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Preface

In 1988, when “Scientific Bases of Acupuncture” was published, its edi-
tors noted that 12 years had passed since the acupuncture endorphin
hypothesis was first postulated, an event that marked the start of serious
basic research on acupuncture. The editors also suggested that more was
known about the mechanisms of acupuncture analgesia than many pro-
cedures of conventional medicine and, in consequence, it was time to
stop referring to acupuncture as an “experimental procedure.”

Now another 12 years have passed. Acupuncture research, both basic
and clinical, has greatly expanded. Modern biomedical techniques,
including those of molecular biology and medical imaging, have revealed
increasingly detailed physiological correlates of acupuncture action.
Clinical researchers from Europe, North America, and Asia have devised
a variety of protocols to test acupuncture efficacy according to generally
accepted standards for randomized controlled trials. A critical review of
acupuncture research by the United States Food and Drug Administra-
tion resulted in the label “experimental” being legally removed from the
packaging of acupuncture needles in 1996, just as the editors of “Scien-
tific Bases of Acupuncture” had proposed. A year later, again in large
part a result of increased and improved acupuncture research, a consen-
sus conference on acupuncture convened by the U. S. National Institutes
of Health concluded its panel report with the endorsement “.. there is
sufficient evidence of acupuncture’s value to expand its use into conven-
tional medicine and to encourage further studies of its physiology and
clinical value® (JAMA 280:1518-24).

The present book is nothing less than a celebration of the coming of
age of acupuncture research. Reflecting the broad spectrum of modern-
day acupuncture research, its chapters include an assessment of system-
atic reviews of acupuncture trials, proposed standards of acupuncture
treatment in clinical research, qualitative methods to gauge patient sat-
isfaction with Oriental medicine treatment, and physiological models of
auricular acupuncture, meridians, and homeostatic responses to acu-
puncture. Our hope is that the state-of-the-art reviews presented in
these pages will encourage consideration of the millennia-old practice of
acupuncture as a contemporary, evidence-based treatment option.

July, 2000 Gabriel Stux
Richard Hammerschlag
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CHAPTER 1

Acupuncture Analgesia — Basic Research

B. Pomeranz

1.1
Introduction

In recent years, acupuncture analgesia (AA) in the west has been restricted mainly to
the treatment of chronic pain and not used for surgical procedures, except for dem-
onstration purposes. In some Western countries, however, AA is used in combination
with nitrous oxide, sufficient N,O being given to render the patient unconscious but
not for analgesia [80], or with fentanyl [89]. How could a needle inserted in the hand
possibly relieve a toothache? Because such phenomena do not conform to accepted
physiological concepts, scientists were puzzled and skeptical. Many explained it by
the well-known placebo effect, which works through suggestion, distraction, or even
hypnosis [201, 202]. In 1945, Beecher [9] showed that morphine relieved pain in 70 %
of patients, while sugar injections (placebo) reduced pain in 35% of patients who
believed they were receiving morphine. Thus, many medical scientists in the early
1970s assumed that AA worked by this placebo (psychological) effect. However, there
were several problems with this idea. How does one explain the use of AA in veteri-
nary medicine over the past 1000 years in China and approximately 100 years in
Europe and its growing use on animals in America? Animals are not suggestible and
only a very few species are capable of the still reaction (so-called animal hypnosis).
Similarly, small children also respond to AA. Moreover, several studies in which
patients were given psychological tests for suggestibility did not show a good correla-
tion between AA and suggestibility [101]. Hypnosis has also been ruled out as an
explanation, as two studies [6, 58] have shown that hypnosis and AA respond to nal-
oxone differently, AA being blocked and hypnosis being unaffected by this endorphin
antagonist.

Until 1973, the evidence for AA was mainly anecdotal, with a huge collection of
case histories drawn from one quarter of the world’s population. Unfortunately, there
were few scientifically controlled experiments to convince the skeptics. In the past 25
years, however, this situation has changed considerably. Scientists have been asking
two important questions: does AA really work by a physiological rather than a pla-
cebo/psychological effect and, if so, by what mechanism?

