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et al.

Acupuncture therapy has demonstrated efficacy in several clinical areas, and of these areas the understanding
of pain has progressed immensely in the last two decades. The underlying mechanisms of acupuncture in general
and the analgesic effect in particular are still not clearly delineated. The leading hypothesis include the effects of
local stimulation, neuronal gating, release of endogenous opiates, and the placebo effect. Accumulating evidence
suggests that the central nervous system(CNS) is essential for the processing of these effects, via its modulation of
the autonomic. nervous system, neuro—immune system, and hormonal regulation. These processes tap into basic
survival mechanisms. As such, understanding the effects of acupuncture within a neuroscience—based framework
becomes vital. We propose a model which incorporates the stress—induced hypothalamus—pituitary—adrenal
axis(HPA~axis) model of Akil et al,, the cholinergic anti—inflamatory observations of Tracey et al,, and Petrovic

Key words : Acupuncture, acupuncture mechanism, stress induced HPA(Hypothalamus—Pituitary—Adrenal)
axis, broad sense HPA(BSHPA) axis, neuro immunology, functional brain imaging
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A 209197 F5% #¥E A H S (neuros-
cience), A&A17 7 (autonomic nevous system),
HYA (immune system) 183 7154 94EY
2 (functional brain imaging) ¢l &E93E W
o] ATt ol 2L o] Fopg] AL He] o
ATE ol Ax AR ZAd 7|x8 H5HF )
2 7HA st vk ol qE FAFA
5 ThFlA g ol A Wl
T o, meEh o A2 gl Fe
TAHQ] AL o8] BHHg Hol glrk

AXNEI} 3955 S¥E AFE £} o
g aiofelx EAHolghz Fgo] A71E o} F,
o]y ATAEL FAaAFEI (effect of local sti-
muli), AYARES(neural reflexive response),
A A4 H5-E¥3-(humoral outflow response), 18
1 ZeA R & (placebo effect) 9 7 ThFsH
WA o= Ho AAYE 71Ael tigt S A gk

TERLE ol&AY "ize AN 39 2
2 A3 d7e 9 A5FE-E 498 93 1%
¢ BE FAS G7IE ATV C,

A9 &yt A7RA (neural) o] &3 ZolE, A
/3 (humoral) & A173-AYAR} (neuro—immuno-
logical) &} A% &g 2gt Aol Al =
e ZEAR FEglol, Ao FgAZ Wt #
ojgths AMIE AFAQ Aoz Az 54
77 (central nevous system ; CNS)&= &% 1.9}
EYAR F AF(F, T4 afferent) I WS (F,
A4 ; efferent) Alold] FRAE AsiA BF
A YEYo|t}, T334 (CNS) &= A&A 324,
BT 719 & AAFE D ok AP AeE =
dala, 5E vET A=, duiAYAl, B9
71 Bl BAHEY o]E2 BF A& 5
S1E0lt}. o] % Abdo] Hef ohgt A7t #A 9
Aol 714 7128 nAAQ AZRoE AR
gl 7]%3 AR ko] AA ookt sk 7tH
ojg} & 4= itk

9] AF Foll, 703 FRHEE 90 &
A& 7154771878 942 (functional magnetic
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o XIZ71™o) chgt Agolut @ 83015 JH - ARSI BE AT 2 Aoy B, A i, Eog -

resonance imaging ; IMRD o[\ JAIEUSEYE
(positron emission tomography ; PET) 22 7|%
3] 9348 %< (functional brain imaging)©] A%
BATANN F24& Yl ok A 7ol g
o g2 gk E2HE S (molecular science) 7
2 E 88 (pharmacokinetics) & 283 A7 QA
#9 (neuro—imaging) o2 ARl & AR
AP olgd Aol F8)8(n—vivo non
—invasive) 7153 ANEIZYE T (B
&), ARFAYER) 0 A385S A @
2 5 e 7138 ATty B3 o) BE FHF

=
A A7 Zstel] oisk F-E FAEgleH, 7€ At
S ubre] E3teh
Y go] wEdd el AAEH 54 o
o7t (specific cortical areas) ] 7Fs3k
#Esl7] 48 A BT o) FojFon, A4
2 A3s Aol 3R ok olAle AAF
o A%z JEid ofE 53 oiadggy &
& NZgas Aol shsatA HAw, 0% o)
BALZ o) ZE BuE AMFoEN F AT
Bz

B =3 AR-H9 g (neuro—immuno—
physiological bases), X}A4E&8F (molecular ba-
ses) ¥ 7)%543] 94294 (functional  brain
imaging) 2 ¥ o)A Aol FAe} ZAst] H
o Az el digt A AE @A}
=Eolth EF 3L 71He) #e & M
&9] o] & 7Hedt dlolE ¥k ol AEHA F
i AR -8 Al - 541 & (hypothalamus—
pituitary—adrenal axis ; HPA axis)?®, ZdA
(Cholinergic) ¥¥% #&3 FALD AF-HA A
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324 (neural-immune interaction)'®?%%® 1)
I A 7394E9 8 (neuro~imaging evidences)
of 2AD2D 5] HA|SuA} A=A

Y, MAXZ, HPA axis 7Hd (Immune,
neural stimulation, and HPA axis hypo-
thesis)18),23)

