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Effect of Joksamni combination on NADPH-diaphorase,
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Objective: The aim of this study was to investigate the effects of Joksamni(ST36) combination on NAD
PH-diaphorase, neuronal nitric oxide synthase(nNOS), neuropeptide Y(NPY) and vasoactive intestinal peptide
(VIP) in the cerebral cortex of spontaneously hypertensive rat.

Methods : The experimental groups were divided into four groups: Normal, Joksamni(ST36), Joksamni(ST
36)+Eumneungcheon(SP9), and Joksamni(ST36)+Gokji(LI11). Needles were inserted into acupoints at the depth
of 0.5cm with basic insertion method. Electroacupuncture was done under the condition of 2Hz electrical biphasic
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pulses with continuous rectangular wave lasting for 0.2ms until the muscles produced visible contractions. Such
stimulation was applied continuously for 10 minutes, 1 time every 2 days for 10 sessions of treatments. Thereafter
we evaluated changes in NADPH~d positive neurons histochemically and changes in nNOS, NPY and VIP positive
neurons immunohistochemically.

Results : The optical densities of NADPH—d positive neurons of the Joksamni(ST36)+Eumneungcheon(SP9)
group in all areas of cerebral cortex and Joksamni(ST36)+Gokji(LI11) group in primary somatosensory cortex,
visual cortex, auditory cortex, perirhinal cortex were significantly increased as compared to the Joksamni(ST36)
group. The optical densities of NADPH-d positive neurons of the Joksamni(ST36)+Gokji(LI11) group were
significantly decreased as compared to the Joksamni(ST36)+Eumneungcheon(SP9) group with the exception of
primary somatosensory cortex.

The optical densities of nNOS positive neurons of the Joksamni(ST36)+Eumneungcheon(SP9) group in all
areas of cerebral cortex and Joksamni(ST36)+Gokji(LI11) group in auditory cortex, perithinal cortex, insular
cortex were significantly increased as compared to the Joksamni(ST36) group. The optical densities of nNOS
positive neurons of the Joksamni(ST36)+Gokji(L111) group were significantly decreased in all areas of cerebral
cortex as compared to the Joksamni(ST36)+Eumneungcheon(SP9) group.

The optical densities of NPY positive neurons of the Joksamni(ST36)+Gokji(LI11) group were significantly
decreased in primary motor cortex, primary somatosensory cortex, cingulate cortex as compared to the Jok-
samni(ST36) and Joksamni(ST36)+Eumneungcheon(SP9) groups.

The optical densities of VIP positive neurons of the Joksamni(ST36)+Eumneungcheon(SP9) group were signifi-
cantly increased in all areas of cerebral cortex except for cingulate cortex as compared to the Joksamni(ST36)
group. The optical densities of VIP positive neurons of the Joksamni(ST36)+Gokji(LI11) group were significantly
decreased in auditory cortex, cingulate cortex, perirhinal cortex as compared to the Joksamni(ST36) group. The
optical densities of VIP positive neurons of the Joksamni(ST36)+Gokji(LI11) group were significantly decreased
in all areas of cerebral cortex as compared to the Joksamni(ST36)+Eumneungcheon(SP9) group.

Conclusions : The result demonstrated that electroacupuncture on Joksamni(ST36) and its combination change
the activities of the NO system and peptidergic system in the cerebral cortex of SHR and that acupeint com-
bination is one of the important parameters for the effects.

Key words : ST36, Nicotinamide adenine dinucleotide phosphate—diaphorase, Neuronal nitric oxide synthase,
Neuropeptide Y, Vasoactive intestinal peptide, Cerebral cortex.
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Table 1. Optical Densities of NADPH—d Positive Neurons after Electroacupuncture in the Cerebral
Cortex of SHR

oo Nomal Joksamni Fuksamnit Joksamni+
M1 172.6£2.7(26) 107.0£6.8(27) 157.0£6.8(24)° 117.0£2.7(32)°
Sl 170.0£2.6(25)° 101.0£2.5(23)° 142.0£4.0(22)° 165.0+2.9(19)¢
Vi 170.7£2.4Q27) 106.2£2.6(25)° 150.5£3.2(21)° 121.0+2.5(23)°
Au 173.9£4.0026) 125.5+2.9(27) 163.6+4.2(27)° 95.9%2.0(26)°
Ceg 164.9£3.2(18)° 91.2+3.7(21)° 139.8+2.8(23)° 96.3+2.4(26)°
PRh 189.1£2.2(27) 113.0£2.1024) 167.7£3.4(22)° 139.1+2.5(27)¢
Ins 177.4%3.6(19) 125.5+3.1(21)° 155.7£2.8(23)¢ 112.9%3.127)°

