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The phenomenon of acupuncture is beth complex and 

dynamic． Recent information demonstrates that 

acupuncture may exert its actions Oll pain and immune 

processes． The coupling of these two systems ocG3／rs 

via common signaling molecules，ie，opioid peptides． 

In this regard，we surmise that opioid activation leads 

to the processing of opioid peptides from their 

precursor，r~enkephaan，and the simultaneous release 

ofantibacterial pepfides contained within the precLtrsor 

as well Th us，central ne'rvolls system pain circuits 

ma y be coupled to iIl~luue enhancement． Further- 

more，acupuncture needle manipulation elicited signal 

increases bilaterally in the region of the prln~ and 

secondary somatosensory corticies in human brain as 

detenrdned by magnetic reso!q~71ce imaging． The i／laps 

reveal marked sign~ decreases bilaterally in multiple 

limbic and deep gray stIMctllreS including the nucleus 

acoumbens， amygdala．hypothalamus， hippocampus ， 

and ventral tegmental area． Taken together， we 

sumaise amajorcentralncrvous system pathway aswell 

as local pain and in-aTlllue modulation during 

acupuncture 

Over the past 2500 years the development of 

acupuncture has been based upon careful clinical 

observation and astute interpretation of the effects of 

treatment According to txaditional Chinese acupunc— 

ture，focal stimulation oftheileediewlth the evocation 

of the deqi sensation is important in generating 

acupuncture effects． Deqf is a dull，aching sensation 

that develops at the site of acupuncture stimulation． 

However， the mechanisms by which acupuncture 

mediatesits therapeutic effects are not yet understood． 

tionally．acupuncture practitioners have assunaed 

山atits beneficial effects are dueto changesintheflow 

oflife force，referred to as Advances in rnedical 

research have begun to identify the candidate chercdcal 

signaling molecules and ncural circuitry that are the 

intermediary steps between acupuncture stimulationand 

i／nprovertlellts -n health． For instance． there is 

substantial evidence that acupuncture analgesia is 

mediated at least in part by the release of the 

endogenous opioid peptides me thionine enkephalin 

(ME)and do _n【1．2 ． Advances in the field of 

neuroimmun ology have shown that these Sal／le 

a】dogeIl0us opioid peptides are potent modulators of 

iIignulle function 一 ． supporting a role for these 

signaling molecules in this phenomenon． In this 

review wgdevelop amodelfor how acupuncture exerts 

its beneficial effects o1"1 inn／iLine flJnction  aad mm 

suppression by actions o1"1 a common denominator．the 

endogeIl0Ils opioids and opiates． 
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Immune~rcfion is compromised in people riving 

with cailc~ ． In addition to the intrinsic lmnll~o— 

suppressive action of the tumug， treatments for and 
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consequences of cancer have adverse effects on the 

normal functioning of the immuile system． For 

instance， surgical trauma， irradiation， chemotherapy 

and malnutrition ale all known to suppreSS iminllile 

functi0n ． Decreased ilnmlMle function is associated 

with greater susceptibility to infection and．in some 

cancels，wi血more rdpid tumor progression． Amajor 
focus of immunology and oncology research is the 

develolxnent of effective methods to augment the 

lmnlHne system response to R1mo~l8,9一
． 

C ca】 and experimental data suggest that 

acupuncture may be a promismg me thod to enhance 

immune function in paople livmg with c~cer【 。一 J 

Acupuncture has been shown to modulate both specific 

astd non-specific hnn functions． Ii~ ces ofhealthy 

immuue fimction， such as levels of the c~okine 

interleukin-2，degree of natural killer eell(NKC) 

cytotoxicity，T-lymphocyiewausformation rate andthe 

ratio of helper T-celIs to suppressor T cells，are often 

suppressedii1 cancer patients． Smdies have shownthat 

eaⅡnent with acupunctore improves each of these 

indices~10·18一 
． Similar findings have been repm- 

duced in animal models of caucer~17—1 
．  

n1e presence of opioid peptide receptors oil 

inmmnocytes and their role as modulators of the 

JlonlHne respouse with b0血 enhancing and suppressing 

actions【。 】suggest that these peptides may be a 

pathway by which acupuncture modulates irflmlllle 

function． Direcdv related to this is the finding that 

acupuncture augments endogenous opioid peptide levels 

in the cerebrospinalfluid and bloodin both human and 

auim~ subjects L 

In recent years a unique岛opioid receptor sublype 
that is h 叫 ective for ME[20j}las been found on 

