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Abstract

Central sensitization, caused either by tissue inflammation or peripheral nerve injury, plays an
important role in persistent pain. An animal model of capsaicin-induced pain has well-defined
peripheral and central sensitization components, thus is useful for studying the analgesic effect on
two separate components. The focus of this study is to examine the analgesic effects of
electroacupuncture (EA) on capsaicin-induced secondary hyperalgesia, which represents central
sensitization.

Capsaicin (0.5%, 10 ul) was injected into the plantar side of the left hind paw, and foot withdrawal
thresholds in response to von Frey stimuli (mechanical sensitivity) were determined for both primary
and secondary hyperalgesiainrats. EA (2 Hz, 3 mA) was applied to various pairs of acupoints, GB30-
GB34, BL40-BL60, GV2-GV6, LI13-LI6 and SI3-TES8, for 30 min under isofluraine anesthesia and
then the effect of EA on mechanical sensitivity of paw was determined.

EA applied to the ipsilateral SI3-TES8, but none the other acupoints, significantly reduced capsaicin-
induced secondary hyperalgesia but not primary hyperalgesia. EA analgesic effect was inhibited by
a systemic non-specific opioid receptor (OR) antagonist or an intrathecal u- or 3-OR antagonist. EA
analgesic effect was not affected by an intrathecal k-OR antagonist or systemic adrenergic receptor
antagonist.

This study demonstrates that EA produces a stimulation point specific analgesic effect on capsaicin-
induced secondary hyperalgesia (central sensitization), mediated by activating endogenous spinal
u and 6 opioid receptors.
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1 Introduction

The use of acupuncture as an alternative approach for the management of persistent pain is
receiving increasing recognition in pain clinics because conventional treatments for persistent
pain are often unsuccessful and frequently cause side effects [42,58]. In spite of laboratory
evidence of acupuncture analgesia in persistent pain in animals and the widespread use of
acupuncture at pain clinics, the results from controlled clinical studies are still highly
contradictory [14,50]. On the other hand, animal experiments have shown that
electroacupuncture (EA) is very effective in ankle sprain pain and chronic inflammatory pain
[20,28,63]. Thus, it is important to illuminate the mechanisms of EA analgesia for better
understanding of EA effects on persistent pain and the development of mechanism-based
treatment paradigms for persistent pain.

Peripheral and/or central sensitization play important roles in the initiation and maintenance
of persistent pain, such as inflammatory pain, neuropathic pain, postherpetic neuralgia, referred
pain, and postoperative pain [10]. Peripheral sensitization manifests as hyperalgesia in the
injured region (primary hyperalgesia), and is characterized by the sensitized nociceptors
responding more vigorously to a suprathreshold stimulus, as well as lowered thresholds for
activation. On the other hand, central sensitization is responsible for spreading pain and
hyperalgesia to uninjured tissue (secondary hyperalgesia), and is involved in pain-transmission
neurons in the central nervous system (CNS), often in the dorsal horn of the spinal cord. Since
the degree of contribution of peripheral and central sensitization varies in different pain
conditions, any therapeutic interventions, including acupuncture, should examine the
effectiveness for each component in any given persistent pain.

The capsaicin-induced hyperalgesia is an attractive animal model for studying the mechanisms
of persistent pain. The reason is that pain produced by capsaicin, a pungent agent found in the
chili pepper, has well-defined peripheral and central sensitization components that are
manifested as primary and secondary hyperalgesia, respectively [11]. Primary hyperalgesia,
occurring at the capsaicin-injection site, is explained by peripheral sensitization. The secondary
hyperalgesia, which develops in the surrounding region not directly affected by capsaicin, is
due to central sensitization of the spinal dorsal horn neurons [4,46]. Therefore, this model
provides an excellent opportunity to study the effect of electroacupuncture (EA) on central and
peripheral mechanisms differentially.

The aims of this study are: 1) to see if EA produces an analgesic effect on capsaicin-induced
hyperalgesia; 2) to find out which acupoint is most effective in producing analgesia; 3) to test
if there is a point-specificity of EA; 4) to investigate neurotransmitters involved in EA
analgesia; and 5) to identify the site of action for EA induced analgesia — central vs. peripheral
sensitization.

