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Acupllllctllre，as a healiIlg art iIl traditional alillese medicille’has been widely llsed to仃eat variollS diseaseS．In ttle history of acllpunctllre

anestllesia，in t11e past decades，mechallisms of acuPullctll】re a11algesia has been widdy inveStigated’aIld iIl recent ye鹕，acupuncture protection
on organ mnctions has attracted掣．eat interest．This re们ew s啪marized t11e research pro灯ess on mechanisms of acupuncture for anal霉esia aIld
its protection against o’黟n mnction injury in a11esⅡlesia，and its persPedive of柚algesia，iIIlmllIlomodIlladon，neu玎0endocme regIllation
and m11ltiple organ protection．The current e、，idence supports tllat acupuncture anaJgesia and its organ prot咖on iIl anestllesia is觞sociated
witll tlle integration of neuroendoc血e—iIIlmune nehmrl(S iIl山e levd of neumtraIlsmitters，cytokiIles，ho珊ones，neuronal ensembleS，
lymPhoq，tes，and endocrine ceus．AJthougll tlle mechaIlisms of acupllllctIlre aIlalgesia aIld its orgaIl Protection are s删not completely
understood，basic as weU as clmic researches on me mechanisms and applications of acupunchlre and related techIliques are beiIl空c删ed out．
Key words：Acupuncture，acupuncture analgesia，acuplulcnIre anesmesia，organ如【11ction protection，iI】[1lllunomodIllation

Acupuncture， as an important component of traditiona】

ChiIlese medicine(TCM)，has been used for more t11an two

t110usand years to t1．eat diseases and relieve paill．AcupllIlc—

ture is a Drocedure in which fine needles are inserted iIlto an

individual at discrete points(acupoillts)，and t11en manipu一
1ated， 埘山 speci矗c sensations ref．erred to as 如日f11’ zI，

including aching，n岫bness，tillgIill昏and even wa珊t11．
AImougll Western medicille once treated acupuncnlre wim

considerable skepticism【圳，a bmader worldwide population

has now granted it acceptance． For instance，t11e World

Health Organization endorses acupuncture for at least two

dozen conditions【刮and山e US National Institutes of Health

issued a consensus statement iIl 1997 Proposing acupuncture

as a tllerapeutic intenrention for complementary medicille【5J．

In addition to tradjtional manual acupuncture(MA)，new

acupuncture modalities，such as electroacupuncture(EA)and
transcutaneous electrical acupoillt stimulation(TEAS)are

gaining in popuJarity．

Re、dews conducted in the United States，United Kingdom，

Europe and Canada suggest mat acupuncture is ef!f．ective for

Post—operative and chemomerapy nausea and vomiting，

nausea of pregnancy，and post·operatiVe dental paill【6J．For

a n啪ber of other pain—related conditions，includmg but not
being limited to，re—habilitation，headache，menstrual cramps，

tennis elbow，胁romyalgia，low back pain，ca叩al tunnel

sylldrome，and asmma，acupunctu】re may be also e丘a：tive as

an adiunct t11erapyI圳．In me last decades，mere has been

gmwiIlg iIlterest in acupuncture anesmesia．Altllough tllere is

i11creasiIlg e、，idence supporting me e舒bctiVeness of acupunc·

ture and related techniques m anestllesia，幽ere is s廿Ⅱmuch

skepticism about it and me mechanisms of acupunctllre

anesmesia is stiu not venr dear．Theref．0re’mis review aims

to s岫arrize some evidence and applicabili竹of acupuncture
and related techniques for tlle underlyiIlg mechaIlisms of

acupunctllre analgesia aJld aIlestllesia．In addition，mechaIl—

isms of acupuncture effbcts on iIIlmunoreguation，endocrine

regulation and organ protection are also included because of

tlleir close relations埘t11 acllpuIlctIlre anesmesia．

1．CLINlCAL PRACTICE OF ACUPUNCTURE

ANESTHESIA

Acupuncture as a fUnctional modality employed in modern

surgical technique was illitiated m Chma more山an 50 years

ago．In 1958，t11e first report of surgery beiIlg performed
witll oIlly acupuncture as an anesmetic in Chilla indicated the

omcial binh of acupuncture anestllesia【川． Acupuncture

anesthesia worl(S for a wide ranPre of conditions．The dinical

application of acupuncture anesthesia staned f}om smaU—scale

su玛ical oPerations， such as tonsdlectomy， aPpendectomy
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and thyroidectomy，and t11en expanded to major surgeries，lil(e

