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Using Acupuncture to Explore the 
Neuropharmacology of the Pain 

Pathway

Aaron J. Michelfelder, M.D., FAAFP, FAAMA
Professor of Family Medicine, Bioethics & Health Policy, and Medical Education

Board Certified Medical Acupuncturist

Kinesio Taping at the 2012 Summer Olympics

Objectives

• By the end of this presentation, you should ...

– Know the National Institutes of Health guidelines on the use of 
acupuncture (JAMA 1998; 280:1518-24).

– Identify the endogenous opioid peptides and major 
neurotransmitters implicated in acupuncture analgesia.

– Understand the neurochemical effects of low frequency/high 
intensity and high frequency/low intensity electroacupuncture.

– Understand the inherent thermoelectrical properties of 
acupuncture needles
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Presentation Outline

• Acupuncture in the United States
• Meridian Theory
• Cortical Effects
• Neural-Hormonal Effects
• Clinical Evidence
• WHO Uses for Acupuncture

Osler was an acupuncturist?

Public Images from http://www.mcgill.ca/osler-library/

Public Images from http://www.mcgill.ca/osler-library/
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Now, Let Me Tell You About My 
Appendectomy in Peking...

by James Reston

New York Times, Monday July 26, 1971

Basic Acupuncture Principles

• Based on 12 
Meridians or 
Channels

• In Between Muscle 
Cleavage Planes

• Fascia is Electrically 
Active

Principal Meridians

From: Helms, JP. Acupuncture Energetics: A Clinical Approach for Physicians. 2007
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Acupuncture Physiology

• The needle is working through multiple vectors 
in the body’s physiology:
– Functioning electrically on the body surface
– Electro-ionically in interstitial milieu
– Nerve and neurohumoral functions as per 

Pomeranz’s studies
– Perineural conduction along myelin sheaths
– Blood input via effects of neurohumoral, cellular, and 

blood chemistry changes
– Immunologically via humoral and cellular changes

Electrical Propagation

• Zang 1960
– Needle at LI-4 and LI-11

– Stimulated LI-4

– Measured Galvanic Change at LI-11

– Electrical Current Follows Direction of 
Meridian.

THE ACUPOINTS

• TECHNETIUM 99 studies in France showed linear flow 
when injected in real points at 6 cm per minute by 
Dewars et al.

• “Dummy” points did not show linear flow of Tc99.

• Stimulation of the injected points with a needle, 
electricity, or helium‐neon laser increased the migration 
rate not corresponding to vascular or lymphatic 
channels.
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Tc99 Studies

From Giovonardi et al. 1988 ‐
http://agopuntura.org/html/mandorla/rivista/numeri/Marzo_1998/TC99M.htm Accessed 8/24/07

Figure 1. A typical anatomical image and corresponding functional magnetic
resonance imaging (fMRI) data of the mid‐sagittal view obtained by pain stimulation. 
Locations of the various pain‐related brain areas are also shown: (a) An anatomical image 
showing the anterior cingulate cortex (ACC) (dACC [dorsal], rACC [rostral], and cACC 
[caudal]), the supplementary and primary motor areas, and the thalamic nuclei overlaid on 
a mid‐sagittal view of an anatomical image of a human brain. (b) Averaged fMRI data 
obtained by pain stimulation overlaid on a mid‐sagittal view image (average of 12 subjects). 

Zang‐Hee Cho et al. fMRI Neurophysiological Evidence Of Acupuncture Mechanisms.2002.

http://www.medicalacupuncture.org/aama_marf/journal/vol14_1/article1.html ‐ Accessed 8/24/07

Zang‐Hee Cho et al. fMRI Neurophysiological Evidence Of Acupuncture Mechanisms.2002. 
http://www.medicalacupuncture.org/aama_marf/journal/vol14_1/article1.html ‐ Accessed 8/24/07
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Patient

Mr. N is a 64 y/o male with chronic low back pain for years 
due to osteoarthritis of the spine.  He presents for 
acupuncture therapy. 

