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Abstract

Opioid peptides have been proven effective in reducing the sign of hyperalgesia associated with inflammation. Electroacupuncture (EA)
produces antinociception via release of endogenous opioid peptides in normal rats. Moreover, intrathecal injection of dynorphin has antinoci-
ceptive effect in rats. The present study was designed to examine whether EA has effect on the thermal and mechanical hyperalgesia in
rat model of complete Freund’s adjuvant (CFA)-induced inflammatory pain. The results are the following: (1) single session of 100 Hz EA
(0.5-1.0-1.5mA, 10 min for each intensity) at both Zusanli (ST 36) and Sanyinjiao acupoints (SP 6) significantly increased mechanical
withdrawal threshold determined by von Frey filaments but not with thermal withdrawal latency that is determined by hot pl&@ (&3;

(2) 100 Hz EA applied twice a week for 4 weeks and showed a significant decrease in the mechanical hyperalgesia at the third and fourth
week, with no effect on thermal hyperalgesia; (3) naloxone (20 m¢)Kuad the ability to reverse the inhibition of the mechanical hyperal-

gesia produced by a single session of EA. In conclusion, the present results indicate that a single or repetitive EA could reduce mechanical
hyperalgesia, but not thermal hyperalgesia, in CFA-inflammatory pain rats, and the opioid system might be involved in these effects.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction of morphine will produce tolerance and dependency. These
side effects limit their application in the treatment of chronic
Inflammatory pain is one of the most common types of inflammatory pain.
pathological pain in clinical practice. Patients mainly suf- It has been reported that endogenous opioid systems has
fer from the ongoing pain (spontaneous pain), evoked pain changed during inflammatory pain. For example, CFA that
and hyperalgesia. Injection of complete Freund’s adjuvant were induced into poly-arthritic rats displays a pronounced
(CFA) into a rat’s hind-paw provides a very good model in increase in the levels and synthesis of dynorphin B in the
order to[2,24] study the mechanism of chronic inflamma- Ilumbar spinal cord, which might play a role in the mod-
tory pain and to screen for anti-inflammatory hyperalgesic ulation of nociception under chronic pajg2]. CFA in-
drugs. NMDA receptor antagonist such as ketani@jeopi- duced an up-regulation and increased membrane targeting of
oids[1] and non-selective COX inhibitof21] are effective d-opioid receptors in dorsal spinal coffg]. Taken together,
for the treatment of chronic inflammatory pain. However, af- these results may account for the efficacy of opioids on the
ter long-term application of these agents will produce some CFA-induced inflammatory pain.
side effects. For instance, ketamine is a psychomimetic and Acupuncture has been used in China and Asian coun-
can induce motor dysfunctions. Also, chronic administration tries for more than 2000 years. Our previous studies have
demonstrated that 2 Hz EA mainly releagesndorphin, en-
~ Corresponding author. Telt 86-10-8280-1151; domorphin, and met-enkephalin, which take effects through
fax: 4+86-10-8280-1111. activation of p- and 8-opioid receptors; however, 100 Hz
E-mail addressywan@bjmu.edu.cn (Y. Wan). EA mainly releases dynorphin, which plays a role through
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k-opioid receptor§l1]. Since 15Hz is between2and 100Hz 2.4. Hot plate test

logarithmically, so 15Hz EA can release both endorphins

and dynorphins in the central nervous sysiéimi3]. Elec- The hot plate test was carried out to evaluate the thermal
troacupuncture (EA, a modern version of traditional man- hyperalgesia latency. Rats were placed onto th& 62°C

ual acupuncture) has shown to induce analgesia via ac-hot plate. The latency period was recorded in either response
celerating the release of endogenous opioid peptides ando the thermal hyperalgesia by lifting hind-paw licking or
their subsequent interaction with opioid receptors in normal commences jumping. In order to avoid tissue injury, the
rats and humangl3]. Thus, the aim of the present study cut-off limit was set at 60s. Each hind-paw was measured
is to investigate whether single or repetitive administration for three times and the average value from the three mea-
of EA could reduce thermal and mechanical hyperalgesia surements were taken as the thermal hyperalgesia latency.
in a rat model with the use of CFA-induced inflammatory

pain along with the possible mechanism concerning opioid 2.5. von Frey filaments test

involvement. ] ) )
To determine mechanical withdrawal thresholds, each rat

was placed in an individual plexiglass housing (18 &m
2 Materials and methods 8cmx 8cm) with wire mesh floor, and allowed to explqre
and groom until they settled down. A set of von Frey fila-
ments (Stoeling Company, USA) with bending forces rang-
ing from 1.2 to 289 were applied in ascending order to
the plantar surface of the inflammatory hind-paw. Hind-paw
withdrawal was considered as positive response. When there
was a lack in response, the filament with the next greater
bending force was applied. The bending force of the von
Frey filaments triggering the withdrawal of the hind-paw
was recorded. Each hind-paw was measured for three times
and the average values from the three measurements were
recorded of the mechanical paw withdrawal thresH6]d

2.1. Animals and chemicals

Female Sprague—Dawley rats weighing 200-250g were
provided by the Department of Animal Sciences of our uni-
versity. They were housed 4-5 per cage with food pellets
and water ad libitum according to University Animal Care
and Use Committee Guidelines adopted from NIH, USA. In
all experiments, all measures were taken to minimize pain
and/or discomfort. CFA and naloxone hydrochloride were
products of Sigma Chemicals Company (USA). Naloxone
was dissolved in normal saline (NS). Naloxone (20 mgg
or NS were injected intraperitoneally (i.p.) 20 min prior to
EA. All injections were in a volume of 1 mlkg.