pneumonectomy，brain tulTlor resection，mitral commissur—

otomy，subtotal gastrectomy，subtotal splenectomy，caesarean

section，subtotal hySterectomy，and kidney’bladder surgeries，

et甜【7，8|．

The initial goal was to deVelop acupuncture anestllesia as

me substitution of chemical anestlletic drugs，considering its

remarkable adVantages as foUows：Firstly，it was safe without

drug—related adverse reactions；secondly'tlle physi010百cal
fhctions of the body， such as the pulse rate and bold

pressure， remained consistendy stable during anestllesia；

Thirdly，it kept t11e patient consciousness；Fourth，it was

economic and simple．Ho、^wer，as anesthesiology deVeloped
safer and more rdiable dmgs，while manual acupuncture

remained a complicated metllod to use in practice，clinicians
transitioned to acupuncture—assisted anes廿1esia，usillg acu—

puncture itself as an adjuVant，and making it possible to
achieve better outcomes埘t11 fewer anesthetic drugs[9】．
FinaUy a new modality of“pre—operative induction—peri—

operatiVe anesthesia—post—operatiVe analgesia”was built up，

which was also tlle turniIlg point of the development of

acuDuncture anestllesia【1 0。．

2．MECHANlSMS OF ACUPUNCTURE

ANESTHESlA

Increasillg experimental and clinical e讥dence supports mat

acupunctllre and related techniques are efI．ective in analgesia，
neuroendocrine modulation，immunomodulation，and organ

protection．In several decades，basic researchers have tried to

explore acupuncture anesthesia丘om the anatomical and

histological substrates of the traditional acupoints and

meridians．

2．1．Acupuncture柚algesia
Manual acupuncture or electro—acupuncture(EA)has con一

讥ncing merapeutic e侬cts in various painful conditions，and
these ef!f’ects could last for a long period of time even hours

aRer acupuncture application being tenninated【11—1引．The

mechanisms of acupuncture analgesia have been widely

explored since 1970s．

卅P出口以iSms“n如彬，lg口cllp“nc缸re
口打口{g嚣{口
2．j．j．j．Acl妒Df珂如n九d，竹erfdi以九s： fri窦尹r Q厂口c。垆“托cf“re
口九日妇s扬 Based on me daSsical meridian meorn廿le me卜
idiaJls consist of charulds“ImF’a11d廿1eir branches“Luo”，
witll 361 acupoillts bemg located．The meridians，as a network

system，lmk acupomts via“Qi”(energ)，)streammg i11 me
meridians．A disease—i11duced blockade of which causes Daill

peK印don．G|、，en t11at no con咖cmg鲥dence supports me
e)(istence of anatomical f．oundations of meridians and血e

meridian meon7 has been efjfbctjveIv used for treatment i11

traditional Chillese medicme，me meridians mi小t be a

funCtional consteuation i11duding山e nervous， ciKulatory'

endocrine and油mune讣rStems，i11 which 6ctive channels
lilll(various acuDoillts【1引．

Traditional acupuncturists emphasize the mnctional spe—

cificity of acupoints accordiIlg to me meridian t11eories．A

general principle is to select tlle adjacent points or“Ashi”

points．Fruit伽clinical researches document t11e acupoillt

specificity based on clinical emcacy【曲J．Increasing neuroima—

ging studies also provide the e、ridence for the specificit)r of

acuPunmlre e艉cts．A PET study in patients w汕migraine
found traditional acuDuncture treannent was more e仔bctive

f．or Dain reduction and showed diff色rent levels of cerebral

垂ucose metabolism in Pain—related brain re百ons，compared
with the control acupuncture treatment【16 J．An fMRI study in

healthy subjects found that manual acupuncture at mree

acupoints(L14，ST36，and LV3)showed common responses
in t11e ri曲t sub铲nual BA25，medial subgenual cingulate and

right BA31，and pref．erential dif!E色rences in major sections of

tlle medial pre行ontal and medial temporal lobes among the

three acupoints【l／J．Besides，tlle analysis of the whole brain
functional connectivity demonstrated山at acupuncture at

difIIerent acupoints elicit dif!Ebrent correlations between brain

regions，which indicated specific acupoints may exert hetero—

geneous modulatoV ef琵cts on山e Post—stimulus resting
brain【“J．

2．j．j．2．A疗台rB托f九ervP疗扫e，芎ncfi’，口ffD”6，，口c“p“九cf“r已 Sillce
the intensity，frequency，duration，modality，and interval

between acupuncture stimuli directly innuence the type of

activated receptors，increasing e、，idence has revealed that the

types of af王爸rent nen，e fibers activated by acupuncture are

diVerse．Accumulating studies suggest that gende acllpunc—
ture stimulation induces t11e“De—qi”feeling，excites mainlv

