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Editor’s key points

† The analgesic effects of
acupuncture are well
known, but the
underlying mechanisms
are not well understood.

† The effects of
electroacupuncture (EA)
are studied in an
inflammatory pain
model.

† Subtype selective agents
were used to study the
role of serotonin and
norepinephrine in EA
analgesia.

† EA analgesia involves the
a2a adrenoreceptor and
the 5-HT1a receptor in
inflammatory pain.

Background. Although acupuncture analgesia is well documented, its mechanisms have
not been thoroughly clarified. We previously showed that electroacupuncture (EA)
activates supraspinal serotonin- and norepinephrine-containing neurones that project to
the spinal cord. This study investigates the involvement of spinal alpha(2)-adrenoceptors
(a2-ARs) and 5-hydroxytryptamine (serotonin) receptors (5-HTRs) in EA effects on an
inflammatory pain rat model.

Methods. Inflammatory hyperalgesia was induced by injecting complete Freund’s adjuvant
(CFA, 0.08 ml) into the plantar surface of one hind paw and assessed by paw withdrawal
latency (PWL) to a noxious thermal stimulus. The selective a2a-AR antagonist BRL-
44408, a2b-AR antagonist imiloxan hydrochloride, 5-HT2B receptor (5-HT2BR) antagonist
SB204741, 5-HT3R antagonist LY278584, or 5-HT1AR antagonists NAN-190 hydrobromide,
or WAY-100635 were intrathecally administered 20 min before EA or sham EA, which was
given 2 h post-CFA at acupoint GB30.

Results. EA significantly increased PWL compared with sham [7.20 (0.46) vs 5.20 (0.43) s].
Pretreatment with a2a-AR [5.35 (0.45) s] or 5-HT1AR [5.22 (0.38) s] antagonists blocked EA-
produced anti-hyperalgesia; a2b-AR, 5-HT2BR, and 5-HT3R antagonist pretreatment
did not. Sham plus these antagonists did not significantly change PWL compared
with sham plus vehicle, indicating that the antagonists had little effect on PWL.
Immunohistochemical staining demonstrated that a2a-ARs are on primary afferents and
5-HT1ARs are localized in N-methyl-D-aspartic acid (NMDA) subunit NR1-containing
neurones in the spinal dorsal horn.

Conclusions. The data show that a2a-ARs and 5-HT1ARs are involved in the EA inhibition of
inflammatory pain and that the NMDA receptors are involved in EA action.
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Electroacupuncture (EA) studies, including our own,1 have
shown that EA produces anti-hyperalgesia in animal
models of inflammatory pain.2 However, the mechanisms
of acupuncture have not been thoroughly clarified.

Previous studies in naive animals suggest that EA may
induce analgesia by inhibiting the release of norepinephrine
in areas of the brain.3 4 In a recent study, the
alpha(2)-adrenoceptor (a2-AR) antagonist yohimbine (i.t.)

significantly blocked EA analgesia in a neuropathic pain
model, while the a1-AR antagonist prazosin did not.5

Serotonin is also involved in acupuncture analgesia in
naive animals.6 Systemic 5-HT1A receptor (5-HT1AR) and
5-HT3 receptor (5-HT3R) antagonists prevented EA-produced
inhibitory effects in a collagen-induced arthritis pain model.7

Another study showed that spinal 5-HT1AR and 5-HT3R
antagonists blocked EA alleviation of cold allodynia in a rat
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model of neuropathic pain.5 However, spinal norepinephrine
and serotonin involvement in the EA inhibition of thermal
hyperalgesia has not been previously explored in an inflam-
matory pain model.

It has been well demonstrated that spinal a2-ARs play a
crucial role in spinal cord anti-nociception8 and that
5-HT1ARs,9 5-HT2BRs,10 and 5-HT3Rs11 in the spinal cord
are involved in pain modulation. Thus, we used the corre-
sponding antagonists to investigate our hypothesis that
these norepinephrine and serotonin receptor subtypes are
involved in EA anti-hyperalgesia.