The first question had to be approached via controlled experiments to rule out pla-
cebo effects, spontaneous remissions, etc. These experiments have been carried out in
clinical practice on patients with chronic pain, in the laboratory on humans, studying
acute laboratory-induced pain (see Sect.1.6), and on animals (see Sect.1.6). From
these numerous studies, it can be concluded that AA works much better than placebo.
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Hence, AA must have some physiological basis. But what are the possible mecha-
nisms? Only the answer to the second question (how does AA work?) could possibly
dispel the deep skepticism toward acupuncture.

1.2
Neural Mechanisms of Acupuncture Analgesia

Twenty years of research in my laboratory coupled with over 100 papers from the
western scientific literature led to a compelling hypothesis: AA is initiated by the
stimulation of small diameter nerves in muscles which send impulses to the spinal
cord. Then, three neural centers (spinal cord, midbrain, and pituitary) are activated
to release transmitter chemicals (endorphins and monoamines) which block “pain”
messages. Figures 1 and 2 summarize various aspects of the hypothesis of the neural
mechanism of AA.

We explain the figures and present some of the evidence for this hypothesis. Fig. 1
shows how pain messages are transmitted from the skin to the cerebral cortex. On the
left is skin, with a muscle beneath it in the lower left corner. An acupuncture needle
penetrates the muscle. The next rectangle is the spinal cord, and to the right are rect-
angles depicting various brain structures: midbrain, thalamus, pituitary-hypo-
thalamus, and cerebral cortex. As shown in the legend to Fig. 1, open triangles repre-
sent excitatory terminals (acting at the synapse) and closed triangles inhibitory
terminals. Large arrows indicate the direction of impulse flow in the axons and small
arrows the painful stimulus.

Painful @
Stimulus Thalamus Cortex
Pituitary
Hypothal
Skin ( >
Muscle
Acu H (s
Needle @
Spinal Cord
Legend:
Painful  pirection of  Nerve fxeltatery  Inhibitory

Cell Synapse Synapse Sensory Werve Blood

l Acupuncture Vessel
lieedle D

Sensory Receptor

Stimulus  Inpulses

STi=Spinothalanic Tract

Fig. 1. Pain transmission
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To understand the pain transmission as shown in Fig. 1, follow the thick arrows at
the top. An injury to the skin activates the sensory receptors of small afferent nerve
fibers (labeled 1) of A delta and C axon size. (Nerve fibers are classified by size and
according to whether they originate in skin or muscle: large diameter myelinated
nerves A beta (skin) or type I (muscle) carry “touch” and proprioception, respec-
tively. Small diameter myelinated A delta (skin) or types II and III (muscle) carry
“pain” messages, as do the smallest unmyelinated C (skin) and type IV (muscle).
Types II, 111, IV, and C also carry nonpainful messages.) Cell 1 synapses onto the spi-
nothalamic tract (STT) cell in the spinal cord (labeled 2). The STT (cell 2) projects its
axon to the thalamus to synapse onto cell 3, which sends impulses to the cortex to
activate cell 4 (probably in the primary somatosensory cortex). I must point out that
this diagram is oversimplified, since there are at least six possible pathways carrying
pain messages from the spinal cord to the cortex but, for the sake of clarity, only the
STT is shown.

It is best to go to Fig. 2 to see how the other cells operate (cells 5-14). In Fig. 2, the
acupuncture needle is shown activating a sensory receptor (square) inside the mus-
cle, and this sends impulses to the spinal cord via the cell labeled 5, which represents
type 1I and III muscle afferent nerves (small diameter myelinated afferents). Type II
afferents are thought to signal the numbness of De Qi needling sensations and type
I1I the fullness (heaviness and mild aching) sensation [203]. Any soreness felt is car-
ried by unmyelinated type IV afferents from the muscle, although soreness is not

— 1®
Painful Thalamus Cortex
Stimulus
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Needle