The acupuncture method chosen for him is Percutaneous 
Electrical Nerve Stimulation (PENS) 

- After 1 treatment, he states his pain decreased by 80% 
for 20 minutes
- After 2nd treatment, his pain decreased 90% for 3 days
- After 3rd treatment, his pain decreased to 0/10 for 2 
weeks

Electroacupuncture

The Endogenous Opioid Peptide Families 
Implicated in Acupuncture Analgesia

• Beta-endorphin

• Enkephalin

Met-enkephalin

Leu-enkephalin

• Dynorphin
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Major neurotransmitters implicated in 
acupuncture analgesia

• Serotonin

• Norepinephrine

• Substance P

• Gama-aminobutyric acid (GABA)

• Dopamine

• ACTH

NEUROHUMORAL EFFECTS OF 
ELECTRO-ACUPUNCTURE

This Set of Slides Adapted from the 
American Academy of Medical 

Acupuncture and are Used With 
Permission

PHYSIOLOGY OF NERVE 
FIBERS

• Various afferent nerve fibers are involved in 
transmitting pain impulses 
– Large myelinated nerves

• A- Beta  (skin)  carry touch

• Type I  (muscle) carry proprioception

– Large unmyelinated nerves
• C Fibers (Skin, Muscle, Tendon) carry Pain

– Small myelinated nerves carry pain
• A-delta  (skin)

• Type II and III  (muscle)

– Type II, III, IV, and C also carry nonpainful messages
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REVIEW OF TRANSMISSION OF 
A PAINFUL STIMULUS

• An injury to the skin 
activates the sensory 
receptors (squares) of 
small afferent A-delta 
and C-fibers (#1)

• These synapse onto 
the Spinothalamic Tract 
in the spinal cord (#2)

REVIEW OF TRANSMISSION OF 
A PAINFUL STIMULUS

• The Spinothalamic Tract 
cell projects its axon to 
the Thalamus (#3)

• Here it synapses with a 
cell that sends impulses 
to activate the primary 
sensory cortex (#4)

• White triangles are 
excitatory synapses, 
Dark are inhibitory

Electroacupuncture
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PENS

• Percutaneous Electrical Nerve Stimulation 
– Local needles in the back

– Distant Needles in the ankles, head, wrists

– Low Frequency/High Intensity PENS for 15 
min

– High Frequency/Low Intensity PENS for 15 
min

PENS

• Low Frequency/High 
Intensity
– 2 to 15 Hz as strong 

as patient can tolerate

• High Frequency Low/ 
Intensity
– 30 to 200 Hz just to 

where patient can 
barely feel it

EFFECT OF LOW 
FREQUENCY/HIGH INTENSITY 

ELECTRO-ACUPUNCTURE 
STIMULATION
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EFFECT OF LOW FREQUENCY/
HIGH INTENSITY ELECTRO-

ACUPUNCTURE STIMULATION

• Acupuncture needle 
activates a Type II or III 
small afferent nerve 
(#5) from a sensory 
receptor in the muscle

EFFECT OF LOW FREQUENCY/
HIGH INTENSITY ELECTRO-

ACUPUNCTURE STIMULATION

• This cell synapses in 
spinal cord onto an 
Anterolateral Tract cell 
(#6) which projects to:

– spinal cord

– midbrain

– pituitary-
hypothalamus 
complex

EFFECT OF LOW FREQUENCY/
HIGH INTENSITY ELECTRO-

ACUPUNCTURE STIMULATION
• In the spinal cord, Cell 

6 sends a segmental  
branch to cell 7 
(endorphinergic cell)

• This releases either 
enkephalin or 
dynorphin (but not B-
endorphin)



8/18/2016

11

EFFECT OF LOW FREQUENCY/
HIGH INTENSITY ELECTRO-

ACUPUNCTURE STIMULATION

• This, in turn, causes 
presynaptic inhibition of 
Cell 1, thus prevents 
transmission of the 
painful message 1 to 2.

ADDITIONAL EFFECTS

• Cell 6 also ascends 
Anterolateral Tract of 
the spinal cord to the 
midbrain

• Excites cells in 
Periaqueductal Grey (8 
& 9)

• Releases enkephalin to 
disinhibit Cell 10

ADDITIONAL EFFECTS

• This activates the 
raphe nucleus in the 
medulla (#11) causing it 
to send impulses down 
the dorsolateral tract to 
release monoamines 
(M) such as serotonin 
and norepinephrine 
onto spinal cord cells
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ADDITIONAL EFFECTS

• Cell 2 is thereby 
inhibited by 
postsynaptic inhibition, 
while Cell 1 is 
presynaptically 
inhibited through Cell 7