Methods
Animal

Male Sprague–Dawley rats weighing 280–320 g (Harlan, In-
dianapolis, IN, USA) were kept under controlled conditions
(228C, relative humidity 40–60%, a 12 h alternative light–
dark cycle, and food and water ad libitum). The Institutional
Animal Care and Use Committee (IACUC) of the University of
Maryland, School of Medicine approved the experimental pro-
cedures, licence reference number: IACUC 0506010.

Experimental design

Five sets of experiments were conducted to investigate the
involvement of specific serotonin and norepinephrine recep-
tors in EA anti-hyperalgesia: (1) EA plus norepinephrine
receptor antagonists, (2) EA plus a 5-HT2BR antagonist,
(3) EA plus 5-HT3R antagonist, (4) EA plus 5-HT1AR antago-
nists, and (5) immunostaining of spinal serotonin and
norepinephrine receptors which are involved in EA action.
Drugs were administered intrathecally (see below).

In experiment 1, cannulated rats were injected with com-
plete Freund’s adjuvant (CFA; 40 mg of Mycobacterium
tuberculosis suspended in a 1:1 oil/saline emulsion; Sigma,
St Louis, MO, USA) and randomly divided into eight groups
(n¼6–8 per group): (i) EA plus 14 nmol of BRL-44408, a se-
lective a2a-AR antagonist, in 10 ml of saline; (ii) EA plus 70
nmol of BRL-44408; (iii) sham EA plus 70 nmol of
BRL-44408 solution; (iv) EA plus 14 nmol of imiloxan hydro-
chloride, a selective a2b-AR antagonist in 10 ml of saline;
(v) EA plus 70 nmol of imiloxan hydrochloride; (vi) sham EA
plus 70 nmol of the a2b-AR antagonist solution; (vii) EA
plus 10 ml of saline; and (viii) sham EA plus the saline.

BRL-44408 or imiloxan hydrochloride solutions were adminis-
tered i.t. Twenty minutes later, CFA at 0.08 ml was injected
s.c. into one hind paw and, EA or sham EA was given, fol-
lowed 30 min later by a paw withdrawal latency (PWL) test
that was conducted by an investigator blinded to the treat-
ment assignments (Fig. 1).

In experiment 2, cannulated rats with CFA-induced in-
flammation were randomly divided into five groups (n¼6–8
per group): (i) EA+14 nmol of SB204741, a selective
5-HT2BR antagonist in 5 ml of dimethyl sulphoxide, DMSO;
(ii) EA+70 nmol of SB204741; (iii) sham EA+70 nmol of
the 5-HT2BR antagonist; (iv) EA+DMSO; and (v) sham
EA+DMSO. The SB204741 was dissolved in DMSO and was
administered (i.t.) 20 min before EA or sham treatment;
PWL was tested 30 min after the treatment (Fig. 1).

In experiment 3, cannulated rats with CFA-induced in-
flammation were randomly divided into five groups (n¼6–8
per group): (i) EA+48 nmol of LY278584, a selective 5-HT3R
antagonist, in 10 ml of saline; (ii) EA+10 nmol of LY278584;
(iii) sham EA+48 nmol of the 5-HT3R antagonist; (iv) EA+
saline (10 ml); and (v) sham EA+saline. The antagonist was
dissolved in saline and administered (i.t.) 20 min before EA
or sham treatment; PWL was tested 30 min after the
treatment (Fig. 1).

In experiment 4, cannulated rats with CFA-induced in-
flammation were randomly divided into six groups (n¼6–8
per group): (i) EA+8 nmol of NAN-190 hydrobromide, a se-
lective 5-HT1AR antagonist in 5 ml of DMSO; (ii) EA+42
nmol of NAN-190 hydrobromide; (iii) sham EA+42 nmol of
NAN-190 hydrobromide; (iv) EA+8 nmol of WAY-100635
maleate salt, another selective 5-HT1AR antagonist in 10 ml
of saline; (v) EA+42 nmol of WAY-100635 maleate salt;
and (vi) sham EA+42 nmol of WAY-100635 maleate salt.
This experiment shared the EA or sham EA plus DMSO or
saline control groups of experiments 2 and 3. The antago-
nists were dissolved in DMSO or saline and administered
(i.t.) 20 min before EA or sham treatment; PWL was tested
30 min after the treatment.