2 Materials and methods

2.1 Experimental animals

Adult male Sprague-Dawley rats (270-330 g, Harlan Sprague-Dawley Co., Houston, TX) were
used. The rats were housed in groups of three to four in plastic cages with soft bedding under
areversed 12-hour light/dark cycle (dark cycle: 8:00 a.m.—8:00 p.m.). Rats were housed in the
same room at a constant ambient temperature with free access to food and water. All rats were
housed for at least 7 days under these conditions prior to any experimental manipulations. All
procedures involving the use of animals conformed to the guidelines of the International
Association for the Study of Pain [65] and the National Institutes of Health and were approved
by the Institutional Animal Care and Use Committee at the University of Texas Medical
Branch.
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2.2 Capsaicin injection

The procedure for capsaicin injection has been previously described in detail [33]. In brief,
each rat was anesthetized with isoflurane, and a 27-gauge needle attached to a Hamilton syringe
was inserted at a site near the heel (marked X on foot pad in Fig. 1A) and was advanced to the
mid-plantar region (site | in Fig. 1A). Capsaicin (20 pg in 20 pl olive oil) was injected
intradermally into the site I. Pressure was applied to the needle insertion site (site X) for 1
minute after removal of the needle to prevent leakage of the solution. Anesthesia was
discontinued, and rats were returned to their cages when fully recovered from anesthesia. It
usually took about 5 minutes for the rats to wake up and move around freely after anesthesia.

2.3 Behavioral testing for assessment of mechanical thresholds

All behavioral testing, except experiment 1 (exploring effective acupuncture points), was
performed in a blinded fashion so that the investigator conducting the tests was not aware of
the nature of manipulations done to the animals.

The 50% foot withdrawal thresholds, in response to mechanical stimuli applied to the capsaicin-
injected hind paw, were measured and used as an indicator for the nociceptive thresholds (and
the level of pain). Mechanical thresholds were assessed before and up to 6 hours after capsaicin
injection. For each test, the animal was placed in a plastic chamber (8.0 x 8.5 x 20 cm) on top
of a mesh screen platform and habituated for at least 10 minutes. Thresholds were determined
by the up-down method [6,13], using a set of von Frey monofilaments (von Frey numbers:
3.65,3.87,4.10,4.31,4.52,4.74, 4.92 and 5.16; equivalent to 0.45, 0.74, 1.26, 2.04, 3.31, 5.50,
8.32 and 14.45 g, respectively). The primary and secondary hyperalgesia were measured by
applying stimuli to the capsaicin injection site (site P) and the adjacent surrounding region (the
base or the proximal part of the third and fourth digits, site S), respectively (Fig. 1A). A von
Frey filament was applied perpendicular to the designated site with a sufficient force to bend
the filament slightly for 2—3 seconds. An abrupt withdrawal of the foot during stimulation or
immediately after stimulus removal was considered a positive response. The first stimulus was
always applied with the 4.31 filament. If there was a positive response, the next lower filament
was used, and if not, the next higher filament was applied. This testing pattern was continued
until 6 responses were recorded from the first change of response (either higher or lower than
the first stimulus, depending on whether the first response was negative or positive). The
responses were then converted into a 50% threshold value using the formula: 50% threshold
= 10X *+kd);104, where X is the value of the final von Frey hair used in logarithmic units, k is
the tabular value for positive/negative responses, and d is the mean difference between stimuli
in logarithmic units (0.22) [13]. When positive or negative responses were still observed at the
end of a stimulus session, respective values of 3.54 or 5.27 were assigned by assuming a value
of + 0.5 for k in these cases. The behavioral data were plotted using a linear scale in von Frey
values.

2.4 Electroacupuncture (EA)

With the rats under gas anesthesia (isoflurane 1.25% in air), EA was applied by stimulating
two points with electrical current through two stainless steel acupuncture needles (one needle
at each acupoint). The needles (size: 0.10 mm in diameter and 7 mm in length of needle shaft)
were inserted into acupuncture points at a depth of 5 mm and electrical stimulation was applied
using a Grass S88 stimulator equipped with an SIU5 isolation unit (Grass Medical Instruments,
Quincy, MA, USA). Trains of four pulses (1 ms long square wave pulses, 100 Hz of intra-train
frequency) repeated at a rate of 2 Hz were delivered at an intensity of 3 mA. This stimulus
paradigm was successfully used to produce acupuncture analgesia in a rat ankle-sprain pain
model [28,29]. The current delivered was monitored at all times and the polarity was reversed
every 60 s to prevent polarization of the electrodes. The total duration of EA stimulation was
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30 min. Immediately after the termination of EA, anesthesia was discontinued and the rats were
returned to their cages. Rats resumed their normal activity within 5-10 min.