EFFECT ON PITUITARY-
HYPOTHALAMUS COMPLEX

• Probably Cell 12 in the  
arcuate nucleus 
activates the raphe 
through ß-endorphin 

• Cell 13 in the 
hypothalamus releases 
B-endorphin from the 
pituitary

EFFECT ON PITUITARY-
HYPOTHALAMUS COMPLEX

• In the pituitary ß-
endorphin and ACTH 
are co-released on an 
equimolar basis into the  
circulation

• ACTH travels to the 
adrenal cortex, cortisol 
is released into blood. 
May explain anti-
inflammatory effects
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EFFECT OF PITUITARY-
HYPOTHALAMUS COMPLEX

• This slide shows the 
three centers activated 
by low frequency/high 
intensity electro-
acupuncture (EA) using 
the endorphin 
mechanisms in them

• Low frequency 
stimulation is thus 
inhibited by naloxone.

PENS

• Low Frequency/High 
Intensity
– 2 to 15 Hz as strong 

as patient can tolerate

• High Frequency Low/ 
Intensity
– 30 to 200 Hz just to 

where patient can 
barely feel it

EFFECT OF HIGH FREQUENCY/
LOW INTENSITY EA 

STIMULATION
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EFFECT OF HIGH FREQUENCY/
LOW INTENSITY EA 

STIMULATION

• HF/LI EA stimulates 
only the spinal cord and 
midbrain, but bypasses 
endorphin synapses 
there

• Thus not blocked by 
naloxone, but sensitive 
to manipulations of 
monoamines

EFFECT OF HIGH FREQUENCY/
LOW INTENSITY EA 

STIMULATION

• High frequency EA has 
a strong spinal 
segmental effect, not 
antagonized by 
naloxone
– suggests Cell 7 uses 

non-endorphinergic 
transmitters such as 
GABA

ELECTRO-ACUPUNCTURE 
SUMMARY

• EA activates nerve fibers in the muscle, 
which send impulses to the spinal cord to 
activate three centers to cause analgesia
– the spinal site

• enkephalin and dynorphin to block incoming messages 
with low frequency stimulation

• other transmitters such as GABA at high frequencies

– the midbrain

– the pituitary
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SUMMARY EA EFFECTS

– The midbrain uses enkephalin to activate the 
raphe descending system

• this inhibits spinal cord pain transmission by a 
synergistic effect of the monoamines serotonin and 
norepinephrine

• also a circuit bypasses the endorphinergic links at high 
frequency stimulation

SUMMARY EA EFFECTS

– The Pituitary
• releases ß-endorphin into the blood and CSF to cause 

analgesia at a distance

• the Hypothalamus sends long axons to the midbrain 
which, along with ß-endorphin, activate the 
descending analgesia system, activated only at low 
frequency stimulation

SIGNIFICANCE OF 3-LEVELS

• When needles placed 
close of pain site, they 
maximize segmental 
circuits operating at 
Cell 7 within the spinal 
cord, while also 
bringing in Cells 11 and 
14 of the other 2 
centers.
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SIGNIFICANCE 3-LEVELS

• When needles are placed in distal points 
away from the painful region, they activate 
the midbrain and hypothalamic-pituitary 
complex without benefit of segmental effects

• Clinically, the two kinds of needling are often 
used together, to enhance one another.

THE ANALGESIA PRODUCED BY THE 
2 APPROACHES IS QUITE DIFFERENT

• The low frequency stimulation produces 
analgesia of slower onset and long duration, 
with a 20 minute stimulation effecting 30-120 
minutes of analgesia
– The effects are cumulative in repeat sessions

– may be due to observed increase in m-RNA for 
endorphins seen for 48 hours after stimulation

• The high frequency stimulation is rapid but 
short duration and no cumulative effects

PENS

• Low Frequency/High 
Intensity
– 2 to 15 Hz as strong as 

patient can tolerate
– Spinal Cord – Enkephalin, 

Dynorphin B
– Midbrain – enkephalin, 

Serotonin, Norepinephrine
– Pituitary/Hypothal – B-

endorphin, ACTH
– Effect blocked by Naloxone
– Analgesia slow onset/long 

duration
– Cumulative Effects

• High Frequency Low/ 
Intensity
– 30 to 200 Hz just to where 

patient can barely feel it
– Spinal Cord/Midbrain only–

GABA
– Effect NOT blocked by 

Naloxone
– Analgesia fast onset/short 

duration
– Non-cumulative effects
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ACUPUNCTURE NEEDLES
PHYSICAL PROPERTIES

• ACUPUNCTURE NEEDLES are ideal 
instruments due to their physical properties. 

