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Abstract

Research supports the effectiveness of acupuncture for conditions such as chronic low back and
knee pain. In a five-patient pilot study the modality also improved the symptoms of
chemotherapy-induced neuropathic pain. Using an established rat model of paclitaxel-induced
peripheral neuropathy, we evaluated the effect of electroacupuncture (EA) on paclitaxel-induced
hyperalgesia and allodynia that has not been studied in an animal model. We hypothesize that EA
would relieve the paclitaxel-induced mechanical allodynia and hyperalgesia, which was assessed
30 minutes after EA using von Frey filaments. Beginning on day 13, the response frequency to
von Frey filaments (4-15 g) was significantly increased in paclitaxel-injected rats compared to
those injected with vehicle. EA at 10Hz significantly (p<0.05) decreased response frequency at
4-15 g compared to sham EA; EA at 100Hz only decreased response frequency at 15 g
stimulation. Compared to sham EA plus vehicle, EA at 10Hz plus either a , 8, or « opioid
receptor antagonist did not significantly decrease mechanical response frequency, indicating that
all three antagonists blocked EA inhibition of allodynia and hyperalgesia. Since we previously
demonstrated that p and & but not k opioid receptors affect EA anti-hyperalgesia in an
inflammatory pain model, these data show that EA inhibits pain through different opioid receptors
under varying conditions. Our data indicate that EA at 10Hz inhibits mechanical allodynia/
hyperalgesia more potently than does EA at 100Hz. Thus, EA significantly inhibits paclitaxel-
induced allodynia/hyperalgesia through spinal opioid receptors, and EA may be a useful
complementary treatment for neuropathic pain patients.

© 2010 Elsevier B.V. All rights reserved.

"Corresponding author: Center for Integrative Medicine, 685 W. Baltimore aStreet MSTF, Rm 8-22 Baltimore, MD 21201
Telephone: 410-706-1582 Fax: 410-706-1583 Rzhan001@umaryland.edu .

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Meng et al. Page 2

Keywords
Chemotherapy pain; Acupuncture; Hyperalgesia; Spinal cord; Opioid

1. Introduction

Acupuncture has received increasing public interest since its introduction to the West in the
1970s. In the U.S., approximately one million persons were using the modality annually by
1994 (Paramore, 1997), most commonly for chronic pain. Eight million had used it by 2002
(Barnes P et al., 2004), and three million had used it in the previous 12 months according to
a 2007 National Institutes of Health (NIH) survey (Barnes et al., 2008). Acupuncture
research has made great progress over the past forty years (Zhao, 2008), supporting the
effectiveness of the treatment for conditions such as chronic low back (Manheimer et al.,
2005) and knee pain (Kwon et al., 2006).

Chemotherapy-induced peripheral neuropathy (CIPN) is the most common and serious
adverse effect of effective chemotherapeutic agents. Paclitaxel-induced neurotoxicity has
been reported in 60-70% of all treated patients (Argyriou et al., 2007; Park et al., 2011); it
mainly presents as sensory neuropathy, with numbness, tingling, and burning pain being the
most common complaints (Berger et al., 1997; Chaudhry et al., 1994; Lipton et al., 1989;
Postma et al., 1995; van Gerven et al., 1994). There is no reagent that has robustly been
proven effective against symptoms of CIPN (Argyriou et al., 2010). Peripheral pain is the
most troublesome symptom of neuropathy. In clinic, acupuncture improved the symptoms of
chemotherapy-evoked peripheral neuropathy (Wong and Sagar, 2006). A case report showed
acupuncture relieve pain in patients with chemotherapy-evoked peripheral neuropathy (Bao
etal., 2011). Animal studies have also shown that electroacupuncture (EA) inhibits
hyperalgesia in traumatic nerve injury-induced neuropathic pain animal models (Kim et al.,
2004). However, it is not known whether acupuncture relieves hyperalgesia- and allodynia-
like behaviors in rats with chemotherapy-evoked peripheral neuropathy. We used an
established rat model of paclitaxel-evoked peripheral neuropathy (Flatters and Bennett,
2004; Flatters and Bennett, 2006) to test a hypothesis that EA would relieve the paclitaxel-
induced mechanical hyperalgesia- and allodynia-like behavior.

