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Acupuncture Analgesia for Animals
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Abstract

Acupuncture is part of Chinese traditional medicine (TCM), and is an ancient
system of healing that is well documented for its therapeutic effects in pain man-
agement. In ancient Chinese medical text, acupuncture is described as the pri-
mary treatment for several clinical problems, especially in pain management. In
early times, acupuncture was practiced with primitive sharp stones or bamboo
that have been replaced over time with ultra-fine needles. Acupuncture is the art
of inserting fine needles into specific points on the skin, called acupoints, to initi-
ate a phenomenon such as de-gi. De-qi is a crucial indicator during acupuncture
treatments, marked by some obvious feelings such as soreness, heaviness, full-
ness, numbness, migration. There are over 360 acupoints located along 14 main
body meridians traversing the head, arms, legs and trunk. All meridians are sym-
metrical, traversing both sides of the body, except for the single meridians known
as the Conception and Governor Vessels, which run along the body’s midline. In
general, it is difficult to associate meridians with any anatomical or physiological
structures. However, virtually all acupoints are located in deep tissues with abun-

Y.-W. Lin
Graduate Institute of Acupuncture Science, College of Chinese Medicine, China Medical
University, Taichung, Taiwan

School of Post-Baccalaureate Chinese Medicine, College of Chinese Medicine, China
Medical University, Taichung, Taiwan

Research Center for Chinese Medicine & Acupuncture, China Medical University,
Taichung, Taiwan

J.-G. Lin (<)

School of Chinese Medicine, College of Chinese Medicine, China Medical University,
Taichung, Taiwan

e-mail: jglin@mail.cmu.edu.tw

© Springer Nature Singapore Pte Ltd. 2018 9
J.-G. Lin (ed.), Experimental Acupuncturology,
https://doi.org/10.1007/978-981-13-0971-7_2

2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0971-7_2&domain=pdf
https://doi.org/10.1007/978-981-13-0971-7_2
mailto:jglin@mail.cmu.edu.tw

10 Y.-W. Lin and J.-G. Lin

dant sensory nerve terminals, suggesting that a strong relationship exists between
the meridian points and viscera in relation to nerve connection. It is thought that
peripheral A and C fibers may mediate the afferent transmission of the acu-
puncture signals and ameliorate painful sensation. Recently, the World Health
Organization (WHO) reported on the efficacy and safety of acupuncture
treatment in over 30 effective symptoms, conditions and diseases.
Acupuncture is most often used for pain relief, although it is also used for many
other conditions.
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2.1 Introduction

The effectiveness of acupuncture in the relief of pain was first reported in the
1970s by Johnson and colleagues (Johnson 1973). In ancient times, acupunctur-
ists used manual manipulation methods to achieve clinical benefits. Today, elec-
troacupuncture has become more popular, especially in pain management.
Recently, several studies have suggested that acupuncture increases the release
of endogenous opiates (Han 2003), serotonin (Chang et al. 2004) and adenosine
(Goldman et al. 2010) and thereby produces its anti-nociceptive effect. The
major mechanism underlying acupuncture analgesia is the release of opiates in
the CNS. Transcutaneous electric stimulation of acupoints can reduce opioid
intake and opioid adverse effects after intraabdominal surgery (Wang et al.
1997). Pretreatment with EA can reliably reduce postoperative analgesic
requirements and side effects of analgesics in patients undergoing lower abdom-
inal surgery (Lin et al. 2002). Manual acupuncture can increase pain threshold
accompanied by releasing morphine-like factor and further blocked by opioid
receptor antagonist naloxone (Han 2003). Chen and Han indicate that EA anal-
gesia at 2 Hz is elicited in rats by activating p opioid receptors (Chen and Han
1992). In contrast, EA at 100 Hz can release dynorphins that bind to x opioid
receptors in the spinal cord of rats (Chen and Han 1992). Moreover, injection of
K opioid receptor antagonist reliably attenuates analgesia elicited by EA 2 Hz,
whereas the analgesic effect of EA 100 Hz is alleviated by k-opioid receptor
antagonist treatment. Subsequently, mixed-frequency stimulation (2 and
100 Hz) has been used to reduce acupuncture tolerance and increase the curative
effect over that produced by single-frequency stimulation (Hamza et al. 1999).
Ankle joint mobilization has been found to attenuate postoperative pain by acti-
vating the peripheral opioid system (Martins et al. 2012). Opiate receptors not
only exist in the brain and spinal cord but also in peripheral sensory neurons
(Stein 2003). Paradoxically, chronic opiate administration in humans has been
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associated with hyperalgesia associated with hyperexcitability and functional
remodeling of tetrodotoxin-resistant (TTX-R) Na* and transient receptor poten-
tial vanilloid 1 (TRPV1) channels of sensory neurons (Ross et al. 2012). In
clinical medicine, opiates are the most commonly used and most powerful anal-
gesics available for severe acute and chronic pain. Opiate use is associated with
a significant risk of systemic side effects including addiction, tolerance, respira-
tory depression, nausea, and more. As mentioned earlier, a novel and curative
generation of opiates that target the peripheral site, is emerging. Opiates that
have a peripheral site of action in inflamed tissue selectively activate peripheral
opioid receptors and avoid centrally-mediated side effects. Acupuncture has
important advantages over opiates in the treatment of pain, including conve-
nience, low costs, curative ability, and a lower risk of side effects.