Data are meantSEM(n) of average optical density. The means with same letter in row is not significantly
different(Duncan's multiple range test, a=0.05). M1, primary motor cortex ; S1, primary somatosensory cortex ; Vi,
visual cortex ; Au, auditory cortex ; Cg, cingulate cortex ; PRh, perirhinal cortex ; Ins, insular cortex.

Normal ; Normal group

Joksamni(ST36) : Group given electroacupuncture to Joksamni

Joksamni(ST36)+Eumneungcheon(SP9) : Group given electroacupuncture to Joksamni and Eumneungcheon
respectively

Joksamni(ST36)+Gokji(LI11) ; Group given electroacupuncture to Joksamni and Gokji respectively

Table 2. Optical Densities of nNOS Positive Neurons after Electroacupuncture in the Cerebral Cortex
of SHR

Area Group Normal Joksamni Eu:r())rlx(zﬁlr?;cl}; on Jok(s;e(i)r]r(\;ixH
Ml 132.4£3.2(32)° 111.4£3.6(30)° 134.3£2.0(26)° 105.4+2.8(27)
S 137.7£4.0(23)° 101.9%3.3(28)° 135.1£3.0(28)* 110.3£2.5(27)
Vi 93.9+2.3(27)° 82.5+3.5(25) 131.3+3.3(29)¢ 81.1£2.9(25)°
Au 90.8+3.0(19)* 69.8+3.5(18) 123.4£3.4(21)° 82.612.7(26)"
Ce 134.0+2.3(25)° 103.4%4.0(24)° 134.6+3.2(23)° 99.6+3.5(22)
PRh 145.5£3.4(19)° 121.0£2.3(21)° 172.9£1.8(24)° 134.9£3.3(22)°
Ins 156.1£2.4(18)" 117.9£2.1(18) 177.7£1.2(19)° 141.8£2.5(21)°

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, a=0.05). M1, primary motor cortex ; Si, primary somatosensory cortex ; Vi,
visual cortex ; Au, auditory cortex ; Cg, cingulate cortex ; PRh, perirhinal cortex ; Ins, insular cortex.

Normal ; Normal group

Joksamni(ST36) : Group given electroacupuncture to Joksamni

Joksamni(ST36)+Eumneungcheon(SP9) : Group given electroacupuncture to Joksamni and Eumneungcheon
respectively

Joksamni(ST36)+Gokji(LI11) ; Group given electroacupuncture to Joksamni and Gokji respectively
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Table 3. Optical Densities of NPY Positive Neurons after Electroacupuncture in the Cerebral Cortex
of SHR

Area Group Normal Joksamni Eugx(l)rlx(zﬁgl;cll; on Jo}%ﬁgg”
Mi 128.5+£2.2(25) 121.011.4(28)° 121.5%0.9(26)° H1.1£1.51)F
St 124.8+1.7(26)° 125.4+2.5(19)* 123.5+£1.4(24)* 117.2+1.1(19)°
Vi 130.9£1.6(26)° 118.0:1.727)° 122.9+1.426)° 117.5+1.821)°
Au 118.8+1.5(21)° 112.0+1.5(19)° 110.9+2.2(18)° 115.0£1.9(22)"
Ce 126.1+2.0(24) 125.9+1.2(22)* 128.5+2.2(26) 114.2+1.4(25)°
PRh 122.5+1.8(17)° 124.1+2.6(18)* 127.5£2.4(21)° 121.3+2.2(22)°
Ins 122.8+2.7(22)° 117.0+2.9(18)* 124.5+1.8(19)° 117.8£1.5(22)°

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, a=0.05). M1, primary motor cortex ; S1, primary somatosensory cortex ; Vi,
visual cortex ; Au, auditory cortex ; Cg, cingulate cortex ; PRh, perirhinal cortex ; Ins, insular cortex.