For the search for effective acupoints that induce analgesia on capsaicin-induced hyperalgesia
(experiment 1), we tested several commonly used acupuncture points based on literature [24,
25,47]. Acupuncture to certain acupoints, such as BL40 (Wei-Chung) [39], BL60 (K'un-Lun)
[37], GB30 (Huan-T'iao) and/or GB34 (Yang-Lin-Chuan) [36,38], GV2 (Yao-Shu) and GV6
(Chi-Chung) [8], SI3 (Hou-Hsi) [21] and TE8 (San-Yang-Lo) [22,30,43], has been reported to
be effective to either alleviate pain or induce analgesia in animal models of neuropathic or
inflammatory pain. Based on these previous studies, the following combinations of acupoints
were selected for our investigation of the analgesic effects of EA on capsaicin-induced
hyperalgesia in rats. The acupoints tested in this study include the combinations of GB30-
GB34, BL40-BL60, GV2-GV6, LI3-L16 and SI3-TE8. EA was applied to a pair of points
located on the ipsilateral side to the capsaicin-injected paw (Fig. 1B). When an effective pair
of acupoints was found, the effect of EA on each acupoint was also tested, using an EA needle
constructed with a pair of acupuncture needles (2 mm apart). This study adopted the
transpositional method, which locates animal acupoints on the surface of their skin
corresponding to the human anatomic sites of acupoints [61].

2.5 Drug treatments

To explore possible mechanisms of EA-induced antihyperalgesia, we tested the possible
involvement of endogenous opioid and adrenergic analgesic systems by using pharmacological
receptor blockers, since these two are known to be involved in acupuncture analgesia [17,28,
63]. As a systemic treatment, intraperitoneal injection was made for the following drugs:
naltrexone hydrochloride (a nonspecific opioid receptor antagonist; 10 mg/ml in saline; 10 mg/
kg) [29] and phentolamine hydrochloride (a nonspecific adrenergic receptor antagonist; 5 mg/
ml in saline; 5 mg/kg) [3]. As a local spinal cord treatment, intrathecal injection was made for
the following drugs: naltrexone hydrochloride (10 pg in 30 pl saline) [28]; D-Phe-Cys-Tyr-D-
Trp-Arg-Pen-Thr-NH2 (CTAP; p-opioid receptor antagonist, 3 ug in 30 ul saline) [7]; nor-
binaltorphimine dihydrochloride (nBNI; kappa opioid receptor antagonist, 7.3 pg in 30 pl
saline) [16]; and naltrindole hydrochloride (NTI, 6 opioid receptor antagonist, 9 pg in 30 pl
saline) [62]. All of the above agents used in this study were obtained from Sigma (St. Louis,
MO, USA).

For intrathecal injection, we used a modified lumbar puncture technique [33]. Briefly, the spinal
process of the sixth lumbar (L6) was palpated with the index finger, and a 27-gauge hypodermic
needle (32 mm) connected to a 100-ul Hamilton syringe was inserted from the caudal end, 2-3
mm lateral to the L6 spinous process at a 45° angle to the vertebral column and was pushed
slowly toward the cranioventral direction. When a sudden lateral tail movement was observed,
a compound or saline was injected slowly for 30 seconds and the syringe was held in place for
over 10 seconds to prevent outflow of the drug. The i.t. injection of 30 pl of a drug by the
modified lumbar puncture technique [33] shows the average spread of a drug up to T10-T11
levels and the success rate of the lumbar puncture is >95% in our hand.

2.6 Data analysis

Behavioral data are presented as mean + SEM (standard error of the mean). The data were
analyzed by one- or two-way repeated-measurement analysis of variance (ANOVA), followed
by post hoc testing using the Holm-Sidak method. P values <0.05 were considered statistically
significant.
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The average 50% foot withdrawal threshold of the rat hind paw to von Frey stimuli was the
von Frey value of 5.27, equivalent to a bending force of 18.7g, before capsaicin injection. One
hour after capsaicin injection, mechanical thresholds were markedly decreased to the von Frey
values of 4.25 £ 0.01 (1.79 £ 0.03 g, n=36) at the injection site (primary hyperalgesia; P area
in Fig. 1A) and 4.30 + 0.01 (1.96 + 0.03 g, n=36) at the base or the proximal part of the third
and fourth digits (secondary hyperalgesia; S area in Fig. 1A). The mechanical thresholds
remained at significantly reduced levels for up to 4-5 hr following injection, as shown in Fig.
2 and 3.

3.1 Experiment 1 - Are there any acupoints that can produce antihyperalgesic effects on
capsaicin-induced secondary hyperalgesia?

As an initial step, the effective analgesic EA points on capsaicin-induced hyperalgesia were
identified by applying EA at various points and then measuring the secondary hyperalgesia. A
total of 5 pairs of acupoints (GB30-GB34, BL40-BL60, GVV2-GV6, LI3-L16 and SI3-TES8)
were tested. Testing of each pair of acupoints was done on 12 rats, randomly divided into 2
groups of control (n=6) and acupuncture (h=6). On the day of the experiment, rats were placed
in the behavioral testing chamber and baseline foot withdrawal thresholds to mechanical stimuli
were measured. After measuring baseline thresholds, each rat received a capsaicin injection.
One hour after capsaicin injection, mechanical thresholds were measured again and then EA
was applied (begun 1.5 hr after capsaicin injection) for 30 min at a chosen pair of points
ipsilateral to the capsaicin-injected paw. Behavioral tests were performed at 0.5, 1.0, 1.5 and
2 hr after the termination of acupuncture (up to 4 hr after capsaicin). Control rats received
anesthesia only without EA stimulation.

