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Abstract

As one of the essential components of traditional Chinese medicine, acupunc-
ture has been accepted world-widely for its effectiveness in treating various
disease and health conditions. Pain management is one of the least controver-
sial therapeutic benefits of acupuncture treatment. To date, the mechanism
underlying acupuncture analgesia remains poorly understood. In this review,
roles of members of GABAergic neurotransmission system which has long
been related to pain perception and modulation, in acupuncture analgesia are
discussed.
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1. Introduction

Acupuncture is an important therapeutic method of traditional Chinese medi-
cine (TCM). The clinical practice of acupuncture in China can be traced back to
at least 2500 years ago. As a complementary and alternative medicine, it is also
becoming more and more popular in many other countries [1] [2] [3] [4]. Dur-
ing traditional acupuncture treatment, experienced acupuncturist inserts the fine
acupuncture needles, typically made of stainless steel, into certain acupuncture
points (also known as acupoints) according to the symptoms of patients. After
the insertion, acupuncturist applies lifting-thrusting and twisting-rotating ma-
nipulation to stimulate the acupoints and guide the flow of Qi Such procedure
has been recognized to be effective for a wide range of health conditions, in-
cluding chronic low back pain, neck and shoulder stiffness, visceral pain, mi-
graine, osteoarthritis, postoperative nausea and vomiting [5] [6] [7] [8] [9].

According to TCM theories, acupuncture manipulation can dredge the meri-
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dians, promote the circulation of Q7and Xue, and maintain the Yin and Yangin
harmony, which eventually alleviates different symptoms. Up to date, however,
it is still difficult to define the terms, such as Qi meridian or acupoint, using es-
tablished concepts of mainstream Western medicine. TCM theories endowed
acupuncture with mysteriousness, but also held back the recognition and attrac-
tiveness of this technique. The TCM communities, therefore, are putting nu-
merous efforts to explore the mechanisms underlying acupuncture and describe
that with unambiguous scientific concepts. Such interpretation will not only in-
crease the attractiveness of acupuncture to those in need, also improve this an-
cient technique.

Over the past several decades, experimental biologists, chemists, biophysicists
and physiologists have begun to unravel the mystery of acupuncture mechan-
isms. Since pain relief is one of the well-accepted therapeutic benefits of acu-
puncture treatment, numerous efforts have been made to elucidate the mechan-
isms underlying acupuncture analgesia. As is well known, pain perception and
modulation is a sophisticated process participated by both the glutamatergic and
the GABAergic systems [10] [11] [12]. Hence, involvement of these neuronal
systems has been considered as a possible mechanism of acupuncture analgesia
[13] [14]. In this review, progresses in unravelling mechanisms of GABAergic

neurotransmission system involved in acupuncture analgesia will be discussed.

2. Acupuncture Analgesia

The International Association for the Study of Pain (IASP) defines pain as “an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage”. Oftentimes, pain indi-
cates the “actual or potential tissue damage” and thus serves as an alert, which
motivates the individual to look for and take care of the cause of the damage.
Under some pathological conditions, however, paingoes on for weeks, months
or even years, and dramatically reduces life quality of patients. Hence, pain
management has long been an important branch of medicine, which aims at
easing the intensity of pain or unpleasantness.

Drugs such as analgesics and anxiolytics are commonly employed by physi-
cians to achieve pain relief. Those drugs, while very effective, oftentimes have
undesired side effects including nausea, vomiting and addiction. Therefore,
non-pharmacologic therapies with less adverse effects, such as application of
ice/heat, acupuncture and massage, are often utilized for pain management.

According to the National Center for Complementary and Integrative Health
(NCCIH) of the National Institutes of Health (NTH)

(https://nccih.nih.gov/health/acupuncture/introduction), acupuncture may help

ease types of pain that are often chronic such as low-back pain, neck pain, and
osteoarthritis/knee pain. It also may help reducing the frequency of tension
headaches and prevent migraine headaches. Therefore, more and more people
suffering from pain, especially these types of chronic pain, are advised to con-

sider using acupuncture as an alternative treatment. Meanwhile, numerous ef-
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forts are being made to unravel the mechanisms underlying acupuncture analge-
sia [15].

3. GABAergic Neurotransmission System & Pain

Gamma-aminobutyric acid (GABA) is a non-proteinogenic amino acid acting as
the predominant inhibitory neurotransmitter in the adult mammalian central
nervous system (CNS). Figure 1 illustrates the produce, release, action and
reuptake of GABA at atypical GABAergic synapse in adult mouse CNS. GABA
are synthesized and stored in vesicles in the presynaptic neurons at resting state.
When the action potential arrives at the presynaptic nerve ending, voltage-de-
pendent Ca®* channels are opened. The channel opening causes the elevation of
intracellular Ca®*, and subsequently induces the fusion of synaptic vesicles with
the presynaptic membrane at active zones; the GABA-loaded vesicles then re-
lease their contents into the synaptic cleft. The GABA molecules diffuse across
the cleft, bind to GABA receptors (GABARs), which are located on the postsy-
naptic membrane. The activation of the GABARs reduces intrinsic electrical ac-
tivity and excitability of the postsynaptic neuron. Thereafter, to terminate the
neurotransmission, the released neurotransmitter molecules are rapidly removed
by highly efficient GABA transporters located on the presynaptic terminal and
surrounding glial cells.