• COMPOSITION: stainless steel shaft with a 
spiraled handle of copper, bronze, or alloy

• THERMOCOUPLE EFFECT OF KELVIN-
THOMAS  describes a gradient along the 
length of a homogenous conductor with a 
temperature gradient produced by the ends 
of the conductor at different temperatures.

THE BENEDICK’S EFFECT

• The current along a uniform conductor is rein-
forced by the electro-magnetic effect between 
the second (spiraled) metal of the handle in 
contact with the first metal of the shaft.
– Typical needle is 1 to 8 cm long, 0.3-0.4mm in 

diameter or 28 to 26 gauge

– Electrical potential is 3 microvolts, the tip at body 
temperature and the handle at T˚
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NEEDLE IN DISPERSION

• This gradient reaches equilibrium in 10-15 
minutes.

• Dispersion is used in conditions defined as a 
problem of excess, such as acute strain or 
sprain.

• The needle inserted, allow reaction to take 
place, often produces local erythema of skin, 
reaches equilibrium as erythema clears.

NEEDLE IN TONIFICATION

• Manipulation of the needle manually.

• The potential changes to 10-15 microvolts.

• Reaches equilibrium in 60 to 90 minutes.

• Indicated in “deficiency states,” chronic or 
dysfunction states.

• Requires heat, manual manipulation or 
electrical stimulation in an anatomically 
logical circuit.

NEEDLE IN TONIFICATION

• Provokes a wave of 
depolarization/repolarization that propagates 
itself from one needle to the next along the 
course of least resistance, the lamellar flow 
around the muscles, the deep aspect of the 
acupuncture meridians.
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INTO THE MEDICAL 
MAINSTREAM

• FDA 1996 - Classified acupuncture needle as 
Class 2b medical device

• National Institute of Health 1997 Consensus 
Conference showed “clear evidence” of 
acupuncture efficacy in various clinical condi-
tions and deemed appropriate as “part of 
comprehensive care for others.” Chairman 
Dr. David J. Ramsay states, “It’s time to take 
it seriously.”

NIH CONSENSUS DEVELOPMENT 
REPORT

• While there have been many studies of its potential 
usefulness, many of these studies provide equivocal 
results because of design, sample size, and other 
factors. The issue is further complicated by inherent 
difficulties in the use of appropriate controls, such as 
placebos and sham acupuncture groups. 

• However, promising results have emerged, for example, 
showing efficacy of acupuncture in adult postoperative 
and chemotherapy nausea and vomiting and in 
postoperative dental pain.

(JAMA/Vol 280, 1998)

NIH CONSENSUS DEVELOPMENT 
REPORT

• There are other situations such as addiction, stroke 
rehabilitation, headache, menstrual cramps, tennis 
elbow, fibromyalgia, myofascial pain, osteoarthritis, low 
back pain, carpal tunnel syndrome, and asthma, in which 
acupuncture may be useful as an adjunct treatment or 
an acceptable alternative or be included in a 
comprehensive management program. 

• Further research is likely to uncover additional areas 
where acupuncture interventions will be useful.

(JAMA/Vol 280, 1998)
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What should you know?

• For USMLE 1:
– Pain Pathway
– Endogenous Opioids and Neurotransmitters in 

Analgesia
– PENS/TENS Theory

• For P&T Test
– Differences between LF and HF stimulation
– NIH Consensus Panel Recommended Uses for 

Acupuncture
– Thermocouple Effect of Kelvin-Thomas
– Benedick’s Effect

Loyola University Medical Center 
Acupuncturists

Haemi Choi, M.D. – Family Medicine
Kit Lee, M.D. – Family Medicine

Aaron Michelfelder, M.D. - Family Medicine
Larissa Bressler, M.D., Urology

Resources

• National Center for Complementary and 
Alternative Medicine www.nccam.nih.gov

• American Academy of Medical 
Acupuncture 
www.medicalacupuncture.com
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