Acupuncture has been reported to increase the release of adenosine at periph-
eral sites (Goldman et al. 2010). Needling can trigger a widespread increase in
purines including adenosine and adenosine 5’-triphosphate (ATP), which is con-
sistent with an elevation in adenosine levels after tissue damage. The anti-noci-
ceptive effects of adenosine Al receptors in both peripheral and central regions
are well documented, but these agents are associated with dramatic site effects,
especially in relation to the heart. Adenosine Al receptor agonists reportedly
reduce inflammatory and neurogenic pain. Evidence suggests that acupuncture
reliably increases both ATP and adenosine at peripheral sites and thereby attenu-
ates inflammatory and neuropathic pain (Goldman et al. 2010). These mecha-
nisms indicate that the adenosine Al receptor (A1R) is crucial for acupuncture
analgesia. Prostatic acid phosphatase (PAP) is expressed in nociceptive neurons
and functions as an ectonucleotidase to increase adenosine concentrations ade-
nosine at the peripheral level. PAP reportedly exists in skeletal muscle located
near the Zusanli acupoint, and serves as a rate-limiting ectonucleotidase that
increases adenosine concentrations (Goldman et al. 2010; Quintero et al. 2007).
As aresult of this activation, painful peripheral neuropathy is eliminated in mice.
Intravenous injection of adenosine can usually relieve postoperative pain and
reduce opiate use (Gan and Habib 2007). The antinociceptive effects of PAP were
evaluated in preclinical investigations to determine whether PAP sustains AIR
activation followed by depletion of phosphatidylinositol 4,5-bisphosphate (PIP2)
(Gan and Habib 2007). Intrathecal injection of human PAP (hPAP) can induce
A1R-dependent antinociception in preclinical models of inflammatory pain and
neuropathic pain (Sowa et al. 2010). The increase in adenosine levels induced by
acupuncture has a short antinociceptive effect, peaking at 30 min (Goldman et al.
2010). We urgently need to find a way of achieving prolonged biologic effects
from acupuncture. Some researchers have suggested that injection of hPAP at
BLA40 acupoints provides a novel way of generating longer-lasting antinociception
(Hurt and Zylka 2012).