Legend: Q‘d _Q __‘ gz o
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Fig. 2. Acupuncture (low frequency, high intensity)
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usually part of the De Qi sensations. In some acupuncture points, e. g., at the finger-
tips or over major nerve trunks, there are no muscles and here different fibers are
involved. If cutaneous nerves are activated, A delta fibers are the relevant ones. Cell
number 5 synapses in the spinal cord onto an anterolateral tract (ALT) cell (labeled 6)
which projects to three centers, the spinal cord, the midbrain, and the pituitary-
hypothalamic complex.
 Within the spinal cord, cell 6 sends a short segmental branch to cell 7, which is an
endorphinergic cell. This cell releases either enkephalin or dynorphin, but not beta-
endorphin. (There are three families of endorphins: enkephalin, f-endorphin, and
dynorphin, and in Fig. 2 these are all labeled E.) The spinal cord endorphins cause
presynaptic inhibition of cell 1, preventing transmission of the painful message from
cell 1 to cell 2.

As there are very few axo-axonal synapses between cell 7 and cell 1, it is thought
that the endorphin peptides merely diffuse to the receptors located on the terminals
of cell 1. There are also postsynaptic endorphin synapses acting directly on cell 2

from cell 7, although these are not shown. Thus, enkephalins and dynorphins block

pain transmission at the spinal cord level. The presynaptic inhibition probably works
by reducing calcium current inflow during the action potential in the terminals of cell
1, resulting in reduced release of the pain transmitter.

What Fig. 2 does not show are the numerous peptides present in the cell 1 termi-
nals, including cholecystokinin, somatostatin, neurotensin, bombesin, calcitonin
gene-related peptide, angiotensin, substance P, and vasoactive intestinal peptide. So
far, only cholecystokinin (CCK) has been shown to play a role in AA [72], acting like
the opiate antagonist naloxone to block endorphin-mediated AA. Perhaps the ratio of
CCK and endorphins is the important variable in producing analgesia.

As shown in Fig. 2, cell 6 also projects to the midbrain, ascending the spinal cord
in the ALT. Here, it excites cells 8 and 9 in the periaqueductal gray (PAG), which
release enkephalin to disinhibit cell 10, which is thus excited) and in turn activates
the raphe nucleus, located in the caudal end of the medulla oblongata (cell 11), caus-
ing it to send impulses down the dorsolateral tract (DLT) to release monoamines
(serotonin and norepinephrine, labeled M) onto the spinal cord cells [66]. Cell 2 is
inhibited by postsynaptic inhibition, while cell 1 is presynaptically inhibited via cell
7. (Cell 7 is excited while cell 2 is inhibited by the monoamines.) Either of the two
monoamine mechanisms can suppress the pain transmission. In addition to the
raphe magnus, which releases serotonin onto the cord, there is the adjacent reticula-
ris paragigantocellularis (not shown), which may release norepinephrine via the DLT
onto the spinal cord. Norepinephrine binds to an alpha receptor in the cord to block
pain transmission.

Some believe that serotonin and norepinephrine act synergistically in this regard
[64]. There is some evidence that the peptide neurotensin may be the excitatory
transmitter between cells 10 and 11 [7]. The precise relationship of these descending
monoamine effects to AA is not clear at present, and results suggest that some of the
raphe serotonin effect in AA may be mediated by ascending fibers from the raphe to
the forebrain (not shown). More work is needed on the role of the monoamine system
in AA. :

Even less well understood is the action of cell 6 onto cells 12 and 13, the pituitary
hypothalamic complex. Cell 12 in the arcuate nucleus may activate the raphe via

Acupuncture Analgesia — Basic Research 5

[-endorphin, and cell 13 in the hypothalamus may release B-endorphin from the
pituitary gland from cell 14 (Fig. 2). While there is some agreement that AA is accom-
panied by elevated beta-endorphin in the CSF [169] and blood and that pituitary
lesions suppress AA [42], there is no agreement on how the -endorphin from the
pituitary reaches the brain to cause analgesia. Too little of it reaches the blood to
cross the blood-brain barrier in sufficient quantities. Some evidence suggests that the
pituitary-portal venous system can carry hormones in a retrograde direction directly
to the brain [13]. Perhaps cell 14 can influence cell 9, as shown by the thin arrows in
Fig. 2, without having to cross the blood-brain barrier. If so, the role of circulating
endorphins in the blood is unclear. However, there is an important correlate of pitui-
tary B-endorphin release: adrenocorticotrophic hormone (ACTH) and f3-endorphin
are coreleased into the circulation on an equimolar basis [19, 158]. (They stem from
a common precursor).