A6一t印e硒ers and activates t11e gate contr01 system in tlle

spinal cord to relieve pain．Ho、^wer，when the needles are
twisted up and down repetitively，the deep tissues，particu—

larly muscle，are locally injured，proinflammatow mediators

are released and excite nociceptors direcny or indirectly【1 9|．It

is merefore，conceivable mat C—type fibers are i11volved i11

manual acupuncture—induced analgesia， 、ria activatmg the

negative feedback regulatory mechanism or difmse no)【ious

inhibitory control in the brainstem【1引．

The stimulating current at various parameters applied to

acupoiIlts mrough acupuncture needles can also produce
bilateral analgesic ef!fIects in human subjects and exper血ental
animals【删J．Sillce t11e 1970s，it has been controversial which

l(ind of af佟rent fibers mediate EA analgesia．N眦erous
results support t11at the excitation of AD—type fmers and

some A6一t印e nbers are in、Ⅺ1ved in EA or transcutaneous

electrical nerve stimulation(TENS)analgesia【20J，whereas
some studies seem to indicate tlle notion of C．type胁er
involvement in EA analgesial2l|．The connicting results may

stem丘om t11e variety of stimulation parameters used，such as

difjf宅rent行equencies，intensities and types of pulses．

2．J．2．ce栉fmZ卅e出口n缸卅s“ndkr纱ir喀nc‘爹“以c凯re
nn口堙嚣f口
current researches mainly h01d that acupuncture analgesia
consists of psychological factors and phySiolo垂cal ef![．ects．
There is considerable debate on whemer acupuncture or EA
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analgesia equals to the placebo analgesia．A PET study
compared real acupuncture，placebo acupuncture and sI【i11一

prickl2引．Al山ou班real acupuncture and placebo(with t11e
same expectation of e跪ct as real acupuncture)caused铲eater
activation than sl(in prick(no expectation of a廿1erapeutic

e髓ct)in some brain re舀ons，such as nle ri出t dorsolateral

prefrontal cortex，anterior cingulate cortex and midbrain，t11e

insula ipsilateral to the site of needling was actiVated to a

greater extent during real acupuncture than during tlle

placebo i11tervention．This reslllt suggests tllat real acupuIlc—

ture has a specific physiological e艉ct．Another蹦RJ study
also indicated that real acupuncture produced greater fMRJ

signal decrease in pain related brain regions duriIlg apphca—
tion of me heat pain stiIllllli，altllou曲real acupuncture witll

high expectation and sham acupuIlcture witll hi曲e冲ecta—
tion induced subjective reports of anaJgesia of equal magni—
tude【23f．These矗ndings Provide con、，incing evidence for the

e)【istence of dif!f．erent mechanisms under蛳ng acupuncture
analgesia and exPectanc)r evoked placebo analgesia．

A large body ofresearches shows t11at acupuncture analgesia

manif．ested t11e integrative processes at diff-erent levels of me

central nervous system(CNS)between me a仔brent impldses

厅om the pain regions and impulses from acupoints【M】．The

electrophySiolo舀cal fmdings mdicate that botll pre—and post—
synaptic inhibition probably get i11VolVed in EA or acupunc—

ture—induced antillociceptive responses iIl spiIlal neurons．For

example，researchers found t}lat EA stimulation at“Huantiao"

and“Yan百ingquan”or“zusanli"induced significant enhance—

ment of depolarization m pre—synaptic primary C·af＆rent

terminals and thus resulted in inhibition of release of

neurotransmitters，such as substance P and西ut锄ate，f￥om
terminals【24’曲J．Our pr硼ous studies have reported mat
electro—acupuncture at low frequency of 2 Hz had greater

and more prolonged anal擘resic ef!Ebcts on mechanical aUodynia

and thermal hyperalgesia than EA at high行equency of 100 Hz

in rats wit}l neuropathic pain， and induced long term

depression(LTD)of the C一矗ber—evoked potential in dorsol

horn in spinal ner、，e ligation(SNL)rats。z6’2川，which suggests
iIlvolvement of post—synaptic inhibition m EA analgesia．