The clinical use of acupuncture is associated with several advantages such as
convenience, low cost, and fewer side effects, compared with pharmacologic
therapy. In particular, acupuncture has demonstrated high efficacy in the relief
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of pain-related symptoms. Electroacupuncture (EA) has demonstrated improve-
ments in several spinal cord injury (SCI) parameters: neurologic recovery
scores; application of high-frequency EA at 75 Hz to the BL-62 and SI-3 acu-
points limits SCI-related damage to spinal cord neurons and axons (Wong et al.
2003); and enhances recovery of bladder function in acute SCI (Liu et al. 2013).
In a small study, manual acupuncture at the BL-33 acupoint reduced urinary
incontinence in 15% of 13 patients with chronic SCI and improved incontinence
by at least 50% in another 46% (Honjo et al. 2000). Almost all patients with SCI
will suffer from pain symptoms, especially neuropathic and musculoskeletal
pain (Cardenas and Jensen 2006; Widerstrom-Noga et al. 2001). The evidence
in these studies suggests the effectiveness of acupuncture for SCI and its com-
plications. Animal experimental models suggest that several potential mecha-
nisms explain the beneficial clinical effects of acupuncture, including a reduction
in glial fibrillary acidic protein (GFAP) in the injured cord, thereby inhibiting
reactive astrocyte proliferation and reducing glial scar formation (Politis and
Korchinski 1990), and a reduction in epidermal growth factor receptor (EGFR)
levels, suggesting less scar formation Politis and Korchinski 1990. EA also
reduces free radical formation, and down-regulates AQP-4 (aquaporin) expres-
sion after SCI, thereby inhibiting spinal cord edema that can produce secondary
spinal cord damage. In addition, acute SCI models in animals have shown that
EA reduces spinal cord atrophy, with a two-third reduction of anterior horn
neuron loss, and reduces the acute stress response as measured by serum corti-
sol levels (Politis and Korchinski 1990). EA has also shown the potential to
enhance spinal cord regeneration, with earlier and higher levels of laminin
expression in the injured cord in EA-treated animals (Zhu 2002). Notably, Wu
et al. reported that acupuncture reverses elevations in acetylcholinesterase and
succinate dehydrogenase and reductions of acid phosphatase in the anterior
horn of the spinal cord observed in experimental SCI, which could inhibit or
delay the deterioration of those anterior horn cell neurons (Wu et al. 1999).
High-frequency EA causes release of dynorphins (Han 2003). In SCI patients
with moderate to severe pain, acupuncture improved pain intensity and SCI-
related sequelae (Nayak et al. 2001).

Rheumatoid arthritis (RA) treatment includes disease-modifying antirheumatic
drugs (DMARDs), which have proven to be beneficial in the treatment of
RA. However, DMARDs can have a wide range of side effects, depending on the
drug used, such as suppression of the immune system, leading to an increased risk
of side effect (Galarza-Delgado et al. 2017; Nam et al. 2017). Acupuncture avoids
these side effects and can effectively relieve RA-elicited symptoms and enhance the
patient’s quality of life, especially in regard to pain management. Acupuncture is
noticed to expand joint motion and improve emotion by modulating of immune
system, nerve system, endocrine system, etc. The adjuvant uses of auricular EA
resulted in significant short- and long-term treatment effects in the treatment of
patients with RA (Bernateck et al. 2008).
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2.2 Inflammatory Pain

Inflammatory pain is disabling, and difficult to treat clinically. A number of animal
models reproduce human inflammatory processes, such as the model of carra-
geenan-induced paw edema, via complete Freund’s adjuvant (CFA)-induced paw
edema, capsaicin, collagen-induced arthritis (CIA), amongst others. Inflammatory
pain is often associated with peripheral tissue damage, ischemia, hypoxia, acidosis,
and aggregation of inflammatory mediators that can further increase pain sensitivity
and lower the pain threshold (Steen et al. 1996; Walder et al. 2010). Damaged tissue
also releases endogenous inflammatory factors that activate nociceptive fibers or
nearby non-neural cells (mast cells, macrophages, platelets, and immune cells).
Nerve terminals are induced by the inflammatory mediators to deliver painful sig-
nals (Julius and Basbaum 2001).

CFA and carrageenan are most often used to initiate a mice inflammatory pain by
injecting into the peripheral site for inducing either cell immune or non-cell immune
inflammatory pain (Ikeuchi et al. 2009; Chen et al. 2011; Huang et al. 2013).
Increased painful response was induced successfully and can be further divided into
two pain subtypes. Painful sensation to harmful stimuli at original injection site is
defined as primary hyperalgesia. For example, inflammatory pain sensation can be
induced with carrageenan injected into the origin knee joint (Ikeuchi et al. 2009). In
contrast, inflammatory mediators induced hyperalgesia to noxious stimuli maybe
also induced outside of the injection site and often considered as secondary hyperal-
gesia. With this issue, both mechanical and thermal hyperalgesia of the hindpaw was
induced in mice after carrageenan inflammation in the muscle (Sluka et al. 2007).
Both acute and chronic inflammatory pain can be induced and further maintained for
30 days. Pain is not only a single phenomenon but can be separated into different
directions. Accordingly, emotional dimension from pain induction can also been
associated with the feelings of unpleasantness that can infect unpleasant emotions
secondary effects (Price et al. 2001). Pain can be further separated to at least four
categories: nociceptive, inflammatory, neuropathic and idiopathic pain. Nociceptive
and inflammatory pains are often acute and short-term effect. In contrast, neuro-
pathic and idiopathic pains can be maintained for at least for several months to years.
Inflammatory pain models can now also be initiated for a longer time. Investigator
can induce different duration of inflammatory pain according to which mediators
they injected. Formalin test can be used to induce both inflammatory and non-inflam-
matory pain at different phase (Hunskaar and Hole 1987), and injection of carra-
geenan or CFA into the peripheral tissue to induce inflammatory pain. Neuropathic
pain is more complicated with multiple etiological factors that caused by damage to
nerve fibers by different manipulation. The manipulation can further affect the
somatosensory system with a long-term effect. Bennett and colleagues have devel-
oped a partial nerve injury animal model by loose ligation of the nerve for the first
time (Bennett and Xie 1988). Accordingly, several surgical strategies have been used
by using cuts, ligations, freezing to induce neuropathic pain (Shields et al. 2003).
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Induction of inflammatory pain by injection of CFA, carrageenan or capsaicin into hindpaw

