5. The role of the central nervous system
in acupuncture

So far we have discussed only in general terms the neurological changes under
acupuncture. In this chapter we will look at some specific sites where neuro-
logical interactions occur and explore some of the theories proposed to explain
the actions of acupuncture.

It should be reemphasised here that it is not my intent to justify acupunc-
ture in western scientific terms. To the traditionally trained doctor in TCM
there is already an elaborate theory that permits the careful prescription of
acupuncture points as treatment. Observations of neurological interactions
give little assistance in the actual management of illness, in that they do not
support old or create new theoretical models and guidance how best to manage
disease with acupuncture. This contrasts sharply with the Chinese theories
which do act as guidelines to appropriate treatment.

Nevertheless, it is worthwhile focusing on some of the more detailed work
on the neurological interactions of acupuncture and any theories that may
emanate from this research. The work in itself appears capable of expanding
the spectrum of applications for acupuncture, such as the management of
drug withdrawal, the use of acupuncture for analgesia in surgery, or any
other non-traditional applications. Increasing biomedical understanding of
acupuncture also encourages the development of techniques such as scalp
acupuncture.

The role of the central nervous system in acupuncture is outlined in this
chapter by discussing the most important sites in the central nervous system
where acupuncture is known to wield major influence. This is only an outline
and the research is much more extensive than reported here. For each relevant
brain region the chapter reviews the neurotransmitters of significance in
acupuncture, however most neurotransmitters are found to some degree in
any brain region, where they may also play a relatively major role. The reader
should bear in mind that the following accounts are certainly not a definitive
statement of the workings of acupuncture in the central nervous system.

INTERACTION AT THE LEVEL OF THE SPINAL CORD

The spinothalamic tract, running from the spinal level to the brain, is the
principal nerve tract responsible for the transmission of pain signals. It would
appear logical that attenuation of pain signals could occur if acupuncture in-
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fluenced the key locations of this tract, namely the synapses at the spinal level
and thalamus in the lower brain (see Fig. 5.1). These two regions of the
central nervous system have been subjected to a great deal of investigation in
the search for an explanation of how acupuncture might alter the pattern of
neurological behaviour at these sites. To commence with I will outline the
main outcomes of such work at the spinal cord level.

For a while the best established theory to explain the anodyne effects of
acupuncture was the gate control mechanism, which was conceived initially
to operate at the spinal cord level. Later research has certainly eclipsed its
value as a theoretical model, although it may have assisted to answer some
western medical queries on the mechanics of acupuncture.

Fibres of spinothalamic
tract synapse in the
thalamus with other
fibres that carry
information further
into the brain

Brain
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Spinal cord
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Fig. 5.1 Spinothalamic tract with principal synaptic locations at the spinal cord level in the
substantia gelatinosa and at the thalamus.
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The gate control theory proposes that pain signals and the acupuncture
stimulus travel on different sized nerve fibres and interact at specific sites to
inhibit competitively the painful impulses from being registered higher in the
brain. Melzack and Wall in 1965 were the first to propose this gate control
mechanism, with their functional gate located in the substantia gelatinosa of
the dorsal horns of the spinal cord (see Fig. 5.1).! This was endorsed later,
in 1973, by the Shenyang Medical College,? and reviewed and confirmed
in 1978 by Wall.?

In order to understand how this inhibition of pain signals occurs, we need
to be equipped with some knowledge of the classification of nerve fibre types.
The larger, rapidly conducting myelinated nerves are the A-fibres and it is
precisely these fibres, particularly the A-beta type, that were thought by
Melzack and others#5:6 to be the carriers of stimuli such as the pinpricks of
acupuncture. The thin, slowly conducting, less or unmyelinated fibres, on
the other hand (in this case the A-delta and C fibres) are commonly thought
to be the carriers of the pain stimulus (Fig. 5.2). At the site of the substantia
gelatinosa in the dorsal horns, Melzack and Wall proposed that a jamming of
the pain signals on the thin, slow fibres occurs by the rapid arrival of volleys
of impulses transmitted by the larger, myelinated fibres.!

Melzack and Wall also proposed that this jamming occurs as a result of
presynaptic inhibition of the pain signals, although they did not rule out the
possibility of postsynaptic inhibition, or even the presence of descending
control from higher level brain centres. In the case of presynaptic inhibition
there is a reduction in the amount of transmitter substance secreted at the
presynaptic terminal and normally passed on to the next cell. In postsynaptic
inhibition the excitability and therefore the response of the postsynaptic
neurone terminal is significantly reduced. Nowadays there is ample evidence
that both pre-and postsynaptic inhibition occur ubiquitously in acupuncture,
and this is supported by what is currently known about the roles of transmitter
substances, and by other experiments that monitor the attenuation of cephalic
impulses under acupuncture analgesia.

