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Abstract

Mu-opioid agonists antN-methylp-aspartate (NMDA) receptor antagonists have been shown to attenuate mechanical allodynia in neu-
ropathic pain models. We have previously reported that 2 Hz electroacupuncture (EA) produced analgesia via releasing endogenous opioid
peptides (i.eB-endorphin and endomorphin) and the activateopioid receptors. The present study aimed to examine whether ketamine, an
NMDA receptor antagonist, can enhance the anti-allodynic effects induced by 2 Hz EA in arat model of neuropathic pain following spinal nerve
ligation (SNL). The results are as follows: (1) EA itself or i.p. injection of ketamine reduced mechanical allodynia (i.e. increase in withdrawal
threshold). (2) Although injection of ketamine at a low dose (1.0 mg/kg) alone did not influence mechanical withdrawal threshold, combination
of ketamine at this dose with EA produced more potent anti-allodynic effect than that induced by EA alone. (3) The anti-allodynic effect of
EA combined with ketamine could be reversed by i.p. injection of naloxone (2.0 mg/kg). These results suggested that ketamine potentiate the
anti-allodynic of EA in rats with spinal nerve ligation, and endogenous opioid system is likely to be involved in this process.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Neuropathic pain resulting from nerve injury is characterized morphin, ap-opioid receptor agonist, significantly reduced
by spontaneous pain, allodynia (the perception of normally mechanical allodynia in rats following nerve injury, and this
innocuous stimuli as painful) and hyperalgesia (an increasedeffect was more potent than that of morphj2é]. Our previ-
sensitivity to painful stimuli)[3,14]. We and others have ous studies indicated that 2 Hz electroacupuncture (EA) pro-
shown that activation of thN-methylp-aspartate (NMDA) duced anti-nociception via the release of endomorphin which
receptors is important in the initiation and maintenance of activategu-opioid receptor in normal rats and mifkl,12]
persistent pain following nerve injurj27,29] Systemic NMDA receptor antagonists have been shown to potentiate
administration of NMDA receptor antagonists is effective opioid anti-nociception in anima|5]. We also observed that
in the treatment of neuropathic pain in humans and animalsketamine, an NMDA receptor antagonist, could significantly
[9,22,25,28] However, the clinical application of the cur- enhance EA-induced anti-nociception in normal rats (unpub-
rently available NMDA receptor antagonists was hindered lished data). The present study aims to test the effects of
by their side effect§9]. combination of EA with ketamine in reducing mechanical
Although the efficacy of opioids, for example morphine, allodynia in a rat model of neuropathic pain.
in the management of neuropathic pain was debated, recent Female Sprague—Dawley rats weighing 200-250 g were
studies indicated that exogenously administration of endo- provided by the Animal Department of Peking University
Health Science Center. They were housed four to five per cage
* Corresponding author. Tel.: +86 10 8280 1151; fax: +86 10 8280 1111. With food pellets and water ad libitum. In all experiments,
E-mail addressywan@bjmu.edu.cn (Y. Wan). measures were taken to minimize pain and/or discomfort. All
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experiment procedures were approved by the Animal Use and -o—NS$ —+—03mg/kg —+—1.0mglkg

Protection Committee of our university and in accordance 10, " 30mg/kg —e—10mgikg n=7

with the NIH Guide for the Care and Use of lab Animals.

Ketamine hydrochloride and naloxone hydrochloride dihy-

drate were products of Sigma Chemicals Company (USA).

Ketamine or naloxone was dissolved in normal saline (NS)

and injected intraperitoneally (i.p.) in a volume of 1 ml/kg.
Neuropathic pain model was established by L5-L6 spinal

nerve ligation (SNL) according to the procedures of Kim and

Chung[14]. Rats were anesthetized with 10% chlorohydrate 14

(0.3ml/100 g body weight) and placed in the prone position

to access the right L5-L6 spinal nerves. The dorsal vertebral

column from L5 to L6 spinal nerves were exposed and was

tightly ligated distally to the dorsal root ganglion using 4-0 Fig. 1. The effects of ketamine on the mechanical allodynia in rats with

silk sutures. Animals were allowed to recover for 5 days. The spinal nerve ligation. Before treatment with ketamine or NS (at week 0), the

rats exhibited motor deficiency or no tactile allodynia were mechanical withdrawal thresholds were measured as basal. The mechanical

excluded from further experiments. withdrawal thresholds were measured again at weeks 1-4 after administra-

Rats were restrained in specially designed holders with tion With_ketamine (0.3, 1.0, 3.0,§nd 10.0 mg/kg) or NS. Sta_tistical analysis
A . . . . was carried out by non-parametric two-way analyses of variance (ANOVA)
their hind legs and tails exposed as described in our previousoliowed by Dunn’s post-hoc test when needel< 0.05,*P < 0.01 com-
report[11]. Two stainless-steel needles with 0.4 mm diam- pared with NS group at the corresponding time-points.

