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Abstract— Non-adrenergic norrcholinergic (NANC) innervation on the circular muscle of the rabbit gas-
tric body was investigated by observing the magnitude of relaxations induced by the electrical field
stimulation (EFS). Strips were cut from the greater curvature of the gastric body and stimulated with 5s
trains of 0.5ms pulses at 1~20Hz, 40 V. The EFS induced transient frequency-dependent contractions,
followed by a slowly recovering relaxation especially at higher frequencies of the EFS. In the presence of
atropine and guanethidine, the contractions were virtually abolished. while the frequency-dependent re-
laxations by the EFS remained unaffected. The magnitude of relaxations progressively decreased as the
location of the strips gets closer to the bottom of the gastric body. The relaxations were abolished by
tetrodotoxin, indicating that their origin is the NANC nerve stimulation. N°nitro-L-arginine (L-NNA. 10~
100 uM). the inhibitor of nitric oxide (NO)-synthase, caused a concentration-dependent inhibition of the
NANC relaxations. The inhibitory effects of L-NNA were not affected by the location of the strips and were
reversed by L-arginine, the precursor of NO-biosynthesis. Hemoglobin (20~60 uM). a NO scavenger, in-
hibited the NANC relaxations in a concentration-dependent manner. This inhibition was more prominent
in the NANC relaxations observed in the lower portion of the gastric body and the relaxations induced
by lower frequencies of the EFS. Methylene blue (10~100 uM). an inhibitor of cytosolic guanylate cy-
clase, markedly inhibited the NANC relaxations. almost abolishing the response at a higher dose (100
uM). These results suggest that NANC innervation of the rabbit gastric body progressively decrease as
the location of the strips gets closer to the bottom of the gastric body. and that the NANC relaxation is
primarily mediated by NO-guanosine 3. 5-cyclic monophosphate (cyclic GMP).

Keywords [ ] Rabbit gastric body. Electrical field stimulation, Inhibitory NANC innervation. NO-cyclic
GMP pathway
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Fig. 1 Diagram of circular muscle strips of the rabbit
gastric body. The rabbit gastric body was suc-
cessively cut from upper strip to lower one of
the circular muscle in ventral part of the iso-
lated rabbit gastric body.
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Fig. 2— Typical tracing of non-adrenergic non-cholinergic
relaxation of a circular muscle strip in the iso-
lated rabbit gastric body. Atropine (At, 1 pM)
and guanethidine (Gua, 3uM) or tetrodotoxin
(TTX, 0.3uM) were added at arrow. Electrical
stimulation (1~20 Hz. 0.5 ms for 5 secs) was
added at dot. Tracing-breaks represent periods
of tissue equilibration. Similar results were ob-
tained in other experiments (n=7).
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Fig. 3 — Typical tracing of the frequency-dependent re—
laxations that progressively decreased as the
location of the strips gets closer to the bottom
of the gastric body. The experiments were per-
formed in the presence of atropine (1 pM) and
guanethidine (3 pM). Electrical stimulation (1~
20 Hz, 0.5 ms for 5 secs) was added at dot.
Tracing-breaks represent periods of tissue e-
quilibration. Similar results were obtained in
other experiments (n=18~26)
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Fig. 4— The frequency-dependent relaxation that pro-
gressively decreased as the location of the
strips gets closer to the bottom of the gastric
body. O first strip (n=26). A second strip (n=
18), O third strip (n=22), V: fourth strip (n=
18). Results were shown as mean*S.E. from 18
to 26 experiments and expressed as percentage
of relaxation induced by 20 Hz in the first strip.
*P{0.05. significantly different from values of
the first strip, Student’s t test for unparied ob-
servation. Other experimental conditions were
the same as those described in Fig. 3.
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Fig. 5— Typical tracing showing effects of N®-nitro-L-ar-
ginine, L-arginine. hemoglobin and methylene
blue on the relaxation to electrical stimulation
(1~20Hz, 0.5 ms) in the first strip of the cir-
cular muscle of the isolated rabbit gastric body.
N®nitro-L-arginine (L-NNA%, 10puM: L-
NNA%*, 100 pM), L-arginine (L-Arg. 5mM).
hemoglobin (HB, 60 pM) and methylene blue
(MB, 100 uM) were added at arrow. a, b and ¢
were different preparations. Other ex-
perimental conditions were the same as those
described in Fig. 3. Similar results were ob-
tained in other experiments (n=5~15).
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Fig. 6 — Typical tracing showing effects of N®-nitro-L-ar-
ginine, L-arginine, hemoglobin and methylene
blue on the relaxation to electrical stimulation
(1~20 Hz. 0.5 ms) in the third strip of the cir-
cular muscle of the isolated rabbit gastric body.
Other experimental conditions were the same
as those described in Fig. 5 Similar results
were obtained in other experiments (n=4~11).

