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Abstract

Effects of acupuncture on nNOS-positive neurons in cerebrocortex of
streptozotocin-induced diabetic rats

Ee-Hwa, Kim' - Dae-Yeon, Hwang‘h - Eun-Yong, Lee - Mi-Hyun, Jang“
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College of Onental Medicine, Se-Myung University
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Department of Acupuncture & Moxibustion, College of Oriental Medicine, Dong-Eui University

It has known that acupuncture exerts various effects, such as analgesia, promotion of homeostasis,
improvements in brain circulation, and rectification of internal disorders in Oriental medicine. Of
particular, acupuncture at the Zusanli acupoint (ST36) has been widely used to relieve symptoms of
diabetes mellitus. The effect of acupuncture at Zusanli on neuronal nitric oxide synthase (nNOS)-positive
neurons in streptozotocin (STZ)-induced diabetic rats was investigated via immunohistochemistry.
Decreased nNOS-positive neurons was detected in cerebrocortex of STZ-induced diabetic rats. Needling
on the Zusanli in. diabetic rats resulted in increase of nNOS-positive neurons in cerebrocortex. The
present study indicate that acupuncture may affect nNOS-positive neurons in cerebrocortex of

STZ-induced diabetic rats.
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I.A &

Fald 183 AHE deplE o A8§E
Bate Aoz o] HelAE s insulin #1]9
AdA & Add HFHoly insulin 3 A ¥
M insulin® A8 &F% HAE Usted A
He 289 9 old) Futsle diabgelst 27zt
A&HE A2 BY AgAE dgolry. g

& AA insulin JFA F= A4 1 ¥ dudi
insulin B]EY B A 0 ¥ guoR #7d
oA I Y guye H3d g AXY MEF
g2 Q18 HhAQ insulin #5) 93, 2 I

Y ¥ insulin® AT ole] W& insulin

o AUE AYPe d9og B 5 pd,

o8 Al oA FuEe BEstd 1 9d
ZAre] $AYS mjEe] jiBe] Wiel ¥
B o’ MR BRRgeds 222 o
Adod, 1 BAL %E £R, HKL, FL
48 GATE, HETH BEFE WHE
op .

ORI o

ot rot mji {1 ok

L

W, dWE F d43
o gEEdE @
A7t @] o]FolA
%2 alloxan® streptozotocing F
Alloxan®} streptozotocing L33 TFE FAl
e 231 Qo AFY 8 AR HAHAQ B3 E
YoslE B4z gA Y.

AbgHA A (nitric oxide, NO)& AZAAE 22
A ARRGER, AFZEEA T oAAHEA
(second messenger)2 Z43lt= Aoz ¢
AL (free radical)elth. #A)E endoth -
elium—derived relaxing factor (EDRF)& %&4
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1. dEsE % M&

) A¥FE

Aol AHEE FES HF 200g el SDA
T3 AHE AT M TFLet 4E
7t €3 dwt THARE FEI] FFsRA,
AR 2212TE FAse] 273 484 873 4
A F A3

2) Q&8
AL 4ol 40m, 7 0.25m< stainless steel
(A FAL =) 1EA F& AMEH

2. HEYy

D) AET 4%

- 4747 (Normal) © SDAl 87 69la& 122
2 ANHoz B3} A2 E 3 T

- th2F (Control) : SDA &3 GU}E]E To
Z streptozotocin (50mg/kg) & & 7

- AT A(Sample A) : FAF '—il’b"ﬁ] A+
< ARE 7

- A¥T B(Sample B)
Rk i

Dz 4 A

2) FxY A

#Fe streptozotocin  (Sigma, USA)E& 45
mg/kgd €O 2 normal salined] £#A F
Zutz2 B7hE Fech HEFES v welA

Ao zﬂ%‘%fs}oq YSI glucose analyser® o©|43

of 3¢ 343 ¥FrA7t 300me/dl ol4H
= {‘J_"é% =% d%a’}ﬂ Ag @t

3) A=

AL A F42lel FEdhe FHh 1Y

13] 2084 53 Z}’SB}%‘ZD}.