2 EZ Q) =2 (recent review by Tracey)'®
& AEAAAY W75 A5 A4 H AR
WE¥ 715 ek Ut 19 =i A A87A
o] B4 olgfol] digt] FHFIE FLE IAE
ARSI Ytk AE 9, E5ol J$ B E (nflam-
matory information)= ZZA73& F3A ¥
7} AgjEE A8 (hypothalamus) £ AE =
% AEARAE ot $9FNEEY (anti—in-
flammatory output) ¢} JeRdths Re|th. e &
£o] A9 (immune system)o] ¥3E Rolgh=
BZe HZ B YR g AAHT glom,
%3t Ho] WA (immune modulation) o] ¥
13 $% gtk FA5o] g0 nj=2 47
Faty ZAFo] ofF AFHA AA T EFA L
=EE 28 719F 1 Utk 27 o FAHL
2 2319, F4IAMIAH(tumor necrosis factor ;
TNF) ¢+ t}& A|E7191 (cytokines) 0] o] &5}
A5 WA AR WAt e Aol LAHRL
o, o]5 9 Ao gH R uZAAA (para-
sympathetic autonomic nervous system)2 3
g 38t ARA[FZ2 3 (neural outflows) & WK
Yo QokP ) BatagA e AR opid
FH(ACh) & FrEjshd AFAHA AGA ) o F3a
$2 FUYFHARIA(TNF) Y QB F71-1 (interleu-
kin—1;I1L—1) 72 9=%4E4 (inflammatory cy-
tokines) & AA7IE RAog AZdn). o9} 22
B2 B2 st T8 Al N2 o]
o 29 71AE ofiskzd glojA] Fod dEg &
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F

F s Aoz AZIg®

Y N33+ 7 Z (Blood—borne pathway) 3+ @
o}2}74 (area postrema) ¥} &Y 7] ¥ (subfornical
organ) & ¥33h= HAFAY A (circumventricular
area) 2 F3o F&L w3 P ¥ 0]F27 (vagus
nerve) % #AE F%v|FAIZEA (Dorsal vagal
complex) & %25 (Dorsal motor nucleus)<
3= FLYIARIZHTNF) FEo) Hhgdh= 2o
2 284 glor ol 1% AEFII(cytokine)
3HAS JAIF 2T 737 2¥ 370) = (glucocorticoids)
o fEE fEshe ANSHE-HIkeA - &
(HPA axis) & @43hA71E oz ¥2id Ja*”
o FAAATY GFHH e g FAFagEH &
£3H= whAla H(reflexive effects)ol] thdt E#A|
9 wio] 9Japa!V BB N nFNART
7HaE AR 7143 AR A 7S T3 A

FATAEE ARV S8t A7) (supra—

spinal level) 2 5" FAA JNHEF A=A E
(afferent somatic acupuncture signals)S E23}
£ AA AR (somatic stimulation) 22744 83
2 7 U EFAY 2dd ZAFY, & =&
AME <Fig. >4 2 vis} Z2o] Az #et
F7HA §7H3Q kAol F7t HAth wekM A F
4ol A3l BF A7EA] OE e Fao] FA|
g 7 A9 7448 nFNZE-A & FH4 nFA
A= (AV—-Acupuncture ; Afferent Vagus nerve
—Acupuncture or the afferent vagus nerve sti-
mulation), 944 PFAF-F Z AP WFA
74 A= (EV—Acupuncture ; Efferent Vagus nerve
—Acupuncture or the efferent vagus nerve sti-
mulation), 744 ANF-F F FHAA AA A
= (AS—Acupuncture ; Afferent Somatic nerve—

Acupuncture or the afferent somatic nerve sti-
mulation). ©|} o] Z+Z gg 44 ZL& A4

Electrical

Pharmacotogical Signal | with EV-Acupuncture (Efferent Vagus nerve-

Fig. 1. Alferent s and eferents of the possible
acupuncture pathways.

By each different efferent and afferentstimuli , a number of
distinctive descending direct and reflexive antiinflammatory
signak wil be induced ; 1) direct efferent anti-inflammatory

Acupuncture or the efferemt vagus nerve stimulation), I
efferent anti-inflammato ry signalll as a res ult of the afferent
cytokine signaling of TNF, IL-1, and high mobility group B-1
(HMGB-1) , lil) efferent anti inflamm atory signal 11 with AV-
Acupuncture (Afferent Vagus nerve-Acupuncture of the
afferent vagus nerve stimulation), and V) efferent ant-
inflarnm atory signal IV with the AS-Acupuncture (Afferent
Somatic nerve Acupuncture or afferent somatic nerve
stimulation), respectively.
The vagus nerve stimulation and possible reflexive effect
woik as an anti inflammatory effect to the inflamed area. The

tegends:

HPA axis : Hypothalarmus- Pitukary-Adrenal axis

TNF : Turmor Necrosis Factor

IL-1 : inteleuken- 1

HMGB-1 : High Mobilty Group B-1

<Fig. 1>
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Ao xi27|30) Ciet AF7IY § NI JH - AXSE EAE A1 B AU UE, UFE WS,

%3

re

Gl

2
=

AZ(QAA w543 A5 (EV-Acupuncture), B
FHY, 44 vFAARE(AV-Acupuncture),
FAA A7 2= (AS—Acupuncture)) L Z25-H
Hdo] So|&Ql 3 AR FPF A3 P WA
Ql ¥Z A3 (descending direct and reflexive
anti—inflammatory signals) 7} & € & & Aol
o & i) 984 mFA73 A= (EV-Acupuncture)
of g% FA AN FEF AZ 1 (FANEY T
#2958 (dorsal motor nucleus of vagus; DMV
2 E899), i) FYHARIA(INF), AE1F30-1
(IL-1), 31&F1EB-1(high mobility group
B-1; HMGB-1)# Z& NE7RI(cytokine) 9] +
AX Azl o3 FAREA AN FEFAST(X
g2 & (nucleus of solitary tracts ; NTS) #} ofu}
T AR HsleA - & (HPA axis) & §
o), iii) T4 w542 (AV—Acupuncture) ol
3t AN FFE NIM(THZHN(NST), AFst
B-waleA-2A F(HPA axis) & T3, iv)
A4 AN7 AZ(AS—Acupuncture) o ¥ €
AR FAFAE V(ZFZHNSD), #FAEY &
LZH(DMV) S A o A7 e Foh=
3 YL ofn)e] APFaHt— 8 A - 41 % (broad
sense HPA axis)& §3}9). E#AY w=&olA Al
AHe RAAE, vlFAE AL S AZHTNEF),
AE|FEZ-1(0L-1), 1*FI1FB-1HMGB-1)%
72 A% gAY & JAEEN LT
238 fshe 9443 F94 vFAR &5 (effe-
rent vagus nerve cholinergic activity)& %7}
7le ARE gokon, olfd ARIES A wF
A7 Z=(AV-Acupuncture)©] ©|$} AR 24
& & Rolghs A& AAFTHIANA wFARNE
). A=} e wkel 2o, AR v|FARAS
o HE AR - EEA-FAl & (HPA axis)
& 3% AR H4HAk(supra spinal reflex) 2 Ul
%39 (visceral areas)o] =3¥ FH ety Hl5o]