In experiment 5, double immunostaining of a2a-AR and
calcitonin gene-related peptides (CGRP) and also 5-HT1A
and the N-methyl-D-aspartate (NMDA) NR1 subunit was
performed in four rats 2.5 h post-CFA injection to determine
the location of serotonin and norepinephrine receptors in the
spinal cord.

~1 day

Intrathecal
cannulation

Baseline of PWL i.t. receptor
antagonist

CFA injection
and the first EA

The second EA PWL

0 min

Experiment time course

20–40 min 120–140 min 170 min~8 days

Fig 1 Outline of the experimental protocol.
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Intrathecal cannulation

Rats were prepared for i.t. injection under pentobarbital
sodium anaesthesia (50 mg kg– 1, i.p.).12 The atlanto-occipital
membrane between the head and the neck (i.e. approxi-
mately the obex level) was exposed. A slit was cut, into
which a 7 cm length of PE-10 tubing was inserted into the
subarachnoid space. This catheter was advanced to the
level of the lumbar spinal cord, filled with 7–10 ml of
saline, and plugged at its outer end. The animals were
allowed to recover for 7 days after the operation before
experimentation; those with gross signs of motor impair-
ment were excluded from the study. After the experiments,
the location of the distal end of the catheter was verified
when the spinal cord was removed.

Hyperalgesia testing

Inflammatory hyperalgesia, induced by injecting CFA s.c. into
the plantar surface of one hind paw of the rat,1 was defined
as a decrease in PWL to a noxious thermal stimulus. PWL was
assessed as reported previously.1 Each rat was acclimatized
for 30 min before the test under a clear inverted plastic
chamber on the glass surface of a Paw Thermal Stimulator
System (UCSD, San Diego, CA, USA). The glass surface was
set at 308C, then the plantar surface of each hind paw was
stimulated with a thermal stimulus set at 5.0 A of current.
PWL was automatically recorded when the rat withdrew its
paw from the stimulus. In all cases, a cut-off of 20 s was
used to avoid tissue injury. To establish the mean PWL, four
tests were conducted and averaged. A previous study
demonstrated that after 20 s of heating at 4.9, 5.3, and 6.0
A at a glass setting of 308C, paw temperatures return to
baseline 5 min after stimulus.13 To avoid possible thermal
stimulus-induced sensitization, a 5 min interval was used
between each test to allow the paw tissue to return to base-
line temperature, thus excluding possible sensitization.

Acupuncture treatment procedures

To maximize the anti-inflammatory effect and to treat
animals prophylactically, EA treatment was given twice for
20 min each, once immediately after the administration of
CFA and again 2 h post-CFA. EA parameters of 10 Hz,
3 mA, 0.1 ms pulse width, which showed significant anti-
inflammatory and anti-hyperalgesic effects in the rat inflam-
mation model in our previous studies,1 were used in the
present study.

Based on traditional Chinese medicine meridian theory,14

on its successful use in our previous studies, and on studies
by others,1 15 the equivalent of the human acupoint Huan-
tiao (GB30, the 30th acupoint on the gall bladder meridian)
was chosen for EA. In our previous point-specificity study,1

EA produced better anti-hyperalgesia at GB30 than at
Waiguan (TE5, the fifth acupoint on the triple energizer
meridian) on the forepaw or at two non-specific points, an
abdominal point and a point on the quadriceps opposite to
GB30. In humans, GB30 is located at the junction of the
lateral one-third and medial two-thirds of the distance

between the sacral hiatus and the greater trochanter; under-
neath are the sciatic nerve, inferior gluteal nerve, and gluteal
muscles.14 GB30 was located on the rat’s hind limbs using
the comparable anatomical landmarks, the sacral hiatus
and the greater trochanter. The identification of acupoint in
rats has been successfully used in previous studies.1 15

GB30 was needled bilaterally.1 The animals were handled
gently for 30 min a day for 2–3 days and habituated to the
acupuncture treatment before the experiment. After the
skin was cleaned with alcohol swabs, a disposable acupunc-
ture needle, 0.25 mm thick×12.5 mm long, was inserted ob-
liquely at each of the animal’s hind limbs �12 mm so that
the needle tip reached GB30, and a pair of electrodes was
attached to the handles of the needles. The needles and
electrodes were stabilized with an adhesive tape. The pro-
cedure typically lasted ,20 s and caused little distress to
the animal.