humaninamunocytes，suggestingthattiffs opioidpaptide 

is its signaling ligand． observation was supported 

bv the demonstration that Ⅳ匝 carI selectively incT~aSe 

the expression of the pro-inflammatory cytokine 

interleukin-6C2 J as well as stimulate chemo
—  

taxis Z · 一29]
． Furthermore．the plasma presence of 

ME一 Phe， suggests that s naturally oceurfing 

opioid pme nkephalin processed peptide ma y also serve 

thisfunctiont30 since it．aswell asⅣ匝．is sensitiveto 

naluindole blockadeL ． Recently．theSe 0bserv~ ous 

have been extended to include human endothelial cells 

that also expressthese delta receptor sites[32一
．  

This concept of opioid peptide selectivity in the 

stimulation of immun e activities has been enhanced by 

the finding that opiate alkaloids selectively suppress 

immune functions[0， A novel“ opiate receptor 

subtype， designated ， that is selective for opiate 

alkaloids but not endogenous or man ma de opioid 

peptides has also been demonstmled Oil these tissues． 

This dual expression of op ioid receptor subtypes 

supports an opposing role for opiate alkaloids fwhether 

naturally oceurfing mmphine or exogenously admiui- 

stered opiate alkaloid drugs)in immune and vascular 
tissues~3,2％30．33-36]

．
Furthermore，naturally oc curring 

moq~ine has been sh(y~vn to antagonize the immlme 

stimulatiog properties ofopioid peptides_3． 
． Inthis 

regard，we have demonstrated that plasma levels of 

endo genous molphine increase many hours post—surgery 

in an attempt to restore neural，immune and vascular 

down  regulationfrom the diffuse inflammatory msponse 

to s~gery【。’ l盟’。 Thus
． endogenous morphine 

serves to restore and limit uilrflun e and neural 

excitation．suggesting a protective flmction【 
． 

Based oilthese earlier studies，additional data has 

emerged demonstrating that various types of leukocytes 

(ie，macrophages)have the ability to make opioid 
peptidesfrom the classical op ioid precursorsL 

． This 

ability appears to have originated in invertebrate 

organisms that also release opioid peptides (ie，ME) 
from their immunocytes~ 一 

．
Thus． in rnan． 

another source ofthese opioid peptidesma y bethe skin 

itself( 
． possibly released by macro~ages located 

in the dermis． In this regard，acupuncture needlesma y 

stimulate tiffs response，releasing these peptides that 

ma y not on ly affect pain perception but stimulate 

llnmunefunctionaswell(Fig1)． 
In addition  to providing opioid paptides that 

stimulate immune function， opioid precursors， ie， 

proenkephalln A， also contain antibacterial paptides 

bracketed by the same type of basic amino acids that 

sttrroun d ME． Once proteolytic processing of the 

proenkephalin molecule stsILs，both types of peptides 

a／'e released[ 一 ] This prompted us to suggest that 

opioid peptidesma y have originated withinthecontext 

ofil／lnlHne function given吐lis phenomenon’s presence 

in animals that evolved 5OO milliOll years before 

iTian【删
． It is possible，therefore．that lnllllHne or 

nellral signaling may lead to enhance prcen~ raUn 
proteolyfic processing，fleeingboth opioid peptides and 

antibacterial peptides【 J(Fig 1) 
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Peripheral acupuncture 

