.
In most instances (n � 22), the neuronal responses to MA or EA were
examined in different bimodal afferents. In some cases (n � 5), the
responses of the same bimodal fiber to both MA and EA were
examined in random order to identify the role of TRPV1 in activation
of the same population of afferent nerves by MA and EA. The
response of the afferent to acupuncture stimulation before and after
injection of 5% DMSO (10 
l) into the acupoint area served as
control. If a fiber did not respond to both mechanical and capsaicin
stimuli, the fiber was not studied further.

Activation of DRG neurons by acupuncture following knock-down
of TRPV1. The role of TRPV1 in activation of DRG neurons during
acupuncture was evaluated in rats following intrathecal injection of
siRNA. Twenty-four hours after the last intrathecal injection, MA (5
min of needle rotation at ~2 Hz every 10 min) at P6 or EA at 2 Hz at
P5–6 was applied bilaterally for 30 min. In the sham group, acupunc-
ture needles were inserted bilaterally into P6 or P5–6 but not manu-
ally or electrically stimulated for a 30-min period. Each rat subjected
to sham acupuncture was treated identically, with the exception that
normal saline was injected intrathecally in place of TRPV1-siRNA or
scramble siRNA. DRGs (C7–8) then were harvested bilaterally to
examine expression of TRPV1 and pERK by Western blot analysis
and immunohistochemical staining.

Statistical Analyses

Data are expressed as means 	 SE. Afferent activity and mean
arterial pressure (MAP) were compared over time using one-way
repeated-measures ANOVA followed by Tukey’s test in each group.
If the data were not normally distributed, as determined by the
Shapiro-Wilk test, they were compared with the Friedman repeated-
measures ANOVA on Ranks followed by the Student-Newman-Keuls
procedure. Expression of TRPV1 or pERK in DRGs between two
groups was compared using Student’s t-test. Statistical calculations
were performed with SigmaStat software (Jandel Scientific Software,
San Rafael, CA). Values were considered to be significantly different
when P � 0.05.

RESULTS

Role of TRPV1 at the Acupoint in MA and EA Modulation
of Pressor Responses

BP responses to GD in a group of rats subjected to sham
acupuncture at P6 or P5–6 were consistent during 10 disten-
sions (Fig. 1A; n � 6). HR was not affected by GD. Vehicle
(5% DMSO) administered into the P6 area did not influence the
response to MA (Fig. 1B; n � 6). Local injection of Iodo-RTX
into the P6 region reversed the inhibitory effect of MA (Fig.
1C; n � 8) on the pressor responses (P � 0.05). Conversely,
EA modulation of GD-induced pressor reflex responses was
unchanged following administration of Iodo-RTX (Fig. 1D).

Effect of TRPV1 Blockade on Afferent Activity During MA
and EA Stimulation:

Profile of afferents. Twenty-seven mechanosensitive and
capsaicin-sensitive bimodal afferents with receptive fields lo-
cated in the region of the P6 acupoint were identified and
selected for the present study. None of the afferents responded
to gentle mechanical stimuli (i.e., tested with calibrated hairs of
the Von Frey type � 1 g force). Their thresholds to mechanical
stimulation with Von Frey hairs ranged between 5 and 114 g
(average 40 g), indicating they were high-threshold mechano-
sensitive afferents. The conduction velocities (CVs) of the
bimodal afferents ranged between 0.48 and 10.5 m/s. Fifty-
nine percent (16 of 27 fibers) of the afferents were classified as
Group IV fibers (C-fibers; CV � 1.27 	 0.12 m/s) and responded
to Von Frey hairs with a threshold of 53 	 11 g. The remaining
units (11 afferents) were Group III fibers (A�-fibers; CV � 3.43
	 0.74 m/s) and were activated by Von Frey hairs with a
threshold of 30 	 9 g. Each identified bimodal afferent was
studied with one or two experimental interventions. Table 1
indicates characteristics of afferent fibers in each experimental
group, including their CVs and thresholds to Von Frey hair
stimulation.