The needles were electrically stimulated with an A300 Pul-
semaster (World Precision Instruments, Sarasota, FL, USA)
via an A360D Stimulus Isolator (World Precision Instruments)
that converts electrical voltage into constant electrical
current, the level of which is shown on the panel of the
device. The current was measured with an oscilloscope that
converts current to voltage with a dummy load resistor
(World Precision Instruments). This bilateral, cross-limb con-
nection has been previously used by our team and others
with no adverse effects.1 16 Similar connections are frequent-
ly used in clinic, and no adverse effects have been reported.17

While EA frequency was held constant, intensity was
adjusted slowly over the period of �2 min to the designated
level of 3 mA, which is the maximum EA current intensity
that a conscious animal can tolerate. The stimulation was
administered to the muscles, not directly to the peripheral
nerve, and produced a mild muscle twitching. Each rat
was placed under a clear, inverted plastic chamber
(�13×20×28 cm) during EA treatment. The animals
remained awake and still; they were neither restrained nor
given anaesthetic and showed no signs of distress. For
sham treatment control, acupuncture needles were inserted
bilaterally into GB30 without electrical stimulation or manual
manipulation. This procedure produced no anti-hyperalgesia
in this animal model in our previous study.1 Since it is com-
parable with the treatment procedure but lacks therapeutic
effect, we used it as sham control in this study.

Immunofluorescence

Rats were deeply anaesthetized with sodium pentobarbital
(60 mg kg21, i.p.) and immediately perfused transcardially
with 4% paraformaldehyde (Sigma) in 0.1 M phosphate
buffer (PB) at pH 7.4. The lumbar 4–5 spinal cord was
removed, immersed in the same fixative for 2 h at 48C, and
transferred to 30% sucrose (w/v) in PB saline (PBS) for over-
night cryoprotection. Thirty-micrometre-thick sections were
cut on a cryostat, rinsed in PBS, blocked in PBS with 10%
normal donkey serum for 60 min and incubated overnight
at room temperature with a mixture of rabbit polyclonal
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CGRP (1:200, Peninsula, Torrance, CA, USA) and goat poly-
clonal a2-AR (1:100, Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Another set of sections was incubated with a
mixture of guinea pig polyclonal 5-HT1AR (1:50, Cat#
AB5406, Millipore, Billerica, MA, USA) and goat polyclonal
NR1 (1:100, Santa Cruz). After three 10 min washings in
PBS, the first set of sections was incubated in a mixture of
CY2-conjugated donkey anti-rabbit (1:200, Jackson Immu-
noResearch Laboratories, West Grove, PA, USA) and
CY3-conjugated donkey anti-goat (1:200) for 1 h at room
temperature. The second set of sections was incubated
with a mixture of CY2-conjugated donkey anti-guinea pig
(1:200) and CY3-conjugated donkey anti-goat (1:200).
After another three 10 min washings, the sections were
mounted on slides, coverslipped with aqueous mounting
medium (Biomeda Corp., CA, USA), and observed with a fluor-
escence microscope. Control sections were similarly pro-
cessed, but with no primary antisera, which yielded no
staining. The specificity of the primary antibodies has been
confirmed in previous studies.18

Statistical analyses

Data from the behavioural tests were presented as mean (SE)
and analysed using repeated-measure analysis of variance
followed by the Bonferroni multiple comparisons (Graphpad
Prism). P,0.05 was set as the level of statistical significance.

Results
Effect of a2a- and a2b-AR antagonists
on EA-produced anti-hyperalgesia

As shown in Table 1, baseline hind paw PWL was similar
before the CFA injection in rats given saline and those
given antagonists. A 0.08 ml injection of CFA induced a sig-
nificant (F1,119¼411, P,0.05) decrease in PWL. Contralateral
PWLs were unchanged from baseline. EA plus vehicle (i.t.)
significantly increased PWL compared with sham EA plus
vehicle, indicating that EA inhibits hyperalgesia. EA did not
change PWL of contralateral hind paws. EA plus 14 nmol of
the a2a-AR antagonist BRL-44408 partially but not signifi-
cantly increased PWL compared with sham EA plus saline.