QA JAEJ o (Fig. 5a, 6a L Ta-d), 7+ B
o AR T = Frelgh kol AN (AN 7
EE)A 20 Hze) AV|RI=o2 oz ojghyte-g 7}
7} 100% 2 398 3% L-NNA 10 pME A 2]3k
S A 1, A 2 A 3L A 4 FEAAL o]t EE
2+t 66.99+3.68%, 75.92+3.53%, 65.40+5.41%
2 67.80+6.50%% H|&dtAl #AAEHJT, L-NNA
100 uME AAMEE S wie 22 24.57+4.81%,
31.12 +4.99%. 29.76+2.86% % 16.31+6.50%=2
ZAHA T ¢ [-NNA 100 pMolA A 4 FEgte] ot
E BEd 8|3l o AASA JAHAD) (Fig. Ta-
d). L-NNAY] 9AZ-8-2 NO A4 A+834¢ L-
arginine (L-Arg, 5mM)S AA3ARE o L-
NNA 10 pMe] AdAlzHg2 4738 AA=YeH, -
NNA 100 uMe] GAZE = 22307 vs3A Al
AUt (AA 9 7 2N A 20 puHzS] A7|AFL2
do7l ojghkg-g 77t 100%2 dH& A L-
NNA 10 pM9} A 282 L-Arg 5 mME dxjzl3t
R u A3 AAHA] A1, A2 A 3L A4 FE
o] olghitgo]l 7 112.30+6.46%, 121.40+
10.43%. 106.90 +6.41% % 128.00+10.12% = 3|5
A3, L-NNA 100pMel gAZE= L-Arg 5
mM< AHeEE e wf FEH o2 AA=H o] 27} 58,
544+591%. 64.94+ 6.49%. 60.00+5.56% % 67.
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Fig. 7— Effects of N nitro-L-arginine. L-arginine on

the relaxation to electrical stimulation (1~20
Hz, 0.5ms) in a circular muscle strip of the iso-
lated rabbit gastric body. a: first strip, b:
second strip. ¢ third strip. d: fourth strip. O:
control (EFS). &: L-NNA 10 uM+EFS, & -
NNA 100 M+EFS. A: L-NNA 10 M plus L-
arginine 5 mM~+EFS, [0 L-NNA 100 uM plus
L-arginine 5mM+EFS. Other experimental
conditions were the same as those described in
Fig. 3. Results were shown as meant+S.E.
from 5 to 15 experiments and expressed as per-
centage of relaxation induced by 20 Hz of the
first strip in the absence of L-NNA and L-ar-
ginine. *P<0.05. significantly different from con-
trol values, Student’s t test for unpaired ob-
servation.

53+9.93% = vjtA AR (Fig. Ta-d).
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20Hz2 4271 A 2, Al 3 % Al 4 L] ojehit g2
z}2} 69.77+8.66%, 45.19+3.82% 2 22.00£3.51%
2 AAHUTH2 A ERN NOot A%ste B84
3}3h= hemoglobin (HB, 20~60 pM)€ X238}
S o FEEHoE AAHNUeH (Fig. 8a-d). °l
A 2HE-2 AA| AFolA B E W g E FUHEE
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20Hz9] A7|AFoZ Yol o|gihe-& 747 100%
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Fig. 8 — Effects of hemoglobin on the relaxation to
electrical stimulation (1~20 Hz, 0.5ms) in a
circular muscle strip of the isolated rabbit gas-
tric body. a; first strip. b: second strip, ¢; third
strip. d: fourth strip. O: control (EFS), A:
hemoglobin 20 uM. ®: hemoglobin 60 uM. Oth-
er experimental conditions were the same as
those described in Fig. 3. Results were shown
as mean*S.E. from 4 to 7 experiments and ex-
pressed as percentage of relaxation induced by
20 Hz of the first strip in the absence of hem-
oglobin. *P<0.05, significantly different from
control values. Student’s t test for paired ob-
servation.

