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Objective : The meridian theory in oriental medicine explains that each acu-point has a characteristic
functional effect. It will be supposed that an acupuncture stimulation on different acu-point evokes
different activation on different areas in the central nervous system(CNS) according to the meridian
theory. On this supposition, our group tried the semi-quantitative [14C]2-deoxyglucose([14C]2-DG)
autoradiography on the acupuncture stimulation to the hindlimb acu-points of Sprague-Dawley rats.

Methods : A venous catheter for the intravenous administration of isotope was equipped in the right
external jugular vein on 3 days prior to the [14C]2-DG study. On the day of the study, two
acupuncture needles were inserted into the ST36(Zusanli) or LR3(Taichong) on the left hindlimb.
Electro-acupuncture stimulation (2 Hz, 5 ms, 1~3 mA, 15 minutes) started just before the iv. injection
of [14C]2-DG (25 uCi/rat). The brain and the spinal cord were removed and processed for the [14C]
2-DG autoradiography.
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Conclusion :

according to the each acupuncture point.

Results : The EA stimulation on ST36 reveals over 120% metaboilc activation in Arcuate nucleus,
Anterior pretectal nucleus, Dorsal cochlear nucleus, Interposed cerebellar nucleus, and Nucleus of
Darkschewitsch. The EA stimulation on LR3 reveals over 120% metaboilc activation in Lateral habenula
nucleus, Medial vestibular nucleus, Ventromedial thalamic nucleus, Anteroventral thalamic nucleus,
Anterior cingulate cortex, Dentate gyrus, Antero cortical amygdaloid nucleus, Anterior pretectal nucleus,
and Dorsal tegmental nucleus compared with the non EA stimulation control group.

These results demonstrate that the different acu-points evoke the different activations in
brain areas. And with this functional brain mapping study, a new scientific elucidation for the basis of
the acupuncture-meridian theory in oriental medicine through differences of activated area in CNS
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Table 1. Effect of 15 mins—Electroacupuncture Stimulation in ST 36 on Cerebral Metabolic Rates Measured by
[14C]2-Deoxyglucose Autoradiography.