OB oo
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A WAt ZHE FE F Y AR TIYE F 9
o webd 7 wska FEYEA AR-E I Sl
TG AN AT FE AAFE o)} fAKEE &
7} Qe ol A4 ABATVN ek 2
Ay wFANRT vFAZ0 JAFd R PYLst
T e 444 A388E e FE leH &
& AR w3 A - 24 & (HPA axis)S 3t
of A48 F E Ue RoJtKFZE Fig. 2.

w2hA therdt Feje) AzRFol 99 o A
F Atk R =3 A9
2 N34 §2EA% (humoral and neural outflow)
2 E3l9 FEode A FFE & JokEx
Fig. 19} Fig. 2>

i

AFTEE N AEHE L AFLR(PYN) 22 &
Bt Arskd M3 2 (Neural substrates and af-
ferents to the paraventricular nucleus(PVN) of
the hypothalamus)®®

AF7A el nA&D vhE v A g} shedl 3o
A, 23 GNE AFTE F v 2EHAY B
g A3 Z (stress—related circuit) & FAI8H=
AL uiglE doj 22 AHIZEL F3 B
9 AYA9E Ash=v) Tgo| @ AR A4d
th olofl 7H3 A B AEHYA FEA AN
-3 Al - FAnd 2 A & (hypo-
thalamic—pituitary—adrenal cortex or adrenal
medullary axis ; HPA axis) Z@0o|th? AA4bsle
= B3 ASARA 213 dHo|BE, B =T
qe 2EHA Zde ASAFAYTS 83
= g ujo] AFSHE-H 3k 54 % (broad
sense—HPA ; BSHPA) R9& sto] AA|dit}
2 2o AR arA -4 S (HPA
axis) 2} FHHA A2 HAFHH(PVN) 02

CEOlE A7HA FQ 91 A5E FHCE 1Fe

of Btk HAFAAPVNI LR 4714 F2 9
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g3 = <Fig. 2> Yehrd 23 Zo] HAA (A
99 A3 ) (limbic system(together with
prefrontal cortex ; PFC LIM)), 45994 (cir-
cumventricular areas), 2417232 183 Al
M A ERE AFEH ol 4714 d¥AEE
AEYAE fHUEHE A-HIEA-RA &
(HPA axis)oll #A|2 853 dFHE ACE By

oju®, & AZAFel disteiwt nA3t vt Ft

47FA 74743 48235 FelA, A3 7 7HEA
ALY FL 744 AsE 2473 A= (sensory
stimulation ; SS)¥ Zo|tt. A% A=-& 3749
F2 AYATE FAHY, o] F44 AdE H3t
%99 Qe g ARFHE] EA3E B3l o

A}, 12y & =82 Fo i A2z Agd R

Biood Beme
Chemosensory
Stimuiation

Cognitive &
Emotional
Stimulution

(the sers ory stimuli), cognitive and tional(the limbic syst

including acupuncture.

integrative
Stimulation

ﬁ T ss.vs
L% 5HS

%5-35835

Fig. 2. Four major neural inputs involved in stress induced HPA axs.

There are four major input signals involved in stress induced HPA axis : sensory
3, blood borne
chemosensory (the circumventrioular area), and the final integrative component
(the hypothalamus). These inputs are projected to the PN of the hypothalamus
which would then generate the outflow. The cognitive and emotionals imulation
might have relafion to the psychogenic stimulation such as the placebo, while the blood bome chemosensory stimulation i related to
drug administraion. The somatic and vagus nerve stimulation can be considered as neurogenic stimulation which has relation,
possibly, to acupuncture stimuli. The internal hyp othalamic inpuks to the PVN, s uch as daily rhwthmic variation of glicocorticoids and
hunger (motivational) or s atiety condition, could be an important adjunct to the modulatio nof the various effects for the input stimuli

tegends:

HYPO : Hypothatamus

Thal : Thalamus

Amyg : Arwygdala

PFC: Prefrontal Cortex

ACC: Anterior Cingulate Cortex

rACC, dACC,cACC :Rostra, dorsd, caudal ACC
RN : Raphe Nudei

PADG : Periaque ductal Gray

PIN: Posterior- hte pe duncuar Nudeus
DMV : Dorsal Motor Nucleus of Vigus
PP : Peripeduncular rucleus

AAM : Ro stral Ventrolateral Madulta
SPTN: Septal Nucleus

Acupuncture

Moetive

VrA wwuymm: Oopaminergic

$8-$BS : $5-Somatic Body Sensory
$$-8HS : $5-Somatic Head & Spedal

$5-VS : $S-Msoeral Sensory

<Fig. 2
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Fol X@o|No it Aot B AYTls Hd - EXSH A 0 B HYY HS, MEH WS, HYug -