The ACTH travels to the adrenal cortex, where cortisol is released into the blood
[43], which may explain why acupuncture is helpful in blocking the inflammation of
arthritis and the bronchospasms of asthma (the doses of cortisol released by acu-
puncture are small and finely regulated, thus avoiding the side effects of cortisol drug
therapy). Because of insufficient data, other centers implicated in the AA-endorphin
effects have been left out of our description. These include the nucleus accumbens,
amygdala, habenula, and anterior caudate [77, 224}. In Fig. 2, the axon from the STT
cell (cell 2) has a collateral fiber dropping down to excite cell 8 in the midbrain to
cause analgesia. This is because of a phenomenon discovered in 1979 by Le Bars et al.
[95] called DNIC (diffuse noxious inhibitory control), in which one pain inhibits
another. Its role in AA has been suggested but never clearly established [14].

In summary, acupuncture stimulates nerve fibers in the muscle which send
impulses to the spinal cord and activate three centers (spinal cord, midbrain, and
hypothalamus/pituitary) to cause analgesia. The spinal site uses enkephalin and
dynorphin to block incoming messages with stimulation at low frequency and other
transmitters (perhaps gamma-aminobutyric acid, or GABA) with stimulation at high
frequency. The midbrain uses enkephalin to activate the raphe descending system,
which inhibits spinal cord pain transmission by a synergistic effect of the mono-
amines, serotonin, and norepinephrine. The midbrain also has a circuit which
bypasses the endorphinergic links at high frequency stimulation. Finally, at the third,
or hypothalamus/pituitary center, the pituitary releases 3-endorphin into the blood
and CSF to cause analgesia at a distance. Also, the hypothalamus sends long axons to
the midbrain and activates the descending analgesia system via -endorphin. This
third center is not activated at high frequency stimulation but only at low frequency.

What is the practical significance of this three-level system? When needles are
placed close to the site of pain or in the tender (trigger, or Ah Shi) points, they are
maximizing the segmental circuits operating at cell 7 within the spinal cord while also
bringing in cells 11 and 14 in the other two centers (Fig.2). When needles are placed
in distal points far from the painful region, they activate the midbrain and
hypothalamus-pituitary (cells 11 and 14) without the benefit of local segmental
effects at cell 7. Moreover, cells 11 and 14 produce analgesia throughout the body,
while cell 7 produces analgesia only locally.

Local segmental needling usually gives a more intensive analgesia than distal non-
segmental needling because it uses all three centers. Generally, the two kinds of
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needling (local and distal) are used together on each patient to enhance one another.
Another important practical consequence of this system is the frequency/intensity
effect. As shown in Fig.2, low frequency (2-4 Hz), high intensity needling works
through the endorphin system and acts in all three centers, while high frequency
(50-200 Hz), low intensity needling only activates cells 7 and 11, bypassing the endoz-
phin system. Numerous studies have shown that the types of analgesia produced by
these two approaches are quite different [2]: the low frequency method produces an
analgesia of slower onset and, more importantly, of long duration, outlasting the 20-
minute stimulation session by 30 minutes to many hours. Also, its effects are cumula-
tive, improving increasingly after several treatments. In contrast, the high frequency,
low intensity analgesia is rapid in onset but of very short duration and with no cumu-
lative effects. Many authors have arbitrarily described the low frequency, high inten-
sity type of analgesia as “acupuncture-like” transcutaneous electrical nerve stimula-
tion (TENS) and the high frequency, low intensity type as “conventional” TENS.