The ascending(1ateral system and medial system)and the

descending patllways of paill are weu．doc啪ented【28，2 91．ollr
Drevious behavioral studies in animal models showed山at me

periaqueductal gray(PAG)一rostral Ventromedial meduUa

(RVM)system playS a key role m acupuncture or EA

analgesia．In addi_tion，anterior dn则ate cortex is also cmcial
fIor contra—but not iDsi—lateral EA in the f．ormalin—induced

innammatory pam model of ratsIjuJ．our and otller clinical

obsen，ations and eXperimental studies sug萨st tllat山e path—

wayS of acupuncture signals are mterwoVen埘t11 paill pam—

waysl31—3j。，acupuncture or：EA elicits widespread chanlres in

cerebrocerebeUar brain regions， such as RVM， PAG，

hypotllalamus，malamus，prefrontal cortex，somatosensory

cortex，and limbic System．

By activating or deactivatillg mese brain structures，

acupuncture stimulus，on one side，inhibits t11e acti、，ities of

nociceptive．sensitive neurons也rougll the cortical．subcortical

systems，on me o山er side，blocl【S me nociceptive afjf毫rents

t11rougll PAG—1wM—spiIlal dorsal cord descending
讪ibition patllway‘1 4。．Bom inlplllses origiIlatiIlg劬m paill
sites and fbm acupoiIlts萨t conVe唱ed in tlle spinal dorsal

hom and me(1ial tllalamuS[1圳．Some fMIu stlldies fbund

long—period TEAS collld ehcit more secure and spatiaLlly

e】(tended connecti、，ity of bo吐l tlle defalllt nlode net、恂rk

(DMN)aIld sensoriJnotor network(SMN)o“J，aIld alter tlle

nodal efj丘ciencies in short．range connections of braill凡nc—

tional ne¨，orks and me limbic svstemL曲J．In addition，fMIu

studies found mat dectdcal acupoint stimulation(EAS)wim
low and hi小fbquencies seemed to be mediated by difrerent，

thou曲 overlapped， braill ne卅orksIjjJ．Anotller study
showed diff．erent mnctional connecti、ritv of diffbrent net—

worI(S recmited iIl础brent acupuncture modalitiesI∞J．
Acupuncture could also direcny a仔bct dectroencephalo．

盯am(EEG)acti、rities on heal廿1y volunteers as weu aS on

animals【37-39|．Under tlle tonic pat}lological paill conditions，

our work found mat EA treannent decreased廿1e Do、^陀r at

hi出行equency bands and reversed me enhancement of

cross—fkquency couplillg strengtll beh托en high and low一

在equency bands induced by tlle postiIldsional pailll4⋯．

2．J．3．Roj砖o，nP“rDfr讶以s卅i力∽4"d
"P”ro卅odHk幻rs伽口蹦p“以c细化口n4舾蛔
Numerous findmgs iIl human and animal studies have

demonstrated t11at acupunctu】re anaJPresia is a complex

phySiolo舀cal process mediated by Various neurotraIlsmitters

and nellromodlllators，such as叩ioid p印tides，5一hydroXy—
tr)rpt枷iIl(5·HT)，noradrenahn(NA)，弭utaIIlate aIld its
receptors，^r—amiIlo-butyric acid(GABA)，substance P，an百o-
tensin II，somatostatin，argilliIle vasopressin，neurotensill，

dopamille(DA)，and so on【M J．

Han and his coUeagues have made important contribu-

tions to this field【z⋯．Their work showed that under the

physi0109ical pain conditions，2 and 100 Hz EA—induced

analgesic ef佟cts were mediated by accelerating tlle release

of p—endorphin and enkephalins in the CNS，respectiVely，
and EA effbcts were dif!I．erentiaUy reduced by blockade of