It is well documented that EA’s analgesic effects on acute pain are mediated by the
endogenous opioids (Han, 2003). Recent chronic pain acupuncture/EA studies, including our
own (Lao et al., 2004), have shown that EA produces anti-hyperalgesia in inflammatory
(Yang et al., 2010; Zhang et al., 2002) and traumatic nerve injury-induced neuropathic pain
animal models (Kim et al., 2004). Further, it has been demonstrated that spinal p and 6, but
not k opioid receptors are involved in EA-produced anti-hyperalgesia in complete Freund’s
adjuvant (CFA)-(Zhang et al., 2004) and capsaicin (Kim et al., 2009)-induced inflammatory
and caudal trunk injury-induced neuropathic pain models (Kim et al., 2004). We
hypothesized that spinal opioid receptors are involved differently in EA action on paclitaxel-
evoked peripheral neuropathy than in inflammatory pain and traumatic nerve injury-induced
neuropathic pain.

2. Results

2.1 EA inhibited paclitaxel-induced hyperalgesia- and allodynia-like behavior

Before paclitaxel injection, mechanical response frequency of the hind paws was the same in
all groups of rats (Fig. 1). After drug injection, the response frequencies to bending force
stimulation of 4-15 g filaments increased significantly at day 13 compared to those of
vehicle-injected rats. Previous studies demonstrate that the mechanical threshold is 15 g in
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naive rats (Chu et al., 2011; Gong et al., 2010; Obata et al., 2010). Thus we describe
paclitaxel-induced responses to 15 g of pressure as hyperalgesia-like behavior and
paclitaxel-induced responses to <15 g as allodynia-like behavior.

Our data indicate that the paclitaxel induced mechanical hyperalgesia- and allodynia-like
behavior. At stimulation of 4, 8, and 15 g, 10 Hz EA treatment significantly (p<0.05)
decreased response frequency compared to sham EA while 100 Hz EA treatment only
decreased response frequency at 15 g. This indicates that 10 Hz EA inhibited the mechanical
hyperalgesia- and allodynia-like behavior more potently than did 100 Hz EA.

2.2 Effect of g, 8 and k opioid receptor antagonists on EA-produced anti-allodynia and
anti-hyperalgesia

We then investigated the mechanisms of 10 Hz EA. To determine the effects of opioid
receptor antagonists on 10 Hz EA action, three opioid receptor antagonists, D-Phe-Cys-Tyr-
D-Trp-Orn-Thr-Pen-ThrNH2 (CTOP) for p, naltrindole hydrochloride (NTI) for 8, or nor-
Binaltorphimine dihydrochloride (BNI) for «, were administered i.t. into the spinal cord of
animals before EA treatment.

As shown in Figure 2, EA plus vehicle (i.t.) significantly decreased mechanical response
frequency compared to sham EA plus vehicle, indicating again that 10 Hz EA inhibits
mechanical hyperalgesia- and allodynia-like behavior. EA plus CTOP did not significantly
decrease response frequency compared to sham EA plus vehicle, indicating that this
antagonist blocked EA-produced pain inhibition. Sham EA plus CTOP did not significantly
change mechanical response frequency compared to sham EA plus vehicle, indicating that
the antagonist had little effect on the response (Fig. 2).

Similarly, EA plus either the & or k opioid receptor antagonist did not significantly decrease
mechanical response frequency compared to sham EA plus vehicle, indicating that 6 and
opioid receptor antagonists blocked EA-produced inhibition of mechanical hyperalgesia-
and allodynia-like behavior. Sham EA plus NTI or BNI did not significantly change
mechanical response frequency compared to sham EA plus vehicle, indicating that these
antagonists had little effect on the response (Figs. 3 and 4).

3. Discussion

The present study demonstrates that 10 Hz EA produces a more potent inhibitory effect than
does 100 Hz EA in a paclitaxel-induced neuropathic pain rat model. Similarly, in a previous
study, 2 Hz EA induced robust and longer lasting inhibition of mechanical allodynia
compared to 100 Hz EA in a caudal trunk nerve injury-induced neuropathic pain model
(Kim et al., 2004). It was also found that 2 Hz EA had greater and more prolonged effects on
mechanical allodynia and thermal hyperalgesia than did 100 Hz EA in a nerve injury-
induced neuropathic pain rat model (Han, 2003; Sun et al., 2002). Thus, lower frequency EA
has a potent inhibitory effect on peripheral nerve injury-induced allodynia and hyperalgesia,
both metabolic/toxic and traumatic. In a clinical study, acupuncture produced significant
improvement in primary and/or secondary symptoms in 77% of patients with diabetic
neuropathy, and 67% of the patients were able to stop or reduce their medications
significantly (Abuaisha et al., 1998). In HIV-infected individuals, acupuncture significantly
reduced the scores for pain/aching/burning, pins and needles, and humbness in the hands and
feet (Phillips et al., 2004). In patients with spinal cord injury-induced pain, 24 of 36 showed
significant improvement after electroacupuncture treatment (Rapson et al., 2003).
Additionally, our unpublished data shows that multiple EA treatments in paclitaxel-injected
rats alleviate mechanical hyperalgesia for two to three weeks after the termination of EA
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treatment. Taken together, these studies show that acupuncture may be useful in the
management of neuropathic pain.

