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Objective : To investigate the effects of acupointed Choksamni(ST36), Kokchi(LI11) and Arbitrary acupoint
on NADPH-diaphorase, neuronal nitric oxide synthase(nNOS), neuropeptide Y(NPY) and vasoactive intestinal
peptide(VIP) in the cerebral cortex of spontaneously hypertensive rats.

Methods : The experimental groups were divided into four groups: Normal, Choksamni(ST36), Kokchi(LI11),
arbitrary group. Needles were inserted into acupoints at the depth of 05 cm with basic insertion method.

Such stimulation was applied continuously for 10 minutes, every other day, for 10 sessions of treatments.
Thereafter we evaluated changes in NADPH-d-positive neurons histochermically and changes in nNOS, NPY and
VIP-positive neurons imrmunohistocherrically.

Results : The optical densities of NADPH-d-positive neurons of all the Choksammni & Kokchi
groups were significantly different in all areas of cerebral cortex as compared to arbitrary group. In
motorl, sensory?, cingulate?, insular, peripheral, visual cortex there was a significant difference
between Choksamni & Kokchi group.

The optical densities of nNOS-positive neurons of Choksamni group were significantly different in
all areas except for auditory, visual and pisiform cortex and Kokchi group in all areas except for
auditory and pisiform cortex as compared to arbitrary group. And there was a significant difference
in cingulatel, cingulate2, ectohinal, visual cortex between Choksarmni & Kokchi group.

The optical densities of NPY neurons of Choksammni group were significantly different in
cingulate2, insular, pisiform cortex and Kokchi group in motorl, motor2, sensoryl, cingulate?,
ectorhinal cortex as compared to arbitrary group. And there was no significant difference between
Choksanmi & Kokchi group.

The optical densities of VIP neurons of Choksamni group were significantly different in all areas
except for motorl, auditory cortex and Kokchi group in sensoryl, insular, ectorhinal, perirhinal,
visual, pisiform cortex as compared to arbitrary group. And there was a significant difference in
cingulatel, cingulate2, retrosplerial, auditory corterx between Choksamni & Kokchi group.

Conclusion : QOur results demonstrated that acupuncture on Choksamni(ST36) & Kokchi(LI11)
changes the control activities of the NO system in the cerebral cortex of SHR and according to
areas there were significant difference between two groups. In all cerebral cortex areas there were
distributed NPY & VIP and there were no significant difference among Choksarmi(ST36),
Kokchi(LI11) and arbitrary group.

Key words. acupuncture, cerebral cortex, NADPH~d, nNOS, NPY, VIP.
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NADPH-d¢] ZA3}8& 9l AHHS
0.1% B-NADPH, 0.01% nitroblue tetrazolium
(NBT) 0.3% Triton X-100& 0.1M PBdl] =<l
RS EF A Wo] 37T FRA 60837 ¥+
SAHT 3t A= ukgo] Yehid =
Z& PBSE AoJA| T o] wag Hx| A
Ao @Mo] BT =AL  gelatin—coated
slidedll RojA 2R 7HE<E A-&oA ARAR
¥ xyleneE FH3}IA1A polymount® %)
55 1=

5. INOS, NPY, VIPS| %ReiB{tes>
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¥ 33 PBSE AlAE F rabbit anti-nNOS
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Table 1. Optical Densities of NADPH-d positive Neurons after Acupuncture in the
Cerebral Cortex of SHR

Normal Choksamni Kokchi Arbitrary

M1 142.0+1.6(a) 106.9+£2.0(b) 99.1+2.1(c) 142.5+1.6(a)
M2 144.2+1.9a) 106.92.0(b) 106.542.1(b) 139.4+1.8(a)
S1 153.0+1.9(a) 111.4+1.4(c) 114.0+2.1(c) 144.1+1.4(b)

S2 143.8+2.0(a) 96.812.3(b) 114.8+1.7(c) 147.0£1.3(a)

Cgl 151.0+0.6(a) 114.4+1.4(b) 111.6+2.2(c) 149.2+1.7(a)
Cg2 99.9+2.8(a) 1189+2.3(c) 101.6x1.8(a) 145.61.3(b)
Ins 1535+1.7(a) 99.1+2.1(b) 12511.9(c) 146.3+2.1(a)
Rsp 133.3+1.4(a) 102.2+1.9(c) 104.9+2.5(c) 143.3+1.4(b)
Erh 134.3+1.7(a) 110.7£1.9(c) 116.1+1.3(c) 152.7+2.0(b)
PRh 146.8+1.7(a) 104.0£2.1(b) 119.4+2.7(c) 152.0£1.3(a)
Au 142.2+1.8(a) 110.2+2.9(c) 112.1+2.3(c) 153.2+1.4(b)
Vi 138.6+1.4(a) 93.4+2.4(b) 108.1+3.0(c) 142.8+2.0(a)