2.6. Statistical analysis

The experimental data were expressed as meai.M.,
and analyzed with non-parametric one-way or two-way anal-
yses of variance (ANOVA) where appropriate, and followed
by Dunn’s post hoc test when needétl< 0.05 was used
as significance level.

2.2. Establishment of CFA model

Rats were anesthetized with 10% chlorohydrate (0.3 ml
per 100g body weight). One hundred microliter of CFA
was injected into the plantar surface of the left hind-paw
using a syringe with a 28-gauge needle. Rats were kept at3. Results
room temperature (22 1°C) to recover after CFA injection
and were used to perform further experiments 48 h after 3.1. Effect of single session EA on CFA-induced
injection. mechanical and thermal hyperalgesia

2.3. Electroacupuncture stimulation After 48 h of CFA injection, 24 rats were randomly di-
vided into three groups including control (no needle inser-
Each rat was kept in a specially designed holder, with tion, restrained in holder only), needling (needle insertion
their hind legs and tails exposed. Two stainless-steel nee-without electrical stimulation) and EA (needling insertion
dles with 0.4 mm in diameter, 4 mm in length were inserted plus electrical stimulation). The mechanical hyperalgesia
into each leg, one at the Zusanli acupoint (ST 36), 5 mm lat- thresholds and thermal withdrawal latencies were measured
eral to the anterior tubercle of the tibia, which was marked before EA administration (“pre-EA”). Fifteen minutes af-
by a notch and the other at the Sanyinjiao acupoint (SP 6),ter EA treatment (“post-EA”), EA significantly increased
3 mm proximal to the medial melleolus, at the posterior bor- mechanical withdrawal thresholds of left hind-paw (CFA in-
der of the tibia. EA frequency was 100 Hz with pulse width jection side) compared with the corresponding pre-BRA
of 0.2ms. Square waves generated from a Han’s Acupoint0.01). However, in the control and needling groups mechan-
Nerve Stimulator (HANS, LH series, manufactured in our ical withdrawal thresholds of post-EA did not show any
institute) were applied to both legs simultaneously. The in- obvious change compared to that of pre-ERig( 1A).
tensity of stimulation was increased in a stepwise manner atNevertheless, EA had no significant effect on thermal with-
0.5-1.0-1.5mA, each lasting for 10 min. drawal latency of the left hind-pavFig. 1B).
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Fig. 1. The effect of single session EA on mechanical hyperalgesia and Fig. 2. The effect of repetitive EA on mechanical hyperalgesia and thermal
thermal hyperalgesia in CFA-induced inflammatory pain rats. (A) The hyperalgesia in inflammatory pain rats at Days 7, 14, 21 and 28 after CFA
mechanical thresholds before EA administration (pre-EA) (open column) injection. (A) The mechanical thresholds.P < 0.01 compared with the
and 15min after EA treatment (post-EA) (striped columif). < 0.05 corresponding control group (open column) at the same day of treatment.
compared with corresponding pre-EA. (B) The thermal thresholds before (B) The thermal hyperalgesia. No significant effect was observed between
EA administration (open column) and 15min after treatment (striped EA group and the corresponding control group at the same day.
column). No significance was observed between pre- and post-EA.
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Animals were randomly divided into three groups as 28
above mentioned. EA was given twice a week for 4 weeks. % s 5
Briefly, EA was applied at Days 3 and 6 of each week, s
respectively, and the thermal and mechanical hyperalge-
sia thresholds were measured at Days 7, 14, 21 and 28. 0
The mechanical withdrawal thresholds of left hind-paw in- Time (min)
creased significantly at Days 21 and 28 after EA treatment
as compared with the control group & 0.01). No differ- Fig. 3. Naloxone blockade of the inhibitory effect of single session EA

. . n CFA-induced mechanical hyperalgesia. The basal thresholds (g) of
ence in mechanical thresholds W_as observed at _Days 7 an(?ats were evaluated prior to EA administration (pre-EA). Rats received
14 after EA. However, thermal withdrawal latencies of left i.p. injection of either naloxone (20mgkd) or NS 20 min before EA,

hind-paw were unchanged within 28 days of treatment in the mechanical withdrawal thresholds were measured 15, 30, 45, 60 min
all three groupsKig. 2). after EA.* P < 0.05 compared with NS plus EA group or needling control
group at the corresponding points.