Needles 

lPr。 hph ，一 s 
J processing 

_ME + Enkelvcin 

Antibacterial 

ME， g．Phe 

secretion of cytokinesl圳．andtheantibacterial peptides 

attaddⅡ呈bacteria immediately(F l j This pll~eSS 

WOllld allow time for the immunocyte-stimulating 

capabilities(ie，recruitment)，of the opioid peptides to 

manifest themselves． In our model ptmcture of the 

skin causes activationofmmmnocytesand conn'ibutesto 

acupuncture analgesia and immm1oIc鐾ul on by virtue 

of the signaling through opioid peptides；however，this 

is unlikely to be the major pathway of acupuncture 

．  
action in traditional Chinese acupun cture． Rather this 

initial stimulus activates neural processes that initiate 

cNS mediated effects including analgesia． We wi11 

now describe the evidence supporting a direct role of 

neuronalactivity inmediatingthetherapeutic effects of 

acupunctul~treatment．forbOth the inunune stimulating 

anO pmn suppressmg acUons· 

Fia 1． 1lylmthetical representation of methienine 

enkelxhalln c ME)nledia d re line sthnulatory and 

am lges~ e~mncing aetio~ ． L0CAL ACr加 lNs： 

Acummctm ~ rIeedlesinsetted intothe skin initiates 

mII|no毋怔l ie，maerop~ ,e，ME release as well籀 

咄 e讲nIin processing． 眦 results in the 

release of the opioid pentapepfide that then 

stimulates 埘川ⅡIo吨 activalJen  and reeruilmentl 

causing aIl enhanced resl~-lse aclli玎嘻a瑚 ce edot~ 

level of signaling． Slmulmneen sly to the n丑e鼬e of 

眦 isthe release of enkelyfin．a rmtutally oecurr~  

antibacterial pe~ de that also arises flnml 

proenkephalln b m processing． 11lis in ttwn 

protects the rIeedle plmctlme area flnml micr~  

invasion． raakeiyan is then processed to ME- 

Phe， another opioid peptlde with hlmlun ocyte 

ac~vaangen d chemou~dc pi'oper~es，enhen c~agthe 

process 明 ce tltore ． Arrows p0机 喀 to cNs 

hulicates th e network of neurmud RCtJVRIJDn produced 

by pr~narr afferentfiber stlnltlla{~oH bythe Deed[e． 

Stone of these nc~ons are also medhted by the 

release of opioid pepfides in the spinal cord and 

brain． 

Incoqx)mfing this hypothesis within the pheno· 

menon  of acupuncture， we hypothesize that needle 

putlCtUl~or pressure 0．1the skinmayininatethe release 

of both types of pepddes from resident immunocytes； 

opioid peptides stimulating additional mlll2UllOCy{e 

acfivafton，chemotaxis and phagocytosis as well as the 

HOW COULD ACUPUNCTURE ENHANCE 

END0GENOUS ANAI．GESIA? 

Current theory holds that the analgesic effects of 

acupuncture aI medialed through descending inhibitory 

pathways localized in the bralnstem{1,2,50]
．
Peripher~ 

stimulation of sensory afferent fibers activates sDinal 

neul~llS，which in turn activate multiple central brain 

／~giOllS including the brain stem ， ruldbrain and 

hypothalamus． Acupun cture iK~dle manipulation 

below the level of trallnlatic spinal cord damage does 

not gen emto deqi or therapeutic acupuncture effects 

Clinically，in syringomyelia patients whose spinal pajn 

and temperature afferent tracts are damaged， 

acupuncture stimulation beneath the 1evel of dalllage 

will not produce any deqi sensation and acupuncaue 

therapeutic effects are abo lished or markedly reduced ． 

Multipleinvesti~tom working with animal preparations 

have demonstraled that bilateral section of the venWo- 

lateral faseiculus of the sp~al cord abolishes 

acupuncture analgesia． These studies demonstrate 

unequivocallythatthe centralIlgTVOUS systenlis cmcial 

to the analgesic actions of a∞ uncnⅡe． 

Much work has been done to characterize the 

specific types of ped 目 sei1sory llelwolls and the 

neuH儿nms1TIi哪  receptors that they express in 

acupuncture points that a stron#y analgesic． le 

analgesic action does not depend as much on the 

specificity of po ints and meridians as claimed by 

．  一 辫 ～ 
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traditional acupuncturetheory，butmoll onthedunsity 

and types of receptors and of conducting fibers at the 

site． “Among 10 different acupuncture points tested in 

human volunteers using potassium iontophoresis to 

induce experimental pain，Hegu(Large Intestine 4，LI 

4) was found to be one of the most effective 

acupuncture points to prc~uce a general analgesic 

effect”(Research Group of Acupuncture Anesthesia， 

1973)．"Ibis is likely due to the dense innervation of 
A-beta fibers in this area_51] The gate control 