MA applied at P6 significantly increased the discharge of
MN afferents (P � 0.05; Fig. 2, A and B) after a very short
onset latency of 1 to 3 s (Fig. 3). Discharge frequencies during
MA increased from 0.36 	 0.20 to 9.41 	 1.09 imp/s (n �
24). There was no difference between Group III and IV fibers
with respect to resting and MA-evoked discharge (Group III
fibers, from 0.06 	 0.04 to 10.45 	 2.28 imp/s; n � 11; Group
IV fibers, from 0.62 	 0.36 to 8.87 	 1.00 imp/s; n � 13).
MA-evoked activity of the afferents was reduced by 64% after
local blockade of TRPV1 with Iodo-RTX in P6 (P � 0.05, n �
12; Figs. 2–4). In contrast, the increased activity of the afferent
during MA was not influenced by the vehicle (Fig. 2A).
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EA (2 Hz) applied at P5–6 increased discharge activity of
eight MN afferents from 0.05 	 0.05 to 2.97 	 0.40 imp/s
(P � 0.05; Fig. 2C). Resting and EA-evoked discharge was
similar in Group III and IV fibers (Group III, from 0.20 to 3.03
imp/s, n � 2; Group IV, from 0 to 2.95 	 0.49 imp/s, n � 6).
EA-evoked activity of the afferents was unchanged after local
blockade of TRPV1 with Iodo-RTX into the regions of P5 and
P6 (Figs. 2 and 4). Group data (Fig. 2) showed that, both before
and after TRPV1 blockade, EA-evoked activity was lower than
MA-evoked activity. However, in the MA group, evoked
activity of one fiber before and after blockade of TRPV1
(respectively increasing from 0.25 to 3.15 and from 0.30 to
1.11 imp/s) was observed to be lower than the overall mean

activity evoked by EA, suggesting that the extent of increase in
activity did not determine the response to blockade.

In five of the eight afferent fibers used in the EA group, we
examined their responses to both MA and EA before and after
blockade of TRPV1 in random order. The discharge frequen-
cies induced by sequential MA and EA simulation were sig-
nificantly increased (both P � 0.01). Before and after blockade
of TRPV1, the responses of these five afferents to EA stimu-
lation (from 0.08 	 0.08 to 2.92 	 0.51 imp/s vs. from
0.23 	 0.23 to 3.02 	 1.08 imp/s, before vs. after TRPV1)
were similar to those of three other afferents in the EA group
(from 0.00 	 0.00 to 3.04 	 0.80 imp/s vs. from 0.00 	 0.00
to 2.19 	 0.52 imp/s, before vs. after TRPV1). Also, the
responses of the five afferents in response to MA stimulation
(from 0.04 	 0.03 to 10.37 	 1.48 imp/s vs. from 0.03 	 0.02
to 5.07 	 1.50 imp/s, before vs. after TRPV1) were similar to
those of seven other afferents included in the overall group
studied during MA stimulation (from 1.02 	 0.64 to
6.96 	 1.03 imp/s vs. from 0.07 	 0.56 to 2.49 	 0.71 imp/s,
before vs. after TRPV1).

Stimulation of TRPV1 in Activation of DRG Neurons by
MA and EA

TRPV1 protein expression in DRGs (C7–8) was similar in
rats subjected to MA or EA after intrathecal injection of
scrambled siRNA and sham acupuncture. TRPV1 in the DRG
was reduced significantly (P � 0.05) after administration of
TRPV1 siRNA in animals treated either MA or EA (Fig. 5, A
and B). Accordingly, in rats subjected to MA or EA, the
number of DRG neurons labeled with TRPV1 were reduced
significantly (P � 0.01) by TRPV1 siRNA, whereas the num-
ber of neurons in animals treated with scrambled siRNA
TRPV1 was not reduced, similar to sham acupuncture (Fig. 5,
C–E). These data indicate that this receptor was successfully
knocked down in the DRG by intrathecal injection of TRPV1
siRNA.