2 39S 2% HB 60 pMS A2 sthe 1 1, 2.5,
5,10 2 20 Hze] AZHIEANAM A) 1 L9 o] gk
& 7}7} 0.48+0.48%, 10.14+3.12%, 24.10+7.16%.
35.54+6.99% % 43.36+5.73%2 ZAAHZ L, Al 2
B2 0%, 7.27£2.89%, 16.21+5.34%, 23.86+
2.64% 2 39.43+5.19% % A% o A 3 BELS
0%, 1.56+1.04%, 4.22+2.95%, 11.51+6.38% =
30.60+13.69% = #AHUL, Al 4 EEL 0%, 0%,
0%, 3.33%£3.33% 2 20.04+7.72% 2 t& 4=
3) (Fig. 5b, 6b % 8a-d)
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LA 9] dRolA FRE WHZETE AN i
%l NANC ©o]¢ehtg- (A 1 ES 20 Hze A==
A7|AF5te) do) o]ike-g 100%2 31H9E A%
20HzZ do7l A 2 Al 32 A 4 FE9] o|ghkg-2
zyzk 75.28+5.36%, 49.90+4.38% 2 11.03+1.51%
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Fig. 9— Effects of methylene blue on the relaxation to
electrical stimulation (1~20 Hz, 0.5 ms) in a
circular muscle strip of the isolated rabbit gas-
tric body. a: first strip, b second strip, ¢; third
strip, d. fourth strip. O:. control (EFS), A:
methylene blue 10 uM, M. methylene blue 100
uM. Other experimental conditions were the
same as those described in Fig. 3. Results
were shown as meantS.E. from 4 to 6 ex-
periments and expressed as percentage of re-
laxation induced by 20Hz of the first strip in
the absence of methylene blue. *P<0.05, sig-
nificantly different from control values,
Student s ¢ test for paried observation.

2 AFCA e yEEss JRHeE Hgadgl
th2 cytosolic guanylate cyclase #AAI methy-
lene blue (MB, 10~100 pM)E HA2]3IAE o 5=
A& FAFA AN (Fig. 9a-d). T
FEQ MBAANE H&sH A=A (49 4 &
oM 20 Hz9] A7|21F202 Aozl o|ghulbg-g 42t
100%2 8t5& A% MB 10 pME X2 31& o A
1Al 2, A3 Al 4 Z&<] 20Hze AFHEE Yo
7 olavhg2 Z4zb 53.34+5.51%, 58.72+6.39%,
56.57+11.28% 2 46.96+4.98% % v|5:3HA] ZAEHR
oo, MB 100 Mg AX3ae we 24 7.9%6+
3.09%, 11.55+3.95%, 13.06+5.83 2 4.17+4.17%=
AASHA ZAEA (Fig. 5¢, 6¢ 2 9a-d).

&

Hl-ol= e ul-2A4 (NANC) 472 $48¢
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olghikgol XA ] FH3A HoidEE #9
NANC ojghitg-9) 7119 A& F2 AAdA Bol
A7t (HE #Z). Sakai T2& 7l AA 42T
(lesser curvature)olr &8 &4 B&E& 4717
Z3lo] Yo7l -G A7dte Ay A 2L ¥
BAe 2 F% A4 FEAY € gAY vl-ot=
digel v-2UA AAel ojdte A=z gtk B3
2 v ik,

B QoM 79 A oigt (greater curva-
ture) S 2RE ARA 2 FAA oz Hdddly
NE AAZ FEL 22U 8% FEAYd ol=YyEeA &
5 AAagaol A 4ozl NANC oj¢htge] 2718
v)3le] gjxle] NANC AAA ) =& FHSHRL
o, ¢Ale] NANC o|ghite-= 9% NANC o]t
x4 F2 NO-cyclic GMP 729l 9j3le] w75
g A3t