Pf 147.2£2.1(a) 114.2+2.0(c) 115.3+1.9(c) 98.3+1.8(b)

Data are mean + SEM(n) of average optical density. The means with same letter in row is not
significantly different(Duncan’s multiple range test, o«=0.05). MIl, primary motor cortex, M2,
secondary motor cortex; S1, primary somatosensary cortex; S2, secondary somatosensary cortex;
Cgl, primary cingulate cortex; (CgZ, secondary cingulate cortex;, Ins, insular cortex, RSp,
retrosplenial cortex;, ERh, ectorhinal cortex, PRh, perirhinal cortex; Au, auditory cortex; Vi,
visual cortex; P, pisiform cortex.

Normal, Nontreated group

Choksamni(ST36); Group given acupuncture to Choksamni

Kokchi(LI11); Group given acupuncture to Kokchi

Arbitrary;, Group given acupuncture to one third point of full tail from the coccyx

2. ti=mA fEmollM nNOS #eatfel piriform cortexE A& A FHoNA FA

81t

A3 vlaste R=BAEE mortorl,
motar?, sensaryl, sensary?, insular, retrosplenial,
visual cortexol A F&&H(oc=0.05) Z}o]7}F U

(0c=006) APt A, FRFARITES mortar],

3, gAML perirhinal, auditory, visual, &
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A A FHoc=006) Hel7t AAW, E=EANTT  dAETE Al dngulatel,
AT 2 auditory, piriform cortex® A9 cingulate?, ectorhinal, visual cortexo)A] §-¢]
& A FYolA [FYHc=006) Fol7} Ak FHoc=0.05) 0|7} UUTHTable 2).

Table 2. Optical Densities of nNOS-positive Neurons after Acupuncture in the Cerebral
Cortex of SHR

Normal Choksamni Kokchi Arbitrary

M1 1086+2.9(a) 94.3+2.3(b) 90.1£3.3(b) 116.6+2.1(a)
M2 108.9+2.9(a) 93.9+2.2(b) 96.1+1.8(b) 116.9+3.7(a)
S1 106.9+2.4(a) 93.0+2.8(c) 85.0£1.3(c) 116.2£2.4(b)

S2 106.2+3.6(a) 93.7+2.7(b) 86.0+2.3(b) 117.9+2.6(a)

Cgl 106.0+2.9(a) 103522.7(a) 92.2+2.5(c) 118.3+2.6(b)
Cg2 98.1+2.5(a) 98.1+2.1(a) 835£1.5(c) 108.8+1.9(b)
Ins 106.9+2.7(a) 94.7+2.8(b) 8851.7(b) 115.8+1.6(a)
RSp 83.7£1.0(a) 986+2.1(c) 96.6+35(c) 110.7£3.3(b)
ERh 976+2.3(a) 96.4+1.4(a) 885+1.8(c) 106.2+1.5(b)
PRh 94.0+1.5(a) 92.1+£2.8(a) 89.1£2.2(a) 1035+2.1(b)
Au 89.7+1.7(a) 95.7+1.7(a.b) 94.9+3.7(a,b) 103.7+2.1(b)
Vi 995+2.1(a) 106.0£1.6(b) 982+1.3(a) 109.4+1.6(b)

Pf %.9+2.1(a) 91.7+25(a) 9%5.6+1.2(a) 100.2+2.4(a)

Data are mean + SEM(n) of average optical density. The means with same letter in row is not
significantly different(Duncan’s multiple range test, oc=0.05). MI, primary motor cortex; M2,
secondary motor cortex; Sl, primary somatosensary cortex; S2, secondary somatosensary cortex;
Cgl, primary cingulate cortex; CgZ, secondary cingulate cortex; Ins, insular cortex; RSp,
retrosplenial cortex; ERh, ectorhinal cortex; PRh, perirhinal cortex; Au, auditory cortex; Vi,
visual cortex; Pf, pisiform cortex