Melzack and Wall’s theory also incorporated the possibility that there
exists a descending modulation of pain signals by control systems in the brain.
However, in the main, their theory discussed how various types of afferent
impulses (including acupuncture) could interact.and inhibit noxious signals,
and also how these inhibitory effects were limited to the spinal segments and
their related dermatomes. Their theory implied that the acupuncture stimulus
had to be at roughly the same spinal level as the incoming pain signals in
order for the two to interact therapeutically at any dorsal horn synapse. The
theory was widely adopted in the West although it ignored the complexity of
acupuncture that TCM was familiar with.

For example, points such as Renzhong (Du 26) and Houxi (SI 3) are com-
monly used to treat low back pain. Successful use of either of these points
could not be readily explained by the gate control theory as it was first pro-
posed. The early version of the theory failed to explain why analgesia works
well in areas where the acupuncture stimulus might not have any direct
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Fig. 5.2 Basic classifications and functions of sensory nerve fibres. (Modified with permission
Guyton AC 1982 Human physiology and mechanisms of disease. WB Saunders, Philadelphia,
p 365)

segmental input. Furthermore, it could not account for why acupuncture
works well in areas supplied by the cranial nerves, where no substantia
gelatinosa is present. :

Inevitably, medical theorists had to incorporate some concept of neural in-
hibition at higher centres (such as the thalamus) in order to cater logically for
all the possibilities that acupuncture offered. Some years later Man and Chen
included the concept of the thalamic gate, and the thalamus has been a focus
of research in recent years.>® Man and Chen’s revised gate theory, with one
gate placed in the thalamus and one still in the spinal cord, was capable of
incorporating the influence of the cranial nerves, and thereby making allowance
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for the fact that acupuncture is able to exert an influence on diseases of the
head and face. It also permitted an understanding of how acupuncture is able
to exert an influence in regions remote from the dermatomal area of needling,
Melzack and Jeans subsequently proposed a simliar two gate theory but placed
their second gate in the brainstem.*

The levels at which the inhibitory gates were sited, was not to be the only
failure of Melzack and Wall’s theory when applied to acupuncture. Medical
workers in Xian have found that acupuncture sensations travel in both large
and small diameter nerve fibres. Han Jisheng, in summarising some of the
Chinese research, states that both A-beta and A-delta fibres carry the acu-
puncture stimulus and inhibit dorsal horn cells of 1st and Sth laminae, which
contradicts the gate proposal where the acupuncture signals travel along the
large fibres and pain impulses along the thin.” Spinal transections performed
in Nanjing Medical College demonstrated that the antero-lateral funiculus
(namely the spinothalamic tract carrying information of pain and tempera-
ture) is the principal afferent pathway of acupuncture analgesia, whilst the
dorsal funiculus (lemniscal pathway) is unimportant.® However, the spinoth-
alamic tract, which consists of the thinner A-delta and C class fibres, does not
carry the acupuncture impulses according to the gate control theory. Like
Han Jisheng’s claims, these Nanjing experiments again contradict some of the
fundamental concepts of the gate control theory.

Melzack’s later papers also expanded upon, and gave full recognition to,
the role of the reticular formation in the brainstem and other higher level sites
such as the cortex, but both in relation to descending modulation of pain
signals and not necessarily as inhibitory gates.® Some fibres ascending as the
anterolateral funiculus of the spinal cord project to the reticular formation
(spinoreticular tract), the periaqueductal grey and the intralaminary nuclei
of the thalamus (spinothalamic tract). All these structures play an important
role in the modulation of pain. From these structures in the brain certain
fibres descend to inhibit or facilitate impulse transmission at the spinal cord
level. In particular, stemming from the reticular formation and the raphe
nuclei in the brainstem, monoamine fibres (that use neurotransmitters
containing only one amino acid such as dopamine, noradrenalin, and serotonin)
descend and terminate in the substantia gelatinosa of the dorsal horns. This
descending inhibitory corridor is the dorsolateral aspect of the spinal cord,
transection of which at various levels results in the attenuation of acupuncture
analgesia below that level.®” Hence, the pain and possibly acupuncture signals
carried along the anterolateral funiculus to the medial reticular formation in
the brainstem, initiate descending impulses along the dorsolateral funiculus
that have an inhibiting effect on the transmission of pain signals (Fig. 5.3).

The periaqueductal grey also seems to exert its influence indirectly on the
dorsal horn through the nucleus raphe magnus.10,11 Of the two it is the raphe
magnus that is more richly endowed in opiate receptors, permitting it to
detect the presence of endogenous opioids, (or morphine), and respond by
transmitting messages to the spinal cord, specifically the substantia gelatinosa,
via descending serotonergic fibres. At the dorsal horn of the spinal cord,
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Fig. 5.3 Some of the neurological connections between the brainstem, the spinal cord and
peripheral nerves that are activated by acupuncture.
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serotonin is released by the terminals of the descending fibres and interferes

-with the excitatory synaptic processes between the primary pain fibres and

the spinal neurones.12,13,14,15,16,17

Hence, the acupuncture stimulus (and pain itself), after having risen to
regions in the lower brain, may initiate descending impulses along these fibres
which travel to the spinal cord synapses, where they help to inhibit or promote
the incoming pain signals. Dopamine, noradrenalin, and serotonin may all be
released at the spinal level by the descending monoaminergic fibres. These
act to attenuate the transmission of painful impulses from the spinal synapses
to higher regions in the central nervous system.