Before the discovery of neurons and the way they conduct and interpret sig-
nals, pain was believed to be one of the emotions. The first modern pain theory
introduced by Melazck and Wall in 1965 [16] offered a physiological explanation
for pain perception. This so-called “gate control” theory asserts that, at the level
of spinal cord, the activation of non-nociceptive fibers can interfere with signals
from afferent pain-receptivenerves (pain fibers) through exciting the inhibitory
interneurons, thus “close the gate” and inhibit pain. Meanwhile, the activation of
pain fibers can also impede the inhibitory interneurons to “open the gate” and

transmit pain stimuli to higher CNS area. Hence, proper processing of nocicep-
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Figure 1. Scheme of the production, release, action and reuptake of GABA at a GABAer-
gic synapse in adult mouse CNS.
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tivesignal depends critically on the function of inhibitory interneuron.

Since GABAergic neurons are the predominant inhibitory interneurons and
widely distributed throughout the mammalian CNS, members of GABAergic
neurotransmission system have long been researchtargets for understanding
pain perception and modulation [10] [17] [18]. Intrathecal injection of GABA
right after nerve injury was reported to permanently reverse neuropathic pain,
suggesting that altered spinal GABA levels may contribute to the induction
phase of chronic neuropathic pain [19]. Different types of GABA, receptors
have been found to be involved in pre- and postsynaptic inhibition, which con-
tributes to physiological and pathological pain sensation [20] [21] [22]. Both
behavioral and electrophysiological evidence show that administration of
GABA, or GABA; receptor agonists can attenuate central neuropathic pain after
spinal cord injury in rat. On the other hand, spinal administration of the anta-
gonist for GABA receptors produces hyperalgesia in normal rats [23] [24].
Transgenic mice with overexpressed GABA transporter 1 (GAT1) exhibited sig-
nificant hyperalgesia after nociceptive stimuli [25], while GAT1 knockout mice
show markedly increased pain threshold [26]. Both of those two genetically
modified animal models confirmed that GAT1 plays a vital role in pain modula-

tion.

4. GABAergic Neurotransmission System & Acupuncture
Analgesia

As soon as people became aware of the necessity of translating the terms of TCM
into modern concepts of medicine, exploring the role of the GABAergic neuro-
transmission system in acupuncture-induced analgesia became a promising star-

ting point for understanding the underlying mechanisms of AA.

4.1. Role of GABA in AA

Since GABA itself has been recognizedas a natural painkiller, researchers have
been applying this molecule at the central nerve structures that participate in
pain modulation to examine its role in AA. Gao et al. [27] reported thatapplying
electro-acupuncture (EA) at “Zusanli” (ST36) and “Huantiao” (GB 30) acupoints
can inhibit the responses of most periaqueductal gray (PAG) neurons evoked by
noxious stimulation. Such acupuncture effect, however, abolished when GABA
was topically administrated on frontal cortex. Those observations are probably
among the earliest which suggested the involvement of GABAergic transmission
in AA.

Yan and colleagues [28] investigated the analgesia effect of EA on rats with
neuropathic pain, and its underlying mechanisms. They compared the changes
of neurotransmitter contents in the lumbar spinal cord of control and chronic
constrictive injury (CCI) model, before and after EA treatment. Performing EA
at “Huantiao” (GB 30) and “Weizhong” (BL 40) significantly reduced the release
of excitatory amino acid, but increased the release of inhibitory neurotransmit-

ter, especially GABA. Hence, increased GABAergic activity may closely be asso-

64

K2
o5
“2:0

Scientific Research Publishing



Y. F. Xu

ciated with the observed pain relief in CCI rats.

4.2. Role of GABA Receptors in AA

There are two classes of GABA receptors, the ionotropic GABA, receptors and
the metabotropic GABA; receptors. GABA, receptors are ligand-gated ion chan-
nels composed of five subunits, likely two a, one B and two y subunits. Those
subunits are assembled so that a channel is formed at the center of the complex
[29]. Binding of GABA or GABA-like molecules to the GABA, receptor can
trigger the temporarily opening of the channel, which allows the inward flow of
chloride ions (Cl7), and thus decreases the excitability of the postsynaptic neu-
ron. GABAj, receptors [30] are heterodimers composed of GABA;; and GABA,,
subunits, and GABA;, subunit has two isoforms, GABAj,, and GABA,;,,. Activa-
tion of the GABAy,, 5, heterodimer, which is generally believed to be localized to
presynaptic neurons, can decrease GABA release by inhibiting voltage-gated
Ca® channels and vesicular release. Activation of postsynaptically localized
GABAg,;, 5, however, can cause postsynaptic inhibitionvia modulating Ca®* chan-
nels and G protein-coupled potassium (K*) channels [31] [32].

