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Abstract : The relaxation of gastric fundus smooth muscles is the primary physiological event
which induces the receptive relaxation of monogastric animals. L-arginine/Nitric oxide(L-arg/NO) system
is known to mediate the inhibitory non-adrenergic non-cholinergic®™NANC) neurotransmission in various
tissues including gastrointestinal smooth muscles.

The longitudinal smooth muscles of porcine gastric fundus showed fast relaxation during
electrical field stimulation(EFS) and rebound contraction after EFS in NANC condition. So, the
purpose of present study was elucidation of the neurotrasmitters related to the NANC relaxation
and explanation of the relation between NANC relaxation and L-arg/NO system.

The longitdinal smooth muscles of porcine gastric fundus were hung in the organ bath and under the
presence of guanethidine(5 x 10°M), precontraction was induced by carbachol(1x 10°M). The muscle
responses to EFS and drugs were isometrically recorded. The results were summarized as follows.

1. The longtudinal muscles of porcine gastric fundus showed frequency-dependent relaxation
and rebound contraction to electrical field stimulaton(lms, 8V, 1~16Hz, 20sec, EFS). These
responses were blocked by tetrodotoxin(1 X 10°M).

2. The relaxation and rebound contraction of the longitudinal muscles of porcine gastric
fundus to EFS were inhibited by L-NAME(2 X 10°M). The inhibitory effect of L-NAME was
antagonized by L-arginine(1 X 10°M), but not by D-arginine(1 X 10°M).

3. Exogenous NO(NaNO,, 1x 10°~1 x 10*M, pH=2.0) caused concentration-dependent relaxation as
EFS did.
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4, Methylene Blue(2x 10°M), a soluble guanylate cyclase inhibitor, inhibited the relaxation

and rebound contraction of the longitudinal muscles of porcine gastric fundus induced by EFS,

but N-ethimaleimide, a adenylate cyclase inhibitor, did not.
5. 8-Br-cGMP(1x 10°~3x 10°M), permeable c¢GMP analogue, induced dose-dependent
relaxation. but 8-Br-cAMP(1 x 10°~3 x 10°M), permeable cAMP analogue, did not. Both did not

evoked rebound contraction.

6. a-chymotrypsin did not affect the relaxation of the longitudinal muscles of porcine gastric

fundus.

7. Reactive blue 2(1 X 10*M, 40min) siginificantly inhibited the rebound contraction induced
by EFS and inhibited contraction caused by exogenous ATP(1 x 10*~1 x 10°M).

These results suggests that NANC relaxation of the longitudinal muscles of porcine gastric

fundus mainly mediated by NO and the rebound contraction is related to NO and other

neurotransmitters.

Key words : porcine gastric fundus smooth muscle, nonadrenergic noncholinergic neurotransmitter,

nitric oxide(NO), rebound contraction.
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ol 1.0g9} A3t FAE AHEAA W 1580t NG
Krebs solutiong m&3PH A 60%7 AASAZ § A3}
At} wlot=g gl W2 A (nonadrenergic noncholinnergic)
$73& 2487 Hate otmddyy ANAATRATA
guancthidine(5 X 10°M)& M X g & cholinergic agonist$)
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Fold AAste AFFoE ¥ VY FH0 ¢
ek E A9E FHAS.
H: gz Ade o 9%
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s H4o2 7183 A A4
F& Y& electric stimulator(Narco, SI-10)E o] &3}q
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field stimulation, EFS)& 7}&t it A3t 3o o3 of gt
2 29 JBIo] AT L sepr] A AFEd o
42322 NE9 0g AYAIS AREY. FY A
AAToR Frg odykgd 3t 4 FEEY WA
A ARG Yoty A3t 4 FEES WAA}I] A
Fo AFAF g o] A EE W LA
AlgetEol Aot Bt Adof AR iR oF

52 28250 =o]1 tetrodotoxinS A 2] 4 G0l X

A stock §A(@X10°M)E AZste} W HEAA A}
£ grirh Krebs &4 0.2 548t AL§ 3T ATP
o} NaNO, &= vl A g2 do] whEo] Atgatgon, B A
o ALg ¥ 2 9A nitric oxide: acidified sodium nitrite
(NaNO,, pH 2.0) Fej 2 Al %8t g o'’ &89 NaNo,o]
FEE U NOS w2 FA G Aol A&
EE oY HFFEE A7 F2UHY 2R A
Ror| YA AHEE Krebs §o9) 242 o33
2 tH(mM); NaCl 1184, KCl 4.7, KH,PO, 1.2, MgSO; 1.2,
NaHCO, 25, CaCl, 2.5, glucose 11.7.