Although mostly located in the hypothalamus, some somatostatin neurones
are also found in the spinal cord dorsal root where they are assumed to act in
a similar way and inhibit pain signals.18,19 Somatostatin, a peptide hormone
and neurotransmitter has been found to behave specifically as a neuronal cell
depressant in both the brainstem and dorsal horn of the spinal cord.2°

In true expression of the yin and yang dichotomy, the inhibitory modulation
of pain by acupuncture has its antithesis even at the spinal cord level. Certain
substances have been found that encourage the pain signals and help suppress
any analgesia brought about by acupuncture. Substance P is one such sub-
stance that is involved in pain transmission, particularly in the dorsolateral
aspect of the dorsal horns (substance P = Arg-Pro-Lys-Pro-Gln-Gln-Phe-
Phe-Gly-Leu-Met NH).2! Although it exhibits hypotensive and oxytoxic
behaviour and is widely distributed in the central and peripheral nervous
system, it should be regarded principally as an excitatory transmitter of
primary afferent sensory neurons (therefore pain signals). The antagonist
lioresal completely inhibits the effects of substance P and by doing so blocks
dorsal root transmission.???3®262) However, substance P when administered
peripherally or intraventricularly at certain doses, has been known to produce
analgesia, and even be naloxone reversible, implying its association in action
with the endogenous opiates.?*?> Experiments indicate that in the brain it
supports the analgesic effect of acupuncture.!?? Its action in conjunction with
other neuropeptides is curious, yet, its increased presence in the spinal cord
is predominantly inhibitory to acupuncture analgesia.

One other neurotransmitter antagonist to the analgesic effect of acu-
puncture is cholecystokinin (CCK-8) which, although also found in the
dorsal root ganglia, is located more significantly in the cortex, hypothalamus,
the limbic system and the periaqueductal grey (PAG) of the brainstem.?!
Amongst the cyclic nucleotides, cAMP also appears to have an antagonistic
role in acupuncture and morphine analgesia at spinal sites.?®
The presence and importance of these neurohumors, highlighted by exper-
iments controlling the analgesic effect of acupuncture, provide strong evidence
of the descending inhibitory and excitatory response that acupuncture is
capable of initiating. These feedback cycles either complement or oppose the
gating mechanism at the spinal cord level.
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INTERACTION AT THE LEVEL OF THE BRAINSTEM

The brainstem represents the portion of the brain linking cerebral hemi-
spheres with the spinal cord, and comprises the midbrain, pons and medulla.
Due to the significant presence of synapses in this region, the brainstem is an
important site for the interference of neural transmission and therefore has a
significant role to play in acupuncture analgesia.

Raphe nuclei

The raphe nuclei in the brainstem consists of two principal divisions, the
raphe magnus and the raphe dorsalis. It was noted earlier that the terminals
of the descending fibres from the periaqueductal grey (PAG) and the raphe
nuclei release serotonin and other monoamines in the dorsal horn of the spinal
cord.13,14,15 [t appears the PAG exerts its influence indirectly on the dorsal
horn through the nucleus raphe magnus.10.11 These connections from the
PAG to the spinal cord via the raphe magnus may represent the main parts of
the endogenous analgesic system, and the raphe magnus is presumed to be
one of the relay sites in the pathways of descending inhibition.10,27,28,29

Zhu Lixia and Shi Qingyao claim that the activation of the raphe magnus,
and therefore the descending serotonergic pathway by acupuncture, is partly
mediated by opiate like substances from the PAG.*® (However the PAG is
rich not only in opioid peptides but also in opiate receptors).1831,32 Acupunc-
ture, focal stimulation of the dorsolateral part of the PAG, and the adminis-
tration of leucine enkephalin proximal to the raphe magnus neurones could
all increase the firing rate of neurones in the raphe magnus. The latter two
appear to mimic the effect of acupuncture on the raphe magnus. In any case
this increase in spontaneous neuronal discharge in the raphe magnus is blocked
by the administration of iontophoretic naloxone. The implication is that
acupuncture influences the endogenous analgesic system by encouraging the
release of opiates from the PAG and their uptake in the raphe magnus, followed
subsequently by the stimulation of the mono-amine tracts.

Serotonin neurones which assist to form the raphe nuclei, also dissipate
fibres upwardly from the raphe dorsalis to the thalamus. Hence, serotonin is
operative in the brain (and pervades the ventricles) and the spinal cord via
descending fibres or diffusion through the cerebrospinal fluid.

