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Objective : Physiological evidence regarding acupuncture’s effect in human patients is not yet
well established, despite considerable evidence for its therapeutic efficacy. Besides target or disease
specificity of acupuncture, acupuncture analgesia (AA) appears to be another large subclass that
poses many questions, such as whether there is point specificity with respect to which acupoint is
most effective for a particular condition.

Methods @ We observed brain activation with functional magnetic resonance imaging (fMRID)
using a set of stimuli that consist of pain, pain following Meridian acupuncture, and pain following
Sham acupuncture.
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Results : Among the new observations, the most interesting fact is that data sets of both
Meridian acupuncture and Sham acupuncture show decreased activation of the same brain areas
related to the pain processing signals. Present functional MRI study demonstrate two important
" biclogical observations that could elucidate AA mechanism in human participants: the effects of
acupuncture occur through mediation of the higher brain areas. Sham acupuncture stimulation appears
to be almost as effective as traditional Meridian acupoint stimulation, suggesting that acupuncture
is not entirely point specific. Decreased activation in the Limbic paleo cortical areas appears to be
the probable neurological manifestation of AA and strongly implies that acupuncture stimulation
inhibits the transmission of ascending pain signals to the higher cortical areas by the previously
known descending pain inhibitory circuit.

Conclusion : We, therefore, a hypothesized that this pain inhibitory circuit is initiated and
mediated via the broad sense Hypothalamus Pituitary Adrenal (BS HPA) axis in conjunction to
the “sensory stirmulation.”

Key words ' Acupuncture; Aralgesia; fMRI; HPA axis; Meridian Acupuncture; Sham
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cACC), the supplementary and primary motor areas, and the thalamic nuclei. (b) An exemplary

fMRI activation image data obtained by pain stimulation overlaid on a mid sagittal view image.

(¢} An illustration of the major cortical areas that are believed to be involved in pain signal

“relay,” aftention “rivetting,” emotional pain “perception,” and “modulation.”

*ACC: Anterior Cingulate Cortex. THAL: Thalamus. M1: Primary Motor. SM: Supplementary
Motor. rACC: roastral ACC, dACC: dorsal ACC, cACC: caudal ACC.
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Fig. 2. Stimulation paradigms used in the experiment: (a) “Pain” stimulation paradigm. Pain
signal is initiated by immersing the index finger into a hot bath of water with a temperature of
91 520C for 30 seconds. (b) “Acupuncture + Pain” stimulation paradigm. This stimulation
paradigm is utilized for both the “Meridian Acupuncture + Pain” as well as the “Sham
Acupuncture+ Pain” experiments. This paradigm consists of pain stimulation after 10 minutes
from the initial starting point of acupuncture. Acupuncture was accomplished by manually twirling
or rotating the needle for 30 seconds and resting for 30 seconds and then the same set is
repeated five times. The needle was then removed. Note the data processing period during
which time dependent dynamic data are processed.

*TW: Twirling (a period of neediing for 30 seconds each). RE: Rest or No Twirling (a period of
no acupuncture).
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Fig. 3. Activation maps of the cortical areas observed by fMRI when pain and acupuncture
is given. (a) Left side: cortical activation due to “Pain” stimulation alone for the Group |
(average of 7 experimental sets); Middle side: cortical activation by the traditional “Meridian
Acupuncture + Pain” stimulation for the Group | (average of 7 experimental sets). Right side: the
number of activation pixels in the selected region of interest for “Pain” vs. “Meridian
Acupuncture + Pain.” (b) Same as (a) for Group Il, “Pain” vs. “Sham Acupuncture + Pain.” As
seen, with acupuncture (both Meridian and Sham), the entire anterior cingulate cortex as well as
the thalamic areas are all decreased in activation and the only small parts of the supplementary
and primary motor areas are remained activated. Similarly, only a small area in the thalamus
remains activated in the center slice at the mid sagittal view. It is also interesting to see that
the activation data due to the “Meridian Acupuncture + Pain” and “Sham Acupuncture + Pain’
stimuli are similar suggesting that the underlying mechanisms are the same (see the text).
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Fig. 4. Individual plots of the changes in activation intensities of pain stimulation before and

after acupuncture shown in Fig.3. In the top row, a typical fMRI activation data set obtained
with pain stimulation (at the left side) and the areas chosen (at the right side) for the analysis
are given for reference. (a) Decrease in activation intensity in an area selected by experimental
observation (see the top row) for the group | “Meridian Acupuncture +Pain”. (b) Same as (a) for
the group Il “Sham Acupuncture +pain.” (c) Sum of (a) and (b).

