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Abstract

The aim of this study was to demonstrate the effects of silver spike point (SSP) low
frequency electrical stimulation on plasma vasoactive intestinal polypeptide (VIP) activities
measured by radioimmunoassay from volunteer and the effects of VIP on pain
substance-induced contraction investigated by isometric tension methode in animal.

The current of 3 Hz continue type, but not 100 Hz continue type, of SSP low frequency
electrical stimulation significantly increased in plasma VIP from normal volunteer.

The pain substance, such as norepinephrine, serotonin, and prostaglandin F2a, increased
vascular smooth muscle contraction, respectively. These responses were inhibited by VIP

applied cumulatively (1 nM - 1 uM), but not serotonin-induced contraction. In addition,



serotonin, and prostaglandin F2a induced uterine smooth muscle contraction from rat. However,
these responses were inhibited by VIP (1 pM), only serotonin-induced contraction.

These results suggest that the VIP regulates pain substance in part and that the SSP low
frequency electrical stimulation, specifically current of 3 Hz continue type, significantly

increases plasma VIP from volunteer.
I. A E

S @ 5H4 A 3 el o] E (vasoactive intestinal polypeptide, ©]3t VIP)¥ Said®} Mutt7} 19703 9l
R 9 HolxFo A xgoz EIsid Az 287 ofvial A2 FAY EAF 33269
polypeptideZ A *Z7} pituitary adenylate cyclase activating polypeptide (PACAP)$} u)-$- A}
¢ FYE Ha Jon, AR B EAse A, TxAE 2y FFAAY FAo AX
Aol &A% A Y (Domschke 5, 1978; Goyal %, 1980; Klimaschewski, 1997). VIP&}
T olge A%F ZFY olgaHIt AR ALHE AeRZFH FHHAH(Said ¢+ Mutt,
1970a, 1970b).

AR FYdAH TFS FARAAI7] A% BAHoR AEHE AEWHoR AFHNFE HUA
Z(transcutaneous electrical nerve stimulation, ©]3t TENS)e]v} wtAlR], A (acupuncture), =T
A, 9= == AFa 23 9 (electroacupuncture) 5] 48 AL EH 3 k. 3], TENSE=
1967'd Wall 3} Sweetol] 93] S5 & As AT oldl BExHHERE FF5Y4 &3 ¥
A HAcHWall 3 Sweet, 1967; Melzack 9} Wall, 1988). 121 d] o]2]3 TENS”} plasma VIP
& Z7MA Y= X i(Kaada T, 1984; Bjorna ¢ Kaada, 1987)¢} TENSSQ] {2 mgefte] o]
@43 Oddi #efkZel && #HAA7l=d VIP7E #9383 tHGuelrud 5, 191)= F73ol B HI
At} =3 H(acupuncture)®] VEFH}ZE B-endorphin®} 74 plasma VIPS A o] F73icts=
A Eo] B H1 YrHWoie 5, 1986; Dawidson F, 1998; Petti 5, 1998).

a2y i X g e o2 AL o|FHA A} FdE IFEFH F& dEdE X8
¢l &34 AF3 A7|AF(silver spike point, SSP, low frequency electrical stimulation)dl ©f
VIPS] ®sto] dig dFE i viH| g Aejel dvh d o] ANE Fuger uHlE Fapao
& VIPY FRE e dig vludFs A9 o] FolXA &u rh

mebA 2 ATE AAY B A& SH}AH AFH AT VIPY T vxe W
E A9 HEstth 53] 3 Hzo ANE F349 At A7A= A5d o] ol&st= 100 Hz9 3



lE Fao g Wste] Aol HAHEoRA A4 EAE G =& HiA AT =
3t norepinephrine(©] 3l NE) 3} 5-hydroxytryptamine(serotonin, ©]3} 5-HT), prostaglandin F2a
(]38t PGF2a)¢} 2ol uzA7Z HAEEZolY B33 d#del Jde =994 AZALEH,
cyclooxygenase 2 2¢ #4352 YA T22623¢UFS 22 4 2R (agonist) 2 F2H
© A9 EIH 2AFY FEUNG g VIPY JAER FFE In vitrod] WHOE UolFoR
A QA A9 Ao g AAYH NIHFEE AHE A AT

II. 97+ Wy

1. 944 g
1) 48&%
NE¢ PGF2¢ 18]x 5-HTd] tigh VIPY dA&E 2dotry] 93] 170 - 190ge] A

A= 304, AF A= 10578 AHESat(ddbleleda, SESAAAD. 7 FHY 4T A4
A=E ARSF et 12410y HAFr2 ARSsEAn 43 = A 1 FE2 $3FH S 7zt
o2 3R B ARAEYFTEANEAR, ddnlolega)s SRS &9 }‘iiofﬂ AbS e 2
T & autotemperature system(3] 2] #210300, H $-0]dH)& o83t 20 + 1CE FASA . 13]
i ¥ A48 a4 7 -9 vty wiAdst) d3E Fskaoh