One method of testing the significance of serotonin in acupuncture anal-
gesia or other physiological functions is by accelerating its synthesis and ob-
serving any pursuant effects. In Chinese experiments reported by Han and
colleagues,26:33 the serotonin precurser S-hydroxytryptophan (SHTP) was
injected intraventricularly and intrathecally in rats with both cases resulting
in an increase in the analgesic effect of acupuncture.®* It is also possible to
block the reabsorption of serotonin at the serotonergic nerve terminals. This
results in an increase in availability of serotonin for receptor sites and con-
sequently accentuates serotonergic functional activities. In a double blind
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s}udy reported by Han JS and colleagues,?® clomipramine was used to selec-
vaely block the reabsorption of serotonin and was found to be effective in
increasing the level of acupuncture analgesia.>*

Conv_ersely,‘ il.l experiments on rabbits and rats, preventing the synthesis of
serotonin by injecting parachlorophenylalanine (PCPA) resulted in the at-
tenuation of acupuncture analgesia.>* Significantly though, acupuncture
analges1‘a was not abolished totally by the injection of PCPA, implying that
ser(.)tor_un is not the sole determinant of the analgesic response despite its
major importance.

The analgesic effect of acupuncture can be enhanced or lowered by the
corresponding increase or decrease of serotonin level in the central nervous
system. The implication of the results of these experiments is that serotonin
in the central nervous system may be one of the most important neuro-
chemical agents mediating acupuncture analgesia. Serotonin, which is capable
of acting as a hormone and neurotransmitter, is found outside the central
nervous system in a number of tissues including blood platelets and intestinal
mucosa. It is interesting to note that electroacupuncture performed on patients
with chronic pain also raises the platelet serotonin level significantly.?’ Just
how widespread a physiological role serotonin plays (aside from analgesia) is
still being explored.

It is known that patients with depression have low central and platelet
serotonin levels.38-3%-40®149) Eyrthermore, these low serotonin levels are
associated with greater risk of suicide.*! Serotonin deficiencies have also been
proposed as a factor in obesity. A multitude of other physiological properties
are ascribed to it including the inhibition of gastric secretion, stimulation of
smooth muscle, and the production of vasoconstriction.*?

Changes of serotonin levels under acupuncture are clearly capable of exerting
profound physiological responses. The influence of acupuncture on central
serotonin levels may offer some explanation in western medical terms for
acupuncture’s beneficial effect in conditions typified by poor blood supply to
the extremities such as in Raynaud’s disease and diabetic polyneuropathy.*?

Severe insomnia where both rapid eye movement (REM) and non-REM
sleep are affected also follows as a consequence of depletion of serotonin in
neurones in the raphe nuclei. This insomnia can be alleviated with the ad-
ministration of 5-hydroxytryptophan, the precurser of serotonin.* In a similar
fashion neurones of the locus coeruleus, another cell group in the brainstem,
contain large amounts of noradrenalin. If this cell group is destroyed REM
sleep is eliminated.

Locus coeruleus

We shall now turn our attention to experiments that explore the significance
of noradrenalin in acupuncture. The nucleus locus coeruleus consists to a
significant degree of neurones using noradrenalin(NA) (norepinephrine) as
its chemical transmitter and from here fibres are sent to the forebrain and the
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spinal cord (ascending and descending noradrenergic fibres—see Fig. 5.4). As
part of the ascending pathway, noradrenergic terminals in the raphe magnus,
nucleus habenula and the PAG come mainly from the locus coeruleus. It
was observed by Cao Xiaoding, Xu Shaofeng and Lu Wenxiao that electro-
acupuncture on human subjects and conscious rabbits decreases available
noradrenalin in the brain and in the plasma suggesting that electroacu-
puncture inhibits the central noradrenergic system.* As reduced noradrenalin
activity accompanied a rise in the pain threshold, Cao Xiaoding and colleagues
proposed that the inhibition of sympathetic activities by acupuncture plays a
favourable role in acupuncture analgesia. The inhibition of the sympathetic
nervous system under electroacupuncture was also confirmed by accom-
panying changes in physiological indices such as palm skin temperature.
Similar results have been determined for dopamine, another principal cate-
cholomine transmitter of the sympathetic nervous system. -4

The Research Group of Acupuncture Anaesthesia (Beijing) observed that
increases in the cerebral content of noradrenalin were correlated with a decline
in acupuncture anaesthesia and vice versa.*® By injecting rats intraventricularly
with dihydroxyphenylserine (DOPS), a presursor to NA, it was apparent that
the increase in brain noradrenalin was antagonistic to the acupuncture anal-
gesic effect. In other experiments Dun, Jiang and Fu augmented the acu-
puncture analgesic effect by causing chemical lesion of the noradrenergic
terminals in the nucleus raphe by 6-OH-Dopamine.*®

Cao Xiaoding and colleagues also measured a paradoxical increase due to
acupuncture in noradrenalin content in the dorsal horn of the spinal cord.*>->
Here is appears that noradrenalin plays a contradictory role. These and similar
tests indicate noradrenalin in the spinal cord is an important facilitator of the
acupuncture effect, that is, it augments the analgesic response.

