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ABSTRACT

This presentation reviews studies that contribute to an understanding of the neurophysiolog-
ical mechanisms of acupuncture. A 1973 study, using volunteer medical students, looked into
acupuncture’s analgesic effect on experimentally induced pain and suggests that humoral fac-
tors may mediate acupuncture-induced analgesia. In a study of the possible role of the cere-
brospinal fluid transmission of pain suppression effects of acupuncture, cerebrospinal fluid from
acupuncture-treated rabbits was infused into recipient rabbits. The analgesic effect was observed
in the recipient rabbits, suggesting that acupuncture-induced analgesia may be mediated by sub-
stances released in the cerebrospinal fluid. Studies of electroacupuncture in rats revealed that
both low-frequency and high-frequency stimulation could induce analgesia, but that there are
differential effects of low- and high-frequency acupuncture on the types of endorphins released.
In another study, low-frequency electroacupuncture, given as median nerve stimulation in cats,
was shown to protect the myocardium by inhibiting sympathetic pressor response and increas-
ing myocardial oxygen demand. The development of neuroimaging tools, such as positron emis-
sion tomography (PET) and functional magnetic resonance imaging (fMRI), make noninvasive
studies of acupuncture’s effects on human brain activity possible. Studies using PET have shown
that thalamic asymmetry present among patients suffering from chronic pain was reduced af-
ter the patients underwent acupuncture treatment. Other studies, using fMRI, have pointed to
relationships between particular acupoints and visual-cortex activation. These powerful new
tools open the possibility to new scientific studies of this ancient therapy.
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Iam very honored to be here, and thank you
for having me. My challenge this afternoon

is to tell you, within a short time and in an over-
simplified version, about the search for the ba-
sis of acupuncture, and how it might work.

Acupuncture is one component of health
care in Asia that can be traced back for almost
3000 years. The practice of acupuncture in
American medicine was rare until the visit of
President Nixon to China in 1972. Since that

time, there has been an explosion of interest in
the United States and Europe in the application
of acupuncture to Western medicine. In 1996,
the U.S. Food and Drug Administration pro-
moted acupuncture needles from the investi-
gational and experimental medical device cat-
egory to the regular medical-device category.
In 1997, a National Institutes of Health (NIH)
consensus statement on acupuncture sup-
ported the treatment efficacy of acupuncture
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for specific conditions. Particularly, it was
found useful in pain, and in nausea and vom-
iting control.

Given widespread and increasing use
worldwide, why are we expending effort in
studying its mechanism? Gaining an under-
standing of the biological basis for acupuncture
may provide novel insights into neuroen-
docrine, immunologic, and other physiological
processes. Such insights will broaden our ap-
proach and understanding of these disciplines,
and potentially lead to improvement in treat-
ment.

There are two general viewpoints of how
acupuncture works. In the classical “qi” model,
health is related to the balanced flow of vital
energy, or qi, through a network of meridians
in the body. It is believed by some that inter-
ruptions or imbalances in this flow lead to ill-
ness. A series of specific points along the
meridians can be used to alter the flow of qi by
needle insertion or other manipulations that we
would recognize as acupuncture. In the neuro-
physiological model, the mechanical action of
needling or its electrical equivalent, what we
call electroacupuncture, triggers a chain of
events that can be understood through con-
trolled experiments. For example, needling
may cause receptors to send neural impulses to
the spinal cord or act on ascending pathways
to the brain, and cause the release of neuro-
transmitters that subsequently modulate cen-
tral functions in the brain.

Realizing that neither model completely ex-
plains all the findings that we have observed
to date, and that both models have their short-
comings and limitations, I will focus on the
neurophysiological model of acupuncture
only. In the next half an hour, we will embark
on a journey toward understanding how
acupuncture works, from a historical perspec-
tive and by following study subjects through
various studies. First, a group of medical stu-
dent volunteers will provide a quantitative
measure of the acupuncture effect on raising
pain threshold. Then, two rabbits will show
that such an analgesic effect can be transferred,
therefore implicating a humoral basis of such
an acupuncture effect. And following that, a
study of mice will reveal that endorphins are

the mediators of acupuncture’s analgesic effect.
Similar studies will then tell us that continued
acupuncture can lead to tolerance. As acupunc-
ture stimulated with different electrical fre-
quencies appears to have different clinical ef-
fects, a group of rats will demonstrate such
differential effects at the level of gene expres-
sion. Beyond pain treatment, acupuncture has
been used in many other conditions, such as
cardiovascular disease. A cat receiving elec-
troacupuncture will illustrate how acupuncture
can exert cardio-protective effect by regulating
the autonomic nervous system. Finally, we will
look at some preliminary studies utilizing the
recent advances in neuroimaging methods.