In acupuncture research, CFA injection is the animal model most commonly
used to induce peripheral inflammatory pain (Chen et al. 2011; Huang et al. 2013).
Advantages of the CFA model include its high rate of success in the induction of
inflammatory pain, convenience, and low cost. The acupoints that are selected for
inflammatory pain relief are GB30 and ST36 (as shown in Table 2.1, permit no.
2017-061). Accurately locating those acupoints that are usually used in mice or rats
is crucial for EA research. As shown in Fig. 2.1, GB30, GB34, ST36, SP6, and
BL60 are usually selected for pain relief as according to advice given in the human’s
atlas and ancient Chinese medicine.

2.3  Potential Mechanisms Underlying the Effects
of Acupuncture in Inflammatory Pain

Recent articles have suggested that EA can reduce pain through a mechanism that
reduces phosphorylation of N-Methyl-D-aspartate (NMDA) receptor (Ryu et al.
2008). Other researchers have found that 2 Hz EA at the Zusanli and Sanyinjiao
acupoints reduces thermal hypersensitivity of the hind paw induced by CFA injec-
tion (Jang et al. 2011). The same result can be achieved by injecting dizocilpine, an
NMDAR antagonist. The antinociceptive effects of these single agents may be
increased by the combined administration of EA and dizocilpine. Notably, phos-
phorylation of ERK is increased during the inflammatory process and can be
decreased by both dizocilpine and EA delivered to the spinal cord (Jang et al. 2011).

Central sensitization of nociceptive transmission may be initiated in inflamma-
tory, neuropathic, and postoperative pain syndromes, and NMDAR activation may
further increase Ca** influx and activation of second messenger pathways underly-
ing painful sensations. Jung et al. reported that intracellular Ca?* is a crucial target
in analgesia associated with 2 Hz EA, and can be modulated through spinal NMDAR
(Jung et al. 2010). NMDARs can also be regulated by several protein kinases and
phosphatases, and it has been suggested that protein phosphatases 1 and 2A have a
crucial role in EA-mediated analgesia through the regulation NMDA receptor phos-
phorylation in the spinal cord (Ryu et al. 2008).
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Fig.2.1 EA manipulation
with steel needles inserted
into the ST36 and ST37
acupoints

Fig. 2.2 Pharmacological
injection of drugs into
acupoint

Wang et al. used immunohistochemistry to demonstrate that DRG neurons
expressing both IB4 and NR1 are dramatically increased after CFA-mediated inflam-
matory pain. This increase can be reversed by EA treatment, suggesting a specific
role of NMDARs in IB4-positive nociceptive neurons (Wang et al. 2006).
Furthermore, medium-to-high frequency EA (10 and 100 Hz) reliably reduced CFA-
initiated inflammatory pain, and when EA was used simultaneously with a sub-effec-
tive dose of MK-801, the antinociceptive effect was prolonged (Zhang et al. 2005).
Improved knowledge about the mechanisms of pain signaling has resulted in the
technique of acupoint pharmacological injection, whereby pharmacological agents
may be injected directly into acupoints for increased pain relief (Fig. 2.2).

