SSP 34 AEW X7} Vasoactive Intestinal

Peptide®} B—-endorphin, cGMPol v X = < g

qedstds A s, Fridgn 2%y, daviEd =gAE4d
9 A7+d, FEA

Effects of frequency - amplitude electrical

stimulation on sympathetic neurotransmitter

and vasoactive intestinal peptide

Choi, Youngduk,Shim, Kyu-Rhee, Chang, Moon-kyung,
Dept.of Physical Therapy, Daewon Science College

Dept.of Physics, Kyonggi University

Dept.of Physical Therapy, In-Ha Hospital University
-ABSTRACT-

Vasoactive intestinal peptide (VIP) is a very potent dilatator and a
nonadrenergic, noncholinergic (NANC) neurotransmitter or
neuromodulator in the peripheral and the central nervous systems. The

mechanisms of action of VIP were examined in aortic circular and in



uterine longitudinal smooth muscle strips of the rat. The effects of
sympathetic neurotransmitter were investigated in gastric and aortic
circular muscle strips of the mouse and the rat. The effects of silver
spike point, SSP, low frequency electrical stimulations of VIP,
sympathetic neurotransmitter and B-endorphin were examined in
plasma, serum and 24h urine from the healthy volunteer. In gastric
smooth muscle strips from the mouse, adrenergic neurotransmitter
norepinephrine was inhibitory effected, followed by caused phasic and
tonic contraction to the, muscrine receptor agonist carbachol and
acetylcholine, respectively. In urine from the healthy volunteer, both
norepinephrine and epinephrine were significantly decreased in continue
type and low frequency (3 Hz) of SSP electrical stimulations. The
contractile responses to 5-HT in uterine longitudinal smooth muscle
strips of the rats were completely decreased by a VIP 1 uM. The
contractile responses to PGF2a were not decreased by a VIP. In
plasma and serum from the healthy volunteer, both VIP and B
-endorphin were significantly increased in continue type and low
frequency (3 Hz) of SSP electrical stimulations. Therefore, this study
demonstrate that VIP has the capacity to relax vascular or gastric
smooth muscles in part by stimulating the generation of NO, and
silver spike point low frequency electrical stimulation has the capacity

both to decrease sympathetic neurotransmitters and to increase VIP, B



—-endorphin.

Key word: SSP, VIP, NO, B-endorphin, sympathetic neurotransmitter

.4 £

FeATol el AAANE E57H @A mpAAe] FEol HuE
. olEd FFE AN A% wEor AIAA HUIAS
(transcutaneous electrical nerve stimulation, TENS)o]1} @A}z, A &=
SR gL T AFa AH AW (electroacupuncture) 59 G+71
AT olFoAx Utk 53] H AFojv AW AFI TIFEFETLE
VIPel Aol Frigtthe Rxgt B3 FAPEo|=  (Vasoactive
intestinal peptide, ©|st VIP2} 37t 223 a8 Ed=2H #83
o 555 #FaAdeE Eart Ao

VIPE Said & Mutt7} 1970 dl shA 9] HolAFdA HEFez £
3 A Heloj=olt}. VIPEE ol5L ¢ FA 2529 ot FA
B AEHE Ao2RE {fYHUY. VIPE 28 olrxilt 3R 748
EA% 33269 polypeptide24] %7} pituitary adenylate cyclase
activating polypeptide (PACAP)$} wj$- #A13 degE = At
(Klimaschewsk 1997). VIP 933 EAste 474, 2244, $F
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non-cholinergic (NANC) neuropeptide neuro- transmitter &-& A4 z4d
A2} (neuromodulator) 24 & FFTh. o} AL Immunofluorescent
9} radioimmunoassayE %3] A XA (soma) & F4E7] (dendrite)o] &
AstA A A P2ad AN7ZAE (presynaptic nerve terminal)oll A 8 5=
A& FAstHth (Goyal & 1980, Fahrenkrug 1989). MZAZ R-E A
A" VIP7Y A732@712 o]F (transport)dh=dl ZHels A <F 9
mm/h #F1 &t} (Lundberg ¥ 1981). VIPY & & wizdr)|&= 18 AL
B, 8 F 5EE o 2107 Me] EAstst 9 Fd AFE we AS
45x10* M2 %7}8th (Domschke 5 1978). olx @ 3] mjFFoz &
AstAA w717 Zoy, g =& G459 o7 w9 MSAAE
AXEA A5t FEEHE ol f2 AT o]¢E A7 ALE F Yot
gH, VIPY FE&AE AZHR 8 1 9 o7 Ao &4

2 W o, A3 43000 - 8000 dalton® 2 VPAC1 3} VPAC2¢]
subtype©] HE9} 179 Ao ZHE F2Y HAUTY (Adamou T 1995,
Huang®, Sreedharan % 1993). VIP &A= A¥EAH< nucleotide

