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The role of nitric oxide (NO) in non-adrenergic non-cholinergic (NANC) neurotransmission was
studied on circular muscle strips of the dorsal part of the guinea-pig gastric fundus. In the
presence of atropine and guanethidine, a low frequency of electrical stimulation (1~10 Hz)
induced frequency-dependent relaxations which were not affected by adrenergic and cholinergic
blockage but abolished by tetrodotoxin. Nnitro-L-arginine (L-NNA), a stereospecific inhibitor of
NO-biosynthesis, inhibited the relaxations induced by electrical stimulations but not the
relaxations to exogenous nitric oxide. 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 caused concentration-dependent relaxations which showed a similarity to those obtained
with electrical stimulation. Hemoglobin, a NO scavenger, abolished the NO-induced relaxations
and also markedly reduced those induced by electrical stimulation. The inhibitory effect of
hemoglobin was similar to that of L-NNA. Application of ATP caused weak relaxations
compared with those to electrical stimulation, which were unaffected by L-NNA. Exogenously
applied vasoactive intestinal polypeptide (VIP) induced concentration-dependent relaxation
which was not affected by L-NNA. These results suggest that NO is produced and released
mainly as a neurotransmitter from enteric neurons during NANC relaxation induced by low
frequencies and short trains of electrical stimulation and has a main role in NANC
neurotransmission at relaxation induced by these electrical stimulations in the guinea-pig gastric
fundus.
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INTRODUCTION

Non-adrenergic non-cholinergic (NANC) nerves
play an imgortant role in functional regulation of the
stomach in respect that they mediate the receptive re-
laxation when a large volume of foods is taken
(Abrahamsson, 1986). ATP (Burnstock, 1972; 1981,
Fujiwara et al, 1982; Hong and Kim, 1985) or
vasoactive intestinal polypeptide (Fahrenkrug, 1982;
Grider et al., 1985; Grider and Makhlouf, 1987; Ma-
khlouf, 1985; Grider, 1990) was proposed as putative
mediator(s) of NANC nerve in different parts of the
gastrointestinal (Gl) tract. Recently, there are many
evidences indicating that nitric oxide (NOJ) is also a
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neurotransmitter of NANC nerves (Lefebvre, 1993;
Rand, 1992; Sanders and Ward, 1992). In various Gl
tissues such as the canine (De Man, et al.,, 1991) and
opossum (Murray et al,, 1991; Tottrup et al, 1991)
lower oesophageal sphincter, the rat (Boeckxstaens et
al., 1991a; Shimamura et al, 1993), guinea-pig
(Grider et al., 1992; Lefebvre et al.,, 1992) and rabbit
(Jin and Grider, 1993; Hong et al., 1994) gastric
fundus, the canine duodenum (Toda et al., 1991), the
human (Maggi et al,, 1991) and guinea-pig (Osthaus
and Galligan, 1992) ileum, the canine ileocolonic
junction (Boeckxstaens et al.,, 1990; 1991b; Bult et al.,
1990) and the human colon (Boeckxstaens et al.,
1993), inhibitors of NO biosynthesis reduced re-
laxations induced by electrical stimulation. Furth-
ermore, the release of an unstable vasorlaxant factor
with the properties of NO has been shown on stimu-
lation of the NANC nerves in the canine ileocolonic