EA at BL40-BL60 significantly increased mechanical thresholds only at the time point of 2 hr
after termination of EA compared to the control. EA application to GB30-GB34 and GV2-
GV6 failed to show any significant changes in mechanical thresholds compared to the non-EA
groups (data not shown). On the other hand, EA at SI3-TE8 points greatly reduced the
capsaicin-induced secondary hyperalgesia to von Frey value of 4.9 £ 0.10 (8.00 + 0.18 g, n=6)
at 30 min after termination of EA. This von Frey value is significantly different when compared
to the pre-EA values of 4.28 + 0.12 (1.92 £ 0.61 g, P<0.01) or non-treated control of 4.26 £
0.15(1.83£0.65 g, P<0.01). These effects lasted longer than 2 hr (Fig. 2A). To examine which
one of those 2 points is critical for analgesic effects, EA was applied to a single point, either
SI3 or TES, and the results are shown in Fig. 2B. The magnitude of antihyperalgesic effect of
EA at SI3 (n=6) is similar to that at TE8 (n=6) but little less than EA to both of the points.

We also tested EA at a pair of LI3 and L6 on the forelimb. As shown in Fig. 2C, EA at LI3-
L16 did not produce any analgesia at all. Accordingly, we chose pairs of SI3-TE8 and L13-L16
for EA and EA-control groups, respectively, in the following experiment.

3.2 Experiment 2 - Electroacupuncture at ipsilateral SI3-TE8 induces antihyperalgesic effects
on capsaicin-induced secondary hyperalgesia

To further evaluate the effects of EA at SI3-TE8 on capsaicin-induced hyperalgesia, we
extended the time for behavior testing of secondary hyperalgesia until EA-induced
antihyperalgesic effects dissolve. In addition, the primary hyperalgesia was also measured to
explore EA effects on peripheral sensitization. Figure 3 shows the effects of EA at ipsilateral
SI3-TE8 on capsaicin-induced primary and secondary hyperalgesia. EA at ipsilateral LI13-L16
was used as a control group. EA at ipsilateral SI3-TE8 markedly increased the withdrawal
thresholds on the secondary hyperalgesia site up to 2 hr after EA compared to the control group
(Fig. 3B, P<0.05), thus confirming the previous results shown in Fig. 2A. On the other hand,
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there was no significant change on primary hyperalgesia (Fig. 3A). EA applied to ipsilateral
L13-L16 did not change either the primary or the secondary hyperalgesia induced by capsaicin
(Fig. 3A & 3B).

We also examined the effect of EA applied to the contralateral SI3-TES8 or LI3-LI6 points on
capsaicin-induced hyperalgesia. In contrast to the antihyperalgeic effect of EA on ipsilateral
SI3-TES8, EA at contralateral SI3-TE8 (n=6) did not produce any effect on capsaicin-induced
hyperalgesia (Fig. 3C & 3D). EA at contralateral L13-L16 (n=6) had no effect on capsaicin-
induced hyperalgesia (Fig. 3C & 3D).

3.3 Experiment 3 - The endogenous opioid system mediates EA-induced antihyperalgesia

To explore the possible involvement of endogenous adrenergic or opioid system in EA-induced
antihyperalgesia, we examined the effect of systemically injected phentolamine (PTL, a non-
specific adrenergic receptor antagonist; 5 mg/kg in 5 mg/ml saline) or naltrexone hydrochloride
(NTX, anon-specific opioid receptor antagonist; 10 mg/kg in 10 mg/ml saline) on EA-induced
antihyperalgesia.

When phentolamine (PTL, 5 mg/kg, i.p., n=5) was administered at 10 min after the beginning
of EA to the ipsilateral SI3-TES8 in capsaicin treated rats, there was no significant change in
mechanical thresholds as compared to the saline injected control group (n=6) in either primary
(Fig. 4A) or secondary (Fig. 4B) hyperalgesia. Thus, the results showed that systemic
phentolamine failed to block the development of EA-induced antihyperalgesic effect on the
secondary hyperalgesia. In addition, when phentolamine was injected during the maintenance
period of EA-induced antihyperalgesia (n=8), it did not change EA-induced antihyperalgesic
effects as compared to the saline (n=5) control group in either primary (Fig. 4C) or secondary
(Fig. 4D) hyperalgesia.