Because low frequency, high intensity analgesia produces a cumulative effect,
repeated treatment produces more and more benefit for the patient [109, 154, 200] or
laboratory animal [151]. This could be due to long-lasting effects of endorphins in the
low frequency system. Most conventional TENS (high frequency) devices must be worn
continuously by the patients, as the effect is of short duration, and in over 70 % of cases
the effectiveness wears off after some months of continuous use because tolerance devel-
ops [209]. In contrast, low frequency acupuncture need only be given daily or twice a
week because of its long-term cumulative effects [154]. Indeed, too frequent application
of low frequency acupuncture produces tolerance. For example, if applied continuously
for 6h, the analgesia weakens and finally disappears [71]. This effect is cross-tolerant
with morphine tolerance [71], and the mechanisms involved may be similar to those of
addiction to endorphins. Hence, spacing the acupuncture treatments with long enough
intervals may prevent tolerance while promoting the cumulative effects.

Perhaps the failure of some Western clinics to achieve success is due to the use of
very infrequent treatments (e.g., one per week) and the termination of treatment after
only five to ten sessions. In some clinics in Asia, patients are treated daily for a
month, then weekly for 6 months, and the results reported anecdotally are excellent.
Of course, some patients will never respond to acupuncture for various reasons; non-
responders may be genetically deficient in opiate receptors. We have shown that mice
genetically lacking endorphin receptors respond poorly to acupuncture [135]. Other
failures may be due to deficiency in endorphin molecules; rats lacking endorphin
compounds respond poorly to acupuncture [123]. Some nonresponders can be con-
verted to responders by treatment with the safe drug jd-phenylalanine, which poten-
tiates endorphins [39, 51, 183]. In clinical practice, a strategy must be developed to
allow nonresponders to be recognized while not aborting therapy too soon for poten-
tial responders who might show delayed cumulative effects. (One way is to decide
after five treatments: if there is no benefit whatsoever, abort; if mild to moderate
effects occur, continue and reassess after 10-15 treatments.) Often, the cost of
repeated office visits is prohibitive. Hence, our group developed a home acupuncture-
like TENS device which gives De Qi sensations and can be used by the patient over
acupuncture points for 30 min/day for several months [41].

Most books might have ended the discussion of AA right here. However, because
acupuncture is relatively new to Western medicine and so controversial, more data
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are needed to convince students that the acupuncture mechanisms outlined in Figs. 1
and 2 are well-established. Those who are in a hurry can skim or skip the next few
pages but should nonetheless scrutinize the reference list (this omits the huge litera-
ture from China which, if included, would double the number of citations). It should
be apparent that we know more about AA than about many chemical drugs in routine
use. For example, we know very little about the mechanisms of most anesthetic gases
but still use them regularly. The reader is also referred to the reviews [3, 66, 68, 76, 86,
100, 117, 139, 142, 143, 150, 168, 173, 215, 223, 226].

1.3
Evidence for Endorphins and Acupuncture Analgesia

Perhaps the most exciting experiments which opened up the field of AA to scientific
research were those in which endorphin antagonists (e.g., naloxone and naltrexone)
were used. That naloxone could antagonize AA was reported initially by two groups
[113, 147]. Studying acute laboratory-induced tooth pain in human volunteers, Mayer
et al. [113] produced AA by manual twirling of needles in LI.4 (first dorsal interosse-
ous muscle of the hand). In a double-blind design, they gave one group of subjects IV
naloxone while another group received IV saline. The saline group achieved AA with
a time course typical for clinical reports (30 min to onset of analgesia and effects last-
ing for over 1h). The naloxone group showed no AA. As no controls received nalox-
one alone, one might argue that naloxone hyperalgesia simply subtracted from the
analgesia of AA. However, this is probably not the case, since numerous studies on
acute laboratory-induced pain have shown that naloxone alone rarely produces
hyperalgesia [57]. This suggests that endorphins do not have a basal tone during
acute pain. Mayer et al. [113] studied a control group receiving placebo injections.
The placebo subjects were told to expect a strong analgesic effect and none was
observed, as predicted from Beecher’s work on acute pain, where only 3 % of subjects
reported placebo analgesia [9].

