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Abstract—The role of nitric oxide(NQO) as neurotransmitter in non-adrenergic non-cholinergic
(NANC) relaxation induced by electrical stimulation has been studied in circular muscle strips
of the rabbit gastric fundus. In the presence of atropine and guanethidine, low frequency(1~20 Hz)
and short trains (5s) of electrical stimulation induced the frequency-dependent relaxations which
were not affected by adrenergic and cholinergic blockage, but abolished by tetrodotoxin, a nerve
conductance blocker. L-NNA, a stereospecific inhibitor of NO biosynthesis, inhibited the relaxations
induced by electrical stimulation but not affected the relaxation to exogenous NO. The effect
of L-NNA was prevented by L-arginine, the precursor of the NO biosynthesis, but not by its
enantiomer, D-arginine. Exogenous administration of NO(10~100 uM) caused the concentration-de-
pendent relaxation which showed a similarity to those obtained with electrical stimulation. Hemog-
lobin, a NO scavenger, abolished the NO-induced relaxations and also markedly inhibited those
evoked by electrical stimulation. Application of adenosine triphosphate(1~10 yM) induced concent-
ration-independent contractions, but in high dose caused temporary contraction followed by relaxa-
tion which was not affected by L-NNA. Exogenous vasoactive intestinal polypeptide(10~100 nM)
induced the concentration-dependent relaxation, while its effects were slower in onset and more
persistent than those induced by short trains and low frequencies of electrical stimulation. Based
on above results, it is suggested that NO is the principal neurotransmitter of NANC nerve at
relaxation induced by short trains and low frequencies of electrical stimulation in the rabbit gastric
fundus.

Keywords [} Non-adrenergic non-cholinergic (NANC) relaxation, NC-nitro-L-arginine (L-NNA), he-
moglobin, nitric oxide, vasoactive intestinal polypeptide (VIP), rabbit gastric fundus.
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Fig. 1—Preparation of circular muscle strips of the ra-
bbit gastric fundus. The muscle strips were
prepared from ventral part of the gastric fun-
dus except that under the esophagus.
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Fig. 2—Effects of hexamethonium, propranolol plus phentolamine and tetrodotoxin on the relaxations to electrical
stimulation in a circular muscle strip of ventral part of the rabbit gastric fundus. The experiments were
performed in the presence of atropine(1 uM) and guanethidine(3 uM). Hexamethonium(100 pM), proprano-
lol(1 uM) plus phentolamine(10 uM) and tetrodotoxin(TTX, 0.3 uM) were added at arrow. Electrical stimu-
lations (ES: 1~20Hz, 0.5ms for 5s) were applied at dot. Tracing-breaks represent periods of tissue
equilibration. Similar results were obtained from seven other experiments.
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Fig. 3—Representative tracing showing the effects of
NC-nitro-L-arginine, L-arginine and hemoglobin
on the relaxation to electrical stimulation in
circular muscle strips of ventral part of the
rabbit gastric fundus. NS-nitro-L-arginine(L-
NNAw, 10uM, L-NNA% %, 100 uM), L-argi-
nine(L-Arg, 5 mM) and hemoglobin(Hb, 30 uM)
were added at arrow. a and b were different
preparations. Other experimental conditions
were the same as those described in Fig. 2.
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Fig. 4—Effects of NC-nitro-L-arginine L-arginine and
D-arginine on the relaxation to electrical sti-
mulation in circular muscle strips of ventral
part of the rabbit gastric fundus. ©: control
(ES), ®: L-NNA, 10uM, A: L-NNA, 100 uM,
®: L-NNA, 10 uM plus L-arginine, 5mM, A:
L-NNA, 100 yM plus L-arginine, 5mM, O: L-
NNA, 100 yM plus D-arginine, 5 mM. Other
experimental conditions were the same as
those described in Fig. 2. “P<0.005, different
from value in controt induced by electrical sti-
mulation(1~20 Hz), student t test for paired
and unpaired observations. "P<0.025, °P<0.
005, different from value in L-NNA(100 uM)-
treated muscle strips for unpaired observa-
tions. Values are meanst SEM. of 5 to 24
experiments.
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Fig. 5—Effects of hemoglobin on the relaxation to ele-
ctrical stimulation in circular muscle strips of
ventral part of the rabbit gastric fundus. @:
control(ES), @: Hb(30 uM). Other experimental
conditions were the same as those described
in Fig. 2. *P<0.025, ®P<0.005, different from
value in control induced by electrical stimula-
tion(1~20 Hz), student t test for paired obser-
vations. Values are means+ SEM. of eight
experiments.

7F =gl o), L-arginine @ D-arginine2- 382

VA A] FUTHA G A FAEHA) k).
2F0lA Foi§t Nitric Oxide(NO)Q| 0]2HI20|
tH8h L-NNA % hemoglobin2| &t 2154 NO
(10~100 yM)& Fodelsdl s wl H71345(2~20 Hz)
S o) o)ehhe ) fARRE FELEA o]k
(concentration-dependent relaxation)-S-
(Fig. 6a). NO2] olghihg-& H7algo82 oozl o
bl wizhed kg A (onset) 7} ¥ Hi K}
A& w-g& Jehigio) o)5 NO9J o]ghuk-g-e
L-NNA100 uyM) & Ax 2] slal-& W oddko] Q1o

(Fig. 6b), Hemoglobin (30 uM)-& A A =2 s1elg =

T

Vol. 38, No. 2, 1994
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Hl-Ool=d| g H|-BM ol2ukS T} 2ol &
#t ATPS| bS Q| Hin — A7) A5 (2~20 H) 2 =
27l NANCAZAA w2 ASilzd] oEshe
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b
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Fig. 6—Effects of NS-nitro-L-arginine on the relaxa-
tions to electrical stimulation and exogenous
nitric oxide in a circular muscle strip of vent-
ral part of the rabbit gastric fundus. Nitric
oxide(NO, 10~100 uM) was added at dot. N°-
nitro-L-arginine(L-NNA, 100 uM) and hemog-
lobin (Hb, 30 uM) were added at arrow, respe-
ctively. Other experimental conditions were
the same as those described in Fig. 2. Similar
results were obtained from five other experi-
ments.

Fig. 7—Comparison of NANC relaxation with ATP-in-
duced relaxation in a circular muscle strip of
ventral part of the rabbit gastric fundus. ATP
(1~10 uM) was added at dot. ATP caused co-
ncentration-independent contractions in low
concentration(1~3 yM), but in high dose(10
uM) ATP tended to cause temporary contrac-
tion followed by relaxation. Other experimen-
tal conditions were the same as those descri-
bed in Fig 2. Similar results were obtained
from three other experiments.
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Fig. 8 —Comparision of NANC relaxation with VIP-in-
duced response in a circular muscle strip of
ventral part of the rabbit gastric fundus. VIP
{10~100 nM) was added at dot. Other experi-
mental conditions were the same as those des-
cribed in Fig. 2. Similar results were obtained
from three other experiments.
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