4) Z3Ae

2E A¥FEIA pentobarbital sodium(60mg/
ke) & BAFALEI vl & $48 41 34
AE F3 0.05M Q1AM ¢34 A< (phosphate
buffered saline, PBS)E 1¥#3 3z, 0.1M
QA ¢+3-H (phosphate  buffer, PB)o] ¢l 4%
paraformaldehyde £¥(4T)E 108 BF2A
AlZT. ol FFEEE 50~60m/mine] HEE
3k #FIR ¥ HE HE3 4~6m FAZ
A A7 FAE ngde] 97HM 4TelA 1
6~18A3 F¢ F13E ohg, 0.1M PBSe %9
20% sucrose €Nl 2~5U7t RA3A.

Cryocut (Leica, Germany)$& ©]&3}%] 40m F
A d5ATHAE Aol T, A8 2F2 ) 5
Bupch 1448 & FHsto AL A3,

5) nNOS "z 3z glst

?ﬁ’ﬂ’éﬂd% E’W ZAYe] EAg= WA HE
ATGAE v|843A717] d3) PBSel 4§ 1%
H202¢1A 1583 WAt 1084 33 PBS
Z A3 ¥, 0.05% bovine serum albumin,
1.5% normal goat serum % 0.3% Triton
X-1000] ol 1A} A LAAA 48A7HF¢
4TCoAM Ag3tHEA HhgAIZT olgf 13} A=
© mouse anti—nNOS (Transduction Labor -
atories, 1:500)& AH3tSiTh 1A} SA| & Aol g
dh3o]l Eud 23E PBSE 1084 3 A¥s
¥, 22 449 (Vectastain-Elite kit9] bioti -
nylated anti-IgGE 1:20022 34, 0.3% Tr-
ition X—100) oA 1A]7HE<t Ao dbg A7

22 FA &94% wEFe| PBSE 1084 3w
A3 ¥ avidin—biotin—peroxidase complex &
& (Vectastain—Elite kit?] A £ 1:100, B £
& 1:100, 0.3% Triton X-100)o)A 1A)zHE<t
AeolM gAY FAZE 3,3 ~diamin -
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obenzidine tetrahydrochloride (Sigma)& 0.05
M Tris ¢&9de] 0.02%, H202+ 0.003%2 AH-
ok G Ao 3~587 AlFeH,
Hh3o] ¥ Z3 g PBSE 1084 38 A3
o}, wAle] By 23 L gelatin—coated slidee] &
oA 2A|7HEQ AXolM HAZFAIZ F xylenel®
$92A1# polymountZ ¥ttt

6) ZF{H U J4EH

o de] £23R= nNOS AFAEE Fekadn]
7AE B8 49 AR £E GHENTE FA
k. 4 R ARFZY fx9 WAL Pa-
xinos® Watson?] ¥E8)& F1&ied & 4%
< gHuig
lar/agranular cerebral cortex (RSG/A), frontal
cortex area 1/2 (FR1/2), hindlimb area of
cortex (HL), parietal cortex area 1 (PAR1),

49 & restoplenial granu-

parietal cortex area 2 (PAR2) ¥ perirhinal
cortex (PRH) 9 oAl d4E #asigict

7) BAAE

A¥ A= SPSS Window program(Ver. 7.5)
£ o] g8iglon, BE EAUL BAgLEFELA
(Meanzxstandard error) YEMMAUD, AL
p<0.052 35t} & AEFe FATH £4&
ANOVAS} Duncan test 33" & dAj8git},

. 4¥43

1. RSGEt RSA FHOIA nNOS ANEM Es9
k-]

t¥ A2 RSG/RSAY nNOS AZAET Wi
¥osie] £ A3, 34T ODFHE 161 + 0.14, o
27 092 ¢ 012, A¥F Ax 233 + 024, 4%
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u
T BT 1.87 £ 0.17013i0k. BT#H dz2e §A%
Hog FAAF A7t AFHA stk AET Ae dz
Tol wlal fE F7HE Yebdd (Table 1)

Tabie |. The number of nNOS—positive neurons in
the RSG/RSA of rats.

