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Involvement of ionotropic glutamate receptors in low frequency
electroacupuncture analgesia in rats
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Abstract

The present study was conducted to determine whether blockage of bothN-methyl-d-aspartate (NMDA) and�-amino-3-hydroxy-5-
methylisoxazole-4-proprionic acid/kainate (AMPA/KA) receptors influences the induction of low frequency electroacupuncture (EA) anal-
gesia. Although neither intrathecal injection of NMDA antagonistd-2-amino-5-phosphonopentanoic acid (d-AP-5) or AMPA/KA antagonist
1,2,3,4-tetrahydro-6-nitro-2,3-dioxo-benzo[f]quinoxaline-7-sulfonami-de (NBQX) disodium alone had an effect on analgesia, spinal applica-
t ry amino
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ion of d-AP-5 and NBQX disodium significantly prevented analgesia induced by 2 Hz EA. The intrathecal injection of the excitato
cid NMDA produced analgesia for several minutes after intrathecal injection, as did EA stimulation. These results suggest that
lutamate receptors may be involved in the induction of 2 Hz EA analgesia.
2004 Elsevier Ireland Ltd. All rights reserved.
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o date, pain modulation has been explained by gate con-
rol theory, which results from the balance of activity in no-
iceptive and nonnociceptive afferents [8]. But unexpected
esults, such as some forms of prolonged analgesia lasting
or hours or days, were found during the stimulation of pe-
ipheral nerves [6,7]. Since then, the mechanisms of learning
nd memory in the brain have been introduced into pain re-
earch [12]. Electroacupuncture (EA) as the stimulation of
eripheral nerves has been used clinically to relieve acute or
hronic pain in human patients. The gate control theory can-
ot satisfactorily explain the long-lasting analgesia effects of
A [5].
The long-term depression (LTD) of synaptic transmission

etween fine primary afferent nerve fibers and neurons in
he superficial spinal dorsal horn may be involved in long-
asting therapeutic effects following EA or transcutaneous
lectrical nerve stimulation (TENS) [13,14]. Glutamate and
elated amino acids, transmitters at the synapse level between
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primary afferent fibers and neurons in the spinal dorsal h
are involved in long-lasting pain reduction [3,5]. Recent s
ies have indicated that long-term synaptic alterations, inc
ing LTD, apparently involve activation of bothN-methyl-
d-aspartate (NMDA) and non-NMDA ionotropic recept
[9,11].

Although the mechanism operative in the induction
low frequency EA analgesia has not been definitely id
tified, this type of EA analgesia may possess sim
mechanisms similar to low frequency stimulation-indu
LTD. If the activation of glutamate receptors initia
the long-lasting analgesia of low frequency EA analge
both NMDA and�-amino-3-hydroxy-5-methylisoxazole-
proprionic acid/kainate (AMPA/KA) ionotropic receptors
implicated. Therefore, the present study aims to invest
whether ionotropic glutamate receptors are involved in
induction of low frequency EA analgesia.

Male Spraque–Dawley rats weighing 250–300 g w
provided by the Animal Care Institute of the Health Scie
Center, Peking University. All experiments conformed
guidelines approved by the Council of the Internatio
304-3940/$ – see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2004.11.095
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Association for the Study of Pain in December 1982.
Intrathecal (i.t.) catheterization was performed according
to the methods of Størkson et al. [15] under 10% chloral
hydrate anesthesia (350 mg/kg i.p.). After surgery, only
those rats without overt signs of spinal cord or root damage
such as paralysis or lameness were used for experimentation.

The 1,2,3,4-tetrahydro-6-nitro-2,3-dioxo-benzo[f]quino-
xaline-7-sulfonamide disodium (NBQX disodium, AMPA/
KA antagonist),d-2-amino-5-phosphonopentanoic acid (d-
AP-5, NMDA antagonist) and NMDA were purchased from
Sigma Chemical Co. Chemicals were dissolved in sterile
saline and injected intrathecally in a volume of 10�l via
catheter within 1 min and then filled with 8�l of saline
for flushing followed by EA. Two stainless-steel needles of
0.25 mm diameter were inserted in each hind limb at those
acupoints corresponding to Zusanli and Sanyinjiao in man.
The needles were connected to a HANS electric stimulator
(Beijing Aviation Institute, Beijing, China), which delivered
square wave pulses of 0.3 ms duration at a frequency of 2 Hz.
The intensity was set at 1 mA and increased stepwise to 2 mA
and 3 mA, each step lasting for 10 min.