By employing agonists and antagonists to specific receptors the Beijing
research group demonstrated that central noradrenalin exerts its antagonistic
effect on acupuncture analgesia specifically via alpha (adrenergic) receptors,
whilst it exerts an augmentary effect via the beta-receptors. This was con-
firmed by others where microinjection of clonidine-M, an alpha agonist, into
the periaqueductal grey could reduce the acupuncture analgesic effect.*
(Clonidine-M encourages the functional activity of noradrenalin by increasing
the susceptibility of alpha (adrenergic) receptors). The overall outcome of
these experiments on rats and rabbits indicates that in the context of the
function of noradrenalin, the alpha-receptor effect predominates to hinder
acupuncture analgesia.

Therefore experimental evidence indicates that noradrenalin has a dif-
ferent role to play in different parts of the nervous system, and relates differ-
entially to specific receptors. The balance between its actions in the brain and
the spinal cord is that noradrenalin suppresses acupuncture analgesia. Of
course this may vary from one species to the next, depending in part on the
proliferation of alpha or beta receptors.

Studies reveal that electroacupuncture stimulation accelerates synthesis of
central noradrenalin as well as its release for utilisation. But the rate of release
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Fig. 5.4 Some of the neurological connections between the brainstem and the diencephalon that
are activated by acupuncture.
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exceeds that of synthesis, resulting eventually in a decrease in cerebral
noradrenalin content, and therefore a weaker antagonistic effect on acupunc-
ture analgesia, than may be anticipated. This is especially so when we consider
the combined contrasting facilitatory effects of serotonin and the opiate like
substances.

Periaqueductal central gray (PAG)

In order to understand properly the interrelationships between the catechola-
mines and opiates we need to turn our attention now to the central nervous
regions in which the endogenous opiates play a significant role. The peri-
aqueductal central grey region lies rostral to the raphe nuclei and is very
important in morphine analgesia, hence has been a common and lucrative
focus for research into acupuncture analgesia. As mentioned earlier, studies
have identified the coexistence of serotonin and noradrenalin in the PAG,
supplementary to its opioid peptidergic system.’® The PAG, along with the
nucleus accumbens, amygdaloid nucleus, and habenula (all higher in the
central nervous system), and even the dorsal horns of the spinal cord have
been shown by studies to represent central nervous regions with a significant
presence of opioid receptors, and hence to have an important role to play in
morphine or acupuncture analgesia.18,32,51,52

Using rats and the tailflick latency test as an estimate of pain threshold.
Takeshige and fellow workers>> confirmed earlier work by both Mayer** and
Pomeranz> that acupuncture analgesia is antagonised in a dose dependent
fashion by naloxone. They also concluded that acupuncture analgesia is largely
mediated by opiate like substances released by activation of the dorsal PAG.
Furthermore, morphine injection or electrical stimulation of the PAG
can inhibit the nociceptive response of the dorsal horn neurones in the spinal
cord via the descending serotonergic pathways.17,56,57,58,59

Radiommunoassays, which measure the amount of endogenous opioids,
are also often used to establish the importance and location of opioid peptides.
This information is then related to the acupuncture analgesic effect.50,51,60 By
employing opiate antagonists, synthesisers or degradation inhibitors, or radio-
immunoassay techniques, different opioid peptides have been found to be
present in the PAG including beta-endorphins, enkephalin, and dynorphin,
each acting on different opioid receptors. The anti-nociceptive properties of
beta-endorphin when injected intraventricularly are considerably more
potent than morphine.®** In fact, Han Jisheng claims that the anti-
nociceptive nature of beta-endorphin is about 20 times more potent that that
of morphine.” This is in contrast to the properties of enkephalins which are
relatively weak anodynes despite their high affinity for opiate receptors.5>6* It
has been proposed that this weak anodyne property of the enkephalins may
due to their rapid inactivation by the peptidases. Considerably less is known
about the physiological characteristics of dynorphin.21,65,66 Studies in China’
have shown that:
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1. Enkephalins work in the brain, particularly the PAG and hypothalamus,°
and the spinal cord;

2. Beta-endorphins work in the brain, but insignificantly in the spinal cord.
They are particularly concentrated in the arcuate nucleus of the hypo-
thalamus, although also present in the PAG and diencephalon;

3. Dynorphin works in the spinal cord and not in the brain; and

4. Dynorphin A, followed by dynorphin B, and then met-enkephalin have a
decreasing effect as opioid peptides in the spinal cord.