Normal ; Normal group

Joksamni(ST36) : Group given electroacupuncture to Joksamni

Joksamni(ST36)+Eumneungcheon(SP9) : Group given electroacupuncture to Joksamni and Eumneungcheon
respectively

Joksamni(ST36)+Gokji(LI11) ; Group given electroacupuncture to Joksamni and Gokji respectively

Table 4. Optical Densities of VIP Positive Neurons after Electroacupuncture in the Cerebral Cortex
of SHR

s Group Normal Joksamni Fuoksamni Joksamni+
Ml 130.9+2.6(21) 122.0+2.2(18)° 133.7%2.4(23)* 116.7+1.6(26)°
S1 133.6+1.9(18) 117.3 i2.8(21)b 125.9+1.8(22)* 110.9t1.2(22)b
Vi 137.0+2.4(17)* ll4.2t0.9(20)b 139.412.1(25) 112.0i1.3(21)b
Au 135.0+2.1(19) ll9.6il.4(17)b 139.0+1.4(18)* 113.1+4.8(19)¢
Cg 135.1£2.7(26)* 127.0£2.2(22)* 130.2£2.9(24)* 11(x5i1.9(25)b
PRh 134.7+£2.4(23) 122.5il.5(25)b 133.0+2.2(22)* 112.5+1.3Q21)¢
Ins 135.4+2.4(24) 116.6t1.3(23)b 131.9+2.7(21)° 112.71“1.3(19)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, a=0.05). M1, primary motor cortex ; S1, primary somatosensory cortex ; Vi,

visual cortex ; Au, auditory cortex ; Cg, cingulate cortex’; PRh, perirhinal cortex ; Ins, insular cortex.
Normal ; Normal group

Joksamni(ST36) : Group given electroacupuncture to Joksamni
Joksamni(ST36)+Eumneungcheon(SP9) : Group given electroacupuncture to Joksamni and Eumneungcheon

respectively

Joksamni(ST36)+Gokji(LI11) ; Group given electroacupuncture to Joksamni and Gokji respectively
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< ¥ NOE F49] Atx &9 2oz whgato]
nitrogen dioxidet peroxynitrite (ONOO-) 2= 7
g3t s e EFS g3 Al ivE
WS BRR A7 A Ml B Mk B
g BEAAN Ml FEso?.

HA7EA] 3708 NOS F3A7E s gl=l, 7
o] /piEeNA MF EelE Type I NOSE nNOSZ
HHEQT, 2 AE ERlE Type I NO
S+ immunologic NOS(NOS)E %= oo,
Type Il NOSE endothelial NOS(eNOS) Z HH
ek ES o] AAES B4 7AY weh
constitutive NOS (cNOS) £} inducible NOS (iNOS)
2 FREGIA0D.

sfEiie Rl Al NOw= 2173 AlelA synaptic pla-
sticityoll B34 long—term potentiation®]4f
depression 5¢ 7|93 Azd AR @
‘ol FE BAMW BmmES] #E 2L F99
synapseS Z5-H ARFHE B9 HE FR3=
A% 52 FYHHHOTY iR nNOSE &
A el Y St ST Rk s of
AUl Zrgoldoe] WinstAl Hd BEIT Eikik
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slolx 4% NOS ArsHd, ]84 4 NOE
Z9) Mol farslol AAHY BAR dBg 4
ek f5) KEERIE, Emirol b 59 2
WA ElolA glutamate®] FX7F B AXYR
Zgolo]l fe=lo] #hndtAl H1 ol whebA @
& %9 NO7F A slo) missifacl e SLst
71% P2 AAEA B4 kainic acide] 9
ato] 879 oy M nNOS AZFHE}F AZ
& H¥E 5 nNOS MM EE 5 flEkel cislod
A3 o7 whgshe AARY EFojnp?,

NOSE Zt1 v misHiips Mgsnes o
sh= WHo2= NADPH-d #US{tE:7F nNOS
BEMEEEES AT 29504 - NADPH-d
M EEYAS NOS7F NBTS 29 =4 @+ NBT
formazan®Z A7l NADPH-d &42¢
o] glth= g o] &3 Wyolth o] FAgo= F
NADPH~d7} ¥ 23}5, NOSE= NADPH-dE Az}
Fojztz Feg 3tk NADPH-d &4 NOSglel
5 AR ZgelA v £ QIARE diH5A
7 Ryl BEs= NADPH-d Fgtk s
= NOSY 2459 st pa” 7} gl

