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Effects of Electroacupuncture by Different Frequencies and
Treatment-times on NADPH-diaphorase and Neuropeptide
Y in Sprague-Dawley Rat Cerebral Cortex

Seong-Gyu, Cho - Chang-Whan, Kim - Yong-Suk, Kim

Department of Acupuncture & Moxibustion, College of Oriental Medicine,
Kyung-Hee University

The present study was designed to investigate the effects of various electroacupuncture(EA)
stimulation on NADPH-diaphorase and Neuropeptide Y(NPY) in the cerebral cortex of Sprague-Dawley
Rats.

We evaluated the changes of NADPH-d-positive neurons using a histochemical method and the
changes of NPY-positive neurons using a double labeling immunohistochemical method. The staining
intensities of NADPH-d-positive neuron and NPY-positive neurons were assessed in a quantitative
fashion using a microdensitometrical method based on optical density by means of an image analyzer.

As to frequency, the optical density of NADPH-d-positive neurons of 2Hz-1 time EA group was
significantly higher than that of 100Hz-1 time EA group in M1, Cg. and that of 100Hz-3 times EA
group was significantly higher than that of 2Hz-3 times EA group in Vi, Au, Cg and Ins. As to
treatment-time, the optical density of NADPH-d-positive neurons of 2Hz-1 time EA group was higher
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MEXSF0l #F Uxm B NADPH-diaphorase@t NPYO| D|X|&= %

100Hz-3 times EA group was more efficient.

in Cg.

this effect.

Cerebral cortex, Electroacupuncture, Frequency

than 2Hz-3 times EA group in Vi, Au, Cg and Ins. And in Vi [00Hz-1 time EA group and in MI

As to frequency, the optical density of NPY-positive neurons of 2Hz-1 time was significantly
higher in Vi, and that of 100Hz-1 EA group was higher in MI. And that of 2Hz-3 times EA group
was higher than 100Hz-3 times EA group in Cg. As fto treatment-time, the optical density of
NPY-positive neurons of 2Hz-1 time EA group was significantly higer than 2Hz- 3 times EA in S,
Vi, Au. And that of 100Hz-1 time EA group was sinificantly higher than that of 100Hz-3 time EA

The present results demonstrated that EA changes the activity in NO and NPY system in the
cerebral cortex of SHR and EA stimulation, like frequency and treatment-time, is of importance for
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I. A 9 Wy

1. 82 ¥ N8

1) AYFE

#AE 325g+25g% 9FY+1339 Sprague-
DawleyZl #3 #FHE 257 A¥EA] JA7
¥ AHg-skgioh

2) AgAs

A2 7Zo] 0.8m, A7 0.15m2l stainless steel
(BAFAE F3HEE ARSI, AWe o
£ ItoA} PG-78 AHV|E AHS-3T

2. HEYY

D) Age 44

HE UEFd g Zolg AFHFd HE
Aol5 FHE7] Aol AFLL 2Hz A=
13]9} 338 T3 100Hz ¥AA=E 159 33%
To2 24 AAsgth daTe oud A5k
7hEA G a e T gol AEHARE VMR T

#(ST36) & 19 ¥'? e oAste Fuastaith

3) A

O AAAFL A4, A4, 0.2ms duration
2 1087 A% A3 BEE 2H 72 &
o] A8 BY AT 14E AZ(ImA) &
8t9 3 100Hz T2 oFzbe] T{FFo] Yerd &
9 AZE A2(0.2mA) & s

@ 33 AHASTE AYR A Al 2=
s 50{(1vial:
tiletamin 125mg, Virbac, France) 2cc& 2%F

ALZ oF3HA| oGt

zoletil zolazepam 125mg

3. ZHXe

AHFEL pentobarbital sodium(60mg/kg) &
BRI wAD ¥ S 41 3AEE F
8t 0.05 M A #3244 (phosphate buffered
saline, PBS) & 18#7 #4331, 0.1 M &%
o (phosphate buffer, PB)] =9 4% paraf-
ormaldehyde8-1(4C) & 1083 #FAZTE olyf
HFHEEE 50~60 ml/mine] HEE &5t AF D
A F 77 ddgd, &Y, 93 AEs] 4~6
mm FAZ AN FYE AR dIHA
4CAA 16A17F ¥ A F14 ohiele
0.1 M PBSefl & 20% sucrose €A 2~547t
23

Cryocut (Leica, Germany)& ©]£3t9] 40m
FAY A&y E Ay, A48 232 o
5wttt 138 & FH3to] EAe AE

4. NADPH—-d XZI3|8Hd
NADPH-d Z2 38 $3le 222HE 0.1%
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TEXR0] #H w2 NADPH-diaphorase®t NPYOY 0jX|&= HE

8 —NADPH, 0.01% nitroblue tetrazolium (NBT)
0.3% Triton X—100€ 0.1 M PBe] %< H&&
el Yol 37C F2A 6083 AR 4
3 AR Whgo] YEd 23E PBSE 4o
A o ol dAg AAAZ o] Ed 23
& gelatin—coated slide?] @olA 2A17HF<E A&
oA HAZAZD F xylenel® FHIAA poly-
mount® £stcH?.