The first study using experimentally induced
pain to measure acupuncture’s analgesic effect
quantitatively was conducted in 1973, involv-
ing medical students as normal volunteers (Re-
search Group, 1973). Some of the research ques-
tions were: Does acupuncture really work? If it
works, does it work immediately, as soon as
you put the needle in? And does it stop work-
ing as soon as you take the needles out? In this
study, pain was induced by modified potas-
sium iontophoresis with gradual increase of
currents (0.1–0.3 milliampere each step) pass-
ing through the skin on the head, thorax, back,
abdomen, and leg of a group of 60 participants.
The pain threshold was measured by the cur-
rent (milliampere) needed to produce pain.
Measurement was taken every 10 minutes for
100 minutes after the insertion of the needles
into two acupuncture points, LI-4 and ST-36,
and the needles were manipulated for 50 min-
utes. Data were expressed as average percent
changes in these skin areas compared to their
baseline. This method was validated by using
morphine as a control; 10 mg of intramuscular
morphine increased the pain threshold by ap-
proximately 80%–90% on average in this
group. Manual acupuncture was given for 50
minutes. Researchers observed that the pain
threshold increased gradually, with the peak
increase occurring about 20 to 40 minutes after
needle insertion. The threshold then gradually
returned toward baseline. If procaine, a local
anesthetic, was injected prior to needling, then
the effect was prevented. Several related stud-
ies were performed. First, the onset of acupunc-
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ture’s analgesic effect onset is slow, with 30
minutes of induction time and the effect had an
exponential decay with a half-life of about 16
minutes. Second, whether the needle was
placed in acupuncture points located on the left
side or the right side of the body made no dif-
ference. Different points might have different
potency in increasing the pain threshold, but a
greater effect was observed when multiple
points were used together. Local anesthetics,
such as procaine injected locally, blocked this
effect. This indicated that sensory input plays
an important role. One study, also involving
medical students as normal volunteers, found
that direct stimulation of peripheral nerve sen-
sory fibers yields a similar response in raising
the pain threshold when compared to standard
acupuncture (Lim et al., 1977). The gradual in-
crease and delayed return of pain appreciation
suggest that acupuncture-induced analgesia
may be mediated by humoral factors.

The next experiment of cerebrospinal fluid
transmission of pain suppression follows these
observations (Research Group, 1974). The hy-
pothesis was that neurochemical factors re-
sponsible for acupuncture analgesia may be
produced and released from the central ner-
vous system. If this is true, then infusion of the
cerebrospinal fluid taken from one animal—the
donor rabbit, which has undergone acupunc-
ture—to a recipient animal, might produce a
similar effect, and therefore result in an in-
crease of the pain threshold in this recipient an-
imal. In this study, a standard noxious stimu-
lation was applied and the rabbits’ avoidance
response was measured and compared to their
baseline levels. Researchers gave the donor rab-
bit 30 minutes of acupuncture that produced
an analgesic effect in the donor rabbit. The cere-
brospinal fluid from the donor rabbit was then
infused into the lateral ventricle of a naive re-
cipient rabbit. The analgesic effect was ob-
served in the recipient rabbit.

One methodological issue is that the han-
dling of experimental animals may be stressful
for the animals and thus caused the observed
analgesic effect. To control for this effect, the
research team infused normal saline in another
group. Profusion of the ventricle with artificial
cerebrospinal fluid had no significant effect in

either donor or recipient animals. These results
demonstrated that acupuncture-induced anal-
gesia is likely to be mediated by substances re-
leased in the cerebrospinal fluid.