eter, 4mm length were inserted into each leg. One needle

was at the Zusanli acupoint (ST36), which was 5mm lat- basal mechanical allodynia was measured with von Frey fil-
eral to the anterior tubercle of the tibia marked by a notch, aments. Ketamine or NS was injected intraperitoneally (i.p.)
and the other needle was at the Sanyinjiao acupoint (SP6),once a day from day 1 to day 6 (08:00-10:00 a.m.) in each
which was 3 mm proximal to the medial melleolus and atthe week for 4 weeks. The mechanical withdrawal thresholds
posterior border of the tibia. Square waves of EA generated were measured again on day 7 of weeks 1-4 after injection
from a Han's Acupoint Nerve Stimulator (HANS, LH series, of ketamine or NS. Results are shownhig. 1 The me-
manufactured in our university) were applied to both legs si- chanical withdrawal thresholds in groups of ketamine 3.0 or
multaneously. The EA frequency of EA was 2 Hz with pulse 10.0 mg/kg, but not of ketamine 0.3 or 1.0 mg/kg, increased
width 0.6 ms, and the intensity was increased in a stepwisesignificantly at weeks 2—4 compared with those in NS group

** **

Mechanical withdrawal
threshold (g)

Time (week)

manner at (0.5-1.0-1.5) mA, each lasting for 10 min. (P<0.01).
The mechanical withdrawal threshold was determined  The effect of co-administration of EA and a low dose
with the method described by Chaplan et [&]. with mi- of ketamine on mechanical allodynia was showrFig. 2

nor modification. Briefly, a rat was placed in an individual Rats with neuropathic pain were randomly divided into four
plexiglass housing (18 cm 8 cm x 8 cm) with wire mesh groups of NS i = 7), ketamine (1.0 mg/kgh(= 8), NS plus
floor, and allowed to explore and groom until they settled EA (n = 8) and ketamine (1.0 mg/kg) plus EA € 8). Ke-
down. A set of von Frey filaments (Stoeling Company) with tamine (1.0 mg/kg) were injected once a day from day 1 to
bending forces ranging from 0.4 to 15.1 g were applied in an day 6 (08:00-10:00 a.m.) of each week for 4 weeks, EA was
ascending order to the plantar surface of the right hind-paw. given to rats at day 3 and day 6 (10:00-12:00 a.m.) of each
Hind-paw withdrawal was considered as positive response.week for up to 4 weeks, respectively. The effects of EA or ke-
The stimulation with one filament was repeated five times at tamine plus EA on mechanical allodynia were determined on
10-15 s interval. When lack of a response, the next filamentday 7 (10:00-12:00 a.m.) of each week. The basal mechan-
with greater bending force was applied. The bending force of ical withdrawal thresholds were measured prior to injection
the von Frey filaments triggering the withdrawal of the hind- of ketamine or the EA application. Ketamine plus EA or NS
paw was recorded for three times and the average value fromplus EA significantly increased the mechanical withdrawal
the three measurements was considered as the mechanicahresholds at weeks 2—4 after treatment compared with NS
withdrawal threshold of the paw. (P < 0.01). In addition, ketamine plus EA was more potent
The experimental data were expressed as me8rE.M., than NS plus EAR < 0.05). Ketamine (1.0 mg/kg) alone did
and analyzed with non-parametric one-way or two-way anal- not have any effects on mechanical withdrawal threshdds (
yses of variance (ANOVA) where appropriate, and followed > 0.05) Fig. 2).
by Dunn’s post-hoc test when need@d 0.05 was taken as In order to evaluate the possible involvement of endoge-
statistically significant. nous opioids in the inhibitory effect of EA or ketamine plus
To observe the effect of ketamine on mechanical allodynia, EA on mechanical allodynia, naloxone blockade experiment
rats with spinal nerve ligation were randomly divided into five was conducted. Naloxone (2.0 mg/kg) or NS was injected
groups (=7 per group) of NS and ketamine at 0.3, 1.0, 3.0, i.p. 15min before EA application or injection of ketamine.
and 10.0 mg/kg. Before administration of ketamine or NS, The mechanical withdrawal thresholds were measured prior
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157 .o-NS (7) —+— Ketamine (g) tained at the time points of 20 or 40 m_in i_n_ketamine plus EA
“+ NS+EA (8) —=—Ketamine+EA (8) group. T_h|s _effgct of naloxone was diminished 60 min after
4 EA termination in both groups.
101 *% # # In the present study, we reported that EA decreases me-

