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- ABSTRACT -

In human body, catecholamines, such as epinephrine and norepinephrine, can be
increased anxiety, blood pressure and pain etc. The inhibitory effects of TENS, elec—
troacupuncture and massage on the release of epinephrine, norepinephrine from sym-
pathetic nerve endings has already been known. However, the effects of silver spike
point stimulation on the catecholamines was not well understood. Therefore, the pur—
pose of this study was to characterize the SSP—induced inhibitory effects of cate-
cholamines. The following results were obtained. (1) The studies on urinary cate-—
cholamines released that the levels of epinephrine and norepinephrine of continue type
SSP stimulation group were significantly lower than those in the control group in
human in vivo. (2) The dose-response curves of epinephrine and norepinephrine in rat
aortic smooth muscle strips were increased dose dependent manner respectively. How—
ever, the contractile response of norepinephrine in rat aortic smooth muscle strips were
slightly differentiated. It is concluded that the SSP stimulation reflects to the inhibitory
effects of epinephrine and norepinephrine in men. Especially, we believe that the
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amplitude—frequency modulation, such as continue type and frequency modulation
type, of SSP stimulation plays a role in regulating catecholamines,

Key Words : SSP. frequency—-amplitude modulation epinephrine, norepinephrine
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Aot 4l & Nze) BHow HEd
52 FHAIE B, @ St Aol 1
ZA 79l ZHoltt (Hitoto et al, 1998,
Palmer—Bouva et al, 1998), o]Z& E%52 o
2 QA i 2AY B EFo] 7jHeR
£ £ gl a8y olA9] In Vitro/ In Vivo
Awe) A4t 2ankc olzt ot 171z
=02 g-2-adrenoceptors& F% w747
AGEH Fof disl =3kl ot (Chulak
et al, 1995; Dunn et al, 1999; Goncalves et
al, 1995; Somogyi et al, 1998), =3t E&|%]
29 F3A o WY FollA B4R A7IA=H
(transcutaneous electrical nerve stimula—
tion, TENS) (Emanuelsson et al, 1987,
Meechan et al, 1998)°|1} BrALR] (Field et
al, 1999) &2 Axg xHARY (elec—
troacupuncture) (Wang et al, 1994; Wu et
al, 1995)°] &g FFAofo] tigt A= Bol
ojFojA L ok, Tyt HEHE ol83t 7]
A=l AFat 233 A71A =0l g ng
A7 ALEA9 s digt A+ olFoA
UA Bt T =o] Fappel M E 0] M3t {50
gt A A= AES Aol Ut webA 2
AL Fup9t 2E ¥gE {50 O epi-
nephrine ¥} norepinephrine & ¥H%}7} oj®
FE HeEI=AE A5Ry, AR ojg &
A7 ddEdol dig B o 239 vhE
S A AojEo2A -3 AR = 23

I.AY 5= 2 Ad Ok

2 Age o] 20~27A|, A% 53.66+6.24
kg, 7] 161.70+4.07 em (Mean + S.D.)Ql A%
of] o]ito] Q= odA 10 HE FAYE Auts}d
2 Al dstact, Aol Eol7trlol $HA 1
At} gejrjzke Hatgon, dE A
3t W8-S AG3HA] G2 AdHolA &2 AFE
AABEATh, AP S 24+1T9 &S
FRAAHeH, APA7HE 09-12 A9} 13~18
A2 Uieo] 2 3] AgYsiict BE AP2AE
1 AFAE HIZ 2 ZAollA AAlstyon
Aol Eoi71710 ¢4 30 & A= F41S FHstH
T E 3y AAZIAY 45 g S0l
A} 24 AZHE]E BRI Ajgt Aol & dtglon,
YT &4] FUS YRR S AFstant.