* ActROIl: Activation change of the region of interest. PM: Pain for Meridian Acupuncture
study. MAP: Meridian Acupuncture + Pain. PS: Pain for Sham Acupuncture study. SAP: Sham

Acupuncture + Pain
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gtk meEly, ANREFTFHGLFAAE
53 #Hd H99 A4 HAHE
a4 F7k= gl ojgdt @A Adoly
e COMTSF e a9 FAx¥e Ao]
oA 718 Aoz A4dAd?, aey Y=
ol digk WA YehtbE Q1S WEE
Z&3 A o dgte, 53 FGFHTH
ATl oA dAe IMRIZI&A A B8
Q UAEFAZLE 7|09 MRIF|CIE A
7} k3 Qe BEAEE 1EE 9, 7 KA
gejo] vk AAERde Y 2 gukd AA
(A FT vkl E)o] AART A
A7l | ol& o] k. 1= B
etz dAle] AFdTE e HAEAe}
AAZ] g 159 vHg Alojo] ofH ¢
Aol A& F Ak AL AAlBtL Yok o]
Aol 22 A A ATAA AAHRNE FH
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PUB gl A & €Y B 2L F 7K
2o 1 ol4e gE Y Ade UL F
Adths AL 7158 doluh '

V.4 &

B AT A gEAA He IFEH
(acupuncture analgesia)°ll th3t AElgA<l 7]
Aol g P YEEH ZHe AV 3
e A AAET 9o, IR (a) A9
AZade= A9 ¥ & 489 BS HPAZY
S Ft LAE (b) ¥ & AFTAH 7
AT BolE @ AnFolxyt RoRyA
AT EB3 goyoltks Mg XXtk o
g B d7dd= ATAHL A7E E3
AAE AEEo| ol st o7& A713HH,
olm] AZHAUH AT A Al
H+E BS HPAZF 7MdE& AAE F2 ok

V. 33838

1. Aki, H, Campeau, S., Cullinan, W.E,
Lechan, RM, Toni, R, Watson, S.],
1999, Neuroendocrine systermns I; Overview
thyroid and adrenal axes. In: Zigmond,
MJ, Bloom, FE, Landis, S.C., Robert,
JL, Squire, LR (Eds), Fundamental
Neuroscience.,, Academic Press, San
Diego, pp. 1127-1190.

2. Agkarian, AV, Shi, T., 1997. Thalamocortical



The Journal of Korean Acupuncture & Moxibustion Saciety Vol 21. No. 2. April 2004

connections of the cingulate and insula
in relation to nociceptive inputs to the
cortex. In: Ayrapetian, A., Apkarian, A.V.
(Eds.), Pain Mechanisms and Management.
IOS Press, Amsterdam, pp. 212-220.

. Bandettini, P.A., Wong, EC, Hinks, RS,
Tikofsky, RS., Hyde, ]S, 1992. Time
course EPl of human brain function
during task activation. Magn. Reson
Med. 25, 390-397.

- Becerra, LR, Breiter, HC, Stojanovic,
M, Fishman, S, Edwards, A, Comite,
AR, Gonzalez, RG, Borsook, D., 1999,
Human brain activation under controlled

thermal stimulation and habituation to

noxious heat: an fMRI study. Magn.
Reson. Med. 41, 1044-1057.

. Bush, G, Luu, P, Posner, ML, 2000.
Cognitive and emotional influences in
anterior cingulate cortex. Trends Cogn.
Sci. 4, 215-222.

. Casey, KL., Minoshima, S., Berger, KL,
Koeppe, RA., Morrow, T.J,, Frey, KA,
1994.  Positron emission tomographic
analysis of cerebral structures activated
specifically by repetitive noxious heat
stimuli. J Neurophysiol. 71, 802-807.

. Cho, ZH, Chan, JK, Ericksson, L.,
1976. Circular ring transverse axial
positron camera for 3 D reconstruction
of radionuclides distribution. IEEE Trans.
Nucl. Sci. 23, 613-622.