5. NPYQ| HH XX 58y

Z2A4HL JAA#EA A (endogenous per—
oxidase) & Hl#A43A717] A8 PBS] AME
1% Hy0p0l4 1587 ¥HgA1Z thg 584 33
PBS2 A3t ¥ rabbit anti—NPY (Incstar) &
1:4,0002.2 843 FAE 0.05% bovine serum
albumin, 1.5% goat serum % 0.3% Triton
X-100°] o3l 1aF @A &elo] Y 4TAA
overnight3}3it}. 12+ #a|&AeA e whgo] Ert
W 23& PBSE Hv4 3H AL ¥, 23 4L
M (Vectastain—Elite kit®] biotinylated anti-IgG
£ 1:2002% 34, 0.3% Triton X-100)1A 1
A HEet Ao whEAIZT

22 FA LA wh3o] ¢ F PBSE 584
328 M ¥ avidin—biotin—peroxidase complex
£ (Vectastain—Elite kit A% 1:100, B§
1:100, 0.3% Triton X—100)A 1AIZFEQE AL
of ¥hEAIRY. wMAZE 3,3-diaminobenzidine
tetrahydrochloride (Sigma)& 0.05M Tris &%
o 0.02%, H202+= 0.003%% A8ttt At
$& AoA 3~587F AlZen, o] Ed ¥
Z2& PBSZ 584 33] Mgt wio] ¢
ZAL gelatin—coated slideo] oI 2417+t
ALM AZAIY F xyleneLE FHEAA his—
tomount® &8}3ich.
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g ds w7k 9 A¥ 2y BEEE
NADPH-d AZ3A ¥ NPY AlZAA¥Y 9x %
Yl g Futdv|FstolA gEEHPeH FNPEE
AAHEA 7] (Multiscan, USA)S]  densitometry &
o|g8lo] gray scale® ZAUAHY. Average
optical density (AOD)& #84& 0, 248 255
2 A d49 2AL 1 Aol g 2T, o]
W= F49 wrle] wet AODY o]l BeAER
F4E IAANY F G S Fd B
Ve 349 wole wet g4d dAzAH 23
o] A& FHE 774 JARA7IZ BAsY B4
3 AOD Aol A##A standard curved I
T W Zoprt @o] U 949E A Pdo=
Attt old Z AET F FHox 157 FHo]
A& CCD camera® F&l 200x 9] HJstdn|7of
A & GRE ot YAENVE AL 4
Aol ARFZE  Hxgl FHL

Watson®] ®5'98 Ausiad,

Paxinos %

7. 8AXe|

A¥ A= SPSS Window program(Ver 8.0) &
o] g35loH, EAUL HAULEFHA
(Meanz*standard deviation) 2 YERARI T, F94
& p<0.052 Bt 74 8T 74 TAEE £4
& ANOVA$ Duncan test ZA-& A8k},

| o L o
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(motor cortexl, M1)3 o= (cigulate cortex,
Cg)olME 2Hz AAFAZF NADPH-d E44d°]
100Hz AFAFZRT F94¢ F7H8 YUt
33 FAAIFAME ¥4 (auditory cor—
tex, Au)3 Cg® NADPH-d E4AJo] 2Hz A
AF oA thzFel vl3te fo0& HE Yet
WA gsta 19 BE dEgd gHdMe= iz
o wstd ZAZ fog FHE dehich
100Hz AFAFTo] 2HAAAZTRT A 99
oM F7te dA4E Jetldln, §3) Azd9a
(visual cortex, Vi), Au, Cg 433 (Insular,
Ins) A& f2l% Aol YepjSich(Table 1).

2) Yo & W3}

2Hz AAATFZAME Ay, Cg8 NADPH-d €
Mol 33 AARAFTFANTL thxT wgt &
A&k zjo) & vjehYA] Qdokg ¥ 19 RE dHy
A ddodE= 139 33 AAAST EF F9%
Z7k2 Jehdqich. 74H A (sensory  cortexl,
SE AYE e BE FAdA 33 AFAST
o] 13 APzl vlsted NADPH-d F44 9
FA% #AE e

100Hz AAAZFME 139 38 AP
2% tidsld 9o NADPH-d E4Ao] thx7

of vlated fojdt F7HE Uehhgith MlolMe 3
3 ARAFT] 18AFTRY, VidlMe 18 A
Az o] 38 AYAFTREY fro@ NADPH-d
449 F7H YEUSItHTable 1).