AFAR(PVN) 02 FAR Ro|t o]9} 2 4]
7 A2 AzrowrE o] A=A 3F (somatic—body
sensory ; SS—SBS), F44 A g 58 7
Ztog FAE FURIZHEY I3 (somatic
head and special—sensory ; SS—SHS, ¢Hd A4
2t Pmk oflt A7 Fzta 2 5 37§l
A3%) 283 YWALEFEY FAA A3t £EF
™ (visceral sensory ; SS—VS), ol 722 7=}
FAEEo] M7 A AH3 PN 22 (neurogenic
components) 2] FAFA1 ] AT

e A4 3 AT FH] FEATY 3
gray ; PAG), d+tiglad)
(peduncular pontine ; PPn), 5% 137]8 (dor-
sal tegmental nucleus ; DTg) 282 T2 (pa-
rabrachial nucleus ; PB)& TEA1A HAF43
PVN) 2.2 AgHy £ d¥ F3iA=41% (noci-
ceptive inputs)© HAFHH(PVN) 0.2 A FA}
7} o1FoA FEAFAIWA(PAG) & S8t}
T g diddelad (PPn) 3 & a6 948D
Tg) AAL BF A ANFLE HAFAA(PV
N L2 FAHE RoE AYAHL Yt 42 §9
o A QIEAE w3 L Y EEFFHIYA
(PAG), W t}8) w8 (PPn), 5&uxF7/]3 (DTy))
o8 FAMEI, ofd Sz 252 gt T4
(PP) 3} FHhelAtol® (posterior interpeduncular
nucleus ; PIN) ¥ o}2} v}l w ¥ (PPn), &
Z2uHINY (DT oA FAIE gt

715+8r 3l A2 (geometrical proximity) ol
o3k, WY gz THZIANT) I 4%
-9]Z A4 (rostral ventrolateral medullar ; rVL
M) 2 EH3h= WS 559 A9 % (dorsal and
ventral medullary areas)S 3EA7]3 o|Xo| F
A3z ZA0F Woizlt},

THEANWTS)H HAWH-E (locus  coeruleus ;
LOE F7H8 Fo38 wolmdddN wio] £X

2] (periaqueductal
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3t -9 (noradrenergic neuronal areas)® 1E9)
23 AEYHThE (medial forebrain bundle ;
MFB)E 3l HAFAH(PVN) o2 FAbsn,
YEEJSAF VLM 99 Ae 7HES ol=
#'d¥4 (adrenergic) 7HOE 3 HEYHT}
H(MFB) 2 7f3te] HAFHH(PVN) 22 FA}
g ¥)F HAFYAPYN) 3 AR dA= &
A YA EA, wi%E7]8 (ventral raphe nu-
clei; VRN) 9 1= A2 EUA ¥ (serotonergic
neurons)5 X3 HAAFHABPVN) L2 FAMHE
RO 7 ojAR 1 Q).

3, AN AR AL ER AgEed &
3] B|Z-¥ 81 Z 9 (ventroposterolateral nucleus ;
VPL)& A3l 120l df-s-3he 297294 (so-
matosensory cortex) 2 FAMEC FEAF 3
APAQEFEY 479 w87 & Y4 w4
T8 ARFREET 4Z W (intralaminar ; IL and
anterior nucleus ; AN 22 ZF7Fd (midline) 2}
BEE ARt Adds(ACOY HAAFHIA
(prefrontal cortex)@ FALET A3 (ACC) &=
FAR%, B39 ZAF 299 A9 2Ho] ¥
H JYETFANIAYY FAo] HE FOE AN
T P AN me g TAY AF =8 B
% B47xQ BxA (amygdala) 2 FAME Y A=
ol <Fig. 2>0l4 RAAE uio} Zo| Furwad
(stria terminalis) & 7730} HAFA 3 (PVN) &
E FAHL

B =2olMe dFHA 434ATE st (hippocam-
pus) ¥ AIASHE-H3A - 54 & (HPA axis) 9
ko] QlojA 2333 2 ¥ Fo)E(glucocorticoids)
o} SAEHY =4 (negative feedback)e] 34
AES st Qe RE FAstnA sk A4St
B AA oA 249 AR AJrel T A
Bt bRl JYAZES ARl Y oY
AR AZ] Qaix] FEEA FYHATE HAAT]
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= HAFHA(PYN) 0. & FALEL) ol 471A] F
L2 483 (AR = (sensory stimulation ; SS),
HAA (limbic system ; LIM), A7 (cir-
cumventricular organs ; CV), AA8HE-E3 (hy-
pothalamus integ—ration ; HYP))&= <Fig. 2>9]
e} gon & =RelAe AR, OF, 57
T, A 2L Yt A fojgl At HYs)
Aot EFU 383 72 25 (blood—borne che-
mosensory stimulation)2 <FEFoig} FHEAo]
A W), AAAT T AAASE EAR &7
s} 22 949 A= (psychogenic stimulation)
3 65 4938 #A7F 5 gAE At o9
FARA ARARATIG MFAFATE AT
7 #EE A3 YA A= (neurogenic stimulation)
0% F 8 F Qg Aotk A5 HAFAH PV
N2 FANHE SFFIFE2E F0| = (glucocorti-
coids), ®lIF (hunger) &2 EuHf(satiety) &
o] 43F F71wsE ZE A UiFtelA] LAy
98 Ase FAe X9 YJYAZ 9 iR
HEE 2AE FoH FUtedlo] g & gtk

A3 -3 eA - 74 & (HPA axis)< F
FAFZE ] E (glucocorticoids) Fe] 7H4 F& o
(F2 yhof) 718 st 47t 5o, dde 27
F 3 2E)F| = (glucocorticoids) 7} #& AFEIY
qgAbel diste] 718 wizdebe T gixsior &
Asto] thsle] 743 FHekaiAl ATy,

A dstRERE FMY(ES) ME(Effe-

rents from the hYDOthalamus)18)'23)'25)'29)