EA plus 70 nmol of BRL-44408 produced the same PWL as
that produced by sham EA plus saline. These data suggest
that the a2a-AR antagonist blocks EA anti-hyperalgesia. In
contrast, EA plus the a2b-AR antagonist imiloxan hydrochlor-
ide at 14–70 nmol significantly increased PWL compared
with sham EA plus saline, indicating that this antagonist
did not block EA anti-hyperalgesia. Sham EA plus
BRL-44408 or imiloxan hydrochloride did not alter PWL com-
pared with sham EA plus vehicle, indicating that these
antagonists had no effect on PWL.

Effect of 5-HT1A, 2B, and 3 receptor antagonists
on EA-produced anti-hyperalgesia

Table 2 shows that EA plus vehicle (i.t.) significantly length-
ened PWL compared with sham EA plus vehicle 2.5 h
post-CFA, suggesting that EA inhibits hyperalgesia. Like EA
plus vehicle, EA plus the 5-HT2BR antagonist SB204741
lengthened PWL, indicating that the antagonist had no
effect on EA anti-hyperalgesia. Sham EA plus SB204741 did
not significantly alter PWL compared with sham EA plus
vehicle, indicating that the antagonists did not affect PWL
(Table 2). Table 3 shows that pretreatment with the 5-HT3R
antagonist LY278584 at 10–48 nmol did not block EA
anti-hyperalgesia.

In contrast, EA plus 8 nmol of the 5-HT1AR antagonist
NAN-190 hydrobromide lengthened PWL at 2.5 h compared
with sham EA plus DMSO, while EA plus 42 nmol of the
5-HT1AR antagonist NAN-190 hydrobromide did not. It is
known that WAY-100635 maleate salt is a more potent an-
tagonist than NAN-190 hydrobromide.19 EA plus 8–42 nmol
of WAY-100635 maleate salt did not increase PWL compared
with sham EA plus DMSO. This indicates that the 5-HT1AR an-
tagonist blocked EA anti-hyperalgesia. Sham EA plus the two
antagonists did not significantly alter PWL compared with
sham EA plus vehicle, indicating that these antagonists
had no effect on PWL (Table 4).

Expression of 5-HT1AR and a2-AR in the spinal cord

Double immunofluorescence labelling demonstrated that
almost all 5-HT1AR immunoreactivity was co-localized with
NR1 in the spinal dorsal horn neurones (Fig. 2). It also

Table 1 Effects of a2a-AR antagonist BRL-44408 and a2b-AR antagonist imiloxan hydrochloride on 10 Hz EA anti-hyperalgesia in rats with
CFA-induced hind paw inflammation (n¼6–8). *P,0.05 vs sham+saline

Groups Baseline (sec) After EA or sham (sec)

Ipsilateral Contralateral Ipsi ateral Contralateral

EA+14 nmol of BRL-44408 9.46 (0.32) 10.02 (0.32) 6.18 (0.32) 10.55 (0.59)

EA+70 nmol of BRL-44408 9.90 (0.28) 9.82 (0.50) 5.35 (0.45) 10.23 (0.34)

Sham EA+70 nmol of BRL-44408 10.04 (0.46) 10.33 (0.45) 5.25 (0.44) 10.26 (0.49)

EA+14 nmol of imiloxan hydrochloride 9.85 (0.21) 9.67 (0.23) 6.91 (0.19)* 9.68 (0.46)

EA+70 nmol of imiloxan hydrochloride 10.18 (0.41) 10.25 (0.54) 7.55 (0.92)* 10.32 (0.47)

Sham EA+70 nmol of imiloxan hydrochloride 10.23 (0.49) 9.89 (0.35) 5.08 (0.16) 10.16 (0.35)

EA+saline 9.94 (0.48) 10.41 (0.35) 6.89 (0.26)* 10.35 (0.41)

Sham+saline 10.11 (0.32) 10.38 (0.26) 5.13 (0.39) 10.15 (0.51)
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demonstrated that the a2-AR-positive profile is
CGRP-immunoreactive fibres, likely to be primary afferent
neurone terminations in spinal superficial laminae (Fig. 2).