The nociceptive threshold of the animals was measured
by the tail flick latency (TFL) elicited by radiant heat. At the
beginning of the experiments, TFL was assessed three times
at 5 min intervals, and the mean values from the first three
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Fig. 1. The effects of NMDA antagonistd-AP-5 at different doses on 2 Hz
EA-induced analgesia in rats. A significant difference was found between
the saline and any of the three doses ofd-AP-5. All values are expressed
as mean percentage increase over baseline TFL. The vertical line represents
the mean± S.E. (n= 10).*P< 0.05 and** P< 0.005 compared to the vehicle
control.

present study. But those contrary reports are based on a dif-
ferent experimental design between normal and pain animal
models.

The presently described inhibition of 2 Hz EA analgesia
by both ionotropic antagonistd-AP-5 and NBQX disodium
may underlie some involvement of ionotropic receptors in the
spinal dorsal horn induced by low frequency EA as in LTD
mechanisms. This result is in line with the observation that
spinal LTD could be induced by changes of glutamatergic ex-
citatory transmission in the spinal dorsal horn, and inhibited
by the antagonism of NMDA [2,3,5].

Two induction protocols of LTD, low (1–5 Hz, 5–15 min)
and high frequency stimulation (50–100 Hz for 5 s), are pro-
posed for the neuron of the spinal dorsal horn [5]. Condi-

F ent
d BQX
d
*

ssessments were taken as the basal pain threshold, u
n the range of 4–6 s. The values of subsequent measure
f the EA and/or vehicle and i.t. injections were expres
s percentage changes from baseline. An increase o
50% of the baseline tail flick latency was taken as the
ff limit to avoid unnecessary damage to the tail skin. D
re expressed as mean± S.E. and comparisons were ma
sing Student’st-test.

I.t. injection of the NMDA antagonistd-AP-5 was starte
ne day after surgery. EA stimulation started immedia
fter the termination ofd-AP-5 injection.d-AP-5 at doses o
.3�g, 1�g and 5�g produced significant changes in TF
ollowing spinal blockage of NMDA receptors byd-AP-5,
A analgesia induced by 2 Hz EA was strongly reduced c
ared to the vehicle group as illustrated in Fig. 1. With
ame experimental design, the antagonistic effects of i.
ection of NBQX disodium at doses of 0.3�g, 1�g and 5�g
ere measured. As shown in Fig. 2, TFL changes in

reated with NBQX disodium showed a similar antagon
attern asd-AP-5. To test whether the application ofd-AP-5
nd NBQX disodium reduces the TFL, the effect of an

njection ofd-AP-5 and NBQX disodium at a dose of 1�g
as examined without EA stimulation. Spinal applicatio
othd-AP-5 and NBQX disodium increased TFL compa

o the vehicle-injected group as shown in Fig. 3.
Excitatory amino acid antagonists provide a new c

f analgesic agents, which might be selected for pain s
1]. EA and glutamate receptor antagonists have syner
nti-nociceptive effects against carrageenan-induced h
lgesia [17]. Co-application of EA andd-AP-5 or NBQX
isodium significantly decreased TFL in normal rats of
ig. 2. The effects of AMPA/KA antagonist NBQX disodium at differ
oses on 2 Hz EA-induced analgesia in rats. Inhibition induced by N
isodium was observed through all test points of experiments (n= 10).
P< 0.05 and** P< 0.005 compared to vehicle control.
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Fig. 3. Effects of i.t. injection of NMDA antagonistd-AP-5 and AMPA/KA
antagonist NBQX disodium at a dose of 1�g on TFL in rats.d-AP-5 and
NBQX disodium showed significant analgesic effects (n= 8). *P< 0.05 and
** P< 0.005 compared to vehicle control.

tioning low frequency stimulation for afferent A�-fibers can
depress synaptic strength between primary afferent A�- or C-
fibers and neurons in the spinal dorsal horn for long periods
of time [2,3,14]. This form of LTD is also hypothesized to
be relevant to antinociception following afferent stimulation
such as EA [2,12].