LL一／6一and 1c．opioid receptors．Funher studies showed tllat

low and high f}equency EA induced dif!I’erent brain network

activation【1 4。，and 1esions of the arcuate nuclei abolished

h聃一雠quenc)r EA—induced analgesia， whereas selec晰e
lesions of me parabrachial nuclei attenuated high一行equency
EA—induced analgesia卜¨，which indicated that 10w．and

high—frequency EA analgesia were probably mediated by
diffbrent brain nuclei．

蹦dence has shown tlle involvement of cholecvctokillin
oct叩eptide(CCK一8)in EA analgesia．In me beh州oral test，
intrathecal administration of CCK．8 or CCK receDtor

antagonists significanⅡy depressed or Potentiated EA—

induced antinociception，respecti、他ly【4引．Besides，t11e block—

ade of NMDA and AMPA／KA receDtors can reinforce

acupuncture analgesia．In the rat neuropa山ic pain model of

spinal nen他ligation(SNL)，ketamine，an NMDA receptor

antagonist，potentiated the anti—allodynic efjf．ects induced by

2 Hz EA【”J．Immunochemical studies如rther revealed出at

10w—f}equency EA reduced the enhanced expression of
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N～Ⅱ)A receptor subt、，pe NRl immunoreacti'vity in the spinal

superficial lamiIlae i11 tlle rat SNL model【44J．Also，i11 me

CFA—i11duced iIlnammatory paill model of rats，EA decreased

tlle expression of NRl and NI匕GluRl i11 me spinal cord and

tlle n啪ber of DRG neurons witll IB4 and NRl double—
labdiIlgf45，46】．The early work from Han and his coⅡeagIles
found mat EA increased the central content of 5．HT and its

metab01ic products， particulady iIl the nucleus raphes

ma舯llS(NI己M)and t11e spinal cord【47，48|．Furtller studies
f-ound mat iIltl‘atllecal i11iection or iIltracerebroventricular

administration of antagonists of 5一HTlA and 5一HT3 recep—

tors，but not 5一HT2A antagonists，significanny blocked tIle
EA—iIlduced analgesia[49，

5
01．About the role of GABA

receptors iIl acupunctIlre analgesia，current studies show

t11at EA analgesia induces an increase of GABA concentra—

tion，and GABAB receptors iIl t11e supraspiIlal structures

contribute to mediatiIlg acupuncture analgesia，whereas bom

GABAA and GABAB rec印tors in the spinal cord are

assodated witll acupuncture analgesia【1 4。．

The endocannabinoid system has also been verified to get

inv01ved in EA analgesia．In an animal modd of innamma—

tory paill，EA potentiates廿1e local release of endogenous

anandamide and reduces pminnammatow cytol(ines from

innammatory skm tissues廿1 acti、阻tion of caIulabiIloid CB2

receptors CB2RsI，1’52。．Further study f．ound EA increased

endogenouS opioid唧ression in keratillocytes and infiltrat—
ing iIIlmune ceus at me innammatory site mrou妨CB2R
actjvatjon[53】．

In addition，mcreasillg evidence has revealed t11at analgesic

ef!Ebcts of EA mi曲t be associated wim its counter—regulation
to spiIlal弭ia activation．connexiIl 43(cx43)is a gap
junction protein，which is extensively expressed in山e CNS

and sen，es i11 signal transmission between glia and neurons．

In Cx43 gene knock—out mice，EA analgesia was panially
reduced in comparison wim the wild—type mice【54J．Some

studies have mdicated山e inhibition of e】(traceuular signal—

regldated protein kinase(ERK)phosphor)，lation，increased

exPression of the c扣s gene and nuclear factor—kappa B

(NF—KB)iIl me spinal dorSal horn【14J，and increased release of

adenosine around廿1e site of acupomts【"1 mi曲t also be

m、rolved i11 EA or acupuncture analgesia．

As mentioned above，tllere are indi、，idual difjf．erences and

EA frequen叮一dependency iIl acupuncture anal寥sia．0ur
pre、，ious work also revealed t}le e位ct of孵notype on

sensitivit)r to EA analgesia using lO common inbred mouse

straill，suggesting the dif!l_erent allelic forms of t11e gene show

variation in meir analgesic responses to EAlllJ．The further

study was conducted to identi哆and characterize the genes
t}lat dif＆r bet、^reen high—responders and low—responders to

acupuncture stimulation in h啪an volunteers，and found 353
and 22 genes were up—and down—regulated，respectively0561．