I A9 8y

2 AL -3y A7 |A=E 7t g2
Z1* (control group) & A7|A =& A &5+ A
Ho® Yk o] AP thA] Continue
type (Con. group) A7}A=+, amplitude
modulation type (AM group) A7|1&A=+ 11
2l1 frequency modulation type (FM
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group) A7|AS79) 4 2.2 o] HAJEH
o} z} 2of st 8 Wl At FYlel
o, AEE 6 ¥ tHoz HASY Epi-
nephrine ¢} Norepinephrine 2] 833} {0
o2l GRS AHE7] A8 AHF 30-35 g9
24 ICR w}9-A9} 170-190 g2 84 HE=E
AHEBLGTH (S EE, 5524 a4). &
AL Z42h 7 37 9] npeagt e E upeA s
5 ube), e 3 nhely ARSA o] Be]dtod 12h
light/dark cycle 2 ARS3lH oM 157U &
BAZ 71702 st} B3t AR (A8 EA
BA R, dAEETE)= FE8] a8
Epinephrined norepinephrine®] Ago] of
3l Z+ 5 utely uijAg st Aol Ystct,

1. A7l A=

QUAjef] -85k 233 #7132 Dynaroshiftor
DS-3004 (ACI00V, 50-60Hz, Asahi Denshi
Co., Japan)& ©°l&slo, ZF =x5 ZFE3<
F= (i), TUGEIT), A, (=R
%), Bk, AAGEE), dAAFCEa, ¥
(e, AREREE HEshaloh e
K, FRARK, 52, PRANE). ZH2te] H7)
Z}=+2 phase duration; 190 usec, vacuum;
3, AZ|A=AI7E 15 29 TUTH 202 4l4]
&4t Continue type2 RZofi= wH3lr} ¢l
O HA R g 3 BE FXEE Aol
1, amplitude modulation type2 ZZo] 1-
10&% Atolof ramping& ©1F+= T1 FA% A

=
=
7} BEA Gt FAZ) 1-102)7 HEHL o

=t

glo|c}, frequency modulation type2 R0}
= W3t gloews Fubprl 30Hz—3Hz—30Hz
7F HiEAo 2 FXAE= Yejolth o]g{dh 7]

F& 7t SE0] Yojuiz] oA 1] Agx
7t 3 £ s =9 gEAE ARHTA A
o 2 H4¥& Al (10-25

i
ol
H1
(i

2. ¥ gFo 24

k Qe 2 8 AlRE U2 4 24 8 A7t
A9} 24 A7t wE AN & RajE
Z18}7] ¢35 6N HCL 10 mi-2 H713lo AMg-3}
Aot AFE k= oF 40 mfS A BT &
o} &4 A7tz WE5EH 3ttt Epinephrine
7} Norepinephrine2 High performance
liquid chromatography (HPLC)-Regent set
(Bio—Rad Laboratories, USA)E o] &3t =
Astadct.

3. 245 H¥

2 AYY 234 mgil7o] uat o of
w3t JFE v 7S A HE7] Y3 in vitro
A8E AAEIAY vheAes FFE 34T
T 5RE st 9 AAE FEsid H=
© $FRE et 44X FH AeHe 3
Nt HE 555 WE A 7 e NS
HEstuoh. A& 23S A4 g
(physiological salt solution, PSS)7} & £7]
of &7 ¥ Wo= uAsta AN Az
I g AAsHE 8RS B & 2
mm® ringE W&o HE 22 WIAEZE AHA
shch 919 A, AR FAst WEES
48] A AL 5 9 ol 9] Ha& PSSE A
&tk AAdu]Z (Zoomstereomicro—
scope, SZ-ST, Olympus) 3tollA ¢} Aot #)
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At FET Fo] Y2 E sttt Y& fun-
dus ¢ corpus, antrum, antrum sphincter
ZFoNA corpusihE HtTt & HHEL A
WECZ £ 2 mm, 4o 10 mm7t HEE Hdh
8to] BHEE 25 A7) O E 3E E2 Ay
W3] (Force Displacement Transducer, FT
03, Grass, USA)°l| &8sty 222 EZ
(6 mhHE &FAH ABEA71E7] (Physiograph,
TWC, Grass, USA)Z 7]&3 ¢t}