2. NPY QMZizo| #3}

1) ¥z o ¥

13 AFAEE M19994E 100Hz A
27, S13% AudEeiME 2Hzs 100Hz A==
2, VigdelXE 2Hz AAAF T NPYS] g4
Ao] izl wste F& F7HE UEIALY,
InsgAelME 2HzY 100Hz ARAF oM thz
Zo vjgte] 98 ZAE Yehidth Vigk Au¥
dofME 2Hz ATl 100Hz AIJTFEG,
M199eXE 100Hz AAAFFo] 2HzZ R #
g F7He JERAIT

38 AFAIFFY S13 AuddelME 2Hz9
100Hz AHAZZA NPYY @aMo] gzl
Blale] fod $7He JEpdl oy, Cedgelxs
100Hz AFAZE, InsFHolME 2Hz9 100Hz
ARAZZAN 2ol vgte] Fo% F2E U
EnAch CgdolME 2Hz AHAZFo] 100Hz
AP vlsted FA% F7H8 JeRHUTH (Table
2).

Table 1. Optical densities of NADPH—d—~positive neurons in the cerebral cortex of SD

control 2Hz-1 2Hz-3 100Hz-1 100Hz-3
Mi 94.4£16.9* 151.0£17.7° 143.7£20.0% 1349279 154.9£15.9°
Sl 109.8+21.3* 150.6£13.6° 153.0£15.3° 151.5416.5° 156.3£13.9°
Vi 122.0£10.3* 163.3£19.6° 134.0£19.3° 165.7+14.5° 147.2£15.9¢
Au 111.0£9.8° 142.4£18.1° 11.5£15.4° 134.8+18.9% 128.1£19.1°
Cg 115.1£15.0° 149.321.0° 11574219 132.6125.7° 131.3£19.4°
Ins 144.7£16.6° 176.9+19.4¢ 155.2¢18.9° 171.7¢11.0% 166.1£9.2°

1) Data are mean * S.D of the average optical density on ten cerebral cortex sections. 2) The means
with same letter 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;

Ins, insular cortex
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MEXS0| &3 chy U NADPH-diaphorase®t NPYO) DiXj= S

2) A 83go) upE W

2Hz APASTY S13 AuBdelxe 139 3
3 APAST, ViggelxEs 18374 NPY
o FAAol dzxT vlEtd K3t F7HE e}
Ao, InsdgoliE 2Hz9 100Hz AFAZ T
oA dizTd] vty Fod ZAE JehiSith
S1, Vi$t AugEeMe 18 AFA2Fo] 38 =}
ST vlgt] {948 F7HE Udehgo

100Hz AAAFZe M1g9geME 13 AYx=}
ST, S13 AuggolME 1319 38 AAAI T
A NPYS] FMAMo] tjzo ulsle] Hojg F7}
£ Uehiey, Cg 9998 33 AJAFT,
Insg M= 2Hz9 100Hz AFA= A thz
7o wiste] o Zas vehdth Cgd el
M 38 HAAFTO] 18] 22T vt /9
g 44 E YehldcH(Table 2).

V. = %

g AA dg A7 2" $ES A
89 Agadd A F9 AT #A

fFo#E Aoz noxd, Yty JaAdAT A
Ay F9 AAze] @A - disidn §
e

"o Adejahd Qe ojsa <Al u
27159 43 AA, ¥
7t FYAE olfe
3gict. gt E oy gt den x3 gl
79 FsdAsel d3 PRI} #agolgn s A
Ag F2E Tt o]Fojatty A&t

NOE 1 vlud £eHd 709 Hxz ol%
o AT AlEE XHE FFERY ohel
FeEedlMT  AAEd NOE L-arginine©)
NOSel o8l L-citrulline®2 W3sE Ao o
8 ¥A49th NOE o A3dg 43: 2y
AW A=A o Eolgt EubAlL Ado)
FogA] g3 F2 EF hdste zg4doln A
1Horn FA4ol7] gio] FHMER A B4
gof g8 & ot 17

NOS &4+ 379 F2 isoformse 2 FAEHA
th. Ca®* 9&A49 neuronal NOS(nNOS, type
D& 38 22 AZ3AY F2 £330 24
2, XAU¥H(macula densa), Bt 59 t}& Z3 4|
T #Egt HME glutamate FEMY N-