The other early naloxone study was by Pomeranz and Chiu [147] in awake mice;
they used the mouse squeak latency paradigm and gave electroacupuncture (EA) at
LI.4. Numerous control groups were used in this latter experiment in an attempt to
determine some of the possible artifacts. Each group received one of the following
treatments: EA alone, EA plus saline, EA plus IV naloxone, sham EA in a nonacu-
puncture point, naloxone alone, saline alone, and no treatment at all (just handling,
restraint, and repeated pain testing). The results were unequivocal: naloxone
completely blocked AA, sham EA produced no effect, and naloxone alone produced
very little hyperalgesia (not enough to explain reduction of AA by subtraction).
Moreover, the results in mice and in humans indicated firstly that AA was not a psy-
chological effect and secondly that AA truly was blocked by naloxone. In a later study,
Cheng and Pomeranz [36, 37] produced a dose-response curve for naloxone and
found that increasing doses produced increasing blockade. In a third study in anes-
thetized cats [146] recording from layer-5 cells in the spinal cord (cell 2 in Fig. 1), the
same researchers completely prevented the EA effects with IV naloxone.

Since these early papers, there have been numerous studies in which systemically
administered endorphin antagonists have been used to test the endorphin-AA
hypothesis. Although most researchers reported naloxone antagonism [25, 28, 32,
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34-39, 40, 53, 62, 78, 93, 97, 98, 133, 135, 146, 147, 151, 160, 164, 165, 170, 171, 174,
175, 187, 193, 208, 210, 224, 225], some found no effects of naloxone [1, 30, 31, 137,
185, 200, 211]. Three of these seven failures were obtained with high frequency, low
intensity stimulation, which is probably not endorphinergic [1, 200, 211]. In one of
the failures [31] low intensity stimulation was used which did not lead to De Qi sensa-
tions. In spite of this, four of seven subjects in that study showed naloxone antago-
nism.

While the reasons for the other three negative papers [30, 137, 185] are not entirely
clear, a possible explanation has emerged. Antagonists work best when given before
the treatment [144, 206] and fail to reverse analgesia that has already been initiated.
Thus, naloxone can prevent AA but often cannot reverse it. (In the three failed experi-
ments, researchers tried to reverse AA, giving the endorphin antagonist after, not
before the acupuncture treatments.) Taken together, the overwhelming weight of evi-
dence shows that naloxone antagonizes AA and that the few negative results may be
due to poor timing of the naloxone administration. In biology, negative results are
often less valid than positive ones.

A few weeks after the first naloxone results were announced in the research news
section of Science [110], a letter to the editor in the same journal justifiably criticized
the use of naloxone as the sole proof of the AA-endorphin hypothesis [75]. This criti-
cism is based mainly on the argument that naloxone might possess unknown side
effects unrelated to opiate receptor blocking. Small doses which were effective in pre-
venting AA in man (5-10"® M) and in mice and cats (10°° M) would tend to implicate
receptor effects, but the effectiveness of small doses of naloxone is clearly not enough
evidence to prove specificity [162]. However, since that letter was written, 17 different
lines of experimentation have emerged which have independently provided support
for the AA-endorphin hypothesis:

1. Many different opiate antagonists block AA [33-37].

2. Naloxone has a stereospecific effect [36, 37].

3. Microinjection of naloxone or antibodies to endorphins blocks AA only if given
into analgesic sites in the central nervous system [15, 45, 67, 72, 73, 133, 144, 151,
216, 221, 224].

4. Mice genetically deficient in opiate receptors show poor AA [135, 159].

. Rats deficient in endorphin show poor AA [123, 175].

6. Endorphin levels rise in blood and CSF during AA and fall in specific brain
regions during AA [5, 45, 52, 74, 77, 83, 90, 108, 111, 125, 136, 169, 195, 225].