AR BA8  HAFAYPVN) oA (ohats
B AR W A3 8 (periventricular neu—
cleus) # 343 (arcuate nucleus)**) g F2 ¢
A YAz E 7Y ERE HEE BH3
AgsEe A 2o AAE AN 7 2 (humoral pa-

thway) 241, ol AF3HE—H3leAl- 4 & (HPA
axis) QEHE AlZEo] FHE BT AR ¥
9 o8 7@ BEF9. 2%F9 shirt AR
(macrophages) ¢} 2-& WY @A W (leucocy-
tes)7} HE AFHIR 7l A2olH & UE 3}
= <Fig. 3> Yehd R Zo] ARHEFFHA
74 (supra—spinal CNS) & 7h= 70|t} a4
AR @5F9 Y= AANEE 1 F3o= 3§
o, o|Xe] SFIA2E]F0)= (glucocorticoids), &
A EAZF 2 E (melanocyte stimulating hor-
mone), 2HEW (spermine), SAEA (oxytosin)
I 22 F9F 32E 1281 JHFU-10(0L-10)
7 2 §A5 A EFI (cytokines) S Fu]3it}, o]
E 3EEY ANEIRI(cytokines)E FAIjAlIz}
(TNF), QEF1-1(0L-1), I1+F18 B-1(HMG
B-13# 22 €544 ANEIF (cytokines) o}
g AAAZHN dAME Fgsie, 22X A5

& AT GE A9 £ we-
AEZH (B —endorphin) & FEdH= F 2ot} ¥
AFAYPVN) 2 2HE FeE8 FAgAxgsE
58] 32 & (corticotrophin releasing hormone ;
CRH)& #A19A2}=3 22 (adrenocorticotrophic
hormone ; ACTH) # #e}—-< =23 ((—endorphin)
279 AFAQ] FoPHEM AN AT 22 (proo-
piomelanocortin ; POMC) & #A3IA7|28, A4
S~ EfeA - FAal Z(HPA axis)©] ¥ o
qdoos FYJsEE WEl-dx2 8 ((—endorphin)
olE fEshes 2L bt 98, & WE-dxz2
A ((—endorphin) & AASHL—Ys}eA-2A =
(HPA axis)®] 8/4J3ld A%2N By Ao
Azt £3 AAEH-Y H4d5$)71% (perivent-
ricular organs)¥ /¥ (arcuate nucleus)©] 9
Fo ASE B%e W 9A vE-Ad=29 ((—en-
dorphin)& #H|3h= A% 78 A02 AzEr

e ANY ZEY FA AAEE 5
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2ol X&7|H0| st NF2IE ¥ NFI5 K - EXST BAE N0 & AYY uS,

Legends:

ALC ; Anterior cinguiate conex

PACC cACC dACC : Rostard, caudal, and dorsd ACC
LA : Umbic system,

CV : Cirourme rtdoutar organs

PFC : Prefortad Conex,

ADM : Adrenal Medulla

ADC : Adrend Cortex

HYPO : Hypothalarmus,

PWN : Pamertricdar Nuckus
PeriVNoumc : Pe e nticular-8 Arcuate Mudeus
PAG : Pedaqueductal Gray,

RN :Raphe Nuwleus

DV : Dorsal Motor nucleus of \agus

GR: Gluco corticoid Receptor
RAChR-o7 : Nicotinic ACh Receptor o7

-AR : p-Adrenergic Receptor

TNF : Tumor Necrosis Factor
G-Coricoids : Glucocoricoids

IL-1 : inteleuien- 1 Targst Orgas

A - Acetyicholne e Nk

IL-10 : iroe deuken-10

NE : Norepinphrine

SE: Serotonin SPINAL CNS

Fig. 3. Five major efferants from the hypothalamic PVN related to the broad sense HPA axis which would have an effect on suppression of
cytokines and pain at the inflammed areas as well as other CNS regions. This broad s erse HPA- axis appears to play thekey roles in
acupuncture. The humoral pathways (#1, #2) targetto the macrophage in the inflammato ry area and other diffuse areas of higher brain, and
releases a number of antiinflammatory cytokines and hormones which act o nthe macrophages as the suppressor of the inflammato ry
oytokines and also as a beneficial factor fo the other areas of the brain (for example §-endo). The neural pathways (3, #4) include both
sympathetic and parasymp athetic outflows which release NE and ACh. A recentstudy found that NE is also an anti-inflammatory agent
wotking in synergy with ACh which suppress the inflammatory cytokines . The last group of the pathway (#5) & neuraland it appears
coupled directly from the periventricular nucleus and possibly the arcuate nucleus of the hypothalamus-PGA-raphe 2ds to the dorsal horn
of the spinal cord where inhibitory action taces place. The later is the well known cent sl descending pairinhibitory pathway that inhibits the
as cending painsignal from the periphery. This pathway is interesting since its effect can be observed by neuro-imaging in co njunction with
acupuncture and pain,

<Fig. 3>

(neural as well as humoral) 34135 Zu|dt NP EYNTE ¢ NP3 BRo &
Azolt}y, 2o = (Norepinephrine ; NE) & 2| UZANE)L ofMEZA (Ach) o W)
Rk 2R ol=gduu A 3 ARG He TR ABALEIR FHAYW, dFE
Az AFHoZT Aurzol Zyh} ASLET 2 cytokinesS JAIZH= AChY FHFES 3= I

A2l 24 (adverse effects)©] LA Y3 FAo|7|x )9
U o)A dA] 4R A8 T3 ¥FH T2 A= 234 AR nFAES 38 BEE,
A= Aoz HIo A A Ee] YIRA otMEEY 584 (nicotinic
ARE= AR 224 AR 7)A8h= AH: acetylcholine receptor)?! nAChR— (73 3334

rlo

49

AZAAS w77 Z (hypothalamus—autonomic—
sympathetic axis ; HAS axis) S24%E 7|A}o
HE4E Afss o9l Zd4 (noradrenergic)
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sfo} TNFS} IL-19) 4% Bee AA#RS 2
AN AR FAZFHE= Aj2o] ARG Aow T