122

junction (Bult et al., 1990; Boeckxstaens et al., 1991b)
and the rat gastric fundus (Boeckxstaens et al., 1991a),
and NO-synthase has been immunohistochemically
detected in the myenteric plexus of the rat intestine
(Bredt et al., 1990). Moreover, hemoglobin, known to
trap NO (Martin, 1985), also reduced NANC re-
laxations (Boetckxstaens et al., 1990; Bult et al., 1990;
Osthaus and Galligan, 1992). These data suggest that
NO has a transmitter role-of NANC nerve in the Gl
tract. Since the NANC relaxation induced by lower
frequencies of electrical stimulation in the guinea-pig
gastric fundus was almost abolished in the presence
of VIP antiserum (Grider et al., 1985), vasoactive in-
testinal polypeptide (VIP) has been proposed as neu-
rotransmitter of the NANC relaxation in this tissue
(Grider et al., 1985; Grider and Makhlouf, 1987).
However, the incomplete blockade of NANC re-
laxations by VIP antiserum indicates that a non-VIP
component may be involved (De Beurme and
Lefebvre, 1988; D'Amato et al., 1988). It was shown
that NANC relaxation induced by electrical stimu-
lation is reduced by VIP antibody, and further reduc-
ed by NO biosynthesis inhibitor N®-monomethyl-L-ar-
ginine (L-NMMA) in the presence of VIP antibody (Li
and Rand, 1990). Thereby, it was suggested that both
NO and VIP contribute to NANC relaxation. Recently,
Grider and colleagues proposed that VIP released
from enteric neurons, NO released from the neurons
and NO regenerated from muscle cells by the action
of VIP cooperatively involve to NANC relaxation in
the guinea-pig (Grider et al.,, 1992) and rabbit (Jin
and Grider, 1993) gastric fundus and that NO is main-
ly derived from muscle cells during nerve stimulation
as a result of the action of VIP (Grider et al., 1992;
Jin and Grider, 1993; Makhlouf and Grider, 1993).

The present study was undertaken to investigate
whether NO induced NANC relaxation of guinea-pig
gastric fundus is released mainly as a transmitter from
enteric neuron(s) of guinea-pig gastric fundus or is
also produced by the action of putative transmitter(s),
ATP or VIP.

MATERIALS AND METHODS

Tissue preparation and experimental protocols

Guinea-pigs of either sex (400-700 g) were fasted for
24 hr and were stunned and exsanguinated from the
common carotid arteries. The stomach was removed
and after careful removal of the mucosa circular mus-
cle strips (15 to 20 mm long and 2 to 3 mm wide)
were prepared from the dorsal part of the fundus. The
strips were mounted vertically in a 20 or 5 ml organ
bath containing the nutrient solution. Initial tension of
0.5 g was loaded and 90 min was allowed for equili-
bration before initiation of the experiment. Changes in
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isometric tension were recorded through a force-dis-
placement transducer (Narco F60) on a Narco phy-
siograph (Narco MK V). The bathing media were main-
tained at 37°C and aerated with a mixture of 95% O,
and 5% CO,. The composition of nutrient solution was
as follows (mM): NaCl, 118.3; KCl 4.7; CaCl, 2.5;
MgSQ,, 1.2; KH,PO,, 1.2; NaHCO,, 25; Ca-EDTA, 0.
026 and glucose, 11.1 (pH 7.3). It was not necessary
to raise tone in order to observe relaxation response
since the preparation of the guinea-pig gastric fundus
raised tone spontaneously (Sahyoun et al., 1982). Electr-
ical stimulation was applied transmurally through a
pair of parallel platinum wire electrodes in low fre-
quencies (1~10 Hz, 9 V) by 0.5 ms width square
wave pulses for periods of 5 s with a Bio Science
stimulator 200. NGO, ATP or VIP was added into the
bath medium. All experiments were performed in the
presence of atropine (1 uM) and guanethidine (3 pUM).
The effects of hexamethonium (100 uM), phentolamine
(10 uM) plus propranolol (1 uM), hemoglobin (10 puM)
and tetrodotoxin (0.3 pM} were studied on the re-
laxations induced by electrical stimulation (1~10 Hz,
0.5 ms). The effect of L-NNA (10 uM) was examined
on the relaxations induced by electrical stimulation,
NO (0.3~3 puM), ATP (3~30 uM) and VIP (1~100
nM), respectively. To prevent VIP adhesion to glass-
ware, it was added in the presence of 0.01% bovine
serum albumin. L-NNA, hemoglobin and other an-
tagonists were added at least 10 min prior to the electr-
ical stimulation with the exception that hemoglobin
was added 10 min before administration of NO. L-ar-
ginine (5 mM) and D-arginine (5 mM) were added 5
min before L-NNA.