. Cho, ZH,, Chung, S.C,, Jones, JP, Park,
JB, Park, HJ, Lee, H], Wong, EK,
Min, BI, 1998 New findings of the

10.

11.

12.

13

14.

15.

16.

correlation  between  acupoints and
corresponding  brain  cortices  using
functional mri. Proc. Natl. Acad Sci
USA 95, 2670-2673.

Cho, ZH, Ro, YM, Lim TH, 1992
NMR venography using the susceptibility
effect produced by deoxyhemoglobin.
Magn. Reson. Med. 28, 25-38.

Cho, ZH, Ro, YM, Park, S.T.,, Chung,
5C, 199%. NMR functional imaging
using a tailored rf gradient echo sequence
a true susceptihility measurement technique.
Magn. Reson. Med. 35, 1-5.

Cho, ZH, Son, YD, Kang, CK, Han,
JY, Wong, EK, Bai, S.J, 2003. Pain
dynamics observed by functional
magnetic resonance imaging: differential
regression analysis technique. ] Magn.
Reson. Imaging 18, 273-283.

Emst, E, White, A., 1999. Acupuncture;
A Scientific Appraisal. Butterworth
Heinemann, Oxford.

Filshie, J, White, A, 1998 Medical
Acupuncture; A Western Scientific Approach.
Churchill & Livingston, London.
Friedman, M, Rosenman, RH, 1974.
Type A behaviour and your heart.
Knopf. Alfred A., New York.

Friedman, M, Ulmer, D, 1984. Treating
type A behavior and your heart. Alfred
A. Knopf,, New York.

Friston, KJ., Ashbumer, J., Frith, CD,
Poline, JB., Heather, JD, Frackowiak,
RS.J, 199%. Spatial registration and
normalization of images. Hum Brain

69



A9 AFHIk AYRAAAAZTOE FEE AFAE] AR 715AA7|1TRIPIANE o8¢ A7

17.

18

19.

2.

Mapp. 3, 165-189.

Friston, K.J., Williams, S., Howard, R,
Frackowiak, RS. Tumer, R, 19%.
Movement related effects in fMRI time
series. Magn. Reson. Med. 35, 346-355.
Goddard, G., Karibe, H, McNeill, C,
Villafuerte, E., 2002. Acupuncture and
sham acupuncture reduce muscle pain in
myofascial pain patients. J Orofac. Pain
16, 71-76.

Han, ]S, 2008 Acupuncture! neuropeptide
release produced by electrical stimulation
of different frequencies. Trends Neurosci.
26, 17-22.

Han, ]S, Chouy, PH, Ly, LH, Yang,
TH, Jen, MF, 197. The role of
central 5 hydroxytrypt amine in
acupuncture analgesia. Sciencia Sinica
(Eng. Trans) 22, 91-104.

Hui, KK, Liu, J, Makris, N, Gollub,
RL., Chen, A.J, Moore, Cl, Kennedy,
DN, Rosen, BR, Kwong, KK, 2000.
Acupuncture  modulates the  limbic
system and subcortical gray structures
of the human brain: evidence from fMRI
studies in normal subjects. Hum. Brain
Mapp. 9, 13-25.

Jones, AK, Brown, WD, Friston, K],
Qi, LY., Frackowiak, R.S., 1991. Cortical
and subcortical localization of response
to pain in man using positron emission
tomography. Proc. R. Soc. Lond. B. Biol.
Sci. 244, 39-44.

23. Kim, D, Park, D, Chai, S, Lee, S., Sun,

70

M, Kim, C, Shin, HS, 2003. Thalamic

|
control of visceral nociception mediated

by T type Ca” chamnels. Science 302,
117-119.

24. Kwan, CL., Crawley, A.P., Mikulis, D.J.,

Davis, KD.,, 2000. An fMRI study of
the anterior cingulate cortex and
surrounding medial wall activations
evoked by noxious cutaneous heat and
cold stimuli. Pain 85, 359-374.

. Kwong, KK, Belliveau, JW., Chesler,

DA, Goldberg, LE, Weisskoff, RM,
Poncelet, BP.,, Kennedy, DN, Hoppel,
BE, Cohen, MS., Tumer, R, Cheng,
H, Brady, TJ, Rosen, BR, 1992
Dynamic magnetic resonance imaging of
human brain activity during primary
sensory stimulation. Proc. Natl. Acad
Sci. USA 89, 5675-5679.