Importantly, we also observed that both MA and EA signif-
icantly (P � 0.05) increased pERK protein expression in
DRGs (C7–8) in rats treated with scrambled siRNA compared
with sham acupuncture controls (Fig. 6). In contrast, intrathe-
cal administration of TRPV1 siRNA significantly (P � 0.05)
reduced pERK protein expression in the DRG of rats treated
with MA but not with EA (Fig. 6). Similarly, more DRG
neurons labeled with pERK were found in rats following either
MA or EA than those in animals treated with sham acupuncture
(P � 0.01; Fig. 7). And fewer DRG neurons labeled with
pERK were noted after MA but not after EA in TRPV1
knocked-down rats (Fig. 7).

Table 1. Characteristics of afferent fibers in experimental groups

Group III Fibers Group IV Fibers

Groups n CV, m/s Von Frey hairs threshold, g n CV, m/s Von Frey hairs threshold, g

MA vehicle 6 3.76 	 1.35 21.6 	 5.5 6 1.33 	 0.18 52.0 	 21.0
MA Iodo-RTX 5 3.04 	 0.41 35.1 	 20.0 7 1.08 	 0.57 65.7 	 30.3
EA Iodo-RTX 2 3.09 	 0.84 39.1 	 33.9 6 1.65 	 0.06 46.4 	 16.0

Values are means 	 SE. Note: five fibers were examined for manual acupuncture (MA) and electroacupuncture (EA) with iodoresiniferatoxin (Iodo-RTX).
CV, conduction velocity.

Fig. 2. Activity of afferents in median nerve (MN) in response to manual
acupuncture (MA) or electroacupuncture (EA) before and after local blockade
of transient receptor potential vanilloid type 1 (TRPV1) in the region of the
acupoint. A and B: MA at P6 before and after injection of 5% DMSO (vehicle;
A) or iodoresiniferatoxin (Iodo-RTX; 0.1 mM; B) into P6. C: injection of
Iodo-RTX into P5 and 6 with EA treatment. *P � 0.05, after vs. before MA
or EA; #P � 0.05, after vs. before microinjection into the acupoint.
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DISCUSSION

Using a combination of physiological, anatomic, and molec-
ular approaches, we examined peripheral neural mechanisms
by which acupuncture inhibits cardiovascular reflex responses.
We observed that local blockade of TRPV1 within the region
of the acupoint(s) reverses inhibition of visceral sympathoex-
citatory reflexes by MA but not by EA. Both MA and EA
excite Group III and IV sensory neurons that are capsaicin
sensitive as well as (high-threshold) mechanosensitive somatic
afferents and, hence, are bimodal in function. Local inhibition
of TRPV1 in the region of P5–6 attenuates the discharge
response induced by MA but not by EA stimulation. Although

both MA and EA increase DRG neuronal activity, as noted by
changes in pERK expression, decreasing TRPV1 activity in the
DRG with intrathecal TRPV1-siRNA reduces pERK in the
DRG neurons of MA- but not EA-treated animals. These data
support our working hypothesis that TRPV1 is responsible for
acupuncture activation of high-threshold mechanosensitive
Group III and IV somatic afferents and associated DRG neu-
rons but refines our conclusion by showing that stimulation of
TRPV1 in these bimodal afferents is important during MA but
not EA modulation of reflex elevations in BP.