3.3. Naloxone blockade on the inhibitory effect of single
session EA on mechanical hyperalgesia cant difference was observed at other time periédg. 3.
This reversible effect of naloxone on the suppression of EA
Rats received i.p. injection of either naloxone (20mgXg  was diminished 60 min after the termination of EA.
or NS 20 min before EA application. The mechanical with-
drawal thresholds were measured at 15, 30, 45, 60 min after
EA. It was found that i.p. injection of naloxone significantly 4. Discussion
blocked the inhibitory effect of EA on mechanical hyper-
algesia after EA application at the time period of 15min  The present study demonstrated that EA attenuated me-
compared with NS plus EA groupP(< 0.05). No signifi- chanical but not thermal hyperalgesia in CFA-induced
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inflammatory pain, and this effect could be blocked by minished 60 min after i.p. injection. So the mechanisms for
large dose of naloxone. The mechanisms underlying EA a single session or repetitive of EA might be similar.
analgesia are very complicated and many different anal- In the present study, we observed that EA has suppressed
gesic neurotransmitter systems are invol{&8], especially the mechanical but not the thermal hyperalgesia that was
opioid peptides. Exogenously i.t. injection of dynorphin induced by CFA. The exact mechanisms are not clear. The
produced analges{d5] and 100 Hz EA produced analgesia possible explanations might be as the following. (1) As
via accelerating the release of endogenous dynorphin andmentioned above, 100 Hz of EA accelerated the release of
interaction withk-receptor in the spinal corfl3]. The ef- endogenous dynorphin at the spinal cfi8]. This suppres-
fects of opioids in animal models of inflammatory pain have sive effect was not strong enough as that of the exogenously
been investigated in great detail. Exogenous administrationinjected morphine. (2) During CFA-induced inflammation,
of opioid agonists showed antinociceptive activity under in- the peripheral mechanism that is responsible for thermal
flammatory conditions. For example, i.c.v. administration of hyperalgesia might be different from that of the mechanical
-opioid receptor agonists DAMGO or morphirieppioid hyperalgesia. This was supported by the following reports:
receptor agonist deltorphin, at-opioid receptor agonist the mechanical allodynia induced by CFA can be reversed by
dynorphin (1-17) significantly reversed the hyperalgesia as- MK-801, but not by CNQX, suggesting that CFA-induced
sociated with peripheral inflammation in a dose-dependent mechanical hyperalgesia was mediated via peripheral activa-
manner[2,4,9]. The i.t. injection of nor-BNI, ax-opioid tion of NMDA, but not by non-NMDA receptorg 9]. How-
receptor antagonist, produced a dose-dependent increasever, thermal hyperalgesia following carrageenan-induced
in arthritic flexion pain scores, suggesting that spinal inflammation was mediated through activation of peripheral
dynorphin/kappa system have various effects in suppress-NMDA as well as nhon-NMDA receptor|l6]. Histogranin,
ing arthritic pain[20]. In several chronic arthritic studies, a peptide NMDA receptor antagonist, had modest effect on
dynorphin B was elevated significantly in discrete brain ar- mechanical hyperalgesia, but not on thermal hyperalgesia
eas and lumbar region of the spinal cord, and CFA induced in a rat model of CFA-induced inflammatory pdit?]. In
an up-regulation of prodynorphin and preprodynorphin a recent report, it has been suggested that thermal hyper-
MRNA content and dynorphif2,23]. The induction of pre- algesia involved both spinal and supraspinal circuits, while
prodynorphin mRNA was parallel to the development of mechanical allodynia depended on a supraspinal loop. This
behavioral hyperalgesia. This rise possibly reflected an en-difference might reflect that afferent inputs might be asso-
hancement of opioid biosynthesis during chronic arthritic ciated with different fiber types. Another observation in-
pain[22]. dicated that the thermal hyperalgesia was likely dependent
On the other hand, the effect of dynorphin on chronic pain on opioid-sensitive small-diameter primary afferent fibers,
was controversial. Other published literature reported that whereas, mechanical allodynia may be largely independent
dynorphin A administered spinally produced a long-lasting of small-fiber input in neuropathic pa[B,26].
allodynia in neuropathic pain. The sign of allodynia was at-  In conclusion, our present study showed that either a sin-
tenuated by pre-treatment with the NMDA receptor antago- gle session or a repetitive EA administration could attenuate
nist, MK-801 and LY235959, but not the opioid antagonist, a mechanical but not thermal hyperalgesia in a rat model of
naloxon€g18,25] It is hypothesized that dynorphin has both CFA-induced inflammatory pain, and the blockade of nalox-
physiological and pathological roles in acute and chronic one on inhibitory effect of EA on mechanical hyperalgesia
pain stateg17]. suggested that opioid system might be involved in this effect.
It was reported that the required blockade dose of nalox-
one for 100 Hz EA-induced analgesia was at 20 mgkg
[13]. Goldstein et al[10] reported the dose of naloxone Acknowledgements
blockade ork-receptor was 20-fold higher than that pa
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ulated that a single session 100 Hz of EA produced transient
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