Cerebral opiate activity is closely correlated with acupuncture analgesia.28
However, opiate like substances are released by the pituitary and can also at
times traverse the blood-brain barrier. Blood opiate activity has also been
found to be well correlated with acupuncture analgesia.®” Cross-circulation
experiments on pairs of rabbits have employed naloxone to identify the active
transfer of opiates, specifically endorphins, as responsible for communication
of the analgesic response.5®

Endorphins, with their ubiquitous existence throughout the central nervous
system, have provided to date a very popular theory for the mechanism of
acupuncture, but as we can see from the whole range of associated neuro-
hormones already discussed, it cannot be the complete answer. Without
necessarily negating the significance of endorphins, criticisms proposed are
that certain physiological responses would be expected if opiate substances
played such a significant role in analgesia. Specifically, morphine and opiate
like substances cause constriction of pupils (miosis), and respiratory dep-
ression, neither of which are observed in acupuncture analgesia, despite raised
opiate levels. Note that the levels of opiate like substances are raised to a
degree of analgesia comparible to doses of morphine that would cause these
responses. Furthermore, acupuncture helps constipation, bronchospasm and
gastrointestinal spasm, whilst the opiate substances do the opposite.

In response to these problems, Pasternak presents evidence suggesting that
acupuncture analgesia due to endogenous opiates is mediated through a single
subclass of receptor sites distinct from those mediating respiratory effects and
associated with morphine mortality.® The opiate receptor mu-1 sites which
are favoured by endogenous opioids and enkephalins appear to mediate
analgesia whilst separate classes of opiate receptor sites are involved with
other opiate actions. Of course, the simultaneous stimulation of other neuro-
transmitters may also act to diminish these expected opiate responses.

INTERACTION AT THE LEVEL OF THE DIENCEPHALON

The diencephalon, representing the posterior part of the forebrain, contains
three neuronal structures that are engaged in the process of acupuncture
analgesia. They are the thalamus, the habenula and the arcuate nucleus of the
hypothalamus.
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The thalamus

After passage through the dorsal horns of the spinal cord, the thalamic synapses
are the second principal link in the afferent pain pathway. As such, the thala-
mus is an important site where acupuncture may exert an influence to modify
noxious stimuli. And it is flush with opiate receptors.”

Experiments on rabbits, rats and cats showed that pain responses of neur-
ones in the nucleus parafascicularis and nucleus centralis lateralis of the thala-
mus could be inhibited by acupuncture stimulation.9:71,72,73,74 At least three
quarters of the neurones measured in these two nuclei in adult cats exhibited
a decrease in nociceptive discharge with electroacupuncture.’? In the nucleus
anterior and the nucleus lateralis anterior in the thalamus of rabbits similar
attenuation of nociceptive responses was found to be partly mediated by
endogenous opioid peptides and opioid receptors.”?

The ascending serotonergic fibres from the raphe dorsalis are also likely to
have significant input to pain modulation by acupuncture at the level of the
thalamus however little research appears to be available on this topic.

Glutamic acid, an excitatory neurotransmitter, has been found in the thala-
mus, limbic system (hippocampus) and cerebral cortex and there is some
evidence to say that it may also play a role in acupuncture analgesia.’5,76,77
Furthermore, GABA (gamma aminobutyric acid) also has an important and
similarly excitatory role to play in acupuncture analgesia, and is readily con-
verted to glutamic acid.”> However, the habenula appears to be the most
significant domain where GABA exerts its influence.

Habenula

The habenula, in the dorsomedial aspect of the thalamus, is a relay station
between the limbic system and the lower brainstem.

I have already briefly made mention of the habenula as a site where opioids
are found in an aspect supportive of acupuncture analgesia.”® However, other
studies have shown that during electroacupuncture analgesia the habenula in-
hibits the analgesic responses in the PAG,”® the thalamus,’” and the raphe
nuclei’® by releasing GABA (gamma amino-butyric acid) (Figure 5.4). GABA
in the brain is antagonistic to acupuncture analgesia, that is, an increase in
GABA (which excites neuronal activity) results in a decrease in analgesia.

Not only does the habenula inhibit the (acupuncture) analgesic effect of the
PAG and raphe nuclei via GABA fibres, but it also acts to stimulate the locus
coeruleus (via cholinergic fibres) to inhibit the raphe nuclei further.” Inhibition
of the raphe nuclei by the locus coeruleus is achieved through the noradrenergic
pathways already discussed. Hence, acupuncture is capable of increasing the
release of GABA particularly in the habenula where in turn it is able to exert
inhibitory actions on acupuncture analgesia directly via the raphe nuclei, and
indirectly via cholinergic fibres to the locus coeruleus. In disease states the
impairment of GABA transmission may modify the acetylcholine and mono-
amine systems to promote sleep disorders and may produce a variety of seizure
disorders, including grand mal fits.*°
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Arcuate nucleus of the hypothalamus

The arcuate nucleus of the hypothalamus is also a site for beta-endorphin
neurones, which in turn travel to the PAG and locus coeruleus in the brainstem
and hence facilitate acupuncture analgesia at these levels.80,81,82,83

Yin Qizhang and colleagues at the Suzhou Medical College illustrated in
elaborate controlled experiments on rats that electroacupuncture could activate
the arcuate neurones with the result of inhibiting their noxious responses.?’
Painful stimuli could elicit evoked potentials in the arcuate nucleus, which
were subsequently inhibited by electroacupuncture. Separate tests also showed
that electrical stimulation of the arcuate nucleus could enhance the analgesic
effect of acupuncture whilst lesion or isolation of this nucleus would reduce
the acupuncture analgesic effect.