2 Aol AMg-E PSS+ NaCl 136.9 mM,
KCl 5.4 mM, CaClz 1.5 mM, MgClz 1.0 mM,
NaHCOs3 23.8 mM, glucose 5.5 mM, EDTA
0.01 mM<Z E33HA 3¢t T3 & AF oA
AFE3E 60 mM2] IEE KCl €92 NaClg
=238l mol9] KC1E 2|38t 24 sto] A3}
Aot 2 AYoA ARSE BE AP 82 95%
02, 5% CO22 E3tA|#A 37T A pH 7.42 =
A8t} (325 expanded scale research pH
meter, Fisher Scientific Co., USA) A&l
AHg381 3Tt

4, AN Ak

2 Aol AFgE A2k o33t 2t Epi-
nephrine I Norepinephrine, NaHCO3, D~
(+)-Glucose, MgCl2, EDTA+ Sigma
Chemical Co.°olA FY3tHd. NaClZ
Quantum Biotecchnologies (USA)olA ¢
3tg 28, KCI# CaClex Shimakyu's Pure
Chemicals (Japan)ollA F+43+ct.

5. 2FE A

< #2322 10 mNo| HARHE 43 oF 20

6. 3A% £4

2 dFo] EAEA 242 Statistica®
o}-&3t ANOVA teste} Zt o Alololl:= stu-—
dent’ s t testZ B4t} (PC05).

V. Ad 43

1. 99419} ¥ Epinephrine ¢} Norepi—
nephrine

(1) Epinephrine

41¥ ¥ Epinephrine2 &+ (14.12+2.33
ug/day)oll Bl3te] continue type 7R
(7.15+2.05 wug/day)?t frequency modula—
tion type AZIA= (9.3412.03 ug/day)ell
Al ot 2ol 2 AAE veliY (39 1, A).
%3t Continue typeZ Frequency, ampli—
tude modulation type°ll B]&t 2]t X}o]
B Z4E YeElt (8 1, A).

(2) Norepinephrine

A ¥ Norepinephrine2 & (42.19+
5.09 ug/day)°ll B]3}d continue type H71&k
St (25.12+4.59 wg/day)T} frequency
modulation type A7 A=t (33.06+5.13 ug
/day)oll A §2j3t Aol 2 A4S Vel (29
1, B). &3t . Continue type2 Frequency,
amplitude modulation type°l B}3ta] §-2]35F
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(28 1) &-AA Mt Ar)at=of gt epinephrine (A) & norepinephrine (B)2] M3}
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SSP stimulation; silver spike point stimulation, *: P (.05
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100 pM
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(1% 9) Epinephrine ¥} norepinephrine®] i3t €3 Heh2o] w3z}
NE: norepinephrine, WO: wash out’
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Aolz 742 el (12 1, B).

2. Epinephrine ¥} Norepinephrine®]
gt Buat 9o} B

1) E# YoM Z {7 42 Epinephrine
3} Norepinephrine®] &3}

& JYoAE {-Fol ©E epinephrine Zt
norepinephrine®] * x| A3} epinephrines
WA Z o] {70 TAQle] Tk oEHoRE T
0] Z715 vt {19 2, 3(A)], norepi—
nephrine WHA|ZE A AT 2|4 nor-
epinephrine 1 /M 2} 10 xM, 1 mMojj4] Uj=
R Z7t EXst= 24| vjgl & 5 e
Ao [1E 2, 3(B)l.