chanical allodyniain a rat model of neuropathic pain, and that
ketamine also dose-dependently inhibit allodynia. Further-
more, a low dose of ketamine potentiates the anti-allodynic
effect of EA, an effect that is likely mediated by the endoge-
nous opioid systems.
0- Acupuncture has long been used in China and other ori-
I . . I T ental countries in the treatment of many diseases including
pain with few side effectf26,32] Clinically, chronic pain is
Time (week) more complicated and common than acute pain. It is thus of
interest to explore the analgesic effect of EA on chronic pain.
. o T o Our present results showed that EA significantly decreased
EA on the mechanical allodynia in rats with spinal nerve ligation. Before . . . . . . .
treatment with ketamine or EA (at week 0), the mechanical withdrawal _meCha_mcal a”c_)dyn'am rat:s with spinal nerve ligation, which
thresholds were measured as basal, the mechanical withdrawal threshdS consistent with our previous resul&7] and that of others
olds were measured again at weeks 1-4 after administration of ketamine[13].
(1.0mg/kg) or EA application, respectively. Statistical analysis was carried It is well established that NMDA receptor plays an im-
out by non-parametric two-way analyses of variance (ANOVA) followed portant role in the development and maintenance of neuro-

by Dunn’s post-hoc test when needed. The analgesic effect in groups of . . .
NS plus EA and ketamine plus EA were much more potent compared with pathlc pa|n[6,16,22,27] NMDA receptor antagonists, such

that in groups of ketamine alone or NS at the corresponding time points, @5 MK-801, were effective in relieving neuropathic pain in
respectively (*P< 0.01). The analgesic effect in the group of ketamine plus humans and animals modeR,27,28] In the present study,
EA was more potent compared with that in the group of NS plus EA atthe e also observed that ketamine dose-dependently inhibited
corresponding time point$® < 0.05). mechanical allodynia. We used repeated ketamine injection
for a relatively long period of time and no significant effect
was observed until after 2 weeks of continuous treatment.
This suggested that a relatively long-term ketamine treatment
regimen produced a cumulative therapeutic effect. Although
the duration of the analgesic effect of ketamine is mostly
brief, long lasting (hours) effect of ketamine has been re-
——NS+EA  —=— Ketamine+EA+NS ported in some patients with neuropathic pi@5]. Burton et
—o—NLX+EA  —o— Ketamine+EA+NLX al. [7] also reported mechanical allodynia was significantly
101 reduced for at least 2 weeks after intrathecal ketamine was
- preemptively administered to animals undergoing surgery to
induce neuropathic pain.

Ketamine is a weak antagonist of NMDA receptor that is
often associated with severe side effects at high J@2¢sAs
mentioned above, EA is effective in the treatment of chronic
pain, but the effect is mostly moderate. In the present study,
we found that low dose of ketamine significantly enhanced
the anti-allodynic effects of EA in nerve-injured rats. This re-
1- sultis similar with our observation that ketamine (5.0 mg/kg)

. . . . . could increase the anti-nociceptive effectinduced by 100 Hz
0 20 40 60 80 EA in normal rats (unpublished data). Such interaction be-
Time (min) tween ketamine and EA is similar to that established be-
tween NMDA receptor antagonists and exogenous opioids.
Fig._3. Naloxone (NLX) blocka_de on the i_nhi_bitory eﬁect; of I_EA orke- por example, Mao et a[17] found that i.p. injection of
tamine plus EA on the mechanical allodynia in neuropathu:_ pain rats. The dextromethorphan (3 mg/kg), an NMDA receptor antagonist
basal mechanical withdrawal thresholds were evaluated prior to either EA X I/ = i N
application or ketamine administration. Rats received i.p. injection of either greatly enhanced anti-nociception and the duration of anti-
naloxone (2.0 mg/kg) or NS 15 min before treatment with EA or ketamine. nociception produced by s.c. injection of 5 mg/kg morphine.
The mechanical withdrawal thresholds were measured again 20, 40, 60,This result provides an option for the clinical strategy of
80 min after treatment with EA or ketamine. The analgesic effect of NLX treating neuropathic pain. However, there were also reports

plus EA decreased significantly compared with NS plus EA grétip € . . . .
0.01), and the analgesic effect of ketamine plus EA plus NLX also decreased that ketamine attenuated the anti-nociceptive effect of EA

significantly when compared with that of ketamine plus EA plus NS group 30,31} We believed this may be due to methodological dif-
(**P < 0.01). ferences. In our work, we observed that ketamine (5 mg/kg)

Mechanical withdrawal
threshold (g)
@

Fig. 2. The effect of combined administration of ketamine at low dose with

to EA and at 20, 40, 60, 80 min after EA. As showrHg. 3,
naloxone significantly blocked the inhibitory effect of EA
on mechanical allodynia at the time point of 20 min when
compared to the NS group & 0.01). Similar effect was ob-

threshold (g)
i
>3
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o
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potentiated the anti-nociceptive effect of 100 Hz EA in nor- Department of Medical Laboratory Sciences and Technol-
mal rats with stimulation of acupoints Sanyinjiao (SP6) and ogy, Huddinge University Hospital, Sweden for his help in
Zusanli (ST36), whereas others have used Changgiang angreparing this manuscript.
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