=& &Adhs tS neuropeptide F
NPYE @esdxtz F39 22 agdalZel
Xt diHFd Ty EFHA A AlojalAEde®
EAH™ ViPE 419 4olAgelM g du
$ARE YA ool AZA Y oz oA

k3 olgo] HEsled Hitele &gt BX
P A543 de ] o AR @] |
zAZE o7 ALY 5 o,
REZE(ST36) = EBHERY &R EA HRE
b B KB oo 3 Ve NO
systemol 93& It Busiich (LIl
T FBERABEY RAZA G, HRE, FRMm
3 RBER (SPO) & RAIRIERR S KA ZA (LR,
RS oS AT QAo ko] ©E 7

ok o

12



The Journal of Korean Acupuncture & Moxibustion Society Vol. 20. No. 5. October 2003

749 FHE AHEE E=29) it AARE Sk,
P, B2 2 kel #0] e o, PRE B PR
wfEel &8s, R=E9 BER RS 2,
B, IR, METE, B o) S8l
REHe BBERY diths 2+ flTEkd diy
HAGH)A NADPH-d9} nNOS, NPY, VIPS] %
S JAEA71Y densitometry 7152 o] 43}
o ZX3% A% =AY primary motor cortex,
primary somatosensory cortex, visual cortex,
auditory cortex, cingulate cortex, perirhinal
cortex, insular cortex ¥gelA NADPH-d< 2
=8 OERE, EUTHRBER OEREE, E=H+
# EREro] EFET winsty FA®(Duncan's
multiple range test, a=0.05) |84 A48 1
Aot BRERHREER CERMS EoE BRI Y
wat] A BEAG AN 8 F e (a=0.05)
S7H ESith R=H it B 258 W
B3} n]wEte primary motor cortex, cingulate
cortex, insular cortexolAv gt G
ol AN, 19 FYeXe K3 (a=005 E
Ade) zlo]lE REow, EoH+RBER HHERET
AN F28H(a=0.05)

=
Rl
3
R

Ir

b
fn
i

=1 O .

HAdzAsd oz s gy AG G
nNOSE R=% #®EHFS EFFY vty A
AN 8 (Duncan's multiple range test, a=
0.05) |8 Tr4E HIY E-H+RER E
WRES EEBY B3k primary motor cortex,
primary somatosensory cortex, cingulate cortex
oA @MAdo) Ao)rt ¢l1eH, visual cortex, au-
ditory cortex, perirhinal cortex, insular cortex
oM 72 (a=005) BN 2polg B
o REE 4+t EEERS BN vlLsl] audi-
tory cortex, perirhinal cortex® #|2)3t 550
A o (a=005) BAEY AolE ERJATh B=

B+iatrR EEHS B2 EEMATY vyt A
JAAGLNA KA (a=0.05) AR F7P B
fon REE+ihith EWFS B=8 B v
3} auditory cortex, perirhinal cortex, insular
cortexE A2 FFoME FAG Ao|7h YEr
WA RStTh BB+t BEAT R R HRBER
BHEAL vRoMe A999NM K3 (a=005)
G zol7t wEHT

olgjd A= B=B U R+ 2=+
PR Ao die Aol NOSS #ifliEtEe]l
the Zg gujshn 22 £=8 RAREelEE i
th L R Aol web filiEEe] whnshr =
30 WA e sk AoE weks o] Aol NOS
o] &do] WS FFE Fv HAOE Algdnh

== d dA9He] NPY, VIP AR EE0] ¥¥
Hol Atk NPYS B =8 HEH 2 2 -2+
BeR EENS 24 EEFS vmste primary
motor cortex, visual cortex®|4 #-28H(Duncan’s
muitiple range test, a=0.05) @849 ZA71 2
A2m olg)e] FRFx EAAY pol= (ol 2
SR+t BHEBS EXWHT vEsted auditory
cortex, perirhinal cortex, insular cortex& #|$)
§t FRolM F%Ha=005) EHAFY 48 B8R
o REEARER BN R=H BN un
ato] A BEFFA QA Aolrt AR B=
B+ifith RN 2= EBEN L R-R+BE
R B 2+ vl w3k primary motor cortex,
primary somatosensory cortex, cingulate cortex
£ A9Jg FQolMs Frold A4 Afolrt gl