Number of Duncan
Group slices Average Groupin
Normal 18 1.61  0.14" AB”
Control 13 0.92 £ 0.12 B
Sample A 6 233+ 0.24 A
Sampie B 8 1.87 £ 0.17 AB

1) Data are mean £ SEM

2) Means with the same letter are not significantly di-
fferent at @ =0.05
Normal : Untreated Group
Control : Streptozotocin—induced—diabetes Group
Sample A : Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced—diabetes—and—

Acupunctured Group

2. FR1 % FR2 EHOAM nNOS MANZS
9| #H3}

tje 2o FRI/FR29 nNOS AAAES w3
£ P43t B An, ALY ODEE 3.67 ¢
0.28, P 1.31 + 0.29, A¥F AE 3.17 ¢
0.47, A¥F B 3.50 + 0570130tk AAdTol ¥
3 2T A% FaE JEwed, A8 A
2 AYF B BEF diz2d vld KA 3718 o
EPBSITH(Table ).

Table H. The number of nNOS-positive neurons in
the FR1/FR2 of rats.

Number of Duncan
Group ) Average .
slices Grouping
Normal 18 367 + 0.28" A7
Control 13 1.31 £ 0.29 B
Sample A 8 3147 £ 0.47 A
Sample B 6 3.50 + 0.57 A

i) Data are mean * SEM
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F

2} Means with the same letter are not significantly di -
fferent at a=0.05
Normal : Untreated Group
Control : Streptozotocin—induced-diabetes Group
Sample A : Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced—diabetes—and—
Acupunctured Group

3. HL GO A nNOS MAMESQ #H3}

o349 HLY nNOS AAAMES H3E £4
3o & Az, ANFY ODFL 16.89 + 0.96, o
ZFE 1046 + 1.35 A¥F A& 1650 £ 1.02,
AYZ BE 16.25 + 1.830)%0ch Aol Hl8
Y27 FI# 28 vedod, 4¥F A ¥
AYF B ZF dzdel v 4% 3718 e
Uit Table ).

Table Ill. The number of nNOS—positive neurons in
the HL of rats.

Number of Duncan

Group slices Average Grouping
Normal 18 16.89 £ 0.96" A7
Control 13 10.46 + 1.35 B
Sample A 6 16.50 + 1.02 A
Sample B 8 16.25 + 1.83 A

1) Data are mean * SEM

2) Means with the same letter are not significantly di -
fferent at a=0.05
Normal @ Untreated Group
Control : Streptozotocin—induced—diabetes Group
Sample A @ Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced-diabetes—and-

Acupunctured Group

4. PAR1 GEO0A nNOS MZEMESSf HE}
=5 PARIY nNOS AFHES #W3E
ENsle] B dd, A4TY OD#E 1656
0.83, &2 9.38 + 0.82, AHT A= 1783 ¢
1.40, A¥ T B 16.25 ¢ 13103 34Tl

H3] g2re 9% 742 deiod, AEE
A g AYF B BE oz uls £o%8 71
YEeRItH(Table V).

Table V. The number of nNOS—positive neurons in
the PAR1 of rats.

Group NumAber of Average Duncan
slices Groupin
Normal 18 16.56 + 0.83" A
Control 13 9.38 + 0.82 B
Sample A 6 17.83 + 1.40 A
Sample B 8 16.25 + 1.31 A

1) Data are mean = SEM

2} Means with the same letter are not significantly di-
fferent at a=0.05
Normal : Untreated Group
Control : Streptozotocin—~induced—diabetes Group
Sample A : Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced—diabetes—and—

Acupunctured Group

5. PAR2 G0|M nNOS AZM E49| B3]

o592 PAR29) nNOS A7ZAAHL4 wsie
Az 2 F#, AT oD 1511 ¢
1.10, ti2F& 9.23 + 0.71, AEF A= 16.17 ¢
244, AET B 12.88 + 1.180I%ith AAT
va] 27 9% #AE Jella, A48T A
= oz7l uE fod 3718 Jepioy 43
T By dzTd v F7ke oy Fa4S
AZHA 3kch(Table V).