2.4  Fibromyalgia Pain

Fibromyalgia (FM) is a puzzling muscle pain syndrome with chronic widespread
and mechanical pain. The prevalence of this debilitating condition is approximated
to be 2—-8% of the population (five million adults in the U.S.) (English 2014; Clauw
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2014). FM is characterized by pain that is spread throughout the body, accompanied
by fatigue, depression, memory problems, anxiety, sleep disturbances, and head-
aches. Chronic symptoms may affect the whole body, and the underlying disease
mechanisms are unclear. Research indicates that FM results from an imbalance of
several neurotransmitters in the central nervous system, including serotonin, dopa-
mine, and norepinephrine (Riva et al. 2012; Valim et al. 2013). Decreased levels of
serotonin have been reported in the cerebrospinal fluid of FM patients, which sug-
gests that central inhibition of pain is reduced (Dadabhoy et al. 2008). Mental trau-
matic syndromes reduced hypothalamic-pituitary-adrenal (HPA) function, and
long-lasting stress have also been associated with FM (Parker et al. 2001). Both
peripheral nerve activation and central sensitization may play crucial roles in the
development of FM, a chronic pain syndrome that is defined by widespread pain for
more than 3 months and the presence of more than 11 trigger points in 18 special-
ized points (Gerwin 2011). Given the lack of understanding of the disease etiology
and the multitude of possible mechanisms, the treatment of FM is complex and
many controversial approaches have been adopted, such as drug therapy, exercise,
and dietary changes. Currently, there is no cure for FM, but clinicians usually pre-
scribe supporting therapy to ease pain symptoms and improve quality of life. Such
treatment includes muscle relaxants, analgesics, antidepressants, and sedatives.
Three medications commonly used in clinics for the treatment of FM are supported
by the U.S. Food and Drug Administration (FDA): (1) pregabalin, a presynaptic
voltage-gated calcium channel blocker that reduces synaptic transmission and
thereby attenuates FM-related pain and sleep disturbances (Roth et al. 2014; Smith
and Moore 2012); duloxetine, another agent that can ameliorate some FM symp-
toms, but is not universally effective and is associated with serious side effects
(Héuser et al. 2014); and milnacipran, a serotonin-norepinephrine reuptake inhibi-
tor (SNRI) that was designed to treat FM has had moderate success but is accompa-
nied by adverse events, most commonly nausea (Trugman et al. 2014).

The development of treatment for FM has been limited and understanding
remains poor as to the mechanisms underlying persistent pain signaling (Vierck Jr.
2006; DeSantana and Sluka 2008). Many animal studies have used a model of FM
induced by repeated acidic saline injections into the gastrocnemius muscle (GM).
This chronic muscle pain model produces symptoms similar to those experienced in
FM patients, with long-lasting, spreading mechanical hyperalgesia, fatigue, sympa-
thetic predominance, and altered central sensitization (Sluka et al. 2001; Pratt et al.
2013; DeSantana et al. 2013). These FM animals are sensitive to antidepressants
and anticonvulsants, but not to non-steroidal anti-inflammatory drugs (NSAIDS)
(DeSantana and Sluka 2008). FM may result from activation of acid sensing ion
channels (ASICs), vanilloid receptor 1 (TRPV1), or others. ASIC3 and TRPV1 are
voltage-insensitive cationic channels that are gated by extracellular protons.
Interestingly, decreases in tissue pH have been observed in animals with FM, isch-
emia, arthritis, tumors, or brain trauma, and protons have been shown to activate the
terminals of nociceptors in situ. Recordings of peripheral dorsal root ganglion
(DRG) neurons have shown that extracellular acidification induces inward currents
with differing kinetics, ion selectivity, and pH dependence. Although much is
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known about how ion channels give rise to peripheral sensation and central sensiti-
zation leading to FM pain, less is known about the mechanisms involved in FM pain
signaling.

Several different physiological mechanisms may contribute to FM pain. NMDA
receptors, ASIC3, TRPV1, calcium channels (Cav), and substance P (SP) have all
been implicated as having roles (Sluka et al. 2003; Chen et al. 2010, 2014; Chen
and Chen 2014). Dual acid saline injections activate the cAMP pathway in the
spinal cord (Hoeger-Bement and Sluka 2003). Activation of ERK, a member of
the MAPK family, has also been reported in the anterior paraventricular nucleus
of the thalamus (Chen et al. 2010). Administration of neurotrophin-3 reduces
acid-induced chronic muscle pain (Gandhi et al. 2004), while pregabalin and the
M-type voltage gated potassium channel activator flupirtine have also proven
effective in treating muscle pain (Yokoyama et al. 2007; Nielsen et al. 2004). The
development and maintenance of this type of chronic muscle hyperalgesia is asso-
ciated with changes in the amygdala and thalamus (Cheng et al. 2011; Chen et al.
2010). However, information about the detailed mechanisms underlying FM
remains very limited.