VIPE $3Z% B=8 BHEL THIE v
8 cingulate cortex® A&3F HFAoA §-2)3t
(Duncan's multiple range test, a=0.05) @849
FAE YElon, R HRER BEES A9Y
oM EHERT FAT FAA 9 Aoz} BREHA| ¢
st BER+dhth RS AGAdN ERE
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vla] 93 (a=0.05) B8 Z4E BT =
B4R RS cingulate cortex® AlF A
Aol B=H FHH) vl FFH(a=005)
QAde] F7HE BT, R=H+ihth TS
auditory cortex, cingulate cortex, perirhinal cor-
tex FGolA B=8 EHF vlwsl] |fst(a=
0.05) S8 ZAE BT BE=F+ihth BHK
B BHHEER TR st 9944
F(a=0.05 FAEY FAE BYH. ol &
=% #igio] peptide o F7ol wetA E4el v|A
= Fo] gEE YuFpIE 3y 2 B=R RO
Z2h% fidcel webA = neuropeptide® itk I &
<= ®mel Age g vehh= RS on|git

oldel HRE TP BY B=H P B=H+
i, R=E+EER Ae] 28 duIAedA9
NOSS) #MliErES] AR A FhelMe B=8 &
SEFo] BB+ TR Fo8 a8
A8 BGlon E=9+ialR EHNS B8 BH
B vmste] A BEYGeIM G0l A
ksl

GGG NPY 8482 =8 9 B=%8+
fhith, B=E+HERER Aol 28l auditory cortex,
perirhinal cortex, insular cortexolA] 2% x}o]
7} 2R okgkovt BB +hith Aol primary
motor cortex, primary somatosensory cortex$}
cingulate cortexolld B=H U B=H+EEZR &
7ol viske] froldk @A vt itk

e dGGelx] VIP 84 B=E 9 =8+
i A7co] =B +REER Aol vl cingulate
cortexE A5 A FAANA {3 @AY
E Jelon 1% auditory cortex$} perirhinal
cortex FHIAE B=H+h Aol B=Ho|
ulate] f-2j3k G4 xtol7h BEEHUTH

oj42] APH ATE T KR HE HE K
&) el HEERS NO system ¥ NPY, VIP
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7} 242 8 ABAE YT YERo] AZAME
Ao wekx Aol ME o pEE itk
AL BET F YUY T 22 KROIFE KA
of we} FUe ARFAE Aol A T AAHE
AE BEE FFAHAL FHE peptidergic
systemo] BT RS ANY FoZ A8
B3 RS MEE, HEER 2 MHIERS 298
F Q& o B& A7t "estEet Alsd

V. ¥ W

=2 Aol whE Eiio] $347349) NADPH
—diaphorase $ nNOS, NPY @ VIP A1 A X of v]
e #ES BiEsly] st SHRS R=H(ST36)
off Bk R (SPY) # it (LIS 2+ Adeste] [
—& EHS BT T ABEESY primary motor
ortex, primary somatosensory cortex, visual cor-
tex, auditory cortex, cingulate cortex, perirhinal
cortex ¥ insular cortex kel NADPH-d #
#{LBE nNOS, NPY ¥ VIP %fFiibBke R
RS WiEskd oS3 22 235 4t

1. NADPH-d $atd BR=E+RER EHHFS
BAAYY EFoA, B=2+iith BHIFS primary
somatosensory cortex, visual cortex, auditory
cortex, perirhinal cortex BYoA E=H FHt
of s T/ Btk R=E i EHENES B=
B +iafER BTHEEEY) B3] primary somatosensory
cortexE AT BEYY BTN #AE BT

2. nNOS $fape E-B+EER ERES &
A pEoM, B=B+ihith EHEHEL auditory
cortex, perirhinal cortex, insular cortex %%of
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A R=H EEE uls 71 2R R=E -+
fth EEEFS RSEHRER EEA] vs 329N
BFolX A4S BT

3. NPY #faie 22+t BHFS 2=
BEm Y R=2+BER BHMl Y8 primary
motor cortex, primary somatosensory cortex,
cingulate cortex ¥¥oA ZAE B}

4. VIP Hufapte B=H ERto] vl 2B+
BER EBHS cingulate cortexE A 9T FHF
Y BEFolM SV BT, R=R+dhith EHEE
£ auditory cortex, cingulate cortex, perirhinal
cortex FGolN FAE AT BREE -+ EE
B R=R+EBR B vs $EIY 25
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