These studies were conducted before the dis-
covery of endorphins. When endorphins were
discovered, people hypothesized that perhaps
endorphins were mediating the delayed effects
of acupuncture analgesia. An endorphin an-
tagonist, naloxone, was used in another series
of studies. This following experiment used par-
allel groups of mice (Pomeranz and Chiu,
1976). There are groups of mice, 10 in each
group and parallel design. This study set out
to test the acupuncture-analgesia-endorphin
hypothesis. A standard noxious stimulus was
applied to the mouse, and the mouse’s re-
sponse was measured and compared to its
baseline. Robust analgesia was observed using
this setup. The delayed onset of the acupunc-
ture analgesic effect is similar to what we ob-
served in previous studies—gradual peaking
and gradual return. The important message
here is that naloxone blocks such effect. This
design also used other control groups. Sham
acupuncture in mice did not produce an anal-
gesic effect. And using saline injection as a con-
trol for naloxone demonstrated no effect in
blocking acupuncture analgesia. In summary,
naloxone blocks acupuncture analgesia,
thereby implicating the role of endorphins in
acupuncture analgesia in mice.

An important issue here is the comparison
across species. Can the same mechanism be gen-
eralized from mice to humans? A study in 1977
observed the same phenomenon in humans
(Mayer et al., 1977). In the subsequent years,
other independent studies further supported
this endorphin hypothesis. The effect is en-
hanced by protecting endorphins from enzyme
degradation. Such effect is suppressed by re-
ducing the pituitary endorphins. Also, mice that
are genetically deficient in opiate receptors show
poor acupuncture–analgesic effect. As more
members of the endorphin family were discov-
ered, studies demonstrated that different opiate
antagonists also block acupuncture analgesia.

We will next examine tolerance to acupunc-
ture. Most traditional practitioners are aware
of this phenomenon and they refrain from
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overtreatment of patients. Research studies
were able to demonstrate this in a quantitative
fashion. If one were to stimulate continuously
for 2 hours or longer, acupuncture has dimin-
ished analgesic effect. Eventually, the level re-
turns to a baseline level. This might in part be
due to desensitization or downregulation of the
receptors involved. An exciting discovery was
endogenous antiopiates. They were peptides
that counteract the pain-modulation action of
the endorphins. As Dr. Kim mentioned earlier
in the seminar regarding the sphincter of Oddi
study, one of the antiopiates was found to be
cholecystokinin octapeptide. It was found that
this peptide produces a dose-dependent sup-
pression of the analgesic effect induced by ei-
ther morphine or by acupuncture. This was
demonstrated by an experiment in which
acupuncture tolerance was reversed by an in-
tracerebral ventricular injection of a cholecys-
tokinin octapeptide antiserum (Han et al.,
1985). In this study, the cholecystokinin oc-
tapeptide antiserum reversed the tolerance ef-
fect and the control serum failed to do so. In
summary, prolonged acupuncture induces tol-
erance to its analgesic effect, and such tolerance
is caused in part by the release of antiopiates.
However, the story is more complicated. There
is more than one type of antiopiate, just as there
are different members of the endorphin family.
Clearly, more studies are needed.

Next we will discuss the various parameters
of acupuncture. Acupuncture has various pa-
rameters: traditional practitioners may manip-
ulate a needle in very different ways according
to their treatment intention. It may be very
rapid, with twirling and spinning of the nee-
dle, or it may be a slow and rhythmic maneu-
ver, or electrical stimulation may be applied.

The use of electroacupuncture in research
studies revealed that acupuncture analgesia
could be induced by low-frequency stimula-
tion, such as 2 Hz, 4 Hz, or high-frequency
stimulation, such as 100 to 200 Hz. Based on a
variety of studies, it was found that low-fre-
quency acupuncture releases some specific
types of endorphin (enkephalin and b-endor-
phin), and high-frequency acupuncture re-
leases yet another type (dynorphin). Differen-
tial effects of low- and high-frequency
electroacupuncture have also been demon-

strated at the level of gene expression in vari-
ous parts of the brain in rats (Guo et al., 1996a,
1996b). In a series of experiments in rats, fos-
like immunoactivity was used as a marker for
gene expression. Simply by altering the fre-
quency of electroacupuncture, researchers
found that the same nucleus can have a marked
difference in its neuronal activation. Using the
arcuate nucleus of the hypothalamus as an ex-
ample, when given low-frequency stimulation,
results revealed much higher expression com-
pared to when given high-frequency stimula-
tion. In situ hybridization studies revealed that
2-Hz stimulation increased the expression of
the messenger RNA for the one particular type
of endorphin precursor (the enkephalin pre-
cursor protein, pre-pro-enkephalin), with little
effect on the mRNA for another type (the
dynorphin precursor, pre-pro-dynorphin). In
contrast, stimulation at 100 Hz selectively in-
creased another type of messenger RNA ex-
pression (pre-pro-dynorphin), particularly so
at the parabrachial nucleus of the brainstem.