On the other hand, when naltrexone (NTX; a non-specific opioid receptor antagonist) was
administered systemically (10 mg/kg, i.p., n=6) 10 min after the initiation of EA, EA-induced
antihyperalgesic effect on the secondary hyperalgesia was completely blocked (Fig. 5B). When
naltrexone was administered after EA-induced antihyperalgesia was completely developed (0.5
hr after the termination of EA), it showed a slightly delayed inhibition of the EA-induced
antihyperalgesic effect (n=6, Fig. 5D). Naltrexone did not show any change in capsaicin-
induced primary hyperalgesia (Fig. 5A & 5C). These data suggest that the endogenous opioid
system is involved in mediating EA-induced antihyperalgesic effects on capsaicin-induced
secondary hyperalgesia.

3.4 Experiment 4 - The spinal opioid system is critical for EA-induced antihyperalgesia

Since it was determined that the endogenous opioid system is involved in the EA-induced
antihyperalgesic effect, the possible involvement of the spinal opioid system was tested by
injecting naltrexone intrathecally. In capsaicin-treated rats, EA was applied at ipsilateral SI3-
TE8 (n=15) and then NTX (10 pug in 30 pl saline, n=8) was injected intrathecally 10 min before
the termination of EA. The remaining 7 rats received saline intrathecally instead of NTX.
Mechanical thresholds were measured for up to 4 hr after termination of EA. EA at SI3-TE8
did not affect primary hyperalgesia in either the NTX or saline groups (Fig. 6A). Intrathecal
NTX almost completely inhibited EA-induced antihyperalgesic effects on secondary
hyperalgesia (Fig. 6B). The data suggest that antihyperalgesic effects of EA on capsaicin-
induced secondary hyperalgesia are mediated mainly by the endogenous spinal opioid system.
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3.5 Experiment 5 - g- and &-opioid receptors are involved to mediate EA-induced
antihyperalgesia

To explore which subtypes of opioid receptors are involved in mediating EA-induced
antihyperalgesic effects in the spinal cord, we examined the effects of intrathecally injected
specific u-, 5- and k-opioid receptor antagonists on EA-induced antihyperalgesia. The drugs
used include a p-opioid receptor antagonist, D-Phe-Cys-Tyr-D-Trp-Arg-Pen-Thr-NH2
(CTAP; 3 ug), ax-opioid receptor antagonist, nor-binaltorphimine dihydrochloride (nBNI; 7.3
ug) and a 6-opioid receptor antagonist, naltrindole hydrochloride (NTI; 9 ug). The test set for
each drug consisted of 12 rats randomly divided into 2 groups of drug treatment (n=6) and
saline control (n=6). Each drug was dissolved in saline and administered in a volume of 30
ul and injected intrathecally 10 min before termination of EA at SI3-TES8 in capsaicin-injected
rats. The same volume of saline was injected in control groups. The results are shown in Fig.
7. The intrathecal injection of CTAP almost completely blocked the development of
antihyperalgesic effect by EA on secondary hyperalgesia (Fig. 7B). The x opioid receptor
antagonist, nBNI, did not influence the EA-induced antihyperalgesic effects (Fig. 7D) but a
d opioid receptor antagonist, NTI, reduced EA-induced antihyperalgesic effects moderately
for about one hour as compared to the saline control group (P<0.01, Fig. 7F). EA at SI3-TE8
did not change primary hyperalgesia in either compounds or saline groups (Fig. 7A, 7C, and
7E). These data suggest that EA analgesia on capsaicin-induced secondary hyperalgesia is
mediated by spinal p- and §-opioid receptors, but not by k-opioid receptors.

4 Discussion

The present study explored the effects of EA on capsaicin-induced hyperalgesia in rats. EA
applied to ipsilateral SI3-TE8 suppressed capsaicin-induced secondary hyperalgesia, but not
primary hyperalgesia. Single-point stimulation at either SI3 or TE8 also produced similar
effects with a lesser magnitude, thus suggesting that both sites have synergistic and overlapping
effect. This antihyperalgesic effect by EA was inhibited by a spinal injection of non-specific-,
u- or 3-opioid receptor antagonist but not by an antagonist for adrenergic receptor or k-opioid
receptor. The data suggest that the antihyperalgesic effects of EA at ipsilateral SI3-TES8 are
mediated by spinal p- and 3-opioid receptors, but not by adrenergic receptors or k-opioid
receptors. Since the majority of acupuncture studies used animal models in which both
peripheral and central pain components are combined, it has been argued whether EA functions
mainly via a central or peripheral mechanism or both. This study demonstrates that EA
produces antihyperalgesic effects mainly via a central mechanism, because this study utilized
the rat capsaicin pain model in which central and peripheral pain components were tested
separately.