2) ¥ d5-A st A+2A

B AF= Yol 20 - 274, AF 54 £ 62 kg, A% 162 + 41 cm (Mean + SEM)Q] 7} o
ool gt AQA 44 10 W& PANE Adse] B Agd JsAth B AT Soj77e
P YR AFHE 3 @FAE Dol ARG AP BE WEL 3 AFHA
Ad AFHA 2 el YASAY ATY BFE 24 + 109 LEE FH5ATE A
A9 oA olnA U ADFF FEEA o] TAT AT Hol, AR &7, FIF 543

2 AdeM 24 adA A VIPY dAEFHE dHEY] e In Vitro 23S A8
BENE AAste 4 L8] WE AR FUHF

W (thoracic artery)® 23 (uterus) 22 & HE3ATE A& 23L& AYH 2 d(physiological



salt solution, PSS)Z &3 ¥ 4 A& 1] % (Zoomstereomicroscope, SZ-ST, Olympus)dtell Al A3t
2335 e 2A2PA AAGGD. 8#2F L F 3mme FE VEL WIHIE 24~
A AAG T AgxAL oo] FRI B8 VFoE AZAAA HA F Bog nAA
% Z(longitudinal muscle)& #&ste] £ Ao A&, Fold & FHL A4S $F
2 % 2mm, Z°] I0mm7l HEE Aty dF £& 25 g
(Force Displacement Transducer, FT 03, Grass, USA)d dA3{dct 24 TEX
TmhE &A *Ealﬁ/‘W]iﬂ(Physmgraph TWC, Grass, USA)Z 7|23t 2 EE2 10 mNg
A A4 (resting tension)& Zi3l oF 2083 AN F LFE KCI1 APA g AXNE
33] o]} wkEste] uFE KCIo i whgo] dAFA ved A& Flatn £ AP A7)
Aot

2 AT A&E PSS9 242 NaCl 1369mM, KCI 54mM, CaClz 1.5 mM, MgCl: 1.0mM,
NaHCOs3 23.8mM, glucose 55mM, EDTA 0.01mMZ TFAEHJTH. =3+ AP A&8 70mMI}
40mMe] 5% KCl €94 NaClg 593 molel KCIZ A&, A3t ALEstATh 2 Ay
A AHEE EE HAYEAL 95% 0y 5% CO:2 XA A 37ColAN pH 742 ZA3(325
expanded scale research pH meter, Fisher Scientific Co., USA) ©]-&3}%it}.

2) £ AZs AART

B d¥L 23H AFs AY)AF (Silver spike point, SSP, low frequency electrical
stimulation)& 7}3tA] &< dlxF(control group)d A71AFE& AL AV|AFTY 2702
A A7IAFTE Al 3 Hzol ANE F34¢ 100 Hzol I = Fa5 A7rF9 27e2
o] A At

2 AT7M AR AATE 3P A71AS7] (Dynaroshiftor DS-3004, Asahi Denshi Co.,
Japan)2A A Fole W7t flowa A3y dA sy dAsHA FAEHE AFIHE AL
g}, A7 Ao 24L& 9747]2Hphase duration)E 190 nsec, =29 &&= (vacuum)e 2% 3
o2 158 T THE HAASGT A7 APALS 2409 - 122D)F 2313 - 18ADE Uy
o & 2319 60% H7IAFE AHALSAT 4 T B 10 H9 AdAE ZF 4o,
drEFL 6 4 PFer F 288 AAEd ARE FAAY A
A71AF Foe QA9 BES Addgstaoen o3 #oh 9 F3(CV-3)2 #ACV-49),
23279 dE(Ki-12), Fejev g9 AL (SP-6), 281 FELHY B=(LR-3)9 AE
o 7tz 59§ =AM doE 2719 =2 84S w2 AN 1587 H g5kt ool A,
LY H o A H(BL-52)7 dFH(BL-25), TFH(BL-28) 18]z AHE(BL-32)9 2IE ¥
= FEAANA 168 HE&or 139 AVAF AL F 30E8S AASATHYE, 1994, RI,

N
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1995). & %=zx& 1 d3A7} vl F$ 2 A (supine position)oll A A A|EH o0 A Fd Eolrly)
o A 30 - 608 AR vIRFLAA A AAS HIHEE ot EF o) g.g;g PE
ANAFL 2K A FEo] dojur] g HIdA J AFAV ZFE 5 de A= BEA