(2) Yol didt Epinephrine # Norepi-
nephrine, Acetylcholine®] &3}

>

?
u

—o— non-ET

wh e
@ N
S &

-3
[<,]
1

Contraction (%)
g

)
T

[

7643
Epinephrine (Log M)

<10 9 -8

kA 919 corpusoll W3t epinephrine T
norepinephrine A zj= o7t O & FAS U
Eltt. Norepinephrine®] AL % Z7}9
da BEE UeWA ¥oh7l muscarine
receptor agonistql acetylcholine®) 5=2]&
AHog fFo] fitsl= ¥hH epinephrined
293t 5749 tonic contractiong Ve T}
acetylcholine®] independent 3t 4=%0} epi—
nephrine 1 mMollA] §at=]Qlct (29 4). oj4t
o] AE oA w7 AGEAAolo=
OF7ke] Zpol7} Yt RS & = AU

v, 2z

el het QRS Qx| REwgow
$%o] thEAQ U Fo| sholch, 2auht
o7t QXe B35, A A0 o} W £

¥l Ao] a-2-receptors F-2 a—-1-recep—

150
125+

100-

Contraction (%)
-y
¢

50-
—e— non-ET
25-
o 1 i t 1 T
40 9 8 -7 6 -5 4 -3
Norepinephrine
(Log M)

(1¥ 3) ¢ HEZ| ti3t epinephrine (A) I norepinephrine (B)S] £eFuh-g-2 4

ET: HMHZ 23 non-ET; YHAZ AA, *; P (.05
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10 M

1aM 100 nM

NE

1M

1mM

ACh
wopm Y

1uM A
100pM  100mM  10uM

10 pM 1mM
pi mvy

yvy vy vy VY Yy

60 KCl

10 mN

10 M
1aM
\ 4

v

5 min

106 nM
1uM
vy Y VYV

Atro 10 pM
ACh

100nM 10 pM 1 mM

lva ImM 100 M
vyvyvyy

Epi

10 gM
1woum Y

60 KC1

Atro 10 pM

(1% 4) Epinephrine ¥} norepinephrine, acetylcholine®} that ¢ B&12] W3}
NE: norepinephrine, Epi: epinephrine, ACh; acetylcholine, Atro; atropine,

torsE B3 w4 e] 2 A A 54
Huloltlt (Brand et al, 1995, Dunn et al,
1999). MAI2 (Chulak et al, 1995)2 52
E318t -3lHh-g- 42l bradykinin©] In Vitro
Aol A H7|A=ol 4 5= [3H]-nora-
drenaline®] §8]& F7H|71H, o{7loll= 2 4t
A2t protein kinase C7} #oigtcta &1
t}. (Hitoto et al, 1998)2 A7]R =& =9
A-¢ ARl 23 A3 42 dorsal
Z7F gokar sf
ot E3t (Grzelishvili & Shindian)& A=Al
Aa o G470 5T ok&E ko) cate-
cholamines7t EH| €ty st o ofAE: Al
HAado] Acko g2 AR A8 Ao

oje} M| AFe A7t A7IA =Rl osf
epinephrine ¥ norepinephrine®] HH]Ht}
= &nlog opFolA i}, (Ventura, 1998)+=
rodent®] vas deferences ©]-&8F AF A

horn®l] noradrenaline level©] £

0] a-
1—-adrenoceptor®t P2 purinoceptors &%t
noradrenaline®| 22} WA7} Aot shict
(Dunn et al, 1999)2 HA=9] AH7hat 5“—’1"*‘
S o] 83t Aol 0.5-4 B9 A7|ATE

H A3 AT} g-2-adrenoceptors %E’}
noradrenaline®] 8|7} 7=k ST}
(Florin—Lechner et al, 1996)2 H=F ol &
3t In Vivo Ago4 3-10 Hz9] burst stimu-
lation locus coeruleusol #-83 Az} Zu}
4= 9]Z# 2 Z norepinephrine levelS $7}H4]
FAon ols FEY ol IS v
Al (Dong et al, 1995)2 AL E o83t AY
o A norepinephrine®} =7} @Yy} FA 7}
Qeu oo edtE AEAQ] 3,4-dihy-
droxyphenyl glycol (DHPG) Z} norepi-
nephrine®| #/do} Sl=d|, o] DHPG= 2.5
Hz 8} A7|A =04 F7H= ok spaiet,