4.1 EA at SI3-TE8 produces analgesia on capsaicin-induced secondary hyperalgesia

Intradermal capsaicin injection produces primary and secondary hyperalgesia, due to
peripheral and central sensitization, respectively [52]. Therefore, capsaicin-induced
hyperalgesia is a good model to study the effect of electroacupuncture (EA) on central and
peripheral sensitization independently. Among 5 different combinations of acupoints (GB30-
GB34, BL40-BL60, GV2-GV6, LI3-L16 and SI3-TES) tested, only EA at SI3-TE8 on the
ipsilateral to the capsaicin injection side alleviates capsaicin-induced secondary hyperalgesia.
EA at the single point of SI3 or TE8 also significantly suppresses secondary hyperalgesia. The
acupoint SI3 has been used empirically for the treatment of pain in the neck, chest, and lumbar
region, as well as headache and fever [24,25,31]. The acupoint TE8 has also been used clinically
for treatment of pain in the scapula and forelimb and headache [24,25]. The present studies
provided evidence that EA at SI3 and TE8 (these acupoints have been used empirically for
pain management) has analgesic effects on capsaicin-induced secondary hyperalgesia
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4.2 Point-and disease-specificity of SI3-TE8

EA-induced analgesic effects in capsaicin-induced hyperalgesia is produced only by
stimulation at SI3 and/or TES8 of the forelimb, but not at nearby points (L13-L16) or several
other points (GB30-GB34, BL40-BL60 and GV2-GV6), thus indicating point-specificity of
EA effects. Acupuncture is believed to have ‘point- and disease-specificity’ meaning that
specific acupoints have specific functions and may treat certain types of diseases. However,
there has been a certain degree of skepticism about ‘point- and disease-specificity.” Our
previous studies showed that ankle sprain pain was relieved by EA at SI6, but not at nearby
L14 [29], thus suggesting the ‘point-specificity’ of acupuncture. Kim and his colleagues [26]
also showed that acupuncture at HT7, but not at nearby point TES, suppresses dopamine release
in the nucleus accumbens and behavioral hyperactivity in the morphine addiction model. In
contrast, Cho and his colleagues [9] reported that there was no statistical difference between
acupoint and nonacupoint acupuncture in a functional MRI study using an experimental human
pain model, thus suggesting no point specificity. Therefore, the point specificity of acupuncture
is still a controversial issue and is a subject of further study.

It is worth note that our results showed that EA only at the ipsilateral SI3-TES8, but not the
same sites on the contralateral side, has a significant analgesic effect on the capsaicin-induced
secondary hyperalgesia. Previous studies have shown that unilateral acupuncture can produce
effects on the ipsilateral, contralateral or bilateral loci, depending on their pathological
conditions [34,37,38,41,56,64]. The ipsilateral efficacy of EA in our study suggests that the
EA effect is conveyed through the ipsilateral descending inhibitory system. This is reasonable
since it is well known that many descending inhibitory systems from the amygdala,
periaqueductal gray (PAG) and rostroventral medulla (RVM) influence nociceptive signals
entering primarily the ipsilateral spinal cord [35,40,53,54] and are affected by ipsilateral
acupuncture [2,44,45].

4.3 Suppression of central sensitization by EA

The present data show that EA at SI3-TES8 has analgesic effects on secondary hyperalgesia,
but not primary, in the rat intradermal capsaicin model, suggesting the inhibition of central
sensitization. Although acupuncture has been used clinically for alleviation of various types
of pain [1,50,58], there is not enough scientific validation for the use of acupuncture in
persistent pain. Our study provides evidence that acupuncture inhibits central sensitization, the
critical mechanism of persistent pain.

The processing of pain information occurs at central (spinal and supraspinal) and peripheral
sites, and thus modification (attenuation or exacerbation) of pain levels can be achieved through
interventions at multiple sites [12]. Although the exact locations where EA modifies pain are
not clearly identified, acupuncture is shown to activate the ascending sensory pathways such
as spinal dorsal horn and thalamus [32,48,60], or the descending pain inhibitory mechanisms,
such as opioid, adrenergic and serotonergic pathways [17,28,36,51]. The above evidence
suggests the central mechanism of EA analgesia. On the other hand, NMDA receptor
expression in primary sensory neurons is inhibited by EA [56], suggesting the peripheral effect
of EA analgesia. The present data show that EA reduces secondary hyperalgesia, but not
primary hyperalgesia, through activation of the central opioid system, thus confirming EA
modulation of pain through a central, but not peripheral, mechanism.