TRPV1 is widely distributed and abundantly expressed par-
ticularly in peripheral sensory neurons and in various regions

A1 A2

B1 B2

C1 C2

Fig. 3. Neurograms show changes in activity
of afferents in median nerve (MN) evoked by
manual acupuncture (MA) before and after
blockade of transient receptor potential vanil-
loid type 1 (TRPV1) in region of P6 acupoint.
A: consistent responses of a Group IV afferent
[conduction velocities (CV) � 0.48 m/s] to
repeated MA stimulation before (A1) and af-
ter (A2) local injection of 5% DMSO (vehi-
cle) at P6. B: activity of another Group IV
afferent (CV � 0.63 m/s) in response to MA
stimulation at P6 before (B1) and after (B2)
local injection of iodoresiniferatoxin (Iodo-
RTX) at the acupoint. C: histograms showing
MA-evoked activity of Group IV afferent as
shown in B before (C1) and after (C2) local
injection of Iodo-RTX. B1 and B2 in C rep-
resent time periods shown in the neurograms
in B.

A1 A2

B1 B2

Fig. 4. Neurograms show activity of Group IV
afferent (CV � 1.69 m/s) in the median nerve
(MN) in response to manual acupuncture
(MA) or electroacupuncture (EA). A1 and A2:
discharges of afferent evoked by EA stimula-
tion (2 Hz) at P5–6 before and after injection
of iodoresiniferatoxin (Iodo-RTX; 0.1 mM)
into region of acupoints. B1 and B2: activity
of afferent in response to MA stimulation (~2
Hz) at P6 before and after local administration
of Iodo-RTX. Arrow, stimulus artifact; *ac-
tion potential of afferent evoked by EA or MA
stimulation. Note: blockade of TRPV1 re-
duced responses of this afferent to MA (B2)
but not to EA stimulation (A2).
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in the CNS (36). TRPV1 is also expressed in nonneural tissues
like keratinocytes in the epidermis, smooth muscle, glial, and
mast cells as well as in macrophages (36). TRPV1 is located in
both neural and nonneural tissues in the regions of acupoints
like ST36 and BL40 (1, 42). Administration of capsaicin into
the region of ST36 on the hindleg mimics MA analgesia in
mice (42), suggesting that TRPV1 participates locally in acu-
puncture modulation of pain. However, this information does
not prove that TRPV1 is involved in acupuncture-related an-
algesia, since no studies have evaluated the response of pain
following inhibition of this receptor system. Furthermore,
despite the association of TRPV1 with neural elements in the
region of acupoints, such information does not prove a periph-
eral role for TRPV1 in acupuncture. MA and EA at ST36–37
and at P5–6 acupoints are known to modulate visceral reflex
cardiovascular pressor responses (28, 44). However, the im-
portance of peripheral TRPV1 in acupuncture modulation of
cardiovascular responses has not been studied. The present
studies provide a stepwise approach to assess this possibility.
Our data show that local blockade of TRPV1 in the region of
the acupoint(s) reverses acupuncture inhibition of visceral
sympathoexcitatory reflex excitation during MA at P6 but not
during EA at P5–6.

Although TRPV1 is present in both sensory nerves and
nonneural tissues in the acupoint area, our data suggest that
TRPV1 in sensory nerves likely plays an important role in
acupuncture modulation of cardiovascular responses. In this
regard, our current and past data show that MA and EA
stimulation at P5–6 activates Group III and IV somatic afferent
fibers (39, 44). Blockade of these afferents with regional
anesthesia eliminates acupuncture’s actions (29). Second,
blockade of TRPV1 in the region of P6 attenuates increased

activity of these afferent fibers, which respond immediately
(within 1–3 s) to MA. Last, TRPV1 is expressed in Group III
and IV primary sensory nerve fibers (4, 16) and, as we have
shown here, in cell bodies of afferents responsive to acupunc-
ture stimulation. Therefore, acupuncture and specifically MA
modulates excitatory reflex responses, likely through activation
of TRPV1 in Group III and IV afferents.