RRRER

AR BE Q94 EIFNZY Bl
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& YAFAL0l 9e e 2N AN
: A 3349 2

& WAL e AoE ARYGHY

ke 7% Azolt of AzE WA

3 (periventricular nucleus) o]yt FA# (arcuate
nucleus) 258 FERFFHIMAPAQ S AX &
718 (raphe nucleus) 3 H<8 F7t(dorsal horn)
02 dFdEe ZEE o o] ABH A2 2
Z2HE Y3l F5AE ARG ALse 7
deld F34 WY FF JA %2 (central—de-
scending—pain—inhibitory pathway)o|ch.2* o]
RAE2E oM ARHe AAF I §5& 2F
g ARG FEY O dsto] FEE & Q7] Wi vl
4 ZulFt Table 1o AaZ o w|FA73 A =l
e - A2 gk .oko] AAH itk
<Fig. 39} 8]a>.

o. 2 %

B =52 43499 71&2] REES §AA 3
NS Bzek =F Yo 71Ae 4

& o) By} gy 1 Exo] gk

Aoke o) FRE 18 1A,

[o2

NATE BopolA F 7lAe wFsE MR
AEY 9 ZAE Zubieta B H—olA{ARA (1
~opioid) &e] that AFolth® 29} 17k Hoj
dHF oz EAR=(HAA) oFAFAR (opioid)
£4 d+o] w23, olHFAR (opioid) FEAE

A3l (ACC), #liwhthippocampus) 18] djR&
9] Ai(thalamus) 3 22 S83 G E¥Ego
Ak FEA (receptors) & AEA43 2 #Hd
Bel F¥e X UdeE(diurnal rhythm)
o met Wgst®, guig o g HolA WEEZS
(medial pain system)7} $15%%7 (lateral pain
system) Bt} oFH-{ARA (opioid) Zg-ol diste] o
& wgs Aoz dHA Yok

HZ NEE F—olH-FAR (1 ~opioid) F8A19)
3 WA FY DA (radiotracer) Q! C-11 7124
Etd(C-11 carfentani) & ©]§3% IAYEEF
#Y<(PEDAE dH+= AE4 F5 (neurogenic,
JHEER AAFH FARD AEGATE HE v
AR — 8l A) 54l % (BS HPA axis)® g
3t AR obdEf-AH (opioid) #H]E FZ13}H,
E3] AFee /49 (arcuate nucleus) & ¥
e HAF9 7B (periventricular organs) oA
AZst] dojutn girke A& sty gldh
<Fig. 4(a)>°] F53% &7 Foi® C-11 71=23Erd
(C-11 carfentanil) (]2 oFAAA ; an exoge-
nous opioids) ol 718t F—okA-FAF (4« —opioid)
FEA &4 F FRFEETEIE(PED oy
A g7} Boyx 3 Q. T8 <Fig. 4>l 55
2EHA 239 (MPQ score ; McGill Pain Questi-
onaire score)®l| W& QA oFH-FAFA (opioids)
o 84 Wyt Jehd du B A $AEY
FHEY<(PED delgex] SHEY Hie, 53
5 st AR U oFERARA (opioids)
49 F7HE guisitts A& AR & Uil
A oFAFAH (opioids) #¥1 7} F7F 845 9JA4
o} f-AFA]| (opioids) 7} F-— o} AR (1 —opioid)
FoA o A FEo] HojAE Aeolth <Fig.
4(a)>A B AR o= 2719 4 W
A FHEA C-119 Ae 8AEE YUehix
Atk vrebd ukgl o), 53] A3 (ACC) 8} Al
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Eo| X373 it NFTIu 9 AF0Is JHE - EXRE BAE 018 R Y UE, 43 U, HAUS -

18P0 Pain SensoryScores

@ {b)
tegends: ALCC: Amerior Cingulate Cortex, Tha. Thalamus
4Brrax/ Kd : Diffe in endogenous opioid rel

Fig. 4. Regional - opiocid receptor regulation of sensory
and affective dimensions of pain cbserved with C-11
Carfertanit by PET.

The increased aclivities in the ACC and the thalamic area,
the pain signal processing and relay statiors, respactively,
suggestthat pain stress enhances the release of
endogenous o pioids at specific areas where pain signal
processing is believed to be performed, in this case, the
ACC. The decrease in actvity seen by PET data and the
pain stress score (MPQ score; McGill Pain Questionnaire
core) means the increased release of the endogenows
opivids as the s ustained pain stress increases.

of bindingto the p-opioid receptors

between the control without pain and the pain expeniences as a furction of pan strength.

<Fig. 4>

ALC dACC cACT FACC 4ACC cACC

Fig. 5. Placebo effect with pan and pain signal processing
observed by PET and fMRI{Pdrovicet d.2002,Cho e a.
2002, and Cho & al. 2003).