4.4 Mediation of spinal p- and &-opioid receptors, but not k-receptors in EA-induced
antihyperalgesia

There are three distinct opioid receptor (OR) types in the central nervous system; p,  and «
receptors [5]. Since the EA-induced antihyperalgesia was inhibited by intrathecal injection of
a u-OR antagonist, or a 5-OR antagonist, but not by a k-OR antagonist, these data suggest that
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EA analgesia is mediated by the p- and 8 ORs in the spinal cord. Consistent with our study,
previous studies have reported that EA is mediated by the pand 8, but not x, ORs in hyperalgesia
induced by complete Freund's adjuvant (CFA) inflammation [63].

EA induces release of various endogenous opioids, including endomorphins, endorphin,
enkephalin and dynorphin [18,57]. Endomorphins, enkephalin and dynorphin possess a
selective high affinity for p, 8 and k ORs, respectively. Endorphin is known to have a high
affinity for both pand 8 ORs in the spinal cord [59]. The terminals and fibers containing these
opioids are concentrated in the superficial dorsal horn in the spinal cord and exert inhibitory
effects on nociceptive transmission [5]. Previous studies have demonstrated that stimulation
frequencies of EA or transcutaneous electrical nerve stimulation (TENS) determine the types
of opioid peptides released in the central nervous system and thus the types of pain controlled.
It has been shown that low frequency (2 Hz) stimulation releases endomorphins, enkephalin
and/or endorphin and activates u/6-ORs, while high frequency (100 Hz) stimulation releases
dynorphin to act on x-ORs in the spinal cord [17-19,55]. In addition, low frequency stimulation
reduces mainly secondary hyperalgesia but high frequency stimulation reduces primary
hyperalgesia [15,27]. The EA parameters used in the present study likely activated the
descending pain inhibitory system that releases opioid peptides in the spinal cord [23,48,49].

4.5 Conclusion

This study demonstrates that EA at ipsilateral SI3-TE8 suppresses capsaicin-induced
secondary hyperalgesia (central sensitization) in a point-specific manner. This EA analgesia
is mediated, at least in part, by spinal p and & opioid receptors. An important finding of this
study is that EA selectively inhibits centrally mediated pain via suppressing central
sensitization.
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Fig. 1.

Schematic representation of the experimental design. (A) Drawing showing the sites of
capsaicin injection and behavioral testing in the hind paw. For capsaicin injection, a 27 gauge
hypodermic needle was inserted intradermally at the heel of the foot (X) and advanced to the
injection site (1), and capsaicin (20 pg in 20 pl olive oil) was injected. Primary and secondary
hyperalgesia were measured at the areas marked ‘P’ and *S’, respectively. (B) Anatomical
locations of 5 pairs of acupoints used in this study. EA was applied ipsilaterally to the capsacin-
injected paw at the following pairs of points; GB30-GB34, BL40-BL60, GV2-GV6, LI13-L16
and SI3-TES.
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Fig. 2.

The effect of EA applied to different sites on capsaicin-induced secondary hyperalgesia
(behavioral tests done by using the site “S” in Fig. 1A). (A) The effects of EA at SI3-TE8 on
capsaicin-induced hyperalgesia. Immediately after measurement of the baseline mechanical
threshold, capsaicin was injected intradermally. The mechanical threshold was measured at 1
hr after capsaicin injection and then EA was applied to the SI13-TES8 pair of points ipsilateral
to the capsaicin-injected paw for 30 min. Behavior tests were performed at 0.5, 1.0, 1.5 and 2
hr after the termination of acupuncture (up to 4 hr after capsaicin). (B) The effect of single
point stimulation at SI3 or TE8 on capsaicin-induced hyperalgesia. (C) The effect of EA at
LI3-L16 pair. Control rats received anesthesia only without EA in all experiments. Data are
expressed as means = SEM. Number of animals - A: 6 in SI3-TE8 and 6 in Con groups; B: 6
in TE8, 6in S13,and 5 in Con groups; C: 6 in LI3-L16 and 6 in Con groups. Data were analyzed
by two-way repeated measure Analysis of Variance (ANOVA), followed by the Holm-Sidak
post hoc test. *, a value significantly (p<0.05) different from the corresponding value in the
control group.
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The effects of ipsilateral and contralateral EA at SI13-TE8 on capsaicin-induced primary and

secondary hyperalgesia. A and B are experiments with ipsilateral EA at SI13-TE8 while C and
D are with contralateral EA at the same points. A and C show the threshold measurements for
the primary hyperalgesia, while B and D are for the secondary hyperalgesia. Data are expressed
as means = SEM. Number of animals - A and B: 6 in SI3-TE8 and 6 in L13-L16 groups; C and

D: 6 in Contra SI3-TE8 and 6 in Contra LI3-L16 groups. Data were analyzed by two-way

repeated measure ANOVA, followed by the Holm-Sidak post hoc test. *, a value significantly

(p<0.05) different from the corresponding value in the control group (L13-L16 EA group).