= QX (threshold)7} A AFZAE(0 - 25mAYE o B dFE I3

3) dAAHe &4
AANHE A7AFTE A4 v2FEAAE FAStY F4A H(cubital vein)oll A oF
SmLe ¥AE FHagoh §3] VIPY wrv|E nEste] AAF F 18 ool RS AH3
A tHDomschke &, 1978). AT 4L VIP dEFHA ¥ol &4 A 712 dFRA st
VIPY %2 radioimmunoassay kit(Bio Rad, USA)E °]&3tom, AAE oldd Al E
(A &A=t 23E AU

4) Ag A

E Ao AMg® Age gy 2o VIP9 PGF2, 5-HT, NE, verapamil, indomethacin,
MgCls, ethylenediaminetetraacetic acid(EDTA), NaHCOs, D-(+)-Glucoset> Sigma Chemical Co.
A FAsArt NaCl® Quantum Biotechnologies(USA)IlA Fstgen, KCI# CaCle
Shimakyu’s Pure Chemicals(Japan)dl A T 3}l4t}.

5) A7 A3
B od3e] A3 8= SAS software version 6.128 A8319 .21, Student’s t-testE ©]-&314
p<0.059 #w F2o3 27t de Ao wokth AF AL mean + SEMSZ UER T

. 2 =}

1. 5843
1) @34 A NES PGF2a, 5-HTd] dig & $==vk-g9 VIP A5 3
Az Ad )3 NE, 5-HT, PGF2a9] W H5 &3 2 & d3S Lolury] 98 Zz
100 pM - 100 yM& A &3tttk A3 5-HTe PGF2a¢] Hl&} NEoIA 8=z 7F &0 olF
B AL 4 F UJG(Fig. 1D-a). o)A dH/xFo] ZZFo Uzt NE9 Z5A(sensitivity)o]
5-HTY PGF2a Bt} 73 RS AAe) #F=o) o33 ad@ A0 93 £59-32 VIP 1 uMol| ¢
3 oAl %ol ttE2A YElgth 5-HT 10 pMoll 93 3 w$d& VIPZE ALY JAE A7A
23 vido] NE 10 pMoll 93 %8 oF 129%, 18] PGF2a 10 pMol} 98 38 oF 27% A



T JAadE JeEly A t(Fig. 1A, B, C, D-b).

2) AFANA PGF2a¢t 5-HTol o3 VIP 9 A &3}
P o] AFZAA 5-HTE E3) FHEHE 2 2486 VIP 3o ALE golry] 9
L VIP iM& A &3ttt o 23} VIP
o °& 5-HTZ f=d & % o] ¢Ad3] AAHUt(Fig. 2B, C). 2} PGF2a 10 pM
2 FEE FENSAA VIPE JAEHE YJehA £ A H(Fig. 2A). o] A= VIPE A
2

=

TZANA cyclooxygenase AEE F3F Wole 93¢ v xx K= €bA | dopaminergic
= o
= =2
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Fig. 1. Representation tracing obtained by VIP-induced relaxation (A, B, C) and dose response
curve of agonists and VIP (D) in rat aorta.

VIP, vasoactive intestinal polypeptide; PGF2a, prostaglandin F2a; WO, wash out. * p < 0.05 vs control
group.
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Fig. 2. Representation tracing obtained by VIP-induced relaxation (A, B) and bar graph of
VIP-induced inhibition (C) in rat uterus.

VIP, vasoactive intestinal polypeptide; PGF2a, prostaglandin F2a; WO, wash out. * p < 0.05 vs control
group.



2. 23R AFI A7NAFA A VIP 57
LA AFs WIAFe] W@ VIPS WEL 3 Hzol AWk F349 100 Hze ¥l
Fuppo] di@ vl d¥e AAsA 2 23 VIPE A7AFE ek ¥ R (8.3341.05
pg/mL)el Wl&te] 3 Hzol AWl= H7]2=(14.00+2.13 pg/mL)ellA fo& F71& RYHFig 3).
a8y 100 Hzel ¥ = A7IAF(8.00:1.13 pg/mL)IAE 2T Hl& dvE W38 vehy

A & *H(Fig. 3).
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Fig. 3. Effects of silver spike point low frequency electrical stimulation on plasma VIP from

volunteer.
VIP, vasoactive intestinal polypeptide; SSP, silver spike point low frequency electrical stimulation. * p

< 0.05 vs control group.