Regions underlying acupoints are innervated abundantly by
somatic afferents located in cutaneous and subcutaneous tis-
sues including tendon and muscle, among others (1, 43). Both
Group III and IV somatic afferents are activated by MA and
EA in rats (22, 44). These somatic afferents can be categorized
into chemosensitive, mechanosensitive, thermosensitive, and
polymodal afferents based on their physiological function (37,
38). The functional types of Group III and IV somatic afferents
involved in MA and/or EA action on sensory afferents have not
been studied previously. Using the single-unit afferent record-
ing approach in the present study, we found that Group III and
IV somatic afferents responsive to MA and EA were at least
bimodal in rats, since they responded to mechanical stimula-
tion with high thresholds as well as to capsaicin. The ratio of
Group III and IV bimodal afferents activated by MA and/or EA
was ~40:60, indicating that more Group IV than Group III
bimodal afferents were activated by acupuncture. The ratio of
finely myelinated to unmyelinated afferents in rats is different
from the ratio of 70:30 previously reported in cats (27). The
observed differences may be due to inclusion of all functional
types of afferents in the previous cat study vs. only bimodal
afferents in the present study and/or a species difference.
Previous studies have suggested that a large portion of somatic
afferents innervating subcutaneous tissues are high-threshold
mechanosensitive fibers (37, 38) whereas the majority of cu-

D E

BA

C

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

35
30
25
20
15
10

5
0

MA EA

MA EA
n=4 n=4 n=4 n=4n=5

# #

# #

TR
P

V
1/
β-

A
ct

in

TR
P

V
1 

po
si

tiv
e

ne
ur

on
s 

(%
)

Sham
Acupuncture

MA
TRPV1 siRNA

EA
TRPV1 siRNA

(-) (-)(+) (+)

-100 kDa

-43 kDa

TRPV1

β-Actin

Sham Acupuncture
Scrambled siRNA
TRPV1 siRNA

Sham Acupuncture
Scrambled siRNA
TRPV1 siRNA

Fig. 5. Expression of transient receptor potential vanilloid type 1 (TRPV1) in dorsal root ganglia (DRG; C7–8) of rats. Rats were treated with sham acupuncture,
manual acupuncture (MA), or electroacupuncture (EA) after intrathecal injection of TRPV1 siRNA (�) or scrambled siRNA (). A: examples of original
Western blotting bands from one rat in each group. B: relative values of TRPV1/�-actin are shown in the bar graphs. C: percentage of TRPV1-labeled neurons
in DRG of each group. Group data include: n � 24 DRG sections in four rats treated with TRPV1 siRNA � MA, and n � 18 DRG sections in three rats in
each of four other groups, including sham acupuncture, scrambled siRNA � MA, scrambled siRNA � EA, and TRPV1 siRNA � EA. #P � 0.01, TRPV1 siRNA
vs. scrambled siRNA. D and E: examples of original fluorescent images of TRPV1 labeling from a rat treated with MA after intrathecal injection of scrambled
siRNA (D) or TRPV1 siRNA (E). Arrows in D and E indicate examples of single-labeled TRPV1 neurons (bright green). Scale bar in E represents 400 
m and
is applied for D and E.

R662 PERIPHERAL ACTIONS OF MANUAL AND ELECTROACUPUNCTURE

AJP-Regul Integr Comp Physiol • doi:10.1152/ajpregu.00405.2017 • www.ajpregu.org
Downloaded from www.physiology.org/journal/ajpregu at Univ of California Irvine (128.200.223.175) on January 28, 2019.



taneous afferents respond to gentle mechanical stimuli, with
Von Frey hairs ranged from 0.045 to 0.1 g and, hence, are
low-threshold mechanosensitive (2, 19); such gentle stimuli
did not stimulate any of the 27 bimodal fibers studied in the
present study. Thus, our data imply that the bimodal somatic
afferents with high mechanosensitive threshold responding to
acupuncture at P5–6 likely were located subcutaneously.

Interestingly, blockade of TRPV1 in the acupoint area at-
tenuated increased activity of Group III and IV afferents in
response to MA, but not to EA, suggesting that the two forms
of stimulation likely employ different mechanisms to activate
these afferents. When an acupuncture needle is rotated repet-
itively, the mechanical stimulation generates action potentials,
at least in part, through a TRPV1 mechanism in the afferent
nerves. Conversely, low current applied to the needle directly
depolarizes afferents in the region of the acupoint. Thus,
TRPV1 does not contribute to EA-evoked activity of the
bimodal sensory fibers, while MA requires stimulation of
TRPV1 to excite both the myelinated and unmyelinated affer-
ents.