mechanism must be involved in acupuncture induced 

segmental analgesia．especially when acupuncture was 

given at alocaltender point(the“Ashi”po or“Ah 

yes”point)． The ancient acupuncturists recogn~  

thatthe entirefirstintereasenus space surroun dingHegu 

exertsacupuncture effects and na删 itthe rtegu&tea． 

Powerful emerging technology of functional 

neuloimaging is beginning to reveal the temporal and 

spatial details of how acupuncture needle manipulation 

modulates neuronal activity(Fig 2)． A recent study 

by Cho and colleagues employed functional magnetic 

i~son&l'lce imaging (fMRI)to study the effect of 

stimulation at acupuncture po ints that ate indicated for 

trentmcnt of eye disorders( 
． This experiment 

demonstrated that stimulation of these acupuncture 

po ints results in regionally 蝴 c activation in the 

occipital cortical areas by mediate visionE~]
． 

Consistent with this rel~rt，Hui and colleagues have 

recently demonstrated that acupuncture needle 

manipulation at right or left LI 4 produces significant 

bilateral activation of somatosensory cortex acl"O~ the 

tem tory subserving hand，face and upper body while 

signal decreases observed in deep brain strtlctlB'es 

(Fig 2) 53-圳 ． 

Elevation of pain tolerance threshold by 

acupuncture is even mole crucial for surgical analgesia 

than elevation of pare perception threshold ． This 

implies that the processing of affective information 

thi'o1．Igh limbic brain ~gious above 山e bramstem is 

important for the therapeutic effi~cy of acupuncture． 

Consistentwith this hypothesisisthe demo nstrationthat 

acupun cture needle manipulation at LI 4 decl'eages fMRI 

signals in the nucleus aocumbens， amygdala， 

hippocampus，parahi~ us，hypothalamus，ventral 

tegmental&tea， cin 眦 gylxlS，caudate，po tamen， 

tempomlpole，andinsulain all subjectswho experience 
acup~cttue sensation(Fig 2)[ ’ ． Importantly， 

puncturing the skin with the acupuncture tleedie and 

leavingit at restforthe sametime perioddid noteause 

the fMRI signal decreases that occurred with needle 

mampulation；underscoring the importance of neuronal 

signaling to acupo neam~．effects． Nor did it plodtlce 

the deqi sensation that is crucial to acupuncture 

efficacy 

Much evidence in Inals and humans supports the 

hypothesisthat opioidpeptidesacting atmultiple brain 

regions including the brainstem ， midbraln and 

hypothalamus a crucial 【0 acupun cture analgesia． For 

instance． systemic 0r locally applied  opiate receptor 

antagonists block acuponeam~．analgesia Acupun cture 

augments endogen ous opioid peptidu  levels in 

cerebrospinal fluid(CSF)and blood while decreases 

them hi spec~c brain regions And the acupuncture 

analgesia tr~ smiaed 【0 a second animal byCSFtransfer 

or cross．circulation carl be reversed with hal0xone[2~
．  

Acupuncture-like stimulation has been shown 【0 

stimulate heteresegmeutal release of ME—like material hi 

themt spinalcord Injection ofantibodies against 
ME  and other opioid peptides into the pe riaquednetal 

gray ma tter of rabbits decreases the analgesic effect of 

elentroacupuncture[57／
． In humans with chronic pain 

acupuncture resultedin significantimprovement ofpain 

symptoms and this was associated 血 higher ME  

plasma  levels~58／
．
Further evidence in support of the 

role of opioid peptides in the phenomenon of 

acupuncture analgesia is the demonstration that 

inhibition of enzymes that pixxx~ these peptidus into 

inactive products potentiates acupuncture analgesia in 

aIIimals【59．60／
． 

On the other hand there have been studies that 

demonstrate acuouncture sfimulation si~niticantly 

reduces plasma opioid-peptide—like levelsL0 ． How． 

ever，it must be emphasized the timing ofthe sampling 

is quiteimport~t sil$ce plasmaⅣ匝levels a su~ect【0 
enzymatic regu lationbyneutralendupeptidaset 

． nle 

acti~ of this enzylne is exquisitely sensitive to 

regulation by inLrnllne events． nlerefore． future 

acupuncture studies must con lrol for enzymatic 

processhag of opioid阿 删 es in the plasma( ’62, 
． 

W i血-m the scope of acupuncture．we ellvisage a 

cenualmodulatingrolefortheupioid peptideⅣ匝 ． As 

noted earlier，this peptide could mediate山e analgesic 

effect of~upuncture while simultaneously stimulating 

ilrulalile rune tionLat) 
． A recent study using an animal 
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model supports the hypothesis of a dual mle for山e 

opioid peptides in modulating the function of the 

immune system and neural regulation of pajn 

perception． Animals that demonstrated a significant 

degree of acupuncntre analgesia also improved in NKC 

activity； the attilnals that did not have an analgesic 

response did not have a change in NKC activity~ 
．  

Furthermore，when the analgesia 110171一respo nders were 

pretreated with D—phenylalanine，an opioid peptidase 

inhibitor， to enhance opioid peptide activity， the 

aliJlnals became responsive to acupuncture 

demonstrating both analgesia and improved NKC 

activity( 
．  

model clarities some important clinical 

observations． For instance，many of the commonly 

prescribed painmedications are knowntointerfere wi山 

normal immurle system function ， ． 111is could be 

caused by opiate suppression ofthe ilnrfllllle system， 

mediated by opiate alkaloid sensitive and op ioid 

peptide insensitive receptors(25,32,64]
． Furthermore，it 

is known 山at acupuneture analgesia not only r~Juces 

the requirement for these medications but can also 

attenuate the immunosuppressive side effect of 

opiatesL 
． We surrmsethismaybe duetothe action 

ofME acting on mamunocyte赴opioid receptors． 

WHY C0NSⅢ ER THE EFFECrS 0F 

AcI JPIINa眦  ON D删【UNE FIIN叩 0N 

AND ANAIJGESIA TOGET]E衄 ? 