The effects of opioid receptor antagonists on acupuncture analgesia could differ depending
on conditions. In the present study, all three opioid receptor antagonists blocked EA anti-
allodynia and anti-hyperalgesia in paclitaxel-caused neuropathy, indicating that all three
opioid receptor subtypes are involved in EA effects on paclitaxel-evoked peripheral
neuropathy model. In contrast, our previous study demonstrated that u and & but not « opioid
receptors are involved in EA anti-hyperalgesia in a CFA-induced inflammatory pain model
(Zhang et al., 2004). It has also been demonstrated that p and & but not « receptors were
involved in EA anti-hyperalgesia in a capsaicin-induced inflammatory pain model (Kim et
al., 2009) and that EA also inhibited pain through the p and & receptors in a caudal trunk
injury-induced neuropathic pain model (Kim et al., 2004). These data convincingly show
that EA inhibits allodynia and hyperalgesia through different opioid receptors in different
situations. The underpinned mechanisms warrant further investigation.

The three opioid receptors, p, 8 and «, have their own endogenous ligands, endomorphins,
enkephalin, and dynorphin, in the spinal cord. These opioids are concentrated in the
superficial dorsal horn to exert inhibitory effects on nociceptive transmission (Bodnar and
Klein, 2006). Previous studies have demonstrated that EA stimulation frequency determines
the type of opioid peptide released in the central nervous system: 2 Hz induces endomorphin
and enkephalin; 100 Hz induces dynorphin; 15 Hz induces all three opioids (Han, 2003).
Our study showed that the three opioid receptor antagonists blocked EA’s inhibitory effect,
leading us to postulate that 10 Hz EA inhibited the paclitaxel-induced neuropathic pain by
activating all three opioid receptor subtypes. Since opioid receptors are localized in primary
afferent fibers of the spinal cord (Ji et al., 1995), EA-induced opioids may inhibit pain
through presynaptic mechanisms (Heinke et al., 2011). In addition, as demonstrated in
previous studies, opioid receptors are down-regulated in the spinal cord and dorsal root
ganglia in a couple of neuropathic pain animal models (Obara et al., 2009; Takasaki et al.,
2006; Zhang et al., 1998). Whether opioid receptors are changed in an animal model of
chemotherapy-induced neuropathy has not been investigated and warrants further
investigation.

In a study using a DOReGFP reporter mouse, in which a green fluorescent protein (GFP) is
covalently bound to a & opioid receptor (DOR) through a gene suppressant strategy, it was
demonstrated that p and 3 opioid receptors are expressed by different subsets of primary
afferents and respectively contribute to heat and mechanical pain control (Scherrer et al.,
2009). In contrast, a recent study using in situ hybridization, single-cell polymerase chain
reaction, and immunostaining demonstrated that & receptors coexist with p receptors in small
peptidergic dorsal root ganglion neurons. Further, both p and & receptor agonists reduce
depolarization-induced CaZ* currents in single small dorsal root ganglion neurons and
inhibit afferent C-fiber synaptic transmission in the dorsal spinal cord (Wang et al., 2010).
Our data show that both p and & opioid receptor antagonists block EA-produced anti-
mechanical allodynia and hyperalgesia, suggesting that these two receptors are involved in
EA modulation of mechanical pain.

In summary, our experiments show that EA significantly inhibits chemotherapy-induced
neuropathic pain through three subtypes of spinal opioid receptors. The results support that
EA may be a useful complementary treatment for neuropathic pain patients.
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4. Materials and methods

4.1 Animal preparation

Male Sprague Dawley rats (250-270 g body weight, Harlan) were kept under controlled
conditions (22°C + 0.5°C, relative humidity 40-60%, 7:00am to 7:00pm alternate light-dark
cycles, food and water ad libitum). The animal protocols were approved by the Institutional
Animal Care and Use Committee at the University of Maryland School of Medicine. Rats
were habituated to a plastic chamber which would be used during the experiments and were
handled gently for two 30-minute periods two days before the baseline behavioral test. The
paclitaxel-evoked peripheral neuropathy model was produced using an i.p. injection of 2
mg/kg/ml paclitaxel (Taxol®, Bristol-Myers—Squibb) on four alternate days (0, 2, 4, and 6)
after baseline measurements of mechanical sensitivity (Flatters and Bennett, 2006). None of
the animals treated with paclitaxel showed such signs of ill-health as alopecia, diarrhea, or
weight loss, and all gained weight normally. Control rats were produced using i.p. injections
of the vehicle, a mixture of 1:2 Cremophor EL/saline, alone on the same time schedule.