7. AA is enhanced by protecting endorphins from enzyme degradation [39, 45, 51,
54, 63, 82, 91, 123, 175, 225].

8. AA can be transmitted to a second animal by CSF transfer or by cross-circulation
and this effect is blocked by naloxone [98, 105, 157].

9. Reduction of pituitary endorphins suppresses AA [42, 111, 152, 177, 179, 180,
181].

10. There was a rise in messenger RNA for proenkephalin in brain and pituitary. This
lasted 24-48h after 30min of EA, indicating a prolonged increased rate of
enkephalin synthesis. This could explain the enduring effects of EA and the
potentiation of repeated daily treatments [60, 220].

11. There is cross-tolerance between AA and morphine analgesia, implicating endor-
phins in AA [33, 34, 71].
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12. AA is more effective against emotional aspects of pain. This is typical of endor-
phins [218].

13. Lesions of the arcuate nucleus of the hypothalamus (the site of 3-endorphins)
abolishes AA; this is cell 12 in Fig.2 [177, 178, 204].

14. Lesions of the periaqueductal gray (site of endorphins) abolishes AA [205].

15. The level of c-Fos gene protein (which measures increased neural activity) is ele-
vated in endorphin-related areas of the brain during AA [59, 96, 132].

16. Evidence suggests that, in addition to monoamines mediating 100 Hz EA effects,
dynorphin (one of the three endorphins) may also be involved. Thus, at 100 Hz
there is an elevation of dynorphin levels in the dorsal horn of rat spinal cord
[217] and there is an elevation of dynorphin A in lumbar punctures in humans
receiving 100 Hz EA [69, 70]. Moreover, rats given EA at 100 Hz show AA, which
is blocked by the dynorphin kappa antagonist (norbinaltorphimine), while the
EA at 2Hz is blocked by mu and delta antagonists, suggesting involvement of
enkephalins and B-endorphin at these lower frequencies [34, 35].

17. Electroacupuncture in rats elevated precursors of the three endorphins, pre-
proenkephalin, preprodynorphin, and preproendorphin mRNA. Moreover, anti-
sense nucleotides for c-fos or c-jun successfully blocked the EA-induced prepro-
dynorphin mRNA [60].

In summary, 17 different lines of research strongly support the AA-endorphin
hypothesis. Despite so much convergent evidence for this hypothesis, skepticism
persists:

1. Some cite the few failures of naloxone to reverse AA [31]. It has already been sug-
gested above that naloxone reversal experiments are prone to difficulty because
naloxone prevents but does not reverse AA. Moreover, the number of successful
naloxone antagonisms of AA far exceeds the number of failures (28 successes ver-
sus 7 failures). In general, negative results in biomedical research are less reliable
than positive results.

2. Some state that naloxone antagonism is necessary but not sufficient evidence [75].
That is why we have presented 17 different lines of evidence (only one line of evi-
dence depends on naloxone).

3. Some attack the animal studies of AA as being unrelated to AA in humans [31].
Firstly, there have been numerous experiments in humans with the same AA-
endorphin outcome as in lower animals. Secondly, the similarity of results across
many species proves the generality of the phenomenon. Thirdly, there is no proper
objective measure of pain in man. Fourthly, if skeptics are correct, then the entire
animal “pain” literature should be discarded, a literature which provided our ini-
tial insights into endorphins, brain stimulation analgesia, TENS, and other results
that have been highly applicable to human pain.

4. Some are concerned that AA in animals may be merely stress-induced analgesia
(which also releases endorphins) and hence has nothing to do with acupuncture in
humans [31]. At a conference on stress-induced analgesia at the New York Acade-
my of Sciences, we gave a lecture entitled “Relation of stress-induced analgesia to
acupuncture analgesia” Some of the points made in that paper [140] were:

A. Sham EA on nearby nonacupuncture points in animals induces no AA, thus
controlling for stress [27, 43, 55, 56, 102, 147, 176, 186].