We observed that blockade of TRPV1 reduces but does not
eliminate MA-evoked activity of MN afferents or MA-modu-
lated inhibition of pressor responses, suggesting that MA may
also stimulate afferent nerves through activation of other re-
ceptors/channels in addition to TRPV1 to modulate cardiovas-
cular responses. In this respect, MA stimulation induces local
release of ATP and adenosine in the ST36 acupoint region

(14). Extracellular ATP activates sensory afferents through P2
receptors and may interact with TRPV1 receptors in sensory
neurons (15, 41). Adenosine contributes to MA-mediated an-
algesia through adenosine A1 receptors at ST36 (14), although
past investigation has not defined the location of action of
adenosine. However, MA could activate sensory afferent
nerves through activation of P2, adenosine A1 and TRPV1
receptors as well as other yet-unstudied mediators and receptor
mechanisms.

The single-unit nerve recording approach examined only a
sample of sensory afferents’ responding to MA and EA stim-
ulation. To confirm these observations and to evaluate a greater
number of peripheral sensory nerves in response to MA and
EA, we assessed the response of cell bodies of primary sensory
afferent nerves in the C7–8 DRG that transduce and transmit
sensory information from the periphery to the CNS (9). To
identify activation of DRG neurons induced by MA and EA,
we examined pERK expression in the DRG. pERK expression
is a molecular biomarker indicating neuronal activation
through MAPK/ERK intracellular transduction, an important
intracellular signaling pathway (8, 9). We observed increases
in pERK expression in DRG neurons (~25%) at C7–8 spinal
levels following MA and EA, showing that both modalities
activate sensory DRG neurons. Knocking down TRPV1 in the
DRG reduced expression of pERK in the DRG neurons in-
duced by MA, but not by EA, consistent with the aforemen-
tioned reflex and afferent data. These data further support the
notion that TRPV1 at a point-specific region like P6 located
over the MN on the distal forelimbs is critical during MA
activation of sensory afferent nerves to modulate the pressor
responses.

We noted that local blockade of TRPV1 differently affected
the action of MA and EA inhibition of GD-induced pressor
responses. TRPV1 pharmacological blockade reduced the ac-
tion of MA but not EA on the excitatory reflex responses.
Several possibilities might explain this discrepancy. First, MA
applied discretely at the P6 acupoint involves mechanical
stimulation that could excite local nerve endings through a
TRPV1 mechanism, since TRPV1 is mechanosensitive (3, 10,
11, 21). Conversely, low-intensity EA (0.3–0.5 mA) applied
through the two needles inserted into the larger P5–6 area
likely stimulates both local nerve endings and axons of small
fibers in the MN trunk with endings located distal to needle
placement. Second, MA stimulation induces local release of
ATP and possibly other chemical mediators (14). Extracellular
ATP is known to excite sensory endings through interaction
with TRPV1 (15, 24, 41) and, hence, may contribute to
TRPV1-related MA activation of afferent endings. Impor-
tantly, the current findings, showing participation of TRPV1 in
activation of sensory afferent during MA but not EA, support
our other observation that TRPV1 blockade reverses inhibition
of GD-induced pressor responses by MA but not by EA.

It is important to acknowledge that in the present study we
did not fully explore the contributions of some subgroups of
somatic afferents to acupuncture modulation of cardiovascular
responses, since we selected bimodal afferents to determine the
role of TRPV1 in acupuncture’s action. For instance, mecha-
nosensitive but capsaicin-insensitive somatic afferents also
could be involved in acupuncture modulation of cardiovascular
responses, but likely their involvement would be through
mechanisms other than the transient receptor potential system.