Table V. The number of nNOS—positive neurons in
the PAR2 of rats.

Group Number of Average Duncan
slices Grogginq
Normal 18 15.11 ¢ 1.10" A7
Control 13 923+ 0.7 B
Sample A 8 1617 + 2.44 A
Sample B 16 12.88 £ 1.18 AB
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1} Data are mean * SEM

2) Means with the same letter are not significantly di -
fferent at a=0.05
Normal : Untreated Group
Control : Streptozotocin—induced—diabetes Group
Sample A : Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced—diabetes—and-

Acupunctured Group

6. PRH F0A nNOS AMEMESC[ B3}

di= =29 PRHY nNOS AZAAZs HEE B
AMslel B Aa, AT ODEE 1544 + 093,
P2 I 1046 + 087, A¥EFE A+ 11.00 2
0.85, A8F BE 1587 £ 1310130tk A7l
1o gzTe F98 Z4AE vehda, 487 B
= gz 88 a8 $718 dehdoy A
T BE oz v FASHoR &% A7}
A=A Akct(Table VI).

j=7

Table VI. The number of nNOS-positive neurons in the
PRH of rats.

Group Number of Average Duncan
slices Grouping
Normal 18 15.44 + 0.93" A9
Control 13 10.46 + 0.87 B
Sample A 8 11.00 + 0.85 B
Sample B 16 15.87 + 1.31 A

1) Data are mean + SEM

2) Means with the same letter are not significantly di -
fferent at a=0.05
Normal © Untreated Group
Control : Streptozotocin—induced—diabetes Group
Sample A : Nondiabetic Acupunctured Group
Sample B : Streptozotocin—induced-diabetes—and—

Acupunctured Group

v, x %

FxEe n¥7F 9 ol FusE dAbEdE

EAog g+ AgFoitt. I A Wixs
A 7189 Aolz #dl7] AFAR FHA| 1
Ygg 71207 § o & 1~2%FE0|t. it
Ak F, A A7 Y R 5E Ak AL
o A3 $¥Fol 8Hoir).

grojgto A Gl 1 e FAY FAR
wFof HEe Hyel XYy B & Uk &HF
Mg H2Z HE HRE AFE ol €u9
aolg}l WHES W Bl uwet BiE, &, M,
fee, LyE, i B THESER Y, LHE
= BBREHY FAo] Tt HI, Pl BESEN
& FAro] ¥/t H1, Tie B/ MERS /o)
b gotn Sank?. miRel gl A R B
ARl i BrwEh o, AROIA MM,
SAREZ B SEALBANRTISE S 81, B
B AEEC ARERSE EREE o 3, B
REFTRL EAA R, BEAE, BERE, EAE, BUE
wEEE ot 3to] SARA, nivt 9 A FH
B 9oz g

Fo ATANRYZE Mh, BR, B=E Fol B
o] AHEEHT Y, EZEE EBHERY AAZ
A RES BIRE, BhR, RRLR, EESK, H
Figm, kiEsgoeld, A28, 18y, A3F,
BE FxAG, FPESF ddAd, Fu4d
3 vl ARE Sl £n) Slth B EE A
$¥ @A dx A “BEEoE e 3%
=d Zgold EEHER ¥ FRUABRROE 5
el §o} sHsled Kol BROE LAHA X
3l7) wjiol wige] TAHT 3o HEBY FHER
2 gRs g,