Group Control Electroacupuncture at ST 36
Increase
Intensity Isotope [ntensity Normalized Isotope [ntengity Normalized %
Brain Area (uCifmg Brain Tissue, n=4) % (uCifmg Brain Tissue, n=2) %
CC 50.00:21.17 100.00£0.00 50.00£8.75 100.00£0.00 0.00
Cgl 114.20:45.77 206.24£22.15 118.80£16.69 223.90£13.70 8.56
Cg2 106.76+26.61 194.79£18.72 7. 11£14.1 224.16410.06 15.08
LS 73.15:10.83 137.039.27 71.76416.54 136.84:6.68 =014
PT 71.97:12.99 136.2247.72 96.78£14.16 175.82£17.74 20.07
Arc 59.27:20.12 112,39¢6.15 96.48+37.41 168.08+24.87 % 49.55
ME 59.05:20.66 108.62£9.48 63.1149.48 115.38+10.84 6.22
VM 108.09136.94 207.7248.47 119.04£15 41 223.70114.39 7.69
CM 87.84+35.54 170.2845.39 97.76£12.17 188.43:7.10 10.66
AM 87.72:30.17 156.74118.70 92.80£14.37 168.50£17.10 7.51
AV 91.89+44.21 157.97125.81 93.78+14.53 167.89219.67 6.28
ACo 64.79+12.66 123.3716.21 69.81£13.53 137.00:2.63 11.08
DG 61.51£19.09 119.64:3.38 63.7049.20 123.47£3.93 10
LH 69.01221.85 132.7415.28 76.5946.64 143.9119.27 8.41
dhe 61.77:20.03 120.13£3.42 60.689.58 119.19:2.17 ~0.7%
LHbM 93.30+26.17 180.60:18.00 108.40£31 .63 204.93113.86 21.55
Ect 82.79£13.96 154.80¢10.88 85.614£19.00 163.8127.42 5.89
APTD 81.36£43.81 157.9434.77 98.22+23.87 188.1848.26 % 19.14
APT 91.04£37.28 170.58211.50 104.04£22 40 200.627.45 17.61
Dk 81.27+46.26 151.68210.90 106.78+23.96 202.97410.58w 33.86
MG 81.99¢31 40 152.60411.39 86.07£29.04 157.98£14.16 3.53
MnR 89.88+22.17 161.00218.76 130.77¢52.24 231.51+30.02 43.80
PAG §5.06£28.25 127.9642.16 85.61£27.00 156.17¢15.05 22.04
DTy 86,3748 .55 160.45212.20 117.41245,77 212.66:22.17 32.54
SPQ 70.00+34.84 129.64210.3% 73.62¢21.20 138.28:8.97 6.66
LSO 94.00+65.74 167.67442.31 123.41£47.18 223.00+23.79 33.02
MSO 90.18464.00 158.31+22.05 ¥).56+32.66 164.84:16.26 4.12
VPO 74.33£29 83 138.7820.87 74.84£19.09 141.99+7.68 2.3
CPQ 79.84+39.38 134.22:26.46 63.25+15.65 121.68+4.81 -9.34
RMp 60.00£26.46 109.51£10.66 63.48:13.88 122.07+4.91 1.47
DC 85.77¢35.84 158.17£13.37 101.07421.96 196.8425.204 24.45
LVe 93.37£54.16 172.78£13.97 101.42425.12 180.17£12.67 10.07
LPGi 71.89£22.94 136.42:7.36 72.97219.17 140.66+5.28 31
Gi 72.43:38.07 135.8519.02 82.96:22.77 1564.61£11.30 13.82
Int 93.95:47 91 181.4316.47 133.68150.76 243.09+24.27% 33.98
MVe 136.58+90.99 244.1229.05 134.31:20.30 259.77+8.84 6.41
10 83.20£36.13 144.42£21 98 67.33+13.42 130.90£3.75 ~9.36

Normalized % ; The isotope intensities were normalized using that of corpus callosum as the reference.

CC . corpus callosum, Cg1 . anterior cingulate cortex, Cg2 . posterior cingulate cortex, LS ; lateral septum nucleus, PT . paratenial
thalamic nucleus, Arc ; arcuale nu, ME ; medial eminence, VM | ventromed thal nu, CM ; the centromedian nucleus of the thalamus, AM |
anteromedian thalamic nucleus AV . antergvential thalamic nucleus, ACo ; antero cortical amygdaloid nucleus, DG . dentate gyrus, LH .
lateral hypothatamus, dhc ; dorsal hippocampus, LHbM ; lat habenula nu,med, Ect ; ectorhinal cortex, APTD ; anterior pretectal nucleus
dorsal part, APT . anterior pretectal nucleus, Dk ; nucleus of Darkschewitsch, MGY ; med genical nu, vent, MnR | median raphe nu, PAG .
periagueductal gray, DTg . dorsal teg nu, SPO . sup paraclivary nu, LSO ; lat sup olive, MSO | med sup olive, VPO . mediovent periolive
nu, CPO ; caudal periclivary nu, RMg . raphe magnus, DC | dorsal cochlear nucleus, LVe | lateral vestibutar nucleus, LPGi ; lat
paragigantocell nu, Gi ; gigantocelluar reticular nucleus, int ; interposed cerebellar nucleus, MVe ; medial vestibutar nucleus, 10 ; inferior
olive (* ; P < 0.05)
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Figure 1. Increase percentage of regional isotope concentration activated by 15 mins—electroacupuncture stimulation in
ST 36 acu—point.