(a) Placebo effect with pain and resuling expression of opioids
observed by PET. The increase of (C BF induced by placebo
was similar to the one by realopioids inthe pain processing
areas, s uch & the tACC and the PAG. (b) Cortical activation
due P pain stimulation observed by fMRI. Note the similarity in
activ ation of the tACC in PET and fMRI suggesting that the

{a) {b) 1ACC & a possible pain modulating center.
legends: PACC CACC dACC :Rostard, caudal, and dorsdl ACC
<Fig. 5
F(EFAZ A 2 AEHEM M F7H 840l oids)2t E2tA| 2 (placebo ; psychogenic-
walth o] YA ArE $54% At #95  stimulation) Fap!224
T XoE A7EE 52 99 d43 (cingulate ol #4591 e E 39 FrEe AAS
cortex or ACC)¥ ¢ B5A15 A2dA2 A4 Petrovic o 98 Bug ZaAr dFolg
Ar FFAEH2A7E U4 oFHAAH (opioids) Z9 AT 718, ‘_EH*OEE](ACC)E} T e E
BHE F7F AT e AAEEL ok mebd FAF #E 99 SEuF93 A4 (PAG), A4
AEHJA FF 2EHAY JASHE FAM0] A FollA ZeA R olEGALA (opioid) Tl 9
T AL ¢+ UG o] fAME T4 HEF 3ol fEdrhs AH
2 BFA Bol7] 93 A=t AT TR
i) =4 g R0| CHEt OFE A (opi- 21 oFH-f-AH (opioid) 9] (remifentanil) ¢ Z
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A B (saline) o SJ3jA PEA L] (rostral AC
C i rACC)7t 38322 &8 drhe Apojt.
LA R J8A =8 FAEIEFY SV
<Fig. 5> RAxAE AMF AZANW AC
O) 2L AR YGAM HA o} HF-AH] (opioids)
of g% F42HAFFIHL RISt S RY
B Fofd F5AF M E AL (rAC
CyolA 371 dfe ZEA RS AA4 op A}
A (opioid ; remifentanil) F3 8} HFAFE YA o}
FA-AH] (opioids) & FERTHE AL APsle A

&

(IMRD M E F2& TFATAY AElolH F
Z72¢) A8 FA= B4HE A5 rAC
O M Z& H¥8R7 S AU N15HAF
H94E(IMRD & o] 43 AN #2d olg &
A}k A#=(Cho et al. 2002 and other data by
Cho et el, unpublished)?® Y <Fig. 5(b)>¢) Vet
W ukel o] IFAUAE (rACC) Fde] BFA
g 7186 $2% 48L A ke & BYst
Al Alrketa Qich

TS, A7) wel BAE 7SN TE e
(MRD wlolele YEARIE rACO 7 555
AFe BEe AU 52 FERAFAFHNL-E7
M2 Z(PAG-raphe—spinal cord axis)®™®®"
7 22 AFHeE A ¥R UE AF2A {9
I A EA FFA AAE LFAIE FF
ZAd 7154 9L drhe AL GAdkE AR
F2 o9 A7le 43 He A& B o+ it
UEHDNFE ((ACO) 7t BFZAR Tojsithe &
e Z2AZE, Petrovic £V £23 AR
7} Al BEERNE o YEANTS (rACO 9
7o) i FERFAIAA (PAG) XS B0] F
Aell dojgrhs Aoloh

£ 48 43 g gnd AR -HaleA

-4 £(BS HPA axis)©] %4144 (Psychogenic)
A% B oplz} AZ YA (Neurogenic) ZEZE
Zo] Xgsof Qlvk= AME BT 9o, &
ANLR Az ZFANE A, AR9AN ARE
el FZEE Fo} ohdr} sk BFE AL

FI 3T

i) S5 XS0 2/E of = 1 & 2o
ChEt 7| SHRI BHAHE(MRI) 010K

4 550 AE 2 Y 25 ug
o NE3A7I 3 E 94 (MRD 4EE
$HRE AHE RojF T jlon 71523
A& & F v DAE ANET Qi ¢
(Pain)” "8 -3 +%% (Meridian—Acupuncture
+Pain)” “B.2| ~&+F % (Sham—Acupuncture +
Pain)" ¢ tjgh 718 SR8 7154831309 de
(fMRD A3 7Re-d) 37} <Fig. 6> Yehd sich

912l 37kA] AE dEtdel wE APA A of
3 HEE TR e AR AN HF T AP,
anterior cingulate cortex ; dACC), Zel&At ¢

3l(caudal anterior cingulate cortex ; cACC),

-

p

rlo

ot 2 g

o
2

My
o X owd ri

¢

o127 )33 (rostral anterior cingulate cortex ;
rACOIS & F gl Ui F5A=lAESt
37 £E 12299 (supplementary motor), +5%
% (motor areas) & A3t Atke Z& 9H3A
AAbste QIohEY m AAke EZAAAEE
g3 (ACOE g8 A9 dH¥HZE Adsk=
AL she Ro|EF, o4 Fd uke} Zo] AR
7} 45kEe) Yeigitt v)E O gdgd B
7t TEH T FYEGI SR E, 2 WA #
A (midline view): FAE (ACC) S} Al Bt
ozt % dRHA FAEE ¥FY9H &5
RzYDo| FudtA 713 BolF o dAgE o
H9d 999E WEs| vyepd gtk
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9 x27|H0 ofst 4FE7|g R YIS Hd - ARSH BAE AZTIe U AN g, AFE B, Eeus -

p = 0.0001

{a) (b}

tegends:
tACC, dACC, e ACC : Rostral, dorsal, caudal ACC
SMA : SupplemertarybMitor Area, M1 :PrimaryMotor, Thal : Thaamus

Fig.6. Comparison of the MR | results of * Pan® |
"Meridian-Acupuncture + Pain®, and “Sham-
Acupuncture + Pain® experiments.”