2 Agd ALY &2 &3t Zth Guanethidine
sulfate(Sigma), Carbachol(Sigma), Adenosine 5'-triphosphate
(Sigma), Cibacrone blue 3GA(Sigma), Tetrodotoxin(Sigma), a-
chymotrypsin(Sigma), Ne-nitro- -arginine methyl ester(Sigma), N
e-nitro--arginine methyl ester(Sigma), L-arginine hydrochloride
(Sigma), Sodium nitrite{Avondale Laboratories), Methylene blue
(Fluka AG), N-ethylmaleimide(Sigma), 8-bromoguanosine 3, 5
cyclic monophosphate(Sigma), 8-bromoadenosine 3', S'-cyclic

monophosphate(Sigma).
@stes % SN2l AT o A A8
Tol 55 Fuk AFFT0 U 2B

A AFEte] mean+sem. 22 VENAR 2™, Student's t-test
£ o] 83t p<0.05 FFAA Fo 4 S HA AT

5g
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Fig 1. Original records showing frequency-dependent isometric relaxations and rebound contractions iduced by electric field
stimulation(EFS, 1-16Hz, 80 V, 1ms, 20sec.) in the longitudinal smooth muscle of porcine gastric fundus before and after
tetrodotoxin(TTX, 1:M). TTX blocked both the relaxations and the rebound contractions.
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ARAAFA o ol gt A5 Fo A Fa
&8 BF Ad3rgchFig 1)
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o o HA HAF FF2Y ojghubg-2 Nitric ox-
ide synthase(NOS) A A ¢1 Ne-nitro--arginine methyl
ester(L-NAME, 2x10°M)ol 9laf $24 1A SAH
th(Fig 2). L-NAMEd]| o] 3] A E o] §it-g& NOS| 7]
A9l L-arginine(1 X 10°M)ell o} & 524 A 3 2HY
THFig 2). 9|94 NOE pH 2022 ZAH acidified so-
dium nitrite(NaNO,, 10-100iM) Hej 2 ¥o31t). 99
4 NO= Bk o&F oz ojgs FEAzeH, 1 4

A. EFS

—O— Control
—®— L-NAME
—a— L-NAME+L-Arg

Relaxation(% of precontraction)
3

Frequency (Hz)

Fig 2. Effects of Nw-nitro--arginine methyl ester(L-NAME,
20pM), L-arginine(1mM) and D-arginine(lmM) on relaxtion
of the gastric smooth muscle induced by EFS. L-NAME sig-
nificantly inhibited the relaxation and the inhibitory effect of
L-NAME was recovered by L-arginine(n=8) but not by D-
arginine(n=9). Value are mean=s.e.m(*:p<0.05).

EE 2, 4, 16H28) AT g o] ST} FALe
%A THFig 3). 0|2 @ 994 NOo| 98 Wee ABAS
of € W e A onset)7} O} %2 BT}
A&7 e Gehh.

5g

3min

B. exogenous NO

Fig 3. Original records showing the effects of exogenous nitric oxide(acidified sodium nitrite, 10-100pM). Exogenous NO caused dose-
dependent relaxations in the longitudinal smooth muscle of porcine gastric fundus and also induced rebound contraction at high con-

centration(100zM).
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Fig 4. Effects of methylene blue and N-ethylmaleimide on re-
laxation induced by EFS. Relaxations were siginificantly in-
hibited by methylene blue(n=8) but not by N-ethylmaleimide
(n=7). Value are mean+s.e.m(* : p<0.05).

8-Br-cGMP
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6
3x10

v

s
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10 3x10°
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Fig 5. Original records showing the effects of 8-Br-cAMP(1 X
10°-3x10°M) and 8-Br-cGMP(1x 10°-3x 10°M). 8-Br-
c¢GMP caused dose-dependent relaxation in the longitudinal
smooth muscle of porcine gastric fundus, but 8-Br-cAMP did
not. Both did not evoked rebound contraction.