These矗ndm萨hint inherited genetic factors as a possible

explanation of individual di饪-erences in acupuncture

analgesia．

It is，therefore，conceiVable t11at acupuncture analgesia has

physjolo舀cal，anatomical and neurochemical basis，despite
the inVolvement of psychological factors in acupuncture

treatment of patients and stress in animal beha、，ioral tests．

Acupuncture analgesia is essentially a manifestation of

inte铲ative processes inVolving various molecules，proteiIls
and neuronal ensemble networl(s at dⅡ．ferent levels of

tlle CNS．

2．2．Immunomodlllation of acupuncture
A large number of clinical e、，idences connrm that acupunc—

ture or EA can reduce nausea and、romiting， improve

postoperatiVe analgesia，and reduce opioid consumption in

surgery【”J．The immune mction is disturbed by the surgical

trauma and anesmesia duriIlg the perioperative period．It is

believed that acupuncture or acupuncture assisted anesthesia

(AAA) plays its immunomodulatory role through local

iIllmunity and nellro—immunitiy mediated by endogenous

opioid peptides，cytokines，NK ceUs and T lymphocytes and

otller mechanisms，which is of far reachiIlg signi丘cance in

me peri—operative applicationI’引．

NK ceUs，as the t}lird lymphocyte population，play a、rital

role i11 innate immune responses．Fnlitml findm伊suggest
mat the EA or acuDuncture stimulation can enhance the NK

ceU acti、rity，which is probably mediated by i11creased 1evels of

interferon一1，(IFN—Y)and p·endorphin secretion caused by
EA or acupuncture【’圳． Another study noticed that the

enforcement of NK ceU cytoto】【icity induced by EA was

abolished by 1esion in me later以hvpotllalamic areal6训．

Studies【’圳at t11e transcriptional level showed t11at EA treat—

ment increased NK ceu actMty t11rou曲decreasing mRNA

e)叩ression of protein tyrosine phosphatases—q(SHP一1)and

up—regulating expression of protein tyrosme l(inase(PTK)，
and anchored ceU to the target cells by increasing gene

expression of vascular ceU adhesion molecule—l(VCAM—1)

through the increased level of IFN—Y．

Acupuncture—induced modulation of Thl／Th2 balance is

considered as anotller kev mechanism in t11e treatment of

、rarious immune disorders． GeneraUy，Thl ceUs produce

i11terleuhn一2 (IL一2)，IFN—Y and tumor necrosis facto卜D

(TNF—p)也at are mainly involved iIl ceu mediated immun时
or delayed—t)，pe hyPersensitivit)r(DTH)，whereas Th2 ceUs

produce h啪oral immunity．related IL一4，IL一5，IL．10 and
IL—13．The Thl．and Th2一specific clnokines augment the

development of t11e same subset and inhibit也e proliferation

aIld activity of the other subset【59】．A previous study⋯found
that sequential EA stimulation at acupoints ST36 greatly

decreased me eleVated ser岫leVels of IgE by suppressing山e
increase of Th2 cytokines，especially IL一4．Interestingly，for
the Th1 dominant disorders，t11e positive efjfbct of acupunc．

ture seems to be mediated by do啪．regulating semm levels
of TNF一0c and IFN—Y，which are linked to the induction of

Thl responses．

In addition， macropha9res and neutrophil seem to be

involved in me immunomodulation induced by acupuncture．

A study怕副fbund t11at EA suppressed t11e production of the

TNF一0【by the macrophages induced by lipopolySaccharide

(LPS)，which could be antagonized by naloxone．Anomer

study f．ound that the acupuncture treatment reversed the

neutrophil impairment，and enhanced their migration toward

the peritoneal cavitV in rats with sepsis【6引．
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It is weU．documented tllat me acupuncnlre— or EA—

induced release of opioids m山e CNS could fIacilitate eiⅡler

s)，lnpatlletic or paras)，1npatlletic nervous syStems． The

hvpotllalamus， as a priInary core for neuroendoc血e—
immune modlllation， has been widely reported to be

activated，and the amount of D．endorphin，which is maimy

released行om tlle hyPotllalamus，was also 1argely mcreaSed

bv EA treatment，coillcided wi廿1 t|le iIlcrease of IFN—Y levels

and NK ceU acti、，ity，and naloxone pre—treannent reduced

such an e僚ct on IFN一1，aIld NK ceusl6⋯．In adili怕n，mere
has been e、，idence，ho愀r，suggestillg non·opioid mechaIl—
isms，such as catecholamme and serotonin svstems，are also

in、rolved in the modulatonr e仃bcts of acupuncture on me

iITlmune syStem．For example，pre—a如iIlistration of phento—
lamille(an oc—adrenoceptor antagonist)completely blocked

me出ibitory e侬ct of EA on antigen—specific IgE iIl semm
and IL一4 production【6剖． Gene expression of serotoniIl

receptor 3a in the hypomal锄us markedly iIlcreased aRer
EA埘t11 enhanced NK ceU acti、ritym引．In addition，a recent

studyo001 reported t11at sciatic nerve activation wim EA

controUed svstemic innammation and rescued mice f}om

polylnicrobial peritonitis by mducing Vagal activation of

aromatic L—amino acid decarboxylase，leadmg to me produc—
tion of doDamille in me a(1renal meduUa．