2 w338 Ay AL Age 2go] =9 Az methyl-D-aspartate(NMDA) subtyped %8l
Table 2. Optical densities of NPY—positive neurons in the cerebral cortex of SD
control 2Hz-1 2Hz-3 100Hz-1 100Hz-3
Mi 129.8+15.9 132.5¢19.3" 129.0£17.8° 1429£12.4° 1374211.4%
St 113.4£8.8" 133.3£11.3° 121.6£17.0° 130.0£14.3° 127.349.6%
Vi 120.0¢11.1° 135.5¢172° 1203154 118.9+11.1* 125.1£14.4
Au 114.7£92" 133.8£10.2° 125.09.5° 122.0£13.9° 122.7¢11.0°
Cg 134.6£13.6° 139.0£15.0° 133.1:14.2° 1323¢12.5° 122.8:11.9°
Ins 142.2£13.6° 126.2+14.5 126.2¢15.7 131.8+11.8" 126.312.4*

1) Data are mean =

S.D of optical density. 2) The means with same letter 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; Ins, insular cortex
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APoZ A% AFAFE naloxonelZ A3
U T A Ad# NFEY:
SR8 ApdE]A] oot WlEgof wel FFe] T
3t 71Ao] ttzgE Ba® ol AFY NES
7} AREHE AAse T8 AV E F Q1L
o Nz ANE AYE A2 FEsHe F47]
AL 7M1 Y& AeR AlgHo] old dig AT
7} AEEAth E38] opioid peptide® FFZ F
AF7)| A g d+7b 48ttt Han, Wang
e wivs wge wE AP AFAIo)
e A7E F8 Aus AYAFTE FFRAZA
A naloxoned| 9t} AAE F U s%p F£
Ao wHgd+= endomorphins, enkephalin® B
—endorphing #v]3t1, IWE AAATL Ho
Ak FEAe 4Hg3h= dynorphing #¥]3tin
89tk Guo & AAAZE preproenkephalin
(PPE), preprodynorphin(PPD) @ proopiomela—
nocortin(POMC) 9] opioid peptide® coding3dhe
mRNA 28 & #3339 PPEx 2Hz9 100Hz A
AAFE BFAA et oy 2Hz AFAETol
t a73Ho|x, PPDE 100Hz AAAFZFoA%t
A5 F7hstdn POMCE Az wh-g3}x)
stk skl

Lee $& 4Hz8} 100Hz APATTo) BF
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gene—related peptide (CGRP) ¥ 47% 7ZtAAIZith
g2 15Hz AH XM= somatostatine 37% 74
Al711, CGRPE 92% F7HIA I, 100Hz d3e)
M CGRP| th#t ¥HE-%lo] somatostatin®t 74
Az Basgoh

Lin® & Aus AY2A3o) e dgtat A%
A7 84 F7be #d¥E £%3 dHkeTE
(rhythmic micturition contraction)?) 71847}
Heg F7PF FEHded, ANE FFANE
tonic effect7t ZHIE AF )M+ phasic effect?}
fiso] Wixgd] Mt fid s3ikge] dErn
2 AR 08 aAEA 84713 E 7R AeE
2 sigoh T3 Hsieh™ & 278 Al g
ZF4te] HFAFo] 2HzSt 100Hz 25 #eke) o
HIcE ZAANREd 2Hz AHAZFo] 100Hz
AAFEG WAuzkho] g A& A} E 713
ot Rasc

Ao 23 NADPH-d$} NPYel digt 71&d
FolXE Bucinskaite 577'& 13 AgXge 2
gl &8 AAAFANNE HAY hippocampuselA
+ neuropeptide Y, neurokinin A % sub-
stance-PE&, FFHoAME neuropeptide YE F
ALY dedd EFedME FE Ao
7h 9z rausgc 2 & 24y A
9 108 APTol 1Y IHY dFEY i
A7 HAolM Jg¥TH ATl vis NADPH
~-d9 B8P E RstA sFAFL, NPY |44
< Cg, M2eM"t F4tel d@Fo] Ydgel vl
3 et n wuaich 3e nEg 474l
thg 108 AAAFeM NADPH-d9 @M
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100HzZ°] 2&AAFTH 2Hz ASTRY &
4% 3718 Yehiitte Rustginh

£ 4%gelX NADPH-dS 44L& ARAST
| Azl visA FostA s, APA=
IME 2Hz-1% ATl T dHAA
R e AT vl FoEA 7t

NTURNE O S I VR4
M xR rin o

=d o] = SHROIAM 103] S4te] A
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