Preparation of hemoglobin

Heparinized blood, 10~15 ml, taken from rabbit
was centrifuged at 1200 g for 20 min at 4°C, and
plasma and buffy coat were removed by aspiration.
The remaining erythrocytes were washed three times
with isotonic phosphate-buffered saline (pH 7.4).
Hemolysis was effected by pipetting 2 ml of the wash-
ed erythrocytes into 8 ml of hypotonic phosphate buff-
er (20 m osmoles, pH 7.4). The contents were mixed
and centrifuged at 20,000 g at 4°C for 40 min. The
supernatant from this procedure constituted the hemo-
lysate. This method was based on that described by
Bowman and Gillespie (1982). Hemoglobin concent-
ration of the hemolysate was estimated by the cyan-
methemoglobin method (Simmons, 1976). The ap-
proximate final concentration of hemoglobin in each
experiment was about 20 uM.

Drug and solutions

The following drugs were used: N®-nitro-L-arginine,
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L-arginine hydrochloride, D-arginine hydrochloride,
VIP, bovine serum albumin and ATP (Sigma Chem-
ical Co., St. Louis, MO, U.S.A), tetrodotoxin (TTX;
Sankyo, Tokyo, Japan), atropine sulfate (Wako, Osaka,
Japan), guanethidine sulfate (Tokyo-Kasei, Tokyo,
Japan), phentolamine hydrochloride (gifted by Ciba-
Geigy, Switzerland), propranolol (Nakarai Chemical,
Japan). NO solution was prepared just before use ac-
cording to the method described by Furchgott (1988).
Drugs were dissolved and diluted with distilled water.
Stock solutions of tetrodotoxin (0.1 mM) and hem-
oglobin (1.3 mM) were stored at -20°C. Phosphate
buffers were made in the way described by Dodge et
al.(1963): stock solution was sodium phosphate,
monobasic (NaH,PO,), 0.155 M and sodium phos-
phate, dibasic (Na2HPO4), 0.103 M. Isotonic phos-
phate buffer was made by mixing appropriate vol-
umes of the above solutions to give pH 7.4. Hy-
potonic phosphate buffer (20 m osmole, pH 7.4) was
made by diluting isotonic phosphate buffer 1 in 15.5.
Isotonic phosphate-buffered saline was made by mix-
ing four volumes of 0.9% NaCl and one volume of
isotonic phosphate buffer (pH 7.4).

Statistical analysis

Relaxations were expressed as percentage of the re-
laxation induced by electrical stimulation of 10 Hz (0.
5 ms) in the beginning of experimentation. Results
were shown as mean+S.E.M. for the number of ex-
periments indicated. All data were analyzed by St-
udent's t test for paired and unpaired observations. P
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Fig. 1. Effects of hexamethonium, propranolol plus phento-
lamine and tetrodotoxin on the relaxations to electrical
stimulation in a circular muscle strip of the dorsal part of the
guinea-pig gastric fundus. The experiments were performed
in the presence of atropine (1 uM) and guanethidine (3 uM).
Hexamethonium (100 uM), propranolol (1 uM) plus
phentolamine (10 pM) and tetrodotoxin (TTX; 0.3 pM) were
added at arrow. Electrical stimulations (1~10 Hz, 0.5 ms for 5
s) were applied at dot. Tracing-breaks represent periods of
tissue equilibration. Similar results were obtained from seven
other experiments.
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values of less than 0.05 were considered to be sig-
nificant.

RESULTS

NANC relaxation induced by electrical stimulation

In the presence of atropine (1uM) and guanethidine
(3uM), low frequencies of electrical stimulation (ES, 1~
10 Hz, 0.5 ms, 9 V) induced frequency-dependent re-
laxations of circular muscle strips of the dorsal part of
the guinea-pig gastric fundus (Fig. 1 to 5). When the
strip was stimulated electrically, tone was very quickly
decreased during stimulation and a biphasic recovery
of tone was followed after cessation of the 5 s stimulus
train, an initial rapid phasic being followed by a
second slower phase (Fig. 1 to 5). These relaxations
were not affected by hexamethonium (100 uM) or
propranolol (1 puM) and phentolamine (10 uM), but
were abolished by tetrodotoxin (0.3 uM) (Fig. 1).