Controversy surrounds the efficacy and safety of opioids for treating FM pain
syndromes. Much evidence suggests that opioids offer little help to FM patients suf-
fering from widespread pain, but some FM patients feel relief following opioid
administration. In contrast, in an animal model, FM can be reduced by administer-
ing p- or d-opioid receptor agonists (Sluka et al. 2002), or glutamate receptor antag-
onists at the spinal cord level (Skyba et al. 2002). However, opioid use is not ideal
in humans, due to the potential for tolerance and addiction. Acupuncture may be
advantageous in treating complicated FM syndromes, as it has the ability to reduce
pain, anxiety, depression, and sleep disturbance (Chen et al. 2011, 2012; Sniezek
and Siddiqui 2013; Li et al. 2014; Mao et al. 2014).

2,5 Possible Mechanisms Underlying FM in Mice

Moderate-intensity aerobic exercise successfully attenuates mechanical hyperal-
gesia induced in mice by acidic saline injection and increases neurotrophin-3
(NT-3) synthesis in skeletal muscle, and thus is an ideal model for FM. The
increase of NT-3 is similar to that observed in humans (Sharma et al. 2010). These
researchers also describe a significantly greater increase in NT-3 protein in the
GM compared with soleus muscle, which indicates that exercise can concisely
induce NT-3 synthesis in a specific muscle target (Sharma et al. 2010). Other
researchers have indicated that low-intensity exercise alleviates mechanical
hyperalgesia in the FM model through activation of the endogenous opioid system
(Bement and Sluka 2005). This aligns with clinical phenomena showing a reduc-
tion in FM following low-intensity exercise or morphine injection (Hoeger-
Bement and Sluka 2003). Furthermore, a recent study demonstrated that injecting
acidic saline (pH 4.0) into the GM in rats induces a bilateral mechanical hyperal-
gesia similar to that observed with FM in humans (ref). These researchers used
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EA at 15 or 100 Hz for 20 min on 5 consecutive days at the ST36 and SP6 acu-
points. They suggest that there was a significant reduction of mechanical hyperal-
gesia in response to EA at 15 or 100 Hz.

2.6 NeuropathicPain

Neuropathic pain is a physiological and pathological process of the somatosensory
system that may originates from either the peripheral or central nervous system
(Magrinelli et al. 2013). This pain state is characterized by a persistent stressor that
can induce biological, physiological, and pathological alterations that further initi-
ate multiple neuropsychiatric disorders. Neuropathic pain can be very difficult to
treat, with around 40-60% of patients achieving only partial relief. Moreover, with
a prevalence rate of around 6.9—10% and associated high insurance costs, this dis-
order is a legitimate health concern (van Hecke et al. 2014). Sodium channel block-
ers, including carbamazepine and lamotrigine, are often used to relieve neuropathic
pain such as trigeminal neuropathic pain (Di Stefano et al. 2014; Lauria et al. 2012).
In animal studies, sciatic nerve ligation (SNL), sciatic nerve incision (SNI), and
chronic constriction injury (CCI) are usually used in neuropathic pain studies
(Fig. 2.3). Several different drug classes are used in the clinical situation, including
antidepressants, opiates, and GABAergic drugs, all of which are accompanied by
several side effects. Acupuncture offers an alternative therapy that is convenient,
cheap, and with few side effects.

The threshold for LTP induction in C-fibers in spinal cord dorsal horn is lower in
a rat model of neuropathic pain, and the amplitude of field potentials is higher in
these rats (Xing et al. 2007). Interestingly, 2 Hz EA delivered at the ST 36 and SP 6
acupoints can reliably reduce neuropathic pain by inducing LTD in C-fibers (Xing
et al. 2007), and the analgesic effect is increased by administration of the NMDAR
antagonist MK-801 or the opioid receptor antagonist naloxone. Li and colleagues
reported that EA has antidepressive and anxiolytic effects in the neuropathic pain
model in rats, accompanied by restoration of NRI phosphorylation in the