Sham
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TRPV1 siRNA

EA
TRPV1 siRNA
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Fig. 6. Western blot analysis of phosphorylated extracellular-signal related
kinases 1 and 2 (pERK1/2) in dorsal root ganglia (DRG) (C7–8) of rats. Rats
were treated with sham acupuncture, manual acupuncture (MA), or electroa-
cupuncture (EA) after intrathecal injection of transient receptor potential
vanilloid type 1 (TRPV1) siRNA (�) or scrambled siRNA (). A: examples
of original Western blotting bands from one rat in each group. B: relative
values of pERK1/2 and ERK1/2. Bands indicated by 44 kDa and 42 kDa
correspond to pERK1 and ERK1 and pERK2 and ERK2, respectively. *P �
0.05 vs. sham acupuncture; #P � 0.05, TRPV1 siRNA vs. scrambled siRNA.
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Capsaicin-sensitive but mechanoinsensitive afferents might
also participate in EA’s action in modulation of reflex elevation
in BP, since EA could stimulate this subgroup of afferents by
directly depolarizing nerve fibers. Future studies are warranted
to determine participation of these subgroups of somatic affer-
ents in MA and EA modulation of cardiovascular responses.

The group data showed that, both before and after TRPV1
blockade, MA-evoked activity was higher than EA-evoked
activity. This raises the possibility that the action of TRPV1
blockade is effective only when there is a high level of activity
as that induced during MA. We did observe, however, that
activity of one fiber in the MA group was from 0.25 to 3.15
imp/s during MA stimulation. After TRPV1 blockade, the
MA-induced activity increased from 0.30 to 1.11 imp/s, a level
below the overall mean activity evoked by EA, suggesting that
effectiveness of TRPV1 blockade likely is independent of the
extent of afferent response to MA or EA.

An interesting observation was that the same extent of
modulation of reflex elevations in BP occurs during EA and
MA despite quite different increases in afferent discharge

activity during each modality. It is possible that, although
EA-evoked afferent activity is less than the MA-evoked activ-
ity, increased afferent activity evoked by EA has reached a
“ceiling” of modulation of sympathoexcitatory output. Future
studies are warranted to elucidate this observation.

Perspectives and Significance

Sympathoexcitatory reflexes elevate BP and have the poten-
tial to increase morbidity and mortality of patients with car-
diovascular diseases (18, 23). Our past studies of the actions of
acupuncture in lowering reflex-induced elevations in BP pro-
vide important clues to direct clinical management of acute
pressor responses and importantly have guided our treatment of
patients with essential hypertension (26, 32). Although acu-
puncture has been practiced for many years, its biological basis
has not been well established. Our new findings indicate that
both MA and EA activate bimodal sensory afferents at the P6
acupoint to modulate cardiovascular responses. Thus, stimula-
tion of afferent nerves during either acupuncture modality is
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the first necessary step in effective modulation of sympatho-
excitatory reflexes. Our results also show that MA and EA
employ different neural mechanisms to activate the afferents
and ultimately influence cardiovascular function. MA activates
afferent nerves, at least in part, through a receptor-specific
mechanism whereas EA either directly depolarizes nerves
electrically or utilizes a mechanism other than the TRPV1
system. Since capsaicin cream is used for pain treatment in
clinics, our results suggest that when this alternative approach
is applied it may mimic and/or enhance acupuncture’s action
(20). Future studies are required to examine these possibilities
and the underlying mechanisms, but clinical use of acupunc-
ture could be beneficial in treating cardiovascular and possibly
other diseases.

In conclusion, the results from the present study demonstrate
that TRPV1 plays a role in activation of Group III and IV
bimodal somatic afferent nerves and the associated DRG neu-
rons induced by MA, but not by EA, to modulate excitatory
cardiovascular reflex responses. These new findings extend our
knowledge of peripheral sensory receptor mechanisms under-
lying acupuncture’s influence on cardiovascular function.
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