electrical field stimulation®) 2§ 4=
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agu geARoA= A7 E HIRS oY &
A2 A& SEAlolete A5 FHOR A}
£3t1 9Jch AAE (Wang et al, 1994)2 A
Za} 212849 (electroacupuncture)?] 529
A&
paragigantocellularis lateralis (RPGL)ollA]
norepinephrine ¥ MHPG 9] 4-& dA3| 7
4 AR 3H4Y. (Han et al,1999)-2 =2
Ago] & Fuh49 A7|A= (0.1 mA, 0.5
ms, 100 Hz, 15sec)S 713 3o =9 1Y
of AZu} XA 2ME 3 Bz, pulse duration 5
ms, 15 & 3<%t HAIRE A3t S/ U cate—
cholamines®] %o] A 3] AR 3k%ich
(Meechan et al, 1998)2 Wx]E 3t ul3A]
of Uetd = = EFHES TENSE ©|-&3tH9
Z2AZTT S5 (Field et al, 1999)2 26
Fo] YARE e E S| A8 E AAG
A3t E3to] AAE DL 7]2o] FofRH 9.F9]
A8 skt FRARY &k F2] norep-
inephrine 2] o] Z2Fckx sigich, 7]
2 A7|A=E ol8F & AAEY 4y
Al 9lo] MyATFe} dAs= FFS UE
tt. 53| continue type?] A= frequency
modulation type?] #7]x}=0] epinephrine
#} norepinephrine 8] ¥5& Z4Al7]= Ao
2 yeigt B3 A5 ES 0|83 In Vitro
Age) Aol vjFo] & o) - A7|A=
2 epinephrine/norepinephrine &j&4 1E
Aot RAEFH L FHE, LEFHAR QT H
2 Bl Mol =S & + AR

o2 S Ao nucleus reticularis

.2 E

Fue-RE Uz g9 AF e-¥ A

71A=E B¢ A - F9 Epinephrine
norepinephrine® ¥ opQ-A9] 9 A3}
Ao FHx2of it Al AgEAe &
ol gt AEAT b33 22 2ES 4o

1. Epinephrine2 &l v]8}4 continue
type A7]A=23} frequency modulation
type A7|AFENA FY% A2E YEbl=
d}, continue type°llX 7+ @A 3%}

2. Norepinephrine &} B8l con—
tinue type A7|A=+3 frequency modula-
tion type A7|1AlaolA o 44 UE
Wd), continue typeollA 713 A 3HATH

3. A9 @ YgAZ {FFof &
nephrine I norepinephrine®] x| Z3}
epinephrine WHAZ O] AAH[-Fol LA
o] & Q&R og IFFo] FUIT ¥,
norepinephrine> WA EZE A AT 2Ho|
A} norepinephrine 1 xM 3 10 xM, 1 mMojlA]
WojAlz7t Est= 240 vjg & & U
gt o] AL oA ZolA AAHE=
endothelial derived relaxing factor (EDRF)
of o3t 2102 ofAXIct,

4, gk 919) corpusel Hgt epinephrine
#} norepinephrine &3h= ¢F7He] & A
UEellth Norepinephrined] 7% & Z7}o
&l w82 UEA ¢oh7t muscarine
receptor agonist?l acetylcholineo] Fx2]&
Hog 50 FUEE ¥, epinephrine
kst 5719 tonic contractionS YERHTH}
acetylcholine®] independent 3t 42%0°] epi-
nephrine 1 mMollA =] Qlct, ol4te] ZAxt
2 Yo He ngAAE dgEAAtelol e oo
atol 7k k= AL & 4= Aot

epi—
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5. & Ao} Aof ofste] &-3 A7IA=
-2- epinephrine, norepinephrine &4 1¥
olvt A AE A o2 I3 1A 3
g 55 A Tl &-AA AFu A7A=
o] fa% Ao AlzHLt
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