Although the stimulation parameters for the induction of
LTD of C-fiber-evoked potentials in this in vivo study differs
from those in in vitro work, EA also requires stimulation at
an intensity that produces tolerable pain and involves affer-
ent A�-fibers [5,13]. In the present study, electrical stimula-
tion (frequency at 2 Hz; pulse with 0.3 ms; intensity, 1–3 mA)
was delivered to the stainless-steel needle inserted into the
acupoints. These stimulations induce an excitation of A�,�-
fibers and a subset of A�- and C-fibers, but A�- and A�-
fibers mainly work to produce an antinociception effect of
EA [4].

Sandk̈uhler [13] proposed a cellular mechanism in the
spinal dorsal horn that may underlie the long-lasting analge-
sia following EA. The conditioning stimulation of A�-fibers
induces the release of glutamate from nerve terminals in the
spinal dorsal horn that activates NMDA ionotropic glutamate
receptors. This leads to a moderate increase in free cytosolic
Ca2+ concentration sufficient for active protein phosphates.
Subsequently, long-lasting depression of synaptic strength
o pro-
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Fig. 4. The effects of NMDA at different doses in rats. Significant analgesic
effects were noted for several minutes after i.t. injection (n= 8). *P< 0.05
and** P< 0.005 compared to the vehicle control.

cord [16], we applied NMDA into the spinal cord as agonist
for ionotropic glutamate receptors. The NMDA at doses of
0.3�g, 1.0�g and 3.0�g, especially at higher doses, pro-
duced vocalization, scratching and biting of the hindlimbs
after i.t. injection. When TFL was measured at 10 min inter-
vals for 1 h after i.t. injection of NMDA, NMDA at all doses
examined produced hyperalgesic effects (data not present).
But when we checked the TFL at 2 min intervals for 12 min
after i.t. injection of NMDA at doses of 0.1�g, 0.3�g and
0.6�g, i.t. injection of NMDA produced analgesia effects for
several minutes, as illustrated in Fig. 4.

The injection of the excitatory amino acid NMDA into the
spinal subarachnoid space produces both hyperalgesic and
analgesic effects [10]. In the present study, i.t. injection of
NMDA produced hyperalgesic effects and behavioral signs of
spontaneous pain from 10 min after injection. But brief anal-
gesia effects induced by NMDA were also detected. These
results suggest involvement of NMDA receptors in the me-
diation of spinal pain inhibitory mechanisms as reported by
Raigorodsky and Urca [10]. Although a temporary analgesia
by NMDA agonist is different from a long-lasting EA anal-
gesia, NMDA agonist was injected once only whereas and
EA analgesia is the result of continuous treatment of EA for
30 min. If NMDA agonist of lower concentration was injected
continuously, we may get a result similar to the long-lasting
E
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ccurs as a result of the dephosphorylation of synaptic
eins such as the AMPA receptor. To confirm that the L
an be formed by EA stimulation, we may need further
eriments, especially on various receptors participating i
alcium influx or in the intracellular calcium release.

If ionotropic receptors are involved in the induction
ow frequency EA analgesia, the spinal application of ex
ory amino acids itself should produce the analgesic effe
id EA stimulation. Because NMDA has been docume
s playing an important role in pain signaling in the sp
A analgesia effects.
Activation of ionotropic glutamate receptors is neces

o induce low frequency stimulation-induced LTD in
pinal dorsal horn [3]. The present data shows that ionot
lutamate receptors may be involved in the induction of 2
A analgesia in the spinal dorsal horn and share the
rocess as LTD of excitatory synaptic transmission. If
ave a proper understanding of the mechanism of LTD
A stimulation, new forms of afferent stimulation for p
odulation can be introduced into clinical practice. Fur

tudies of long-lasting EA analgesia would be worthwhil
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order to examine the roles of ionotropic glutamate receptors
in endogenous antinociception.
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