a0 R
B Qi "
BST3 |

20 |

a0 *
R
(]
(2]
@ 15
o 1
U‘
£

100 I

|
D |
|
0
Q-ANN-QUSSS>200TCECORX>EO 0000000
oo.Jo g LOA &= ~o00 [
S R e S T i e

CC . corpus callosum, Cgt ; anterior cingulate cortex, Cg2 ; posterior cingulate cortex, LS ; lateral septum nucleus, PT
; paratenial thalamic nucleus, Arc ; arcuate nu, ME ; medial eminence, VM ; ventromed thal nu, GM ; the centromedian
nucleus of the thalamus, AM ; anteromedian thalamic nucleus AV ; anteroventral thalamic nucleus, ACo ; antero cortical
amygdaloid nucleus, DG ; dentate gyrus, LH ; lateral hypothalamus, dhc ; dorsal hippocampus, LHbM ; lat habenula
nu,med, Ect ; ectorhinal cortex, APTD . anterior pretectal nucleus dorsal part, APT . anterior pretectal nucleus, Dk ;
nucleus of Darkschewitsch, MGV ; med genical nu, vent, MnR ; median raphe nu, PAG . periaqueductal gray, DTg ;
dorsal teg nu, SPO ; sup paraolivary nu, LSQ ; lat sup ofive, MSO ; med sup olive, VPO ; mediovent periclive nu, CPO ;
caudal periolivary nu, RMg : raphe magnus, DC | dorsal cochiear nucleus, LVe : lateral vestibular nucleus, LPGi ; lat
paragigantocell nu, Gi ; gigantocelluar reticular nucleus, Int ; interposed cerebellar nucleus, Mve . medial vestibular

nucleus, 1O ; inferior olive (» ; P ¢ 0.05)
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Table 2. Effect of 15 mins—Electroacupuncture Stimutation in LR 3 on Cerebral Metabolic Rates Measured
by [14C)2~Deoxyglucose Autoradiography.

Group Contro! Electroacupunctyure at LR 3
Increase
Intensity Isotope Intensity Normalized Isotope Intensity Normalized %
___ Brain Area {uCi/mg Brain Tissue, n=4) % {uCifmg Brain Tissus, n=5) %
cC 50.00421.17 100.00£0.00 33.33+12.711 100.00£0.00 0.00
Col 114.20:45.77 206.24122.15 138.40£37.59 262.26176.47 27.16
Cg2 106.76£26.61 194.79£18,72 113.00£23.29 227.60455.74 16.80
LS 73.16210.83 137.0329.27 63.4044.21 141.21424.48 3.06
PT 71.97:12.9 136.22£7.72 55.9516.05 133.17417.33 -2.24
Arc 59.27:20.12 112.3916.15 61.06416.63 144.76219.21 28.80
ME 59.05:20.66 108.62¢9.48 55.55646.25 126.27¢20.19 16.24
VM 108.09136.94 207.72:8.47 122.80434.77 260.03£54.18 25.19
CM 87.84235.54 170.2815.39 117.22442.01 246.42152.62 44.72
AM 87.72£39.17 156.74¢18,70 140.70:47.00 266.96177.57 70.32
AV 91.89:44.21 157.97125.81 138.87£50.05 276.62169.99 75.11
ACo 64.79+12.66 123.3746.21 70.10¢23.43 162.27424.02 31.54
DG 61.5119.09 119.64+3.38 70.52+12.83 151.05¢30.26 26.26
LH 69.01:21.85 132.7445.28 68.00£12.32 155.79+24.11 17.36
dhe 61.77:20.03 120.13£3.42 56.8118.07 132.83418.80 10.57
LHoM 93.30:26.17 168.60£18.01 85.86126.65 230.13+13.73% 36.50
Ect 82.79213.% 154.69+10.89 75,54126.73 189.57+18,52 22.55
APTD 81.36443.81 57042477 74.61225.45 193.40+15,21 22.45
APT 91.04237.28 170.58+11.50 67.21£24.92 164.60+18, 51 ~3.51
Dk 81.27:46.26 151,63£10,80 79.28+40.07 187.10425,37 23.39
MG 81.99:31.40 152.60£11.38 77.35¢24.38 191.51:0.27 25.50
MnR 80.98:22.17 161.00£18.76 81.96£37.63 187.98+2.15 16.51
PAG 65.,06:28.25 127.96£2.16 54,10413.02 127.30417.50 ~{).51
DTg 96.37:48.55 160.45£12,28 76.40£22.23 192.76+18,21 20.15
SPO 70.00£34.84 120.64:10,36 54.2618.26 134.12414,36 3.46
LSO 94.99260.74 167.67+22.31 67.70422.05 162.84420:13 -2.88
MSO 90.18264.00 158.31£22,05 60.3116.12 146.72¢17.10 -7.32
VPO 74.33229.63 138.78+9.87 54.3746.85 133.67114.72 -3.68
CPO 79.84239.38 134.22£25,46 58.97416.35 135.63£20.64 1.05
RMg 60.09+26.46 109.51£10,66 49.58+6.45 123.08112.83 12.39
0C 85.77£35.84 158.17¢13,37 61.16:11.87 150.6816.38 ~-4.74
Lve 93.37:54.16 172.78413.97 69.48:20.02 169.36£19.55 -1.98
LPGi 71.89:22.94 136.42:7.36 57.43:13.98 137.67£17.36 0.84
Gi 72.43:38.07 135.85+9.02 56.36¢13.79 136.91¢16.08 0.79
Int 93.95:47.91 181.4316.47 81,47£39.82 194.90£24.75 7.42
Mve 136.58£90.99 244.12£29.05 58.41121.18 152.82411.20 -37.40
10 83.20236.13 144.42+21 .98 45.67:11.85 126.9245.04 -12.12