Brain region-specific alteration in GABAR subunit expression was attributed
to AA effects by Gao and the colleagues [33]. It was reported that EA treatment
at “Futu” (LI 18) and “Hegu” (LI 4)-“Neiguan” (PC 6) can significantly suppress
the formalin-injection-induced pain reactions in the thyroid region. Further in-
vestigations show that the expression level of some GABA, and GABA; subunits
were significantly higher in the LI 18 and LI 4-PC 6 groups than in the non-
treated model group, suggesting that AA effects are associated with the upregu-
lation of GABA receptors function in this area.

Involvement of GABARs in AA was often indirectly tested by the effects of
GABAR agonists and antagonists on acupuncture-induced analgesia. Locally ap-
plied bicuculline, a GABA, receptor-selective antagonist, was found to reduce
the EA-induced enhancement of presynaptic depolarization of primary C-affe-
rents [34]. Silva et al [35] discovered that the duration of both low (2-Hz) and
high frequency (100-Hz) EA induced analgesia (EAIA) based on mechanisms
that involve spinal GABA, and GABA; receptors. In particular, the GABA; re-
ceptor is involved in the intensity of 100-Hz EA-induced analgesia. Later on, the
same group also found that 2-Hz EAIA utilizes GABA, mechanism in the dorsal
anterior pretectal nucleus (dAPtN), a midbrain structure participates in antino-
ciception [36] [37]. On the contrary, pre-administration of diazepam, an al-
subunit specific agonist of GABA, receptor, can disinhibit EA-induced inhibi-
tion of GABAergic activity in the thalamus and pons-medulla regions [38] [39].

4.3. Role of GABA Transporters in AA (Including Role of DOR in
AA in This Part)

GABAergic neurotransmission is a fast synaptic transmission, which requires a
precise control of the timing of GABA release, GABA receptor activation, and

GABA clearance from synaptic cleft as well. Apart from diffusion, GABA clear-

K2
035: Scientific Research Publishing

65



Y. F. Xu

ance from the extracellular space relies mainly on rapid uptake, which accom-
plished by the GABA transporterslocalized to presynaptic nerve terminals and
surrounding glia. GABA transporters belong to a large family of sodium- and
chloride-dependent transporter proteins. To date, four transporters with varying
affinities for GABA (termed GAT1, GAT2, GAT3 and BGT1) have been identi-
fied in mammalian CNS [40]-[45]. GAT1, the most abundant transporter, con-
tributes 75% - 80% of GABA uptake and plays a crucial role in maintaining low
and non-toxic extracellular GABA concentration, and thus the fine tuning of
GABAergic neurotransmission [46].

Malfunction of GAT1 has been related to altered pain threshold in genetically
modified mice [25] [26]. Although there is no direct proof of GAT1 being in-
volved in AA, evidence has shed lights on such possibility. Studies have shown
that acupuncture treatment can stimulate the release of endogenous opioid neu-
ropeptides (also known as endorphins) and applying opioid receptor inhibitor
can block acupuncture-induced analgesia, suggesting the involvement of endo-
genous opioids in AA [47] [48] [49] [50]. Two of the four discovered endor-
phins, enkephalin and S-endorphin, are recognized as agonists for DOR. Utiliz-
ing Xenopus oocytes as a model system, Pu and coworkers [51] [52] have shown
that co-expression of delta-opioid receptor (DOR) as well as DOR activation
significantly reduced the number of functional GAT1, the rate of GABA uptake
and GAT1-mediated current. Besides, rats chronically treated with morphine
exhibited reduced GABA uptake, as well as GAT1-mediated current. Therefore,
it is quite likely that the regulation of GAT1 activity by DOR stimulation parti-
cipates in AA as well. A preliminary study in our lab shows that EA treatment
may down-regulate the elevated GAT1 expression level in the spinal cord of

chronic constriction injury (CCI) mice.

5. Conclusion

The current research supports the view that acupuncture treatment may help to
achieve satisfactorily analgesia. In contrast to pharmacological treatment, acu-
puncture may minimize unwanted side effects. Understanding the mechanisms
of acupuncture-induced analgesia will not only encourage more people suffering
from pain to try and benefit from acupuncture treatment, also help developing
this esoteric technique. In this review, experimental findings showing the in-
volvement of the GABAergic neurotransmission system in acupuncture analge-
sia are discussed. Although not many biological experiments have been carried
out so far, these findings demonstrated that acupuncture, the ancient TCM

technique, may share similar mechanisms with modern pain relief methods.
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