Lozovaya, N, Miller, AD., 2003.

Chemical Neuroimmunology: Health in a

Nutshell Bidirectional ~Communication
between Immune and Stress (Limbic
Hypothalamic Pituitary Adrenal)
Systemns. Chembiochem. 4, 466-484.

. Melzack, R, Wall, PD, 19605. Pain

mechanisms: a new theory. Science 150,
971-979.

NIH, 1997. Consensus Development
Statement on Complementary Medicine.
Available from URL: http://consensus.nih.
gov/cons/107/107_staterment.htm.

. Ogawa, S, Tank, DW., Menon, R,

Elermamn, JM, Kim, S.G, Merkle, H,
Ugurbil, K, 1992. Intrinsic signal changes
accompanying  sensory  stimulation:



The Journal of Korean Acupuncture & Moxibustion Society Vol. 21. No. 2. April 2004

31

functional brain mapping with magnetic
resonance imaging. Proc. Natl Acad.
Sci. USA 89, 5951-5905.

. Petrovic, P, Kalso, E., Petersson, KM,

Ingvar, M, 2002. Placebo and opioid
analgesia Imaging a shared neuronal
network. Science 295, 1737-1740.

Phelps, ME, Mazziotta, J.C, 19%5.
Positron Emission Tomograph and brain
imaging. Science 228, 299-809.

. Posner, ML, Rachle, MLE, 1998. The

neuroimaging of human brain function.
Proc, Natl. Acad. Sci. USA 9%, 763-764.
Posner, ML, Rothbart, MK, 1998 Attention,
self regulation and  consciousness.
Philos. Trans. R. Soc. Lond B. Biol.
Sci. 353, 1915-1927.

. Stux, G, Pomeranz, B, 1998. Basics of

Acupuncture. Springer Verlag, Heidelberg.
Stux, G, Pomeranz, B, 1991. The scientific
basis of acupuncture; the basics of
acupuncture. Springer  Verlag, New York,

. Takeshige, C, Sato, T, Mera, T, Hisamitsy,

T, Fang, J, 1992. Descending pain
inhibitory system invong, J, 1992
Descending pain inhibitory  system
involved in acupuncture analgesia. Brain
Res Bull 29, 617-634.

. Talairach, J., Tournoux, P, 1988 Co

Planar Stereotaxic Atlas of the Human
Brain. Thieme, Stuttgart.

Talbot, JD, Marrett, S, Evans, AC,
Meyer, E, Bushnell, MC, Duncan;

G.H, 1991. Multiple representations of
pain in human cerebral cortex. Science
251, 1355-1358.

39. Ulett, G.A, Han, SP, 2002. The biclogy

of Acupuncture. Warren H. Green Inc,
St. Louis, Missouri.

40. Wall, PD, Melzack, R, 199. Introduction

41.

to Pain. Int Wall, PD, Melzack, R
(Eds.), Textbook of pain. Churchill
Livingstone, Edinburgh, pp. 1-8.

Wu, MT,, Hsieh, J.C, Xiong, J., Yang,
CF.,, Pna, HB, Chen, YC, Tsai, G,
Rosen, BR,, Kwong, KK, 1999. Central
nervous  pathway acupuncture
stimulation: localization of processing
with functional MR imaging of the
brain preliminary experience. Radiology
21 for acupuncture stimulation: localization
of processing with functional MR
imaging of the brain preliminary
experience. Radiology 212, 133-141.
Zubieta, JK., Heitzeg, MM, Smith,
YR, Bueller, JA, Xu K, Xu Y,
Koeppe, RA,, Stohler, CS.,, Goldman, D,
2003. COMT vall58met genotype affects
mu opioid neurotransmitter responses to
a pain stressor. Science 299, 1240-1243.

for

43. Zubieta, J K, Smith, Y.R.,, Bueller, J.A,

Xu, Y.J., Kilbourn, MR, Jewett, DM,
Meyer, CR., Koeppe, RA., Stohler, C.S,,
A0L Regional mu opicid receptar regulation
of sensory and affective dimensions of
pain. Science 293, 311-315.

71