Pain. Author manuscript; available in PMC 2010 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kim et al.

Page 16

541A —@- PTL B @ PTL

5.2 —O~ Saline —O— saline
5.0
4.8
4.6
44

™ _
= 2
< 42 >
- . k]
o 40 Cap I:'F' 1 _8
< \ Y_EA [
®» 3.8 9]
£ £
3 ©
o]

8 54 c —@- PTL 2
§ 5.2 —O— Saline _‘(:“j
5 5.0 103
248 =

4.6
4.4
4.2
4.0
3.8

0 1 2 3 4 5 6 0 1 2 3 4 5 6

Post-capsaicin time (hour)

Fig. 4.

Effect of systemic phentolamine (PTL, a non-specific adrenergic receptor antagonist) on
capsaicin-induced primary and secondary hyperalgesia. A and B show the effect of
pretreatment of systemic PTL (i.p., 5 mg/kg) on EA-induced antihyperalgesic effect on the
primary (A) and secondary (B) hyperalgesia. Phentolamine (or saline) was injected
intraperitoneally (i.p.) 10 min after beginning of EA. C and D show the effect of systemic PTL
(i.p., 5mg/kg) injected during the maintenance of EA-induced antihyperalgesia on the primary
(C) and secondary (D) hyperalgesia. Phentolamine (or saline) was injected intraperitoneally
(i.p.) immediately after behavior measurement at 0.5 hr post EA. Data are expressed as means
+ SEM. Number of animals - A and B: 5 in PTL and 6 in Saline groups; C and D: 8 in PTL
and 5 in Saline groups. Data were analyzed by two-way repeated measure ANOVA, followed
by the Holm-Sidak post hoc test. *, a value significantly (p<0.05) different from the
corresponding value in the saline control group.
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Fig. 5.

Effect of systemic naltrexone (NTX; a non-specific opioid receptor antagonist) on capsaicin-
induced primary and secondary hyperalgesia. A and B show the effect of pretreatment of
systemic NTX (i.p., 10 mg/kg) on EA-induced antihyperalgesic effect on the primary (A) and
secondary (B) hyperalgesia. Naltrexone (or saline) was injected intraperitoneally (i.p.) 10 min
after beginning of EA. C and D show the effect of systemic NTX (i.p., 10 mg/kg) injected
during the maintenance of EA-induced antihyperalgesia on the primary (C) and secondary (D)
hyperalgesia. Naltrexone (or saline) was injected intraperitoneally (i.p.) immediately after
behavior measurement at 0.5 hr post EA. Data are expressed as means £ SEM. Number of
animals- Aand B: 6 in NTX and 7 in Saline groups; C and D: 6 in NTX and 6 in Saline groups.
Data were analyzed by two-way repeated measure ANOVA, followed by the Holm-Sidak post
hoc test. *, a value significantly (p<0.05) different from the corresponding value in the saline
control group.
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Effects of intrathecal naltrexone on capsaicin-induced primary and secondary hyperalgesia. A
and B show the effect of intrathecal NTX (10 ng in 30 pl saline) on EA-induced
antihyperalgesic effect on the primary (A) and secondary (B) hyperalgesia. Naltrexone (or
saline) was injected inthecally (i.t.) 10 min before termination of EA (20 min after start of EA).
Data are expressed as means = SEM. Number of animals - A and B: 8 in NTX and 7 in Saline
groups. Data were analyzed by two-way repeated measure ANOVA, followed by the Holm-
Sidak post hoc test. *, a value significantly (p<0.05) different from the corresponding value in

the saline control group.
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Fig. 7.

Effects of intrathecal injection of subtypes of opioid antagonists on capsaicin-induced primary
and secondary hyperalgesia. A and B show the effect of intrathecal D-Phe-Cys-Tyr-DTrp-Arg-
Pen-Thr-NH2 (CTAP; p-opioid receptor antagonist, 3 ug), C and D show the effect of nor-
binaltorphimine dihydrochloride (nBNI; k-opioid receptor antagonist, 7.3 pg), and E and F
show the effect of intrathecal naltrindole hydrochloride (NTI; 6-opioid receptor antagonist, 9
ng). A, C, and E are for the primary hyperalgesia while B, D, and E are for the secondary
hyperalgesia. All intrathecal injections were made at 10 min before termination of EA (20 min
after start of EA). Data are expressed as means £ SEM. Number of animals - A and B: 6 in
CTAP and 6 in Saline groups; C and D: 6 in nBNI and 6 in Saline groups; E and F: 6 in NTI
and 6 in Saline groups. Data were analyzed by two-way repeated measure ANOVA, followed
by the Holm-Sidak post hoc test. *, a value significantly (p<0.05) different from the
corresponding value in the saline control group.
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