Discussion
Previous studies showed that i.t. administration of yohim-
bine, an a2 adrenergic antagonist, reduced EA-induced anal-
gesia in a rat model of ankle sprain20 and a neuropathic pain
model.5 In the present study, an a2a-AR blocked EA anti-
hyperalgesia in an inflammatory pain rat model, while
an a2b-AR antagonist did not. We previously reported that
EA activates norepinephrine-containing locus coeruleus

neurones that project to the spinal cord.21 These data
suggest that EA activated supraspinal norepinephrine-
containing neurones and increased the spinal release of nor-
epinephrine to alleviate hyperalgesia in inflammatory pain
rat model. This is consistent with previous studies in unin-
jured rats, showing that EA is potentiated by spinal norepin-
ephrine.22 Our data are also consistent with previous
electrophysiological studies which show that norepinephrine
significantly reduces spinal dorsal horn neurone excitability
in a neuropathic pain model.23 In a clinical study, a highly
selective norepinephrine reuptake inhibitor significantly
reduced pain scores in patients with fibromyalgia.24 Collect-
ively, EA may act on acute and persistent pain by enhancing

Table 2 Effects of 5-HT2B receptor antagonist SB204741 on 10 Hz EA anti-hyperalgesia in rats with CFA-induced hind paw inflammation
(n¼6–8). *P,0.05 vs sham+DMSO

Groups Baseline (s) After EA or sham (s)

Ipsilateral Contralateral Ipsilateral Contralateral

EA+14 nmol of SB204741 10.14 (0.19) 9.59 (0.24) 6.86 (0.31)* 10.01 (0.29)

EA+70 nmol of SB204741 9.64 (0.67) 9.89 (0.45) 7.89 (0.89)* 10.14 (0.54)

Sham EA+70 nmol of SB204741 9.87 (0.42) 10.05 (0.45) 5.20 (0.42) 9.89 (0.56)

EA+DMSO 9.87 (0.35) 10.23 (0.46) 7.20 (0.46)* 10.34 (0.52)

Sham+DMSO 9.82 (0.38) 9.97 (0.35) 5.20 (0.43) 10.43 (0.60)

Table 3 Effects of 5-HT3 receptor antagonist LY278584 on 10 Hz EA anti-hyperalgesia in rats with CFA-induced hind paw inflammation (n¼6–8).
*P,0.05 vs sham +saline

Groups Baseline After EA or sham (s)

Ipsilateral Contralateral Ipsilateral Contralateral

EA+10 nmol of LY278584 9.74 (0.35) 9.84 (0.29) 6.79 (0.22)* 10.29 (0.55)

EA+48 nmol of LY278584 9.70 (0.47) 10.20 (0.42) 7.9 (0.83)* 10.25 (0.38)

Sham EA+48 nmol of LY278584 9.60 (0.58) 9.87 (0.41) 5.23 (0.54) 9.95 (0.43)

EA+saline 9.95 (0.60) 10.16 (0.43) 7.06 (0.48)* 10.51 (0.60)

Sham+saline 10.20 (0.50) 9.84 (0.38) 5.30 (0.40) 10.23 (0.50)

Table 4 Effects of 5-HT1AR antagonists NAN-190 hydrobromide and WAY-100635 maleate salt on 10 Hz EA anti-hyperalgesia in rats with
CFA-induced hind paw inflammation (n¼6–8). *P,0.05 vs sham + DMSO

Groups Baseline (s) After EA or sham (s)

Ipsilateral Contralateral Ipsilateral Contralateral

EA+8 nmol of NAN-190 hydrobromide 9.51 (0.33) 10.29 (0.35) 6.96 (0.23)* 10.37 (0.38)

EA+42 nmol of NAN-190 hydrobromide 10.28 (0.60) 10.03 (0.50) 5.52 (0.54) 9.95 (0.47)

Sham EA+42 nmol of NAN-190 hydrobromide 10.20 (0.35) 10.32 (0.52) 5.30 (0.34) 9.98 (0.49)