4.2 EA treatment

Acupoint GB30 was used. In humans, GB30 is located at the junction of the lateral 1/3 and
medial 2/3 of the distance between the greater trochanter and the sacral hiatus; underneath
are the sciatic nerve, inferior gluteal nerve and gluteal muscles. Equivalent anatomical
landmarks were used to locate these points in the rat. The transposition of an acupoint from
the known human map to the anatomically comparable position in animals is widely used to
determine points in animals(Lao et al., 2001; Lee and Beitz, 1993; Ma et al., 2005; Zhou et
al., 2005) and has been demonstrated to be effective (Lao et al., 2001; Ulett et al., 1998).
After cleaning the skin with alcohol swabs, one investigator swiftly inserted two
acupuncture needles (gauge # 32, 0.5 inch in length) approximately one-half inch deep into
each hind limb of the rat bilaterally at GB 30 while another gently held the animal. The
needles were stabilized with adhesive tape (Lao et al., 2004; Zhang et al., 2008). EA (10Hz,
2 mA, 0.4 ms pulse width for 30 minutes) was delivered by a stimulator (Electrostimulator
8-C, Pantheon Research Inc) via two electrodes on days 14, 16, 18 and 20 post-paclitaxel.
One end of electrode was soldered to the needle handles in advance, and the other end was
connected to the output channel of the stimulator. A symmetrical biphasic wave was
delivered to each electrode so that it was alternately positive and negative, and the bilateral
needles were stimulated alternately. To minimize discomfort, stimulation intensity was
gradually increased over a period of two minutes to 2 mA, which we have found to be the
maximum level that can be tolerated by unrestrained rats. During EA treatment, each rat was
placed under an inverted clear plastic chamber (approximately 5”x 8”x11") but was neither
restrained nor given any anesthetic. Mild muscle twitching was observed. The animals
remained awake and still during treatment and gave no observable signs of distress.

For sham control, acupuncture needles were inserted bilaterally into GB30 without electrical
or manual needle manipulation. Sham EA showed little anti-hyperalgesia in our previous
study (Lao et al., 2004), making it an appropriate control for non-specific needling effects.
Sham- and EA-treated animals were handled identically. EA or sham EA was given once
every other day on day 14, 16, 18 and 20 days post-paclitaxel injection. The investigators
performing the behavioral tests were blind to treatment assignments.

4.3 Behavioral tests

Mechanical allodynia/hyperalgesia was assessed 30 minutes after each EA treatment using
von Frey filaments with bending forces of 2, 4, 6 and 15 g. In ascending order of force, each
filament was applied to the mid-plantar area of each hind paw five times, avoiding the base
of the tori, with each application held for 5 seconds. Withdrawal responses to the filaments

Brain Res. Author manuscript; available in PMC 2012 September 26.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Meng et al. Page 6

from both hind paws were counted and expressed as the overall percentage response. For
example, if a rat withdrew to four out of the total ten von Frey applications, this was
recorded as a 40% overall response to that filament.

4.4 1.t. drug delivery

Lumbar punctures were performed as previously described (Li et al., 2011). A PE10
polyethylene tube (Clay Adams) was submerged in 70°C water, stretched to about 150% of
its original length to reduce the diameter, and used as an injection catheter. With a 29-gauge
needle, another 10-cm PE10 tube was connected to one end of the catheter and then to a 50-
ul glass Hamilton syringe with a PE50 tube. The injection catheter was pre-filled with 10 ul
of drug or vehicle and 5 pl of saline separated by a small air bubble. Under isoflurane
anesthesia, the dorsal pelvic area was shaved and swabbed with 70% alcohol. A 21-gauge
sterile needle with the plastic hub removed was inserted between lumbar vertebrae L5 and
L6. The catheter was inserted into the guide needle and rostrally advanced 4 cm from the tip
of the needle into the lumber enlargement, where its arrival was confirmed by a tail-flick.
The drug, or vehicle, was injected and followed by a saline flush. Five minutes after
injection the catheter was withdrawn and the needle was removed from the inter-vertebral
space.