Some researchers may raise questions about
the validity of using fos-like immunoreactivity
as a surrogate in this type of study, because
nonspecific causes may result in its expression.
Some researchers might prefer evidence be-
yond the messenger RNA level and demon-
stration of such effects at the actual peptide
level. Realizing the current limitations in re-
search methodology would prompt the re-
search community to plan future studies with
novel methods and approaches. In summary,
there are differential effects of low versus high
frequency electroacupuncture on c-fos expres-
sion in the rat brain. And there are also differ-
ential effects of low-versus high-frequency elec-
troacupuncture on the expression of messenger
RNAs on various kinds of opioid genes. More
research is needed in order to demonstrate
such effects at the peptide level.

Although acupuncture was regarded as a
treatment for pain by many people, clinical ob-
servations have suggested that acupuncture
may have therapeutic effects on hypertension,
coronary heart disease, and certain disrhyth-
mias. The next study uses low-frequency me-
dian nerve stimulation as a surrogate for elec-
troacupuncture (at P-6 point) in a feline model
(Li et al., 1998).
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In this experiment, bradykinin was applied
to a cat’s gallbladder to induce a reflex pressor
effect expressed as both elevated diastolic and
systolic pressure. The cat’s left anterior de-
scending artery was artificially occluded to cre-
ate an ischemic condition. Under usual cir-
cumstances, when bradykinin is applied, the
reflex pressor effect will increase the oxygen
demand of the heart; but in this case, the oxy-
gen supply is limited by the artificially oc-
cluded artery. When this happened, a patho-
logic–physiologic response manifested as
thinning of the ischemic myocardium was ob-
served. This is indeed observed in the control
group. What happens when you give 30 min-
utes of median nerve stimulation to the cat?
This study showed that the expected patho-
logic wall thinning of the myocardium was not
found in the group that received the median
nerve stimulation. What protected the heart
from ischemia? Data showed that the reflex
pressor effect was inhibited in the acupuncture
group, which was demonstrated by relatively
lowered blood pressure compared to the con-
trol group. As a result, the acupuncture group’s
heart was protected from ischemia, and there-
fore did not display pathological wall thinning
compared to the control. This protective effect
persisted for hours in the follow-up period. In
summary, low-frequency electroacupuncture
given as median nerve stimulation protects the
myocardium by inhibiting sympathetic pressor
response and decreases myocardial oxygen de-
mand. Such protective effect persisted long af-
ter the removal of acupuncture needle stimu-
lation.

Some may question that the invasive form of
direct median nerve stimulation is nothing like
acupuncture used in clinical situation. Will a
less invasive form of electroacupuncture pro-
duce a similar effect as an open-median-nerve
stimulation that we saw in this study? Indeed,
the study has been repeated in less invasive
form, as if in real acupuncture treatment; and
the effect is still the same as demonstrated in
the following study. Furthermore, what might
be the central mechanism of such an observed
cardioprotective effect? (Chao et al., 1999) Re-
searchers found that the inhibitory effects of
electroacupuncture on blood pressure and 
myocardium were reversed by intravenous in-

jection of naloxone, or microinjection of nalox-
one into the rostral ventrolateral medulla.
These results indicated that the inhibitory ef-
fect of electroacupuncture on the bradykinin-
induced pressor response and the consequent
improvement of ischemic dysfunction were de-
pendent on the activation of opioid receptors,
specifically receptors located in the rostral ven-
trolateral medulla.

Thus far, I have covered a series of landmark
studies. These provide evidence for the real ef-
fect of acupuncture on pain and autonomic ner-
vous system regulation, as well as indications
of how acupuncture might work. The effects
appear to be mediated centrally in the brain. I
now turn to less invasive methods that will al-
low study of acupuncture effects in humans
without invasive measurements.