= Ao

binding protein (G protein) - coupled receptor family®] 3&fufolt}
(Ulrich & 1998). VIPE Q% FaFF aadle F 7Hx A7 ddH
T gk = VIPY @y ZRst YSAE - gEHoR dojur
FAog  o7]d= guanylate cyclase (GC)®} cyclic guanosine
monophosphate (cGMP)®} cyclic adenosine monophosphate (cAMP),
nitric oxide (NO)7} @3ttt W8 (Ignarro 5 1987, Jovanovic &
1998, Pelligrino 5 1998)3 WA X vjoj&H oz Jeldrls 30



7o)t (Amenta 5 1988, Beny % 1986, Duckles & 1982, Varga &
1986). 28y VIPS d#FH el gk &I 71HAE WA AA
vl & gE o VIPY duEgFgade d9 HEST Axge 3

= (hyperpolarization) 2.2 <13t AE 9 Zg FY AHst A7 AX
W Zerky Atz d@dFo] dojdrs Bi%E I (Nakashima
% 1997, Standen & 1989).
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spike point, SSP, electrical stimulation) . & <13+ VIPS] ®slo] djg
TE ®ol o]Fox A gt} g Kol FFe JZIWE FF T
ARATRE A9 AR Ao Qo wEA B A9 EH

AF A7) Ao wE  VIPS B-endorphin o] oW & YEHWY
=AE AR A 3o}

B 488 o] 20~274, AF 53661624 kg, 7] 161.70+4.07 cm
(Mean + SD)QI 77l o]de] gl oA 10 & FAAE st
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2. 4% A3

®age -3
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d A 7)A= (Silver Spike Point, SSP, electrical

d
o

stimulation)& 7}8t#] @& =+ (control group, Cont.) ¥ H7|AF&
Heg AgToz Urdn. AT tAl 4AS H3FY AV|AF
(Continue type, Con) # ZW = A7)A5 (amplitude modulation type,
AM), FaFHE A7 2= (frequency modulation type, FM)9] 3 2.2
o] AAsdh Zb 2ol sidste 10 MY AYAE Fddoiy, AF
9?9 APL 6 A Aoz AAAY. AFAZHS 09-12 Al 13-18 A&
U] 2 3 AAHY. RE A¥gzxze 1 AgRE HE T2 A4
(supine position)ollX AAlstg o AHo Soj7trylo] AdA 30 - 60%
Ax RS HAMEE st

3. 2-3A AFy AV A=

(Silver Spike Point, SSP, electrical stimulation)

B Ao es 2-3AH"d AFH H7|R=FSE Dynaroshiftor
DS-3004 (Asahi Denshi Co., Japan)& AF&3tdth. A7x=e] 2 =21+
AEAH FF (hi), #Y B, A8 Kk, 452 (ZBR), BF
(KE), AA (E=2), WdF (KE&), 335 EBEkd), A5 (KB A
3l et (FERA,19%, AFuA, 1984). 474 A7|AFL A7zt

(phase duration); 190 usec, A5&FYH (vacuum); 3, A71&= AIZh 15
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2o 1) 4% 3389 @712 (Continue type) #22 A Zol= W3}
7} QoA A g S 3 Hz2 €AsHA EXFHE deoid, 2)
ZEZWZ (amplitude modulation type) &2 F3o JZ
o AAAHoZ ZFrtste e (ramping)E ©1FE T1 £43 AF7)
24 ge FA7 (1-10x2)7F 9EEHE et 3) FosEzx
(frequency modulation type) ¥ F39] ZZFo|= W gloewA F
9] W3Syt 30Hz-3Hz-30HzE e SHEE ol = g A3y
AY Tog AZoe Wyt glodA AUgd dAdge] ARE AuE
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Jrenoz 74 33 AZA YsE# Gt VIR, GMP, b
~endorphin< radioimmunoassay kit (Bio Rad, USA)E o] &3l =3}
At}

5. A& Aok |

B Ay AMgdE A%e g #r) Vasoactive intestinal
peptide$} B-endorphine™ Sigma Chemical Co.ol A T3t}
8-Bromoguanosine cyclic 3’,5'-monophosphate sodium salt (8-bromo

c¢GMP)+= Tocris Co. (United Kingdom)oll A %) 3+t

6.

off

At &4
B Ao A 8A FoA& Statisticas o] 83 ANOVA teste} 2+
T Abolell & student’s t test®2 EA5ATh (P<0.05).

m. 239 43

1. 2-FAA Axy A7|AZd djd VIP ¢ B-endorphin,
cGMP9] W3}

(1) Vasoactive intestinal peptide (VIP)
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Z 233 A7]1x=°] Epinephrine® Norepinephrine®] v X+ E3H)E
vtg o 2 VIP, B-Endorphin, cGMP2] 3742 continue typed AFE A
goto] ANE, ANE Figs Wgld wE P& dAsad. 1 243
VIPE thZT (Control, 833258 pg/mL)ol|l H]sle] 3 Hzel AHl% 7|
A= (12.8345.35 pg/mL)elA fold F7He BRAd. 22y 100 Hze
IYIE A7|A=F (7.50£2.81 pg/mL)elA & dizxvo] vl dHoE HE
YEr A erske (2" D).