Normal;, Nontreated group

Choksamni(ST36); Group given acupuncture to Choksamni

Kokchi(LI11); Group given acupuncture to Kokchi

Arbitrary; Group given acupuncture to one third point of full tail from the coccyx
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3 Oi=mE 80l NPY Retto] 8t sl R=EARTL dngulate?, insdlar, pisiform

s vlwste) R=EAYTE insular  cotexolM, HMARITS motor], motar?, sensaryl,
cortexolld], MRS retrosplenial, auditory, cingulate2, ectorhinal cortexollA] £-2]&H(oc
vistal cortexoll, FEAARITES notor], motar?,  =0.06) Zol7h IAch BR=EART dhitaxt
sensoryl, cingulate?, visual cortexolA] §93 T AbolellE A FFolA F-2gHoc=006) =}
(0c=006) Aol7t AUk EEAAD T vl °17F (UK Table 3).

Table 3. Optical Densities of NPY-positive Neurons after Acupuncture in the Cerebral
Cortex of SHR

Normal Choksamni Kokchi Arbitrary

M1 100.1£1.5(a) 101.4+1.7(ab) 99.5¢1.4(a) 107.8+2.1(b)
M2 103.3+1.3(a) 106.0+1.5(a.b) 103.7x1.3(a) 1115+1.5(b)
S1 100.5%1.1(a) 105.6+1.8(a.b) 100.2+1.7(a) 108.9x1.9(b)
S2 98.8+1.5(a) 103.4+1.8(a) 102.7£2.0(a) 100.0+2.2(a)
Cel 103.8+1.9(a) 106.8+1.5(a) 105.01.4(a) 109.3+1.1(a)
Cg2 95.6x1.5(a) 101.0+1.4(a) 96.0£2.2(a) 112.8+£1.9(b)
Ins 98.3t1.5(a) 110.4+1.9(b) 1035+2.3(a.b) 102.9+1.7(a)
RSp 98.3+1.5(a) 10L.7+2.3(a.b) 105.9£1.2(b) 102.3+2.0(a.b)

ERh 102.1£2.0(a.b) 104.1+2.1(ab) 109.6+1.5(b) 99.9+1.8(a)
PRh 996+2.8(a) 107.3+2.7(a) 108.8+2.0(a) 102.8+2.2(a)
Au 97.6+1.9(a) 101.61.5(a.b) 105.0+1.4(b) 100.4+£1.7(a.b)
Vi 99.8+0.6(a) 102.9+1.3(a.b) 105.2+1.7(b) 106.1£1.0(b)
Pf 98.4+2.8(a.b) 106.1+£1.7(b) 103.4+1.1(a.b) 98.3+1.8(a)

Data are mean + SEM(n) of average optical density. The means with same letter in row is not
significantly different(Duncan’s multiple range test, oc=0.05). M, primary motor cortex; M2,
secondary motor cortex; S1, primary somatosensary cortex; S2, secondary somatosensary cortex;
Cgl, primary cingulate cortex;
retrosplenial cortex; ERh, ectorhinal cortex; PRh, perirhinal cortex; Au, auditory cortex; Vi,
- visual cortex; Pf, pisiform cortex.
Normal, Nontreated group

Choksarmni(ST36); Group given acupuncture to Choksamni

Kokchi(LI11);, Group given acupuncture to Kokchi

Arbitrary; Group given acupuncture to one third point of full tail from the coccyx

212

Cg2, secondary cingulate cortex; Ins,

insular cortex;, RSp,



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

4. th=TA $EEolM VIP Zeatte| M

s vlwsty R=EAENTE insular,
ectorhinal, auditory, visual cortexol|A], ghitx}
T2 cingulatel, cingulate?, auditory cortex
oA, HER7AFTE mortor], mortor2, sensoryl
cortex FHE AT A FHoA HJsH
=0.05) zol7b Uk HEFEAAATH nwa}

o B=EA3TFE motorl, auditory cortexS
AAE A FHelA, N TS sensoryl,
insular, ectorhinal, perirhinal, visual, pisiform
cortexoll Al & 3Hec=0.065) 2Fol7t YUtk &
ZRARTI dhiRAT AloldlE cingulatel,
cingulate?, retrosplenial, auditory cortex %%
AAMRE Fol3H oc=005) Fol7} UATH Table 4).