(3) The corfical activation by pain abne clearly demonstrates
thatthe pain indeed activates most of the known pain
processing centers such as the dorsal anterior cingulate
cortex(dACC), caudal anterior cingulate cotex(cACC), and
rostral anterior cingulate cortex(rACC) to gether with the
supplkemantary motor and primary motor areas. (b) An
activation patternresuled from pain stimulation after the
administ atio n of "Meridian” acupunciure shows s ubstantialy
decreased activity in most of the areas thatwere once
activated by pain simulation ab ne, namely, the dACC, the
c¢ACC, andthe tACC. () Same as (b) with "Sham”

A <Fig. >4 AS 2 T FFAZoE
HE dojd &4 Fys de 5500 YA +F

9% deol P F BYSHE FEAULS
(dACC), mAFAUA3 (cACC), PZFAUE3

(rACOIS 2 thel 9ol A 44d @
4 moiFe) A ¢ B0l gasiylt A5
0% 7148 A8l 2AT PN J B4 W
£ AN} AF0E Aste] EFAe Gl £
Ak S0 18 FRA AASE ik 23
2ol 348 38 o
4% Polzel 7%
43 olge] 1
B NP

O
) B
W E el

st ok 28y ] ¥ o]
2} 3 ¥o] 5ol4o] %EF— 7h
AFAEANA olgE B Yo
Z730] Ho| gt}

AR, o] ZE Bolde] FAE AR A3t <
EA02 753 ZEEHEH DojAA Addd F9d
AL 7k 29 A= (Sham—Acupuncture)
AL siglen o] ARAHE <Fig. 6(c)>l 2H
F1 P AF F¥A A& 718 AH 29 A
= 71 A Apolele /AR 22 84 H"o)

YT g o] 384 A5 2YFEH

=
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Aol di A7Age A9 B8 5ol4d (point
specificity) & Zol® AF &Y A= o&FA g
Itk RS AR

A, 84 FAST B9 A¥E FAASL
249869 zleol7t Qivke AL A9 .'511}7} &9
A2EHA {E A -H5EA - R4l F(HPA

axis) WA= 7M& A A& FtKTable 1.
Zad B2 AT FeselA wle AAH &
et A=l A% Zojg] Roks A&EA F
FAS 24 R3S £5 itk /Mg A
W4 A S gtk 2R FARFo] AlYsHE-Y

Al —5-41 % (HPA axis) (broad sense, ie.,
BSHPA axis) 9] #4< sty mebd H5
uiRid oFAFAR (opioid) 327} 84d3}E oi<Fig.
39 #5>, 1A S3A FRY FFAUZE
7IAG A gt 2 onjgitt e 55 A
o] £ A¥eN Yehd Zad B4E /M A
’“‘A’lﬂl SR 81 loFig. 6(a), (b), (0)>. °1A
2 Zubieta 5279 @A ®tk ohyz} olA A
E599 Petrovic $2V9] 48 Azelr Adx)gc)
£ dolE= FYad 53] J9 AF5aAE= 55 A
Ef2o] dig 39 A&A A=39, F4NRFA=

ZaA
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(Table 1>

HYPO : Hyp othafamus

of o W& u]o AFSHE-HsrAl-FAl F
(BS HPA axis) 98l 23l SAdth= 7S o
Al A|AFSH= Aot

AEASEH 470, BETAAEE 47,
N7 FAEGel 7128 BAQT? Pob oA
NEE B EABBEAY 2907 ARAARY

A FTFRILIL FUHEL Y o] ATFRIELS 7
o] FarEd A3 Edz, 53] W 9
u|o] AVgSHF-H3eA -5l % (BS HPA axis)
713dE oo, 2%E F Uvke A& A5
At ok W u| o] AV G- 3k - #Al
%(BS HPA axis) 7Hd-& WA oFARAM (opi-

oids)7h BAE & Gol) 35l e 8
8 OME} el

2 =7olA 1S vl 2w, F2 Y2 on|g
APt — 8 Al - 54l % (BS HPA axis) ¥Hg-
T3 ellA ofefisl 22 22 g2 ARE 3o
288 s doka AZ€Eh

i) ZFA7R 9 Fagi7 B2 28E AR
SH-AEABAE X3 AFA A FEshe wh

FA O] AN A=, ii) AN 7
(=A% FEsh 2 obAAR (opioid) AlA
&, WEnA Aglo] E3rd E§A, T8y Aldst
T3 A48 AF-AS A2, § AR-AYsHH
ZHgo] X3rE AEHA & A sA -
A1 %(BS HPA axis)d Fe'®, iii) v]aA-&A17

[
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N
Y
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A9 A@I™o) ohFt oI X JATIS JH - AASH BAE A0 3 AAY BS, UYE g, Houls -

AR29} HFF2 YA oA (opioids) 7
e 134 A 55 A BE, § AR
= A9 & (periventricular nucleus) 2 ZHE 7]
At AP -3 A - AT A S ML - &7 9
—#4 & (hypothalamic—pituitary—PAG—raphe—
spinal cord axis).

oA 1A% P9 ndy AFE 2A 7%
3o}, 3 o|d e 7|AL AR AHEN e}
v SFANAA g g Yok S §9E &
Ak FY 71AE Holy tE AR A
AL A A7 2] 712 kst 94

sl

e W2 due) A - -4l &
(BS HPA axis)W9 AlFeHr—dalea-54l &
(HPA axis)oll 2AE & Qith o] AlFeA F23%
A& QlEAls Buk ol YA T Fdt
Ao 7z BolAe] vl gfo|t} o A7 H
of FollE 71ae, Ao AFaAHe thste] A4
B - 3l R - 8A % (HPA axis)o] A% I8
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a3z ARs AAY, A3 2& gFA= dig 2
Iz Jehd A738HEA oy o] HFHA
% (neurochemical and hemodynamic responses)
o WgE 78 F v PIYE-TVRE-2A
PFEY LI FEYSPED € AT 7%
A7) 38 98E (IMRD 435 22 N2E B9
#Y71719] wadE AR AFo] oA ¢l
o WA olg) AL ARE 7VE B 84T
oju} 45A% F o] A¥| thste] Hojd £HE
HoF 1 Sl ofd oM Aol ety Al
=3 39 718g wA ol W] Bl F A 2
Rolgt FAgth 219 A= BE EFE &

£ o]g3e] AT Al JFE oA F v
A9 BAE, Fu, 257178, WEE (repetition
rate) T3 Z& TS guiee) A2 479
oS tS A3 Atske Aotk S AF,
WA 27, Adiule 9EE vXE ddEEY