NOE ZHEA 8Atshe 71AZAM A74, 83
A 2 BAANN AEAfole) &S wiste W
AN Az Zo8 A%¢ 9'?. 19909 &
FEATAN X7 daAzM AddETeE A
& wAsgln g9 platelet adhesion, neutrophil
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9] RAJ¥ ok} Ho|A synaptic plasticity]
A8ty gdo] g& Roez RudHAdRR?. & NO
T Haudeld 84w 3L A 44
XA HESEE vifshe F4E 9 dF Q
AzHjMe EREFE s EF2T 48
A A AL Az BAZA ¥ 23
AE EISHA ggtoy dERede NOd 9
8 2EHY NOE UHAE #vk ohzl a9
AR e Ao gasgic) 58 A
AdM NOE A717199 93844z #48
RAog AEH NO7H % AAE ASdE A%
=42 FAguttn daA A,

NOSE NOE Uty fagHd 1 g dig
AL #4353 el vrh gtk 1981 oA
NO9 42 E4F Az Aist B A 24
& 297 AZE9ou Moncada™ $& NO7}
L—arginine¥ guanidino nitrogen® 2% ¥ NOSe|
gt dEThE AME Uth

NO¥ dAd¥AA (synaptic plasticity) e 713
of BESE Ao g ged, 53] g&
7 719l #qdte #ot (hippocampus) 8] 3714
#4338 (long—term potentiation) 7|A3z YA
o] = Hoz A Y. w§ A
AE FRENY, wEolEyed, TogwPs
7 Zo] ggn 719 FAd YoM F8% d8E
FYie RoE g APASEAY g X
gy T3 AglALPA AL E ischemia—rep -
erfusion injury 3ol AZHEE EFA7)E re -
active oxygen species® Z43tm?) AAE A
AFYE A7 Agol RuHT U ol
AL o9 Argha ] #4do] FEeu, 7l
& Ee 2l $8F ol M gAE
ALE MBI 1o streptozotocin® ¥ 9k
o] fre FFIAM NOZI Fadttes A7 vt
B9 A,

AT F3ARAA vA e Gl hF T
ATE HZ AHAE A BAA A i
AR Yk 27 FL APATo] ¥ AR
g B4 ulX= 4%l ds AFAT F NOS
NZAEY NPY AAHEY GA4E s d3,
NOS$} NPY7t A& Felo we} 42 o A
AAES HEE B AABYPo| FRAHA Y &
%2 peptidegic systemE A= e
AAESIT 2 AFAEL 2 FA4e Ao
dAA HHEE FEAT ZARY soleld A2
& ARMEL 440l RGeS RasRT,
T o]FzpFo] 48A12HF<t AAAIZ 839 Ui
olq o] 714 AA3AE &4 (CCK, VIP, TPH,
leptin, NOS)8l #i3lE #AsGEd o|FAST *+
ey e ddhelA fo F7HE vER
o], ARHGEHo| HAT A ¥48E +
ke 7HEAE BoFJGE P

2 A8 4 Qlo], dzFEE FA4T vig o
HEO i m oA nNOSS BAE} 494 (p<
0.05) A FaH olgd Fas 7|&s 4E
Azgl YA&E ROE STZEZ 448 ZuFHY
= 3de nNOSY BAE/ Z4ade $UY £
ATk a2ja AgEel F4be AL AW A
oM diiE AT v#A FAgHez
g 248 YehdA] g5ttt ol g dgdge
Aol FAFe] A didydel] stress
2A g gethe A& HEHOE AR
Aojgtn & 4 Qi) T STZE T & A
1 87 Fig xS AYE AEFE STZ-
G 87 vlsH nNOSY A7} F7181%
o olgidt Aot o] fIE B A
iAo AstE nNOSY BAEE HAt3e
dajr 2349 F YL BoFE d¥en ¢ 5
Atk ol AR Bop F4el X &7E nNOS
AZAT HEE F 5 USE BERE F 9A%e
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o, A Ze] EAsh= NO7H a3l Jsi 84
3 7 At FedE AR F AT 2F
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Atsi €t
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