Table 4. Optical Densities of Vasoactive Intestinal Peptide—Positive Neurons after
Acupuncture in the Cerebral Cortex of SHR

Normal Choksamni Kokchi Arbitrary
M1 102.911.0(a) 97.3t1.2(a) 100.0+0.9(a) 102.0+2.6(a)
M2 99.1+1.7(ah) 93.0+1.9(b) 98.1+1.4(ab) 104.2+2.6(a)
S1 104.9+1.6(a.b) 99.1+1.3(b) 100.5+1.7(b) 107.6+1.3(a)
S2 96.1+1.7(a) 94.8+1.6(a) 102.2+1.4(a.b) 107.8+2.2(b)
Cgl 94.811.3(a) 95.7+2.2(a) 107.8£1.0(b) 113.3£1.6(b)
Cg2 85.8+1.5(a) 84.0+0.8(a) 93.611.2(b) 95.7+1.4(b)
Ins 102.5:1.4(a) 93.3+1.4(c) 96.2+1.2(a.c) 111.022.2(b)
RSp 96.8+2.3(a.c) 93.911.2(a) 103.0+09(b.c) 104.2£1.3(b)
ERh 92.1+1.4(a) 100.6+2.0(c) 95.3t1.4(ac) 114.5+1.3(b)
PRh 92.2+1.0(a) 90.0+1.5(a) 89.8+1.1(a) 106.6+1.3(b)
Au 95.0+1.4(a) 102.8+1.8(b) 110.3+1.3(c) 108.3+2.1(b.c)
Vi 98.1+1.9(a) 88.7+1.4(c) 93.1+09(a.c) 106.0+1.3(b)
Pf 9%5+1.3(a) 995+1.4(a) 99.1+1.7(a) 112.4+1.4(b)

Data are mean + SEM(n) of average optical density. The means with same letter in row is not
significantly different(Duncan’s multiple range test, «=005). MI, primary motor cortex; M2,
secondary motor cortex; S1, primary somatosensary cortex; S2, secondary somatosensary cortex;
Cgl, primary cingulate cortex; Cg2, secondary cingulate cortex; Ins, insular cortex; RSp,
retrosplenial cortex; ERh, ectorhingl cortex; PRh, perirhinal cortex; Au, auditory cortex; Vi,
visual cortex; Pf, pisiform cortex.

Normal; Nontreated group

Choksamni(ST36); Group given acupuncture to Choksamni

Kokchi(LI11); Group given acupuncture to Kokchi

Arbitrary; Group given acupuncture to one third point of full tail from the coccyx
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AZdes EQRGY. 7 592 Hge qu
A71E GARL NPYZF o)Ak s A4
3H5-9] arcuate nucleus(ARN)$} paraventricular

215
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oA, R=E- a3l perirhinal, auditory
cortexE A A FHA nNOS G4 o]
BT gagoe R 3jelr) gon AHn
g FAFo] ZhAA vx)E gt ajo
B g £ rh ol A= B=H} gy
el Aol diHdddx NOS 4L oA
e RS ujsie) B=8e} fhihAlL T b
GGl e zole o ATHolAol & Ao
2 Algdgr)

NPY d44d9 wsh= AT Hasld
RZBAATE insular cortexell A, ghypaba
& retrosplenial, auditory, visual cortexold,
EBR ATL mortor]l, mortor?, sensoryl,
cingulate?, visual cortexol|A] §2]3H oc=0.05)
Zol7h AT FEAAA TS v asld B=
BAHTL cingulate?, insular, pisiform cortex
ol A, HthAFT2 motorl, motor2, sensoryl,
cingulate?, ectorhinal cortex|A §2]%Hoc
=0.06) zol7} QUATE B=E AT} ghipzt
AT Abolell= A G4 H-o)sHoc=0,05) At
o7 Yk elRe A §9%| g=mayTe
visual cortexE A|9stal AAFEH Aolzt Q)
AU, B=E-fid AT BR=mAdTug
motor], sensoryl, cingulate cortexollA] A4
o] 27} Aok gldkam § AT} 2jo)r} gk

VIP Zuapte] Wsle AAad) vlasly g
ZHAPIS insular, ectorhinal, auditory, visual
cortexoll X, HAIRT-E cingulatel, cingulate2,
auditory cortexllX, EEAAL TS mortorl,
mortor2, sensoryl cortex §9& At A o
Aol A FI3Hoc=006) tol7} UUTH A
ARz} vlasle] E=BARTS motarl, auditary
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