Normalized % ; The isotope intensities were normalized using that of corpus callosum as the reference.

CC ; corpus callosum, Cgl : anterior cinguiate cortex, Cg2 . posterior cinguiate cortex, LS ; fateral septum nucleus, PT ; paratenial
thalamic nucleus, ArC ; arcuate nu, ME ; medial eminence, VM ; ventromed thal nu, CM ; the centromedian nucleus of the thalamus, AM ;
anteromedian thalamic nucleus AV ; anteroventral thalamic nucleus, ACo : antero cortical amygdaloid nucleus, DG | dentate gyrus, LM
lateral hypothalamus, dhc ; dorsal hippocampus, LHbM ; fat habenula nu,med, Ect . ectorhinal cortex, APTD | anterior pretectal nucleus
dorsal part, APT ; anterior pretectal nucleus, Dk ; nucleus of Darkschewitsch, MGV : med genical nu, vent, MaR ; median raphe nu, PAG .
periaqueductal gray, OTg . dorsal teg nu, SPO ; sup paraolivary nu, LSO ; lat sup olive, MSO ; med sup olive, VPO | mediovent periolive
nu, CPO . caudal periclivary nu, RMg ; dorsal cochlear nucleus, LVe . lateral vestibular nucleus, LPGi ; lat
paragigantocell nu, Gi ; gigantocelluar reticutar nucleus, Int ; interposed cerebellar nucleus, Mve | medial vestibular nucleus, 10 | inferior
olive (x ; P ¢ 0.05)