4.5. Experimental design

Two experiments were conducted: (1) effect of EA on hyperalgesia- and allodynia-like
behavior in rats with paclitaxel-evoked peripheral neuropathy and (2) effect of opioid sub-
receptor antagonists on EA action.

In Experiment 1, rats were divided into the following four groups (n=7 per group): paclitaxel
+ 10 Hz EA, paclitaxel + 100 Hz EA, paclitaxel + sham EA, and vehicle + sham EA.

In Experiment 2, paclitaxel-injected rats were randomly divided into the following groups
(n=7 per group): (1) intrathecal (i.t.) u opioid receptor antagonist CTOP (12.5 nmol in 5 pl,
Sigma) plus 10 Hz EA; (2) CTOP plus sham EA; (3) i.t. & opioid receptor antagonist NTI
(10 nmol in 5 ul, Sigma) plus 10 Hz EA; (4) NTI plus sham EA,; (5) i.t. x opioid receptor
antagonist BNI (10 nmol in 5 ul, Sigma) plus 10 Hz EA; (6) BNI plus sham EA; (7) saline
plus 10 Hz EA,; and (8) saline plus sham EA. All antagonists were dissolved in saline and
administered 10 minutes before each of EA treatment on day 14, 16, 18 and 20 days post-
paclitaxel injection. Opiate antagonist dosages are based on previous studies (Kim et al.,
2004).

4.6 Statistical analyses

Data from the behavioral tests were presented as mean + SE and analyzed using repeated
measures analysis of variance (ANOVA) followed by Bonferroni multiple comparisons
(Graphpad Prism). P<0.05 was set as the level of statistical significance.
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Fig. 1.

Effect of EA on paclitaxel-induced mechanical allodynia and hyperalgesia (n = 7/group).
Mechanical response was evoked with filaments with bending forces of 2 (A), 4 (B), 8 (C),
and 15 g (D). From days 13-20 post-paclitaxel injection, drug-injected rats showed
significantly higher mechanical response frequencies than did vehicle-injected ones when
both groups were given sham EA. Rats given paclitaxel and 10 Hz EA (V) showed
significantly lower mechanical response frequencies to stimulations of 4, 8, and 15 g than
did those given paclitaxel plus sham EA (e). Rats given paclitaxel and 100 Hz EA (o) only
showed significantly lower mechanical response frequencies to stimulation of 15 g than did
control rats that got paclitaxel plus sham EA (e). # P<0.05 vs paclitaxel-injected rats; *
P<0.05 vs 10 Hz EA and vehicle-injected rats; & P<0.05 vs 10 Hz EA and vehicle-injected
rats; @P<0.05 vs 10 and 100 Hz EA and vehicle-injected rats.
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Fig. 2.

Effect of pretreatment with the p opioid receptor antagonist CTOP on EA-produced
inhibition of hyperalgesia and allodynia in a paclitaxel-induced peripheral neuropathy rat
model (n=7 per group). EA plus vehicle significantly decreased mechanical response
frequency compared to sham EA plus vehicle. CTOP pretreatment blocked EA-produced
inhibition of hyperalgesia and allodynia. * P<0.05 and ** P<0.01 between vehicle + sham
(A) and vehicle + 10 Hz EA (A); # P<0.05 and ## P<0.01 between CTOP + 10 Hz EA (e)
vs vehicle + 10 Hz EA (A).
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Effect of pretreatment with the & opioid receptor antagonist NTI on EA-produced inhibition
of hyperalgesia and allodynia in a paclitaxel-induced peripheral neuropathy rat model (n=7

per group). EA plus vehicle significantly decreased mechanical response frequency

compared to sham EA plus vehicle. NTI pretreatment blocked EA-produced inhibition of
hyperalgesia and allodynia. * P<0.05 and ** P<0.01 respectively between vehicle + sham
(A) and vehicle + 10 Hz EA (A); # P<0.05 and ## P<0.01 respectively between NTI + 10

Hz EA (@) vs vehicle + 10 HZ EA (A).
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Fig. 4.

Effect of pretreatment with the « opioid receptor antagonist BNI on EA-produced inhibition
of hyperalgesia and allodynia in a paclitaxel-induced peripheral neuropathy rat model (n=7
per group). EA plus vehicle significantly decreased mechanical response frequency
compared to sham EA plus vehicle. BNI pretreatment blocked EA-produced inhibition of
hyperalgesia and allodynia. * P<0.05 and ** P<0.01 respectively between vehicle + sham
(A) and vehicle + 10 Hz EA (A); # P<0.05 between BNI + 10 Hz EA () vs vehicle + 10
Hz EA (A).
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