2．3．Neuroendocrille阳gIllation of acupuncture
The endocrine regulation of acupuncture or EA is maillly

mediated by tlle CNS，mcludmg tlle h)，pothalamo—pituitary—

adrenal (HPA)a】【is and hyPotllalamus—pituitary—myroid
(HPT) a】【is．As mentioned before，hypomalamus，as an

iIltegradve hug of“neuF0endoc血e conVener'’， pla)，S a
cri廿cal role iIl irIte硎ons aIld coupliIlgs bt?Cween neuro—
transIIlitterS姐d hyI'o山al锄ic hypoph)rsioⅡoPic ho皿ones．
IncreaSiIlg evidence have s嗡ested nlat EA stirnllla虹on
exerted an and—d印ressive e丘．ed tllrou曲weal【e蜘hg tlle

metabolism of 5．HT m the cortex'enhancmgⅡle activines

of 5一HTerg北neurons and re擘皿a廿on of NE，5一HT balance．A

series of n蛤earches verified tllat EA markedIy rIⅣersed tlle

decreaSed concentntion of thyrox洫e 3(T3)卸d T4 iIl tlle

ser哪iIl hypo也1胂idism，and decreased me level of T3 and
T4 iIl hypertllyroidism．In a岫廿on，EA or acupunc嘶
stiInulation iS e侬ctive to tlle re刚a廿on of me estrogen，
andmgen，iIlsIlliIl，姐d肿wⅡl ho眦ones【67—691．

2．4．o鼍吕an pmtection of acupunctIH．e
Increasillg evjdence has shown matacupuncture or EA exerts

protective e艉ct on mlll廿一。唱aIl systems，iIld幽g me bniIl，
t11e heart，me gastromes甑al system aIld otllers．
In山e aSpect ofbraill protection，acup眦lcture si驴i6caIlⅡy
iIIlproved memory impainIlent i11duced by cerebral mlllti—

iIlfarction、，ia regulatiIlg me expreSsion of叩optosiS rdated

aIlti—apoPtotic萨ne Bd一2姐d pm—aPoPtotic Ba】【gene iIl tlle

hippocaIIlpusl7 01．(沁mpeUmg evidence sq昭ests
tllat 6-opioid

receptor activation attenuates o】(idative iIlj山y iIl me iSchemic

rat braill，EA wim specific iIltensit)r aIld厅equency can

increase cerebral blood now and effbctively protects me

bram f而m ischemic mjury’which mi曲t be mediated by
EA—iIlduced mailltenance ofblood-braill barrier(BBB)iIlteg—

rity，ir山ibition of apoptosiS，

system，and attenuation of

activation of endocanna【bmoid

垂ut锄ate excitoto】dcity‘71—7 3。．

TabIe 1．Summary Of mechani5ms underIying acupunCture e仟ects

E仟ects Mechanisms

Ana岣esia Peripheral mechanisms

CentraI mechanisms

Neurotransmitters and neuromoduIators

Others

mmunomodulation Immunocyte

Neu rOendoc rine

regulatiOn

0rgan prOtectiOn

C”okines and neurotransmitters

Hypothalamo—pituitary—adrenaI(HPA)axis
and hypothalanlus—pituita吖一thyroid
(HPT)axis

Brain

CardioDrotedion

GastrOintestinaI system

Trigger：acupoints and me rIdians

A仟erent nerve fibers aCtivation

SpinaI neurons：pre—and post—synaptIc inhibition

CerebrOcerebeI|ar brain strudures adivation or deaCtivation：rOstrO-ventral

medu¨a(RVM)，pe—aqueductal grey(PA6)．hypothaIamus．thaIamus，

prefrOntal cortex，sOmatOsensOry cOrtex，and IImbIc system．

Network requIation：DMN，SMN，neuraI osc川ations modulation．

Opioid peptides，choIecystokinin oCtapeptide(CCK一8)，5一hydroxytryptamin

(5-HT)．noradrenaIin(NA)，gIutamate and№receptors，Y—ammo．buqrIc

acid(GABA)，substance P，angiotensin l|，somatostatln，arglnlne

vasopressin，neurotensin．dopamine(DA)，endocannabinoid．
Gial adivation，expression of the c一，．0s gene and nucIear faCto卜kappa B