EA+DMSO 9.87 (0.35) 10.23 (0.46) 7.20 (0.46)* 10.34 (0.52)

Sham+DMSO 9.82 (0.38) 9.97 (0.35) 5.20 (0.43) 10.43 (0.60)

EA+8 nmol of WAY-100635 maleate salt 9.66 (0.38) 9.69 (0.31) 5.75 (0.28) 9.70 (0.20)

EA+42 nmol of WAY-100635 maleate salt 9. 49 (0.37) 9.70 (0.41) 5.22 (0.38) 10.17 (0.49)

Sham EA+42 nmol of WAY-100635 maleate salt 9.85 (0.41) 10.05 (0.52) 5.60 (0.35) 9.98 (0.43)
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noradrenergic descending inhibitory pathways. A similar en-
hancement was seen in neurotropin-caused pain inhibition
in an adjuvant-induced rat model of arthritis.25 The data
suggest that augmenting spinal norepinephrine, either
pharmacologically or otherwise, inhibits pain.

Prior studies demonstrate that a2a-AR stimulation
decreases glutamate release from the spinal cord26 and
that group I metabotropic glutamate receptors up-regulate
NMDA receptor subunit NR1 phosphorylation,27 which is
known to modulate NMDAR activity and facilitate the trans-
mission of nociceptive inputs in inflammatory and neuro-
pathic pain models.28 It has also been reported that an i.t.
injection of the a2-AR agonist clonidine significantly inhibits
the phosphorylation of NR1 in a neuropathic pain model.29

Our immunohistochemistry data and a previous report30

show that a2a-ARs are located in the primary afferents in
the spinal cord. We hypothesize that EA may increase
spinal norepinephrine to pre-synaptically decrease glutam-
ate release, thus leading to the inhibition of NR1 phosphoryl-
ation and pain. This warrants further study.

As reported before, a 5-HT1AR antagonist blocked EA anti-
hyperalgesia.31 Previous studies showed that 5-HT is involved
in EA analgesia in a neuropathic pain model.22 Our data
further demonstrated that 5-HT1ARs are involved in
EA-anti-hyperalgesia in an inflammatory pain rat model,
but 5-HT2BRs and 5-HT3Rs are not. We previously reported
that EA activated nucleus raphe magnus (NRM)-spinal cord
serotonergic neurones.21 Those data indicate that EA may
increase the spinal release of 5-HT that acts on 5-HT1AR to
alleviate hyperalgesia. The previous study also shows that
5-HT1AR activation prevents the phosphorylation of the
NMDA receptor NR1 subunit32 and that serotonin depletion
increases nociception-evoked trigeminal NMDA receptor
phosphorylation.33 Our immunohistochemistry data show
that 5-HT1ARs are localized in NR1-containing neurones in
the spinal cord. These data lead us to hypothesize that EA

may enhance spinal 5-HT1AR activation to post-synaptically
inhibit NR1 phosphorylation to alleviate pain.

Although we did not measure spinal serotonin and nor-
epinephrine after EA, in our previous study, EA activated
NRM-spinal cord serotonergic and locus coeruleus-spinal
cord noragrenergic neurones.21 A previous study also demon-
strated that EA increases the content of 5-HT in the NRM and
the spinal cord22 and increases the spinal release of norepin-
ephrine.34 These studies show that EA induces the release of
both serotonin and norepinephrine in the spinal cord.

Spinal opioids are involved in EA analgesia in uninjured
animal models,35 and EA anti-hyperalgesia in inflammatory12

and neuropathic36 pain and postoperative pain.37 The
present study demonstrates that i.t. a2a adrenergic and
5-HT1AR antagonists block EA anti-hyperalgesia. Our unpub-
lished data show that m-receptor antagonist pretreatment
block i.t. serotonin or clonidine-produced inhibition of
inflammation-caused hyperalgesia. Consistent with these
results, naloxone inhibited i.t. 5-HT anti-nociception,38 and
selective norepinephrine reuptake inhibitors significantly
increased the intensity and duration of morphine anti-
nociceptive activity via both a2 adrenergic and opioid recep-
tors.39 Taken together, these data suggest that spinal 5-HT,
norepinephrine, and opioids are, together, involved in EA
action.
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