39 soluble guanylate cyclase QA A2 42X methy-
lene blue(2x 10°M, 308 b= A4 g o] g
FEE T A AT 12y adenylate cy-
clase & A A N-ethylmaleimide(1 X 10°M, 308 uj k)
ARG o g o] Fito FE FA ZAr}(Fig 4).
T3 cGMPY S E A2l 8-Br-cGMP(I X 10°-3 X 10°M)=
TE YEHOF o|gurE S FUFY 2L cAMPY &
EAQ) 8-Br-cAMP(1X 10°M)= o] gt 88 Futa}x] of
kT}(Fig 5).
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Fig 6. Effects of a-chymotrypsin(2U/ml) on the relaxations in-
duced by EFS in the longitudinal smooth muscle of procine
gastric fundus. a-chymotrypsin did not affect the relaxations.
Value are mean+s.c.m(n=6).

1 Control
W | -NAME
FZZA L-NAME+ L-Arg

Rebound (% of precontraction)

Frequency(Hz)

Fig 7. Effects of New-nitro--arginine methyl ester(L-NAME,
20pM) and L-arginine(1mM) on the rebound contractions after
EFS. L-NAME significantly inhibited the rebound con-
tractions, which was antagonized by L-arginine. Value are
meants.e.m(n=8, * : p<0.05).

o} B 7] ¢5be] peptide £ 8l E A1 a-chymotrypsin(2U/ml,
158 W9 &g F2e o). a-chymotrypsind 4%
Aol o3 o] gutgo] FA e dFE FA £l
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Fig 8. Effects of methylene blue(20uM) and N-ethylmaleimide
(100uM) on the rebound contractions after EFS. The rebound
contractions were siginificantly inhibited by methylene blue(n=
7) but not by N-ethylmaleimide(n=5). Value are meants.e.m
(* : p<0.05).

A H(Fig 6).

BHALY #=&BLS(rebound contraction)of] CHst 42 &
oA JAF FFIL AT o o] ghikgo
ojoj A WA Y F2PEE ot o WA
o] $#Zu&L tetrodotoxin(l X 10°M)ol] 93] G E
A0 2 Hol o]t g3t w7t 2 AABWAYAE &
F ATHFig 1). £ WA S #5182 L-NAME
(2x10°M)ol] 93 ¢ &5 3, L-arginine(1 x 10°M)ofl <]}
3] E = %l ch(Fig 7). Soluble guanylate cyclase inhibitor¢!
methylene blue(2 X 10°M)E A4 o] F24ESS &9 4
A JA Yo adenylate cyclase inhibitord] N-ethyl-
maleimide(1 X 10°M)E §9A Qe HeE oy &
ktH(Fig 8).

cGMPS} HEH 2 8-Br-cGMP(1 X 10°-3 X 10°M), cAMP
o FZ A9l 8-BreAMP(1 X 10°3x 10°M) & T} $2ukg
& FskA] g3trhFg 5).

HA ARF FF2AA AGARF o w9
FEuE NO 0|9 & A AL EH o] HAH0
AEA GolE A P,-purinergic receptor antagonist9]
reactive blue 29] HAA T i3t EF}E Aol gkt

Fig 9. Effects of reactive blue 2(100uM) on the rebound con-
tractions after EFS in the longitudinal smooth muscle of por-
cine gastric fundus. Reactive blue 2 inhibited the rebound con-
tractions significantly. value are mean +s.e.m(n=8, * : p<0.05).

reactive blue 2(1x 10™M, 405 )E A4 Fo] o ¥HA}

A8 FEE Fo4 A A THFig 9).
AE M P4 ATP(10°10°M)E
o] ot F ojoix g o]t

rd:(

Bese fu
9

4
A
53
o]o

58

10
3min

B. Effects of reactive blue 2 on action of ATP

Fig 10. Original records showing the effects of exogenous ATP
(10*-10°M) and reactive blue 2. A. ATP caused contraction
and ensuing slow relaxation after precontraction with car-
bachol(1x 10°M). B. Reactive blue 2 selectively inhibited the
contraction induced by ATP.
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