Effects of L-NNA, D-arginine, L-arginine, or hem-
oglobin on NANC relaxation

After exposure of the gastric fundus strips for 10
min to L-NNA (10 pM), NANC relaxation induced by
electrical stimulation at 1 Hz was abolished and th-
ose at 5 and 10 Hz were markedly reduced (Fig. 2,
Table 1), the mean relaxation being 14.41+2.99 and
22.69+3.62% compared with relaxation (89.1541.96
and 100%) induced by electrical stimulation at 5 and

a
10 Hz
L—NNA \
5 10 Hz
'*‘\——W |0'59
L-Arg 5 min
b
1 5 10 1 f_) 19 Hz
‘*-w_-p’
“W '
Hb

Fig. 2. Representative tracing showing the effects of N°nitro-
L-arginine, L-arginine and hemoglobin on the relaxation to
electrical stimulation in circular muscle strips of the dorsal
part of the guinea-pig gastric fundus. N®-nitro-L-arginine (L-
NNA, 10 uM), L-arginine (L-Arg, 5 mM) and hemoglobin (Hb,
20 puM) were added at arrow. a and b were different
preparations. Other experimental conditions were the same
as those described in Fig. 1. Similar results were obtained
from three to ten other experiments.
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Table 1. Effects of L-NNA, D-arginine, L-arginine and hemoglobin (Hb) on NANC relaxations to electrical stimulation in
circular muscle strips of the dorsal part of the guinea-pig gastric fundus. Results represent as the means=+S.E.M. for the
number of experiments indicated in parentheses and are expressed as percentage of the relaxation induced by electrical
stimulation of 10 Hz. The experiments were performed in the presence of atropine (1 uM) and guanethidine (3 pM).

Electrical stimulation (Hz)
1 5 10
Control 29.51+5.44 (11) 89.15+1.96 (an 100 an
L-NNA, 10 uM 0° (1) 14.41+299° (1 22.69+3.62° (1)
L-NNA, 10 uM+L-arginine, 5  13.02+4.84> ¢ (7)  79.13+6.80° @) 97.06+4.36° 7)
L-NNA, 10 uM+D-arginine, 5  ° 4) 16.73+5.35b ) 20.95+7.13° 4)
Control 29.79+6.73 (7) 88.18+2.05 7) 100 )
Hb, 20uM o’ (7)  11.49+1.89° 7) 19.98+3.92° 7)

P < 0.05 and"P < 0.01 different from value in control induced by electrical stimulation (1~10 Hz), student's t test for
paired and unpaired observations, respectively. ‘P < 0.005, different from value in L-NNA-treated muscle strip for unpaired

observations
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Fig. 3. Effects of N®-nitro-L-arginine and hemoglobin on the
relaxations to electrical stimulation and exogenous nitric
oxide in a circular muscle strip of the dorsal part of the
guinea-pig gastric fundus. Nitric oxide (NO, 0.3~3 uM) was
added at dot. L-NNA (10 pM) and hemoglobin (Hb, 20 uM)
were added at arrow, respectively. Other experimental
conditions were the same as those described in Fig. 1. Sim-
ilar results were obtained from three other experiments.

10 Hz in the absence of L-NNA, respectively (Table
1). L-NNA did not consistently increase the basal
tone of the strips. Administration of excess L-arginine
(5 mM), but not D-arginine (5 mM), prevented the in-
hibitory effect of L-NNA (10 uM), though partially pre-
vented the effect of L-NNA at 1 Hz of electrical stimu-
lation. Neither L-arginine nor D-arginine influenced
the NANC relaxations induced by electrical stimu-
lation per se, nor did they influenced basal tone. In
addition, hemoglobin (20 uM) also markedly reduced
the relaxations induced by electrical stimulation (1~
10 Hz, 0.5 ms) (Fig. 2, Table 1), and the inhibitory ef-
fects of hemoglobin (20 uM) were similar to those of
L-NNA (10uM) (Table 1).

1 5 10Hz 3 10 30 ATP
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Fig. 4. Comparison of NANC relaxation with ATP-induced
relaxation in a circular muscle strip of the dorsal part of the
guinea-pig gastric fundus. ATP (3~30 uM) was added at dot.
L-NNA (10 uM) was added at arrow. Other experimental
conditions were the same as those described in Fig. 1. Similar
results were obtained from eight other experiments.

Effects of L-NNA and hemoglobin on NO-in-
duced relaxation

Exogenously applied NO (0.3~3 uM) caused con-
centration-dependent relaxations similar to the NANC
relaxations obtained with electrical stimulations (1~
10 Hz, 0.5 ms), while the effects of NO were slightly
persistent compared to those of the electrical stimu-
lations. The NO-induced relaxations were not in-
fluenced by L-NNA (10 uM), but abolished by hem-
oglobin (20 uM) (Fig. 3).