(2) B-Endorphin
A% Z3 B-Endorphing thx=+ (Control, 4.67+0.93 pg/mL)<l
H)3lod 3 Hzel ARE A7|A5 (757222 pg/mL)AA {23 F71E
BYEd. a8y 100 Hz9 2¥l%E A7IAS (4.96+2.18 pg/mL)ol A+ o
Zgd v AoE AgE JelA g (23 2).

(3) Cyclic guanosine monophosphate (cGMP)
AY 43 cGMPE &1 (Control, 0.65+0.18 pg/mL)ell u]s}
3 Hz9 AR¥E A7IAF (0.67+0.19 pg/mL) & 100 Hze] 2RIE A 7]}
= (0.68+0.27 pg/mL)ell A F9 & Aeol& JEIHA Fdvt (217 3).
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g 5% A (Bojo T 19934 A A3 /X (Henning 3
Sawmiller 2001, Lucia% 1995), WA= Jd#A4 IEEH (Macsai &
1998) Tl 71q&@thes Rt ok w3 w2 A A 243 A
o] ZHAE T84T 9L = AoE 44 Ut (Dickinson
Fleetwood-Walker 1999, Hadjipavlou 5 1998).

2@y o shAel Aol e VIP 9 p-endorphin kel A
Tol= Aol7t 9lt). Kaada ¢ Torsteinbgt: 1292 $x1E didez A
Algt A% mALA] (connective tissue massage) ¢+ 3t# (heat pack)
g9 A3 plasma VIPE olF ¥ W37F gldoiz slg oy, Woie 52
73 AYAE dFozZ HAZ 2683t 55 EF (heavy ergometer
cycling) .2 plasma VIP7} thzZ+9] H]8] 70% Z713ctzn g o,
Kaada %2 1199 AdxEs ddoz AN} AyaAa=
(transcutaneous nerve stimulation, TNS) 2 Hz, 458<& AA3 Azt
plasma VIP7} tizFel H]8) 30-35% Z7hstdlctn 2 shdch =g
Furgala %< Z3ZHA71A=  (transcutaneous electrical nerve
stimulation, TENS)¢] E%& 79 Aa5&EHoz A&H=H o7&
VIPY] #8& Al AEAs Y22 6 Hzel ARERE AFHE o



9 A9 ZAF A (gaStric myoelectric activity) £7F Witz sty
t} (Furgala 5 2001). Petti 5 o 71x 224 AH3lo=w uAsix

A A 90 ez Z4E (ST 36)¢ &= (LI 4)o A3 A3
B-endorphin, VIP, CD3, CD4, CD89 <=o| &7}tk 3st4ch (Petti

S 1998). Day & A4 21¥E ddez aujfd HAF wALA

l

(complete back massage)®] Z3 serum B-endorphin ¥} PB-lipotrophin
o] &7 AAHW7F YEuA fddvtn B ustPrt (Day 5 1987). whd
Kaada ¢ Torsteinbpt 1299 A Q4AE tjato g2 A AE 30&37He] Q)
F Az vALA] (connective massage)®] A3} plasma B-endorphin®]
o]l dxdd HE 16% FT/HAYdx 2Bu3tdvt (Kaada ¢
Torsteinbg 1989). ©o]#3F HnE3} vlus] 2 o Eglo] Al3E In Vitro
A4 23 VIPY E#E uRed ¢ F#H HEZ ojgg e NO 7
271 #oEe 8352 & dden, 44T 49} ANE 3 Hz) 35
o] &-HA AFa A7|AFo] VIP & B-endorphing 9§ zolz F
7HNAE AS BERSAT WA 2-FJH AFg AT 5], 4A
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v. 4

Zoe-NE WE 489 A2} e-AY A/A3L FF AA

rfu

dagdgddaselo] = (vasoactive intestinal peptide, VIP), B-endorphin
g g 443 g 22 eS¢ F A

1. &-34" #A7|x= (Silver Spike Point, SSP, electrical stimulation)
S 71eHA] e EZT (control group, Cont.)ol]l B3t LA 3139

A71A=7 (Continue type, Con)3} F3F¥ZE A7|A=T (frequency

flo

modulation type, FM), ZZ¥x H7)1A5T (amplitude modulation type,
AM) 22 VIP9} B-endorphin®] %ol A= At

2. 2-24 AJ)A= (Silver Spike Point, SSP, electrical stimulation)
S 7tehA] &2 i ET (control group, Cont.)® 3Hz F3+5 QA9 &
23 &3 100HzE A 83 FolA = 3HzolA VIPS B-endorphine} 7}
2 ol AAPEYE AL & £ AA3, 100Hz#} control TollAE d
Zpol 7} ATt

3. 4% 3 GMPe= W&o ®lste] 3Hzol ARlIE H7|A=5 3
100Hz®] I %= H7|ZAFo A o3 zto]& YEPWA et

o] de]l AFAel ot 2-IH HAZ|AFE continue typedt 3Hz

9] F3FE A HL3AE w VIPS} B-endorphino} 7+ Bo] A
AdEde 3AS 4 F JUT. &-FH AT ugAFE 9
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