Fig. 2.3 Acupoints that
are always used in animal
EA experiments




2 Acupuncture Analgesia for Animals 21

Fig. 2.4 Methods to
induce neuropathic pain

Incision

Ligation

Sciatic incision
i CCl

hippocampus (Li et al. 2014). Another study demonstrated that 2 and 15 Hz EA
reduces CCl-induced neuropathic pain, accompanied by reductions in TRPV4 lev-
els in the cortex instead of the spinal cord (Hsu et al. 2014). Low-frequency EA
attenuates cold hypersensitivity (allodynia) in rats that is mediated by the endoge-
nous opioid, but not noradrenergic, system (Moon et al. 2014). The antinociceptive
effect of EA is partly mediated by inhibiting glial cell proliferation (Gim et al.
2011). EA can reduce mechanical and thermal hyperalgesia by simultaneously
attenuating the expression of P2X3 receptors in DRG neurons from rats suffering
from CCI induction. Evidence has also demonstrated that the analgesic effect of EA
on chronic neuropathic pain is mediated by P2X3 receptors in rat dorsal ganglion
neurons (Tu et al. 2012). The methodology of neuropathic pain is shown in Fig. 2.4.
The most commonly used models for inducing neuropathic pain include sciatic
nerve incision, ligation, and CCI. The CCI model reliably induces neuropathic pain
by setting 4 loose ligatures around the sciatic nerve. The rats were administered
isoflurane anesthesia and the sciatic nerve was exposed. A four 4-0 chromic gut
sutures were tied loosely to the sciatic nerve to induce CCI model.

2.7 Animal Behavior for Pain Investigation

Animal behavior analysis is used to evaluate painful responses in animals. The von
Frey filaments test and mechanical devices are used for measuring mechanical pain
thresholds, the plantar thermal sensitivity (Hargreaves) test, tail-flick test, and the
hot/cold plate for evaluating thermal analgesia (Mogil 2009; Langford et al. 2010),
locomotor activity testing for fatigue, the open-field and forced-swimming tests for
detecting depression.

Mechanical hyperalgesia of allodynia can be measured by testing the number of
responses to stimulation with 3—5 applications of von Frey filaments. Furthermore,
the electronic von Frey test can be used to record withdrawal force units in grams.
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Mice were put on a wire mesh platform fixed in a plexi-glass chamber and allowed
at least 30 min acclimatization. A von Frey filament of 0.02 g for mice bending
force would be used as a basal stimulation. Fine filaments were briefly applied 3-5
times to each hind paw, average as pain threshold, with a 30-s interval between each
application. The responses were then considered valid with an abrupt foot lift on
application of the fine filament.

For thermal Hargraves’ test, the experimental mice were moved to a small
chamber on a glass plate and calm down for more than 30 min. The accrue radi-
ant heat source was deliver directly to the hindpaw surface of mice through the
clear glass and till the mouse significantly withdrew the hindpaw. The withdraw
latency of hindpaw from the beginning of stimulation could be measured by
using IITC analgesiometer. The radiant light intensity was set according to
breed of mice to obtain a baseline response with a time approximately 10 s. To
avoid harmful injury, we should turn down to machine within 30 s to minimize
heat damage to the mice skin. Thermal hyperalgesia was measured 3-5 trials for
average. Between trials a 10 min recovery period should be held. The thermal
responses were measured and defined as the mean from 3 to 5 trials at each
measure time point.

Alternatively, both hot and cold plate can be used for high and low thermal
induced pain behavior. After induction of pain, animals were placed and measured
parameters using a hot/cold plate (IITC Life Sciences, Woodland Hills, CA, USA).
Five minutes of animal behavior were recorded by using a digital camera and were
further analyzed offline using a personal computer. For hot and cold plate, we can
analyze the duration of forepaw licking, the number of jumping instances, the
latency for first jump, paw withdraw latency, paw withdraw number, rearing time
and number. The tail flick test is often used in pain research, which is similar to hot
plate test, by recording the responses to ho on the mice tail. The light beam is
located and focused on the mice’s tail and record the tail withdraw latency. When
the mice feel the high thermal and flick its tail, the time was recorded as its pain
threshold. All pain experiments were tested prior to different kind of pain induction
at different timing following injections. All tests should be performed at constant
room temperature, and all stimuli should be applied since the mice were calm but
not sleeping or grooming.

Conclusions

In summary, based on introduction from this section, we conclude that
Acupuncture is effective in treating pain syndrome including inflammatory,
fibromyalgia, and neuropathic pain. Here we collective most therapeutic effect
acupoints for treatment of different pain. We also introduce several approaches
to induce animal pain model such as inflammatory, fibromyalgia, and neuro-
pathic pain. This section further describes the detail mechanisms underlying
these pain syndromes. This knowledge will further helpful for doctors and
researchers to address pain issue for drug development, acupuncture science, and
novel technique investigations.
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