Comparison of NANC relaxation with ATP-in-
duced relaxation

Administration of ATP (3~30 uM) caused con-
centration-dependent relaxations. The relaxations in-
duced by ATP (3, 10 and 30 uM) were weak (Fig. 4,
Table 2), the mean relaxation being only 13.18+2.31,
26.58+8.03 and 34.22+8.05% compared with re-
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Table Il. Comparison of NANC relaxation with ATP-induced relaxation in circular muscle strips of the dorsal part of the
guinea-pig gastric fundus. Results represent the means+S.E.M. for nine experiments and are expressed as percentage of
relaxation to electrical stimulation of 10 Hz. ATP-induced relaxations were unaffected by L-NNA. Experiments were
performed in the presence of atropine (1 uM) and guanethidine (3 puM).

Electrical stimulation  (Hz) ATP  (uM)

1 5 10 3 10 30
Control 27.07+4.71 88.741+1.82 100 13.18+2.31*  26.58+8.03°  34.22+8.05"
L-NNA, 10 yM 0° 18.02+£5.12°  30.15+4.14°  9.62+1.57° 21.99+4.80°  31.731+6.56°

P < 0.025 and °P < 0.005, different from value in control induced by electrical field stimulation (1~10 Hz), student's t test
for paired observations

Table 11I. Comparision of NANC relaxation with VIP-induced relaxation in circular muscle strips of the dorsal part of the
guinea-pig gastric fundus. Results represent the means+S.E.M. of ten experiments and are expressed as percentage of
relaxation to electrical stimulation of 10 Hz. VIP-induced relaxations were unaffected by L-NNA. Experiments were

performed in the presence of atropine (I uM) and guanethidine (3 pM).

Electrical stimulation (Hz) VIP (nM)

1 5 10 1 10 100
Control 33.22+3.75 80.57+2.63 100 11.91+3.64 70.214+7.03 122.41+9.92
L-NNA, 10 yM  0° 13.67+3.47° 23.2+3.99° 20.15+4.68 57.18+9.59 125.77+18.16

°P < 0.005, different from value in control induced by electrical stimulation (1~10 Hz), student's t-test for paired

observations

laxation (27.07+4.71, 88.74+1.82 and 100%) in-
duced by electrical stimulation at 1, 5 and 10 Hz,
respectively (Table 2). The ATP-induced relaxations
were not significantly influenced by L-NNA (10 uM)
(Table 2).

Comparison of NANC relaxation with VIP-in-
duced relaxation

Exogenous administration of VIP (1~100 nM) caus-
ed the concentration-dependent relaxation, while its
effects were slower in onset and more sustained re-
laxation compared to those induced by electrical
stimulation (Fig. 5). VIP-induced relaxations were not
significantly affected by L-NNA (10 pM) (Table 3)7

DISCUSSION

In the presence of adrenergic and cholinergic block-
age, low frequencies of electrical stimulation of cir-
cular muscle strips of the dorsal part of the guinea-
pig gastric fundus induced frequency-dependent re-
laxations which were abolished by tetrodotoxin, a
nerve conductance blocker. This result suggests that
NANC relaxations have been resulted from NANC
nerve stimulation. Since this NANC relaxation was
markedly inhibited by L-NNA, an inhibitor of NO
biosynthesis (ishii et al., 1990; Moore et al., 1990;
Mulsh and Busse, 1990) and the effect of L-NNA was
prevented by L-arginine, the precursor of the NO
biosynthesis (Palmer et al., 1988; Schmidt et al.,

1 5 10Hz 1 10 100vIP
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Fig. 5. Comparison of NANC relaxation with VIP-induced
relaxation in a circular muscle strip of the dorsal part of the
guinea-pig gastric fundus. VIP (1~100 nM) was added at dot.
L-NNA (10 uM) was added at arrow. Other experimental
conditions were the same as those of described in Fig. 1.
Similar results were obtained from nine other experiments.