raphe magnus, OC
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Figure 2. Increase percentage of regional isotope concentration activated by 15 mins—electroacupuncture
stimulation in LR 3 acu~point.
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CC ; corpus callosum, Cgl ; anterior cingulate cortex, Cg2 . posterior cingulate cortex, LS ; lateral septum nucleus, PT
; paratenial thalamic nucleus, Arc ; arcuate nu, ME . medial eminence, VM : ventromed thal nu, CM ; the centromedian
nucleus of the thalamus, AM ; anteromedian thalamic nucleus AV : anteroventral thalamic nucleus, ACo ; antero corical
amygdaloid nucleus, DG ; dentate gyrus, LH ; lateral hypothalamus, dhc ; dorsal hippocampus, LHbM ; lat habenula
nu,med, Ect ; ectorhinal cortex, APTD ; anterior pretectal nucleus dorsal part, APT ; anterior pretectal nucleus, Dk ;
nucleus of Darkschewitsch, MGV ; med genical nu, vent, MnR . median raphe nu, PAG . peragueductal gray, DTg
dorsal teg nu, SPO ; sup paraolivary nu, LSO ; lat sup olive, MSO . med sup olive, VPO ; mediovent periclive nu, CPO ;
caudal periolivary nu, RMg ; raphe magnus, DC ; dorsal cochlear nucleus, LVe : lateral vestibular nucleus, LPGi ; lat
paragigantocell nu, Gi . gigantocelluar reticular nucleus, Int ; interposed cerebellar nucleus, MVe ; medial vestibular
nucleus, 10 ; inferior olive {x ; P ¢ 0.05)
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Figure 3. Pseudocolored [14C]2-DG autoradiograms in normal rat. Red colored region represents high metabolic
activation and blue colored region represents low metabolic activation induced by electroacupuncture stimulation. Isotope
concentration of each region was normaiized with that in corpus callosum of each animal.
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Figure 4. Pseudocolored [14C]2-DG autoradiograms of 15 mins electroacupuncture stimulation in ST 36 acu-point. Red colored
on and blue colored region represents low metabolic activation induced by electroacupuncture
pe concentration of each region was normalized with that in corpus callosum of each animal. An abbreviation indicates
the neuclel of th electroacupuncture stimulated rat which are more activated over 20 % than that ot the control rat.

region represents high metabolic activai
stimulation. Isoto
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Figure 5. Pseudocolored [14C]2-DG autoradiograms of 15 mins electroacupuncture stimulation in LR 3 acu—point. Red colored region
represents high metabolic activation anc blue colored region represents low metabolic activation induced by electroacupuncture
stimulation. Isotope concentration of each region was normalized with that in corpus callosum of each animal. An abbreviation indicates
the neuclei of th electroacupuncture stimulated rat which are more activated over 20 % than that of the control rat.

169



A2 E4e ¥ HE MEAXNSH OE MUy Ha

|\

A9 zd= Pue AYY HY(FYY &
old)z Mg A HAF AF(A/|HQ A=
ol 7143 AF; A2Y BolA)d ey
AB7dol@oA Ze F¥E =A4AY EFe
A1 gorgl Age Bol4e FRAAAY
LN MR OE HoriH e Jed Ao
= 7 & A di

et @A A MFYEA @ AFo|
e 3 FAE Wwevdn Ay HIde
PETolu fMRI5S] 943711 & ol &3t A=l
g%t o dRHs dvsd §4ust gelsn
A=) 19 ol @ ATE HeWe adE veh
£ 71AE A9 Qo] FdAR A9 988
st Fawe] ¥ EFrEE YA
ol M #FP7e ¥ A EHRE g
Ui 71488 Agshe AeR J7te 4 gl

[C12-DG  A7PAFE71E ol H A E oA
Uz doE AIRHE glucosetfAle] A5tz E
A3 WAk FHHEAE AN HARY A
e BEsE Ao A H Y AEFE
of A&3td HAX 7% AFA A @A o
o iRy 3 A HY 7FH INE
o] H7)ee A4d #EE JhesiA e o
AA719olth ! olg|d A wRo] AYAE g
FFAAANAY dArgAdT AYRE ATE
oiM A8A= Aol oigt FE497 AEF 3
da%9 Bol4E wAHrIdse ['Cl-2DG &
ARSI B E o] 489l

£2H2](ST36)9 BIE(LR3)9] A= H¥e
53 #EH0E HuAEA S el 12 T

(Arcuate nucleus), &M (Lateral habenula
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EAE TE#F 84 (Periaqueductal gray) 2
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AFETNE BEE Yoz gaAYE” Ads
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9 #Aoly FXF3 APALE BUHAE Y&
Aog Hol A¥gdel HAAAT ofge 4R A
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