Aside from beta-endorphin neurones, experiments have confirmed that
cholinergic neurones also have a role to play in the analgesic and regulatory
effect of acupuncture in the hypothalamus.34:85 Increased hypothalamic ace-
tylcholine (Ach) levels are positively correlated with the analgesic outcome.

Experiments on rats in Beijing used the tailflick test as an estimate of pain
threshold to determine that acupuncture analgesia could be attenuated by in-
hibiting the synthesis of acetylcholine with intraventricular hemicholine
injections or by introducing the receptor antagonist, atropine. The effect
of hemicholine could be partially reversed by the administration of the ace-
tycholine precurser, choline. On the other hand injections of eserine, an
anticholinesterase which assists the central accumulation of acetylcholine,
potentiated acupuncture analgesia.®®®” Many regions other than the arcuate
nucleus of the hypothalamus, have been found that involve acetycholine in
the acupuncture analgesia pathway, such as the caudate nucleus,*’ the
amygdala, the habenula, the cortex and particularly the locus coeruleus.85,86,88

THE LIMBIC SYSTEM

The main structures to be discussed here for their part in the acupuncture
ensemble are the nucleus accumbens, amygdala, and caudate nucleus.

Nucleus accumbens

The nucleus accumbens is an important neuronal structure which is supplied
by serotonin fibres from the PAG and the raphe dorsalis (Fig. 5.4 pathways
1 and 2).” Release of serotonin in the nucleus accumbens in turn activates the
liberation of met-enkephalins there, which act to promote analgesia. From
the nucleus accumbens a descending pathway to the nucleus raphe utilises
these endogenous opioids as neurotransmitters (Fig. 5.4 pathway 3). This
descending pathway which terminates in the nucleus raphe, acts to further
inhibit pain signals there and supports analgesia. Any inhibition at the level
of the raphe nuclei of the ascending serotonergic channels to the nucleus
accumbens would decrease thelevel of acupuncture induced analgesia.
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In Figure 5.4 these pathways just described are labelled with the numbers
1, 2, and 3, and form what is termed (tentatively by Han Jisheng) the ‘meso-
limbic loop of analgesia’.” This neuronal loop, existing between the PAG, the
raphe dorsalis and nucleus accumbens, utilises serotonin and the enkephalins
as neurotransmitters, and acts as a positive feedback cycle in analgesia. This
feedback loop may be one reason why acupuncture analgesia lasts for some
time after the removal of needles. Another factor already mentioned would be
a reflection of the clearance rate (half life) of the relevant neurotransmitters
from the cerebrospinal fluid and blood.

Another link which acts as a collateral to the group is labelled ‘4’ on Figure
5.4. In this collateral of the feedback loop the nucleus accumbens sends
descending impulses that inhibit the function of the habenula.”® Descending
fibres from the habenula which release GABA in the PAG and raphe nuclei
would normally inhibit acupuncture analgesia, however as the habenula itself
is a victim of descending inhibition from the nucleus accumbens, the influence
of GABA to decrease the pain threshold would be curbed.?

Amygdala

Not only are opiate like substances involved in the amygdala, but serotonin
fibres also pervade this area and are derived from the raphe dorsalis. In Beijing
Medical College the presence of serotonin in the amygdala and its relationship
to acupuncture analgesia has been tested in controlled studies on rabbits
using cinanserin, a serotonin receptor blocker.?® The opiate substances were
tested with naloxone and D-phenylalnine, an enkephalin degradation enzyme
inhibitor. As would be expected both serotonin and enkephalins were found
to facilitate electroacupuncture analgesia. Nanjing University, by studying
unit discharges of the amygdala, also confirmed the involvement of this nucleus
in the modulation of pain and acupuncture.’! They proposed that the raphe
nuclei acted as a relay station for the acupuncture impulses prior to reaching
the amygdala. In interesting contrast however, Zhang Anzhong in earlier
studies had noted in rabbits that ‘no prominent changes of endorphin release
in the amygdala during acupuncture analgesia were observed’ (p135).%?

Caudate nucleus

Placed rostrally to the thalamus, the caudate nucleus also appears to parti-
cipate in acupuncture analgesic effects. Experimenters in Shanghai observed
that electrical stimulation of the head of the caudate nucleus provided relief
from intractable pain caused by advanced tumours in all 17 patients tested.”?
Furthermore, the characteristics of analgesia induced by the electrical sti-
mulation of the caudate nucleus closely mimicked the characteristics of
acupuncture analgesia.
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Other experiments performed in Shanghai First Medical College have
shown that acetylcholine plays an important facilitating role in the acupunc-
ture effect. When injected into the caudate nucleus, the cholinergic blocker,
scopolamine, blocked acupuncture analgesia.47-%.95 Furthermore, in their
experiments with rabbits at the Shanghai First Medical College and else-
where, researchers have clarified that not only acetylcholine, but dopamine,
serotonin and the opiates all operate in the caudate region (Fig. 5.5).96.97,98,99