1988), but not by its enantiomer, D-arginine, sug-
gesting that these NANC relaxations were mediated
by NO and L-arginine was a stereospecific substrate
of NO. In addition, exogenous administration of NO
caused concentration-dependent relaxations similar to
those obtained by electrical stimulation (Fig. 3). Since
the relaxation to exogenous NO was not affected by
L-NNA, the inhibitory effect of L-NNA on NANC re-
laxations induced by electrical stimulation was on
the NO biosynthesis system rather than on the
postjunctional effector cells. Hemoglobin which neu-
tralized extracellular NO (Martin et al, 1985) a-
bolished the NO-induced relaxations (Fig. 3) and
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not completely but markedly reduced those resp-
onses induced by electrical stimulation (Fig. 2,
Table 1). This difference in efficacy of inhibition
between the relaxation to exogenous NO and that
to electrical stimulation may be explained by the
large molecular size of hemoglobin so that a small
portion may reach the neuromuscular junction (De
Man et al., 1991). On the other hand, it is a pos-
sibility that the other transmitter(s) may have been
involved in the relaxation by more higher fre-
quencies (5 and 10 Hz) of electrical stimulation
since NO-independent NANC relaxations appeared
similarly in the presence of L-NNA and hemoglobin,
respectively (Table 1). NO-independent NANC re-
laxations induced by low frequencies of electrical
stimulation were shown in other tissues such as the
canine lower oesophageal sphincter (De Man et al,
1991), the rat (Boeckxstaens et al, 1991a) and rabbit
(Hong et al, 1994) gastric fundus. Therefore, iden-
tification of transmitter(s) that mediate these NO-in-
dependent NANC relaxation will be very an im-
portant subject for future work.

ATP has been proposed as a NANC neurotransm-
itter in different regions of the gut (Burnstock, 1972,
1978, 1981; Fujiwara et al., 1982; Hong and Kim,
1985). In the present study, it was found that the re-
laxations induced by exogenous administration of
ATP (3 ~ 30uM) were weak compared with those in-
duced by electrical stimulation (1 ~ 10 Hz) (Table 2).
ATP-induced relaxation was not significantly in-
fluenced by L-NNA (Table 2), meaning that NO is
not produced by ATP. Therefore, it is suggested that
ATP is not a main neurotransmitter of NANC nerve in
the guinea-pig gastric fundus.

There are considerable evidences that VIP is the
most likely candidate of NANC neurotransmitter in
various regions of the gut (Fahrenkrug, 1982; Grider
et al., 1985; Grider and Makhlouf, 1987; Grider,
1990). Recently, Grider and his colleagues showed
that during electrical stimulation of muscle strips
VIP release and NO production were increased in
the guinea-pig and rabbit gastric fundus (Grider et
al., 1992; Jin and Grider, 1993) and the NO biosyn-
thesis inhibitor L-NNA abolished NO production
while partly inhibited VIP release and relaxation.
Moreover, large amounts of hemoglobin (100 uM)
partly inhibited VIP release and relaxation but to a
lesser extent than L-NNA. From these results, they
proposed that VIP released from enteric neurons,
NO released from the neurons and NO regenerated
from target muscle cells by the action of VIP in-
volve NANC relaxation in guinea-pig (Grider et al.,
1992), rabbit (Jin and Grider, 1993) gastric fundus
and rat colon (Grider, 1993), and that NO is mainly
derived from the muscle cells during nerve stimu-
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lation- as a result of the action of VIP.

In the present study, exogenously applied VIP caus-
ed the concentration-dependent relaxation, while the
relaxation was not significantly inhibited by L-NNA
(Table 3), implying that NO is not produced by the
action of a putative polypeptide transmitter, VIP. Fur-
thermore, its pattern of relaxation was not similar to
that induced by low frequencies and short trains of
electrical stimulation (Fig. 5). On the other hand, Li
and Rand (1990) proposed that both NO and VIP con-
tribute to NANC neurotransmission, NO being mainly
involved at low frequencies, but also in the initial
part of relaxation induced by high frequencies of
electrical stimulation.