nle concept of pain is dynamicaUy complex and 

we would refer山e mader to a recent report since it 

mom fully reflects our thinking o171 this pheno — 

menon(49 
．  
Briefly． “山e association of antibacterial 

and opioid peptides reflects the fact that both types of 

molecules have evolved to fight the presence of 

microbes Gnec this as~K)ciation was established 

organisms needed an early detection／surveillance system 

that could continno uMy momtor microbial penetration 

and growth． Whal is better aleaing process thau one 

that signaled attention by creating a noxious sensation 

sucl1 as pain? The following scenario might be 

envisaged： under serious situations commanding 

attention． 山e seusation of pain must subside 

momentarlly(ie．analgesia)toallowforan appropriate 

response to the stimulus． Whde 山e ol'~ sm is 

orienting itself to山e stimuIns ．the sirtmltaneons release 

of enkelytin． analgesic and mamunoc yte-stimul~Ling 

opioids combats the pathogenic challenge of a bacterial 

presence ． Once this is over， the pain—provoking 

process can emerge once i[iore， pOSSlbly evefl at a 

stronger leve1． resulting in behaviors designed to 

alleviatethe condition． Indeed．if pain evolved t。fit 

this function．it evolved in association wi山 irlwllane 

processes． Furtherraore． 山ese opioid mediated 

activities were probably enhanced during evolution as 

山e central ilervous system (CNS)becmne closed off 

from the circulatory system bythe blood—brain barrier． 

ulthrmtely isolating the ganglionic neural activities that 

also required immune surveillance． However， 

regardless of山e barrier．various ill~ un e cells (ie． 

those responsive to opioid peptides) were always 

allowed access to山e isolated tissues．some taking up 

residencei11山eaqSasmicroglia． The re栅 furthe 

evolvingrelationshipbetween opioid nettrdlandinlmune 

processes now appears quite simple，that is analgesic 

pdodty—setting activities associated with an anti-- 

infection s／anti—inflammatory pI'O~SS． Thjs combina— 

tion would provide a high degree of survival benefitto 

any orgamsm since it would ensure appropriate behavior 

to meet not only these non—cognitive challenges．but 

also co five olles”
．  

Interestingly，as also no ted above，the present 

hypothesis complements a large body of work that 

demonstrates a mle for neural op ioid and opiate 

processes in acupuncturel∞一71 J These studies have 

implicated delta-opioid receptors in this pheliomenoli 
as well as identified associated brain me．as~66．67．69-驯 

In addition．these works also document山einteraction 

with other neurotransmi tter pmcessns as well(67-71： 

FUTURE STUDⅡ强 

One of 山e greatest challenges in acupuncture 

research has been the design of an adequate control 

condition． Few attempts have satisfied Western 

scientific standards~ n
． 1be meridians and 

acupuncture points aie dedved from clinical experience； 

however．it has been repo rted 山at ncedti~ at 11011一 

classical acupun cture po ints c锄 also have therapeutic 

effects(50,?2-75】 耵le hypothetical model we are 

currently proposingcould explainthese r~ults． Needle 

penetration of 山e skin．whether at 山e acupuncture 
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point or anywhere on the skin． c0uld result in the 12 

relea．~ ofⅣIE mat would have effects on me immnne 

system and on the neuronal circuitry regulating dn 

perception． 111e analgesic actions of ME could be 

mediated both cenWally and peripherally[2,75]
． s 

could accountforthe high rateof placebo respo ndersin 

studies employing “sham ” acupuncnlre at holt- 

traditional acupuncture points． 111us it is Cl'RCial mat l4 

future studies ate nee捌 that purport to study 

ao p~ ctttre rigorously for these po ssibilities． 

In conclusion，there is evidence that a~pun cture 

suppresses pare perception and enhances nllnluile 

function． Giveilthe new information presented in this 16 

review about a possible mechanism of action，we feel 

we aI moving closer to understanding this pheno— 

mellon ． However．considerable effort is still requ~d 

to revealIl1e secrets ofhow thisancientChiuese healing ～ 

inerhodworks． 
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