Many remarkable developments have oc-
curred in the last decade in the arena of neu-
roscience. The technological developments of
neuroimaging, such as positron emission to-
mography (PET) and functional magnetic res-
onance imaging (fMRI), have made it possible
to visualize not only the anatomy, but also the
functional activation of a brain in noninvasive
ways. Using these techniques has provided
useful information revealing acupuncture’s ef-
fect on human brain activation.

Using PET, scientists observed that the thal-
amic asymmetry present among patients suf-
fering from chronic pain was reduced after they
underwent acupuncture treatment for pain
condition in a pre-treatment and post-treat-
ment design. Their subjects’ rating of pain was
also reduced (Alavi et al., 1997). And using
PET, scientists observed that the acupuncture
“de qi” state was associated with activation of
the hypothalamus and the cerebellar vermis
when compared to superficial needling (Hsieh,
1998). Meanwhile, localization of the central
nervous pathway for acupuncture stimulation
has been developed utilizing fMRI (Wu et al.,
1999). Using fMRI, scientists observed signal
changes in the limbic circuitry, implicating a
possible intermediary effect of acupuncture in
addiction treatment (Hui et al., 1998).

Also using fMRI are the observations of
acupuncture-point stimulation and corre-
sponding cortical responses. Particularly worth
mentioning is a collaborative study by scien-
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tists from Korea and the United States lead by
Dr. Z.H. Cho, who is present in the audience
today. Researchers reported a correlation be-
tween visual cortex activation and correspond-
ing acupoint stimulation (Cho et al., 1998). In
this study, stimulation on the visual-related
acupoint VA1—it is also called BL67—located
on the foot was found to be correlated to the
fMRI signal-intensity changes in the visual cor-
tex in 12 normal subjects. Four of those subjects
had increased signal intensity, and eight had
decreased signal intensity. In Dr. Cho’s un-
published follow-up study, GB37 and GB43
points were used. The point GB37 is indicative
for the treatment of vision diseases in ancient
medical textbooks. Using fMRI, stimulation of
this point was observed to be associated with
visual cortex activation. On the other hand,
stimulation of GB-43 point, which reportedly is
indicated for the treatment of hearing disease,
was observed to be associated with auditory
cortex activation.

An unexplained observation in the above
study was that stimulation of the visual related
point correlated with signal intensity change in
the visual cortex, as revealed by increased sig-
nal in 4 subjects, but decreased signal in 8 of
the 12 participants. However, as a controlled
condition, visual stimulation always produced
positive signal in all participants. According to
the researchers, a traditional practitioner con-
sultant saw these subjects and classified them
into two groups, yin and yang. Those with tra-
ditional yin characteristics were regarded to
have deficient blood circulation, and those with
yang characteristics had an overabundance.
The researchers reported that the yin subjects,
when they receive acupuncture, had an in-
crease in signal in response, and the yang sub-
jects ended up having a decrease in signal in
response. Acupuncture is known by some to
have a homeostatic effect. It was thought by
some that the traditional classification of
yin–yang characteristics might have a physio-
logical basis. fMRI might provide an interest-
ing new opportunity to look at this and per-
haps observe acupuncture’s homeostatic effect
at work. This will be a new test of an ancient
paradigm, but certainly a provocative new par-
adigm for Western medicine.

As we have seen, there are powerful new
tools to examine the effects of acupuncture in
a noninvasive manner. Along with the new op-
portunities come new challenges as well. The
questions that might be addressed may include
whether acupuncture points really exert point
specificity in their therapeutic effect. An im-
portant aspect of clinical research should also
consider the placebo effect.

I believe that as modern biomedical research
seriously and enthusiastically explores this an-
cient therapy, horizons will be broadened and
we will see improved clinical applications in
expanded areas. Finally, I would like to ac-
knowledge those people who have given me
their help and advice in preparing for this lec-
ture, whose material I have borrowed liberally
from. Mistakes are my responsibility, not
theirs. In alphabetical order: Zang-Hee Cho,
Ph.D., Song-Ping Han, Ph.D., Richard Ham-
merschlag, Ph.D., William Harlan, M.D.,
Daniel Hommer, M.D., and John Longhurst,
M.D., Ph.D. Thank you.
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