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The past three to four decades have been a most exciting period in understanding the basic scientific
mechanisms of acupuncture. This is especially true in the area of pain control. The 1965 the ' gate theory
" of Melzack and Wall, although not without flaws, was an important step in understanding the pain
inhibitory mechanism and its clinical application. Since then, many excellent physiologically-based
scientific works were published in the 1970's, 1980's and 1990's by Han, Pomeranz, Takeshige and their

respective colleagues.

One of the most convincing hypotheses is the pain control mechanism described by Pomeranz et
al. The extended model of Pomeranz includes roles for the higher brain in the pain control mechanism. In
Fig. 53 (a) and (b), the peripheral nerves (mostly somatic nerves) are overlaid on the diagram of the human
body and on various segments in the CNS. This is necessary to illustrate the pain inhibitory mechanisms to
be discussed in the following. The main input, due to a pain stimulus in the tissue, ascends via channel 1
and terminates at lamina II in the spinal cord. Its secondary neurons then pass through the reticular
formation and project to the intralaminar nucleus (IL) or centromedican nucleus (CM) of the thalamus
via spinothalamic and/or spinomesencephalic tracts. Tertiary neurons are then projected to diverse areas
in the intermediate and higher brain, including the limbic cortex (Limb. C), the insular cortex (Ins. C), and
the prefrontal cortex (PFC). On the other hand, the acupuncture stimulus may travel via channel 2,
terminating in lamina I or II in the spinal cord. Secondary neurons then terminate in various nuclei of the
thalamus, including the ventroposterolateral (VPL) nucleus, the dorsomedial (DM) nucleus, the
intralaminar nuclei, and the centromedian nucleus (CM, not shown). The major pathways used (utilized)
by the acupuncture signal are the spinothalamic tract (STT), the spinoreticular tract (SRT), and the
spinomesencephalic tract (SMT). These project to the various cortical areas of the higher brain such as the
sensory cortices (Sens. C), the limbic (Limb. C) and insular (Ins. C) cortices, and the prefrontal cortex
(PFC). More importantly, on the way to the thalamus, collaterals of these tracts branch out and project to
or terminate in various levels of the brainstem and hypothalamus. At the level of the spinal cord, some of
the excitatory descending neurons from the upper brain project via collaterals to laminae II and III (marked
as ""II") and activate inhibitory presynaptic interneurons which further inhibit ascending pain signals at

lamina II of channel 1. At the level of the brainstem, collaterals branch out to the periaqueductal gray
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(PAG) and the nucleus locus ceruleus (LC), and eventually to the nucleus raphe magnus (NRM), and to
the nucleus reticularis paragigantocellularis (NRPG). Then the monaminergic neurons from these
centers excite the inhibitory interneurons thereby inhibiting the ascending pain signals in lamina II (or IV,
see Fig.51(b)). At the hypothalamic level two branches from the ascending tracts which act on the
hypothalamic nuclei are shown, namely, the arcuate nucleus (ARC) and a group of other hypothalamic
cells (HC) which secrete beta-endorphin (BE) (Fig. 53 (b)). In this illustration, both the arcuate nucleus
and other hypothalamic cells working together with the pituitary gland (PT) are shown.
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Fig. 53 (a). Peripheral nerves overlaid on the human body.
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Fig. 53 (b). An extended model of the pain control mechanism showing the roles of the higher brain.
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1.Manifestations of the Higher Brain in the Acupuncture Mechanism

Hypothesis of the Acupuncture-Disease-Treatment Mechanism, Part I

During the late 1980's and 1990's an increasing number of studies appeared which suggested that
the higher brain (in addition to the intermediate and lower brain which we have discussed) may be involved
in acupuncture mechanisms, both in pain control and in other disease-treatment effects. Takeshige et al. have
suggested that the hypothalamic beta-endorphin mechanism is likely to be mediated by the higher brain
rather than by just the hypothalamus alone. The example of the lactating mother is illustrated in Fig. 54
(a). The seemingly simple process of lactation involves many complex neural processes. These include the
transmission of tactile sensation to the higher brain via the spinothalamic tract and the processing of other
visual and auditory sensory signals, as well as affective components (see Fig. 54 (b)). These complex neural

processes result in the secretion of milk. The lactating mother responds to the secretion of oxytocin from

Lactating Mother

Fig. 54 (a). Lactating mother. Modified from J. Nolte: The Human Brain, third edition, St. Louis, 1993,
Mosby Year Book, Inc.