In fact the caudate cholinergic activity is antagonised by the release of
dopamine under electroacupuncture. Though an increase in concentration of
dopamine in the caudate nucleus appears to have an effect against electroacu-
puncture analgesia, Sun Deyu and colleagues in Jinzhou Medical College
demonstrated that injection of dopamine into the substantia nigra at the level
of the midbrain increased the analgesic effect induced by electroacupuncture
at Zusanli (St 36).1% Unlike its function in the caudate nucleus, dopamine in
the substantia nigra operates to increase the pain threshold. Here, dopamine is
the most important inhibitory neurotransmitter.'! The behaviour of dopamine
is another reminder of the contradictory roles these neurochemicals may be
playing under acupuncture stimulus. The overall effect of the dopamine system
is, according to Xu Shaofen, antagonistic to acupuncture analgesia.”®*°

Having determined that acetylcholine activity in the caudate nucleus en-
hances acupuncture analgesia and that this may be antagonised by dopamine,
Xu Zhenbang explored further for drugs that might potentiate acupuncture
analgesia.*’ Metoclopramide seemed to suit the requirements as it has both
anticholinesterase and antidopamine functions.'%>'%® Intravenous adminis-
tration of metoclopramide to rabbits enhanced the elevation and prolongation
of pain threshold with electroacupuncture. This is an interesting example of
how pharmaceutical drugs may be adapted to enhance the acupuncture
response.

Cerebral cortex

The cerebral cortex is involved in the integration and descending modulation
of pain.104,105,106,107 It is fairly well established through morphological and
other studies that the cerebral cortex employs efferent connections to a number
of nuclei lower in the brain, (such as the PAG, caudate nucleus, reticular
formation of midbrain, spinal cord, raphe magnus and thalamus), in order to
modulate not only pain, but various other sensations. 108,109,110,111,112,113,114
The complicated modulatory effect on the subcortical structures is evidenced,
for example, by the way the somatosensory area II is inhibitory to the para-
fasciculus nucleus in the thalamus, whereas the motor cortex is facilitatory to
the same nucleus (Fig. 5.5).”

Corticofugal (moving away from cortex) impulses from somatosensory
area II in the cortex to the centromedian nucleus (CM) in the thalamus are
involved in the production and maintenance of the acupuncture analgesia
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effect. These impulses from somatosensory area II are thought to be initiated
by the acupuncture stimulus.''>!'® GABA injections in the somatosensory
area Il appear to suppress the cortical descending pain inhibitory effect, whilst
acupuncture analgesia may be prolonged by glutamate injection in the same
area.”’

Experiments have shown that by recording unit discharges, the responses
of neurones of the cerebral cortex somatosensory area I to noxious stimuli can
be inhibited by electroacupuncture. Interestingly, the unit discharges due to
weak rather than strong electroacupuncture could be blocked significantly by
intravenous naloxone, implying that the cerebral cortex’s role in acupuncture
analgesia induced by weak electroacupuncture is modulated by opiate like
substances.!!” In experiments with human subjects in Beijing, cerebral evoked
potentials (CEP) were graphed under the presence of noxious stimuli followed
by electroacupuncture.!'® Electroacupuncture induced an inhibitory effect
on the components relating to pain in the cerebral evoked potentials. This
experiment provides further substantial evidence of the objective reality of

the analgesic effect of acupuncture.
These limited cases exemplify the complex modulatory effect the cerebral

cortex exerts under acupuncture. It was mentioned earlier that noradrenalin
acts in a facilitatory way in the spinal cord whilst high levels of noradrenalin
in the brain negate acupuncture analgesia. In a similar fashion, the alpha and
beta noradrenergic receptors adopt different roles in the context of acupunc-
ture analgesia. And this complex interaction of just one neurotransmitter is
echoed by the full spectrum of interactions of transmitter substances that
play a part in the physiological responses to acupuncture.

NEUROTRANSMITTER INTERRELATIONSHIPS

Thus far it is apparent that serotonin and the opiate like substances are of
major importance in acupuncture analgesia. The functions of these two sub-
stances are also very closely related. For example, it was stated earlier that
opiate stimulation in the raphe magnus initiates serotonin release in the spinal
cord. Hence, it may be of interest to explore the extent of mutual interaction
and support between these two neurotransmitters. Studies on rats in China
have shown that:?®

1. When both central serotonin content and opiate activity levels are high,
the result is excellent acupuncture analgesia. When only one factor is high,
moderate analgesia usually results. When neither factors is raised, or both are
blocked, the outcome is poor analgesia.l19,120

2. Blockage of the effect of opiate receptors with intravenous naloxone
obstructs the endogenous opioids and results in an increase in the turnover
rate of central serotonin.

3. A decrease in central serotonin content leads to an increase in cerebral

opiate activity.