1. AL Z

314 A=H(noxious stimulation)o] ™3 FFF¢ QAo ¢x @ BEHkSoln Xz 4

ue Aot YA §5 L B2 o) WEAF FEE PV ol a-l-58A &



g 3% AAAEo] o]FAh(Dunn 5, 1999; Wu 5, 2000). 442 Chulak 52

E2Z H2A B¥7l SiEe Aoz 9482 bradykining o] &3 In Vitro A3 A

E Z7MA71g 3 stg9 o (Chulak %, 1995). Gzelishvili®} Shindian< 3

NAZE FA4719 £53 o128 catecholamines® & £33 FH|7t FUteH, o8 =&

53 F71E AZEIY99 Add AL ¢ JSE X33 (Gzelishvili®t Shindian, 1977). £

PGF2a Y 5-HT7F %%, 53] allodyniast 22 @3 HEAFoL2ZE A% 558 %

A 283 ErYe] Ko ¥3 YtHMinami %, 2001; kanayama 5, 2003; Muratani
5, 2003).

o, g vRE fA43 =& Fo FEsd FEE ojgasRE yehE VIPZE HEA
Aoz A% FF TA([Bojo T, 19934 Y A=FES /MAAIHdE Burt Ak (Lucia
5, 1995, Henning ¢ Sawmiller, 2001). %3 CFLP vl-$2% A}&3 A3 A VIPE >4
(intracerebroventricularly) & FY 3 23 FF &7 (analgesic effect)E YEFH M, o] 32 opioid
23 A9 naloxone X2 AF&IH7} 724 AoZ v]|Fo VIPE U4 opioids A#A F
&3 7l @k B A(Macsai §, 1998)¢t w2 B AAA F2ANR Age 2HAE T2 9
ge 3le AoE 48lA YgH(Hadjipaviou 5, 1998 Dickinson ¥ Fleetwood-Walker, 1999). ©
g0l B dF9 AN NEYU PGF2q, 5-HTO 9siA F7Hd £F5F4°] VIPEZ JAd AL
MY Askst AAHGon, WANA FRAAS FEFAS 2 TR Fol VIPH BAHS
Rz & F JdAh

AAAFe 7$, Kaada®t Torsteinb@s 1299 218 didoz HAAG AYRZE viilx
(connective tissue massage)$t ¥ (heat pack) 289 ZI plasma VIPE o}Fd ®37F gt
I oy, 1199 AYAE dgidez HAAZ ZHH4l %A= (transcutaneous nerve stimulation,
TNS, 2Hz, 46%8)& &% Z3 plasma VIP7} tixZol B3 30-35% fofstAl S7Hsicta B
339 tH(Kaada®t Torsteinb@, 1987). Furgala 52 TENS7} 53572749 XN5EHoZ ALHE
d elA VIPY #3& AAsAoH, AYRAE dde2 6 Hz9 AHNER ASJE o A4d
ZA 5 &4 (gastric myoelectric activity) =7} ¥ 333 Rt (Furgala 5, 2001). £3 Kaada
=& Raynaud's diseased|A] plasma VIP7} 743 d+d TNS A7IRZoZ AR 9 71283
(rewarming)®} 7] plasma VIP7} 35% Z7Fltt B asti gdvh(Kaada 5, 1984). Bjorna ¢
Kaada® 2 Hz¢ TNS7} olE5A & (atopic eczema)® A% Z(pruritus)S FZAA7IH, o] &3
ol = plasma ACTH, cortisol, plasma VIP2 Z7}7} #o3ictz £33tk (Bjorna & Kaada,
1987). &¥ Petti 52 98 712 FF8A dS 3235 &A 0HS gFo2 38N St 9
g2 o) A(acupuncture) AZE A L3 Azt VIPY B-endorphin, CD3, CD4, CDg8el F50] &7}
Pt Aok Petti 5, 1998). Dawidson 52 747 ZF(xerostomia) #Atel A &§ Hz}Fo]
el o 28] & (salivary flow rates)S Z7IAHLH, Bl &0 &3l VIPE F7HA1AY L duth
(Dawidson %, 1998).
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ATl Aol 283 continue type? I ARNE F353 Hz)e 2HH A5 A
o =

AAFe plasma VIPE #edl F7HA71E e 228 & Aglew, oA @vs x5
F4e Ve

]
2. 28y 5-HTZ H#osde 10134 F£590&des VIPZE 594 F4e dehuA

3. A=Y AFEAHAA VIPE =3R4 AFAEEZHAd I FEHE FEUS
& A3 dAAFIE wrdd cyclooxygenase AR E Ed fEEHE o &3/ gl

4. QA continue typed] #3834 3 HzY Anlxe FH44E AL35NE 9 plasma VIP7t
7H3 gl F71 HAUh

l

U735, SSPR Y. EEAL 199%.
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