(NF．1cB)，local release of adenosine，genetic sensitivity．

NK ce||aCtivat}on，mOduIatiOn of Thl丌h2 baIance，nlacrOphages and

neutroDh¨_

IFNIY，antigen—spec阡ic lgE，IL一4，IL一5，lL一1 O and IL一1 3．endogenous opioid

peptides，dOpamine．

HypothaIamus，thyroxines(T3，T4)，estrogen，androgen，insuIin．and

qrOvvth hormones：requIatiOn of NE，5一HT baIance

Maintenance of blood—brain bar—er(BBB)integrity：lnhibition of apoptosis：
Activation of endOcannabinoid system：Attenuation Of glutamate

excitotoxicitV：Up—requIation the leveI Of BDNF．

1nh№⋯on of cardjac B—adrenoceptor5 siqnaIinq pathway as we¨as opioid

peptides and PKC—dependent pathways

Requlation of qastrointestinaI motor aCtivity，the secretion of opioid

peptides and the qast—c acid．and other neu ral pathways
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Studies on廿1e e矗-ectiveness of EA iIl tlle treatInent of

Parkmson’s djseaSe (PD) found tllat 10ng—tem high一
丘equenc)r队is ef．fective iIl hal血g me degenera曲n of
dopamiIle晒c ne啪ns i11 me substantia ni铲a(sN)and up—
regulatillg tlle le、，els of braill—derived neurotrophic factor

(BDNF)iIl tlle subfieldS ofⅡle ventral midbrain‘“1．

Studies on nle cardioprotedion of acupuncture have

shoⅥl tllat iIl rat modd wiⅡl ischeIllia and repe血sion，EA
or acuplⅡlctIlre treatIllent si乒ificaIl廿y attenuated廿1e ele—
vated ST segment of electrocardiogram (ECG)， cardiac

arrhlIrtllmia score，and tlle ratio ofⅡle infard size，riSk zone，

which was mediated via inhibi廿on of cardiac B—adrenoceptors

si妒ahng pa也way as weⅡas opioid p印tides aIld pmtein
l【inase C(PKC)一d印endent paⅡ1ways【75’7剐．A recent study
also showed mat acupunm alleviated tlle panlolo妇cal
chan驽es of cardiac tissue of ratS wim myocardial ischemia

and reglllated t}le protem expression of cyStic胁msis trans—
membrane conductance regLlIator(CFTR)and CL—channels

CLC02l删J．In addition，dired dectrical or peripheral neural

stimlllation mi曲t e、roke tlle rdease of cardioprotective
substances iIlto t11e bloodstre锄with comparable e行bcts to
tllat of remote ischemic pre—conditionillg by lilnb ischemia

(rIPCI⋯．
In gastroenter0109y， acupuIlctllre has also been used

success劬y to treat￡【if&rent gastrointestiIlal disorders，since
its e伍cac)r iIl the regulation of gaStrointestinal motor acti、dty，

Ⅱle secretion of opioid p印tides alld tlle gastric acid，a11d
omer rleural pathw a_、rSl6川．

3．CONCLUSlON

current available data compeⅡi11弭y support tllat acupuncture
has it considerable oven枷elmiIlg advantages i11 analgesia，
preventiIlg post叩erative nausea aIld vomiting，neuroendo—
c咖e—imm蚰omodulation， and multi—o皓an protection，as
shown iIl Table 1．The mechanisms of acuDuncture are not

completely understood．Neverthdess，it has been understood

tllat iIlteraction and inte盯ation of neurotransmitters，neuro—

nal acti、哇ties，and neuronal ensemble networks coordinate

the acupuncture e珏bcts．It has been paid more attention to

tlle modlllation of acuDuncture or EA on neuroendocrme—

inlmune ne“旧rk and or聃n protections．Because of mese

ef!f．ects，me use of acupuncture and application of acupunc—
ture anestllesia wilI manifest it greater prospect in t11e future，

witll t11e gradual illllIllination of me underlying mechanism

of acupuncture e行毫cts．
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