E7] 9419 $47 ZE S AV|AFsAE A=
N o9& £ENHEE dozlon E (5~
20 Hz)ollM & A0l xo]| o &dh= #5uH8-7 A4 3]
3B o]ghhgg Yoz o} muscarine 553
A atropined ot=eiddl &G AlFAMGAIRI
guanethidine £Al3lolA F&uk&-2 AU A
AALE 2AFAQ tetrodotoxinol 23l Agtss A}
e oEA o|ghte-S do Tt (Fig 2). o] 2%
24 YA TS AulEta = AL TR B
A &% AT dAAL NANC Ao £g= 3 s
£ NAKSLaL ek gt A Y Hle] Aol A] BHEE &
Ao g Hosle BE AT FEE WA
2 071 NANC o|gitg-9] Ar)= Al MY 4o
A 4L FRo| MY A IRE WHZTE BF #a
He 23} (Fig. 3 € 498 AUt olshzo] A &4
29 A7|RFog 4o NANC oj¢hitgo] &2z
WA ZFE 248Es AL NANC 2149 A8 =7}
2oz 7} wjF-ol2} FAHE Tt E3 BT A &4
29 NANC olghihgE 1433 ™ NO-cyclic
GMP A0l g3l vi/i=ls A& A7) Ak
NO synthase 2A1A1¢] L-NNA®?  AEstolA
NOst Agsle] E8431A)7]1= hemoglobin 2 cy-
tosolic guanylate cyclase A#AU methylene
blue®] 4&& AEA
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A FH-olA B2 AR E FaH s g
5= NANC o)ghitg-& [-NNAd] 93e] Fmo&
Ho g @A AAE Yo 2t TR gF A&
Foll = F% GFo] AU o] L-NNAY JA 2§
& NO AgA AF2A L-arginine™ ol 2j3}e
MASR 22 2] NANC oj¢ghhge F2 NO
o o3t sjrisEle} Alg8d (Fig. Ta-d). 7104
L-NNAo) 93t MA=HZR] 9far 3 NANC of gyt
$2 NO o|9j9] v MAHNGEYo] BA3}e >
At Li 2 Rand ol 9313 3139} 944 NOE
F2 ANEe F& A7)2=02 4271 NANC °o|¢t
e FE AR A A& AVAFoE Yo
71 21£2 <) NANC o] ehwhg-9] 27 (initial part)ell
Fostn, 2449 NANC ojghikg-ol F7] (distal
part)oll= VIP7} #ejdlelgtn #3313t o]otztol
A e] NANC ojghtg-oll= NOo|9lo VIP7} &7
NANDEAZA BAste]gs Mol ok P
o7le) M= o B A7 Besteletn Alsd
o} &3 9Al2) NANC ojghH-g-2 M Eutoll A NO2t
Agsle] BA3AF1E hemoglobindl 23] B%
oz oz At olb hemoglobing] &A|Z-&
o] YA Aol & NANC o| g3l nlsje] 3}5e
2he NANC o|ehitg3) Aulee] ArjalFo2 go
71 Z2 NANC oj¢hirgo) disld o dx3 AL
hemoglobin®] ¥x7} AA A7|A5A] AAZHET
9] NOZF #aldl 52y A€ B9l "astr) oy
7] wFol 2gH Qo] =23 hemoglobin®] A%<
NOodl ¢Jate] uf7j5)= 2+ NANC oJ9hhe8 o &
A&tA JAstelet 48} (Fig. 8a-d). 3 $1A2)
NANC o]guH$-2 cytosolic guanylate cyclase
A A2l methylene blueol s x B & A 3HA o
A EZ (Fig. 9a-d) E7 94 $422) NANC ©]
gre-e 23 NO-cyclic GMP Z 2ol 951 uf7] s
gle} Atg g,

4 £

E7] A £42e] v-olzegd v-FUA (NA-
NC) AAAWE A7|aFe g dozl vkg-e] F7]e
9lzled 78}t

1. 871 944 8438 4HolA 32 satder
dotsle] gE ERo| A7z (1~20 Hz) S 31 &
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o) z}pFeiEe] ojFEshs Ul FEukey) =
eI E £ F A3 FEE]e ojghuks-
oA
2. Atropine?} guanethidine EA3tollAe 50
& 284ET AU oA -olehuhg-o-2ultpstet
3. ol AL o|&EA ojguhg-2 A2 AFa
A BEE UHZAFE PAHoR aEfe, AF
AE A tetrodotoxin (0.3 uM)ol olsle] 44
=t

4. NO synthase <AAI1 NG-nitro—Lfax'ginine
(L-NNA, 10~100 uM)2 #7|1z52e=2 do gl NA-
NC o|ehhe-& sxo&H oz AAsIden z+ g2
o thet A g3l = F-J s F ko] gl L-NNAS
AAZHE-2 NO A4 A4222) L-arginineol 23}
o} AA=g]ct. y

5. Alxeto A NOE 83t E843A)7]= he-
moglobin (20~60 uM)2 #7222 o7 NA-
NC ol¢ehir&& s o&EH oz AAlsigen o o
A28 A9 IRE HHEFE FrEE FEE
Yl S 53] MRIEe M7|AFo=" dozgl oj¢
ukg-o] o A 5HA AU

6. Cytosolic guanylate cyclase QA#1¢! methy-
lene blue (10~100 uM)= A7Iz}Z o2 Yo7l NA-
NC olghte-& sxo&d oz #dA3 JAEde
o, 325 E (100 uM)oME AL AlASHAL)

ojliel AMEM E7 YA Sy AVIRER
22 71 NANC ofghit-g-o] 9| oA P22 e

TE FAAer ArHRenE A FAEe
NANC 21739 #uj= sHE2 WeHZd+E Papyor
AaEget Alggo 3 A 429 NANC o)
HS T 2] NANC ol¢hwhe-x3 F2 NO-cyclic
GMP 7% 29 e]a}e] vi7i=] e}t Ab2 €T},

2
(5]
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