In this study, we observed that the NO biosynthesis
inhibitor, L-NNA markedly decreases NANC relaxat-
ion as similar extent as NO scavenger hemoglobin
(Table 1) and exogenous ATP or VIP-induced re-
laxation was not significantly inhibited by L-NNA
(Table 2 and 3). These results suggest that NO is pro-
duced and released mainly as a neurotransmitter from
enteric neurons during NANC relaxation induced by
low frequencies and short trains of electrical stimu-
lation and has a main role in NANC neurotra-
nsmission at relaxation induced by these electrical
stimulations in the guinea-pig gastric fundus.

ACKNOWLEDGEMENTS

This work was supported by Non Directed Res-
earch Fund from Korea Research Foundation,1993.

REFERENCES CITED

Abrahamsson, H., Non-adrenergic non-cholinergic ner-
vous control of gastrointestinal motility patterns.
Arch. Int. Pharmacodyn., 280 (suppl.), 50-60 (1986).

Boeckxstaens, G. E., Pelckmans, P. A., Bult, H., De
Man, ). G., Herman, A. G. and Van Maercke, Y.
M., Non-adrenergic non-cholinergic relaxation
mediated by nitric oxide in the canine ileocolonic
junction. Eur. J. Pharmacol., 190, 239-246 (1990).

Boeckxstaens, G. E., Pelckmans, P. A., Bogers, J. .,
Bult, H., De Man, ). G., Oosterbosch, L., Herman,
A. G. and Van Maercke, Y. M., Release of nitric ox-
ide upon stimulation of nonadrenergic non-
cholinergic nerves in the rat gastric fundus. J. Phar-
macol. Exp. Ther., 256, 441-447 (1991a).

Boeckxstaens, G. E., Pelckmans, P. A., Herman, A. G.
and Van Maercke, Y. M., Involvement of nitric ox-
ide in the inhibitory innervation of the human iso-
lated colon. Gastroenterology, 104, 690-697
(1993).

Boeckxtaens, G. E., Pelckmans, P. A., Ruytjens, I. F.,
Bult, H., De Man, J. G., Herman, A. G. and Van



Role of Nitric Oxide in NANC Relaxation

Maercke, Y. M., Bioassay of nitric oxide released
upon stimulation of non-adrenergic non-choliner-
gic nerves in the canine ileocolonic junction. Br. /.
Pharmacol., 103, 1085-1091 (1991b).

Bowman, A. and Gillespie, ). S., Block of some non-a-
drenergic inhibitory responses of smooth muscle
by a substance from hemolysed erythrocytes. J.
Physiol., (London) 328, 11-25 (1982).

Bredt, D. S., Hwang, P. M. and Snyder, S. H., Lo-
calization of nitric oxide synthase indicating a neur-
al role for nitric oxide. Nature, 347, 768-770 (1990).

Bult, H., Boeckxstaens, G. E., Pelckmans, P. A., Jor-
daens, F. H., Van Maercke, Y. M. and Herman, A.
G., Nitric oxide as an inhibitory non-adrenergic
non-cholinergic neurotransmitter. Nature, 345, 346-
347 (1990).

Burnstock, G., Purinergic nerves. Pharmacol. Rev., 24,
509-581 (1972).

Burnstock, G., Neurotransmitters and trophic factors
in the autonomic nervous system. j. Physiol., 313,
1-35 (1981).

Burnstock, G., Cocks, T., Kasakov, L. and Wong, H.
K., Direct evidence for ATP release from non-a-
drenergic, non-cholinergic (‘purinergic') nerves in
the guinea-pig tenia coli and bladder. Eur. J. Phar-
macol., 49, 145-149 (1978).

D'Amato, M., De Beurme, F. A. and Lefebvre, R. A.,
Comparison of the effect of vasoactive intestinal po-
lypeptide and non-adrenergic non-cholinergic neu-
ron stimulation in the gastric fundus. Fur. J. Phar-
macol., 152, 71-82 (1988).

De Beurme, F. A. and Lefebvre, R. A., Vasoactive in-
testinal polypeptide as possible mediator of re-
laxation in the rat gastric fundus. J. Pharm. Phar-
macol., 40, 711-715 (1988).

De Man, J. G., Pelckmans, P. A., Boeckxstaens, G. E.,
Bult, H., Oosterbosch, L., Herman, A. G. and Van
Maercke, Y. M., The role of nitric oxide in in-
hibitory non-adrenergic non-cholinergic neu-
rotransmission in the canine lower oesophageal
sphincter. Br. J. Pharmacol., 103, 1092-1096 (1991).

Dodge, J. T., Mitchell, C. and Hanahan, D. )., The
preparation and chemical characteristics of hem-
oglobin-free ghosts of human erythrocytes,
Biochem. Biophys. Acta., 100, 119-130 (1963).

Fahrenkrug, J., VIP as a neurotransmitter in the peri-
pheral neurons system. In Vasoactive Intestinal Pep-
tide (edited by Said S.l.), Raven Press, New York,
1982, pp. 361-372.

Fujiwara, M., Hong, S. C. and Muramatsu, [., Effects
of and purine nucleotide release in guinea-pig tae-
nia coli. J. Physiol., 326, 515-526 (1982).

Furchgott, R. F., Studies on relaxation of rabbit aorta
by sodium nitrite: The basis for the proposal that
the acid-activatable inhibitory factor from bovine

127

retractor penis is inorganic nitrite and the en-
dothelium-derived relaxing factor is nitric oxide. in:
Vasodilation: Vascular smooth muscle, Peptides,
Autonomic nerves and Endothelium, Vanhoutte, P.
M. (ed.), Raven press, New York, 1988, pp .401-
414,

Grider, J. R., Identification of neurotransmitters by
selective protection of postjunctional receptors. Am.
J. Physiol., 258, G103-G106 (1990).

Grider, J. R., Interplay of VIP and nitric oxide in re-
gulation of the descending relaxation phase of per-
istalsis. Am. J. Physiol., 264, G334-(G340 (1993).

Grider, J. R., Cable, M. B., Said, S. I. and Makhlouf,
G. M., Vasoactive intestinal peptide as a neural
mediator of gastric relaxation. Am. J. Physiol., 248
G73-G78 (1985).

Grider, J. R. and Makhlouf, G. M., Prejunctional in-
hibition of vasoactive intestinal peptide release.
Am. J. Physiol., 253, G7-G12 (1987).

Grider, J. R., Murthy, K. S., Jin, J. -G. and Makhlouf,
G. M., Stimulation of nitric oxide from muscle cells
by VIP: Prejunctional enhancement of VIP release.
Am. J. Physiol., 262, G774-G778 (1992).

Hong, S. C., Choi, J. E., Han, S. K., Kim, Y. M., Kim,
N. D., Park, M. S., Hong, E. J. and Kim, J. B., Non-
adrenergic and non-cholinergic relaxation medi-
ated by nitric oxide in rabbit gastric fundus. Yak-
hak Hoeji, 38, 149-157 (1994).

Hong, S. C. and Kim, M. W, Effects of 4-Am-
inopyridine on non-adrenergic, non-cholinergic
response in guinea-pig taenia coli. J. Pharmaceutial
Science, 19, 1-8 (1985).

Ishii, K. B., Chang, B., Kerwin, J. F. Jr, Huang, Z. ).
and Murad, F., N -nitro-L-arginine: a potent in-
hibitor of endothelium-derived relaxing factor for-
mation. Eur. J. Pharmacol., 176, 219-223 (1990).

Jin, ). -G. and Grider, ). R., Stoichiometry of VIP
release and NO production during electrical field
stimulation (EFS) of gastric smooth muscle. Gas-
troenterology, 104, A529 (1993).

Lefebvre, R. A., Non-adrenergic non-cholinergic neu-
rotransmission in the proximal stomach. Gen, Phar-
macol., 24, 257-266 (1993).

Lefebvre, R. A., Baert, E. and Barbier, A. ., Influence
of NC-nitro-L-arginine on non-adrenergic non-cho-
linergic relaxation in the guinea-pig gastric fundus.
Br. J. Pharmacol., 106, 173-179 (1992).

Li, C. G. and Rand, M. J., Nitric oxide and vasoactive
intestinal polypeptide mediate non-adrenergic, non-
cholinergic inhibitory transmission to smooth mus-
cle of the rat gastric fundus. Eur. J. Pharmacol.,
191, 303-309 (1990).

Maggi, C. A., Barbanti, G., Turini, D. and Giuliani, S.,
Effect of N°-monomethyl L-arginine (L-NMMA) and
NC-nitro L-arginine (L-NOARG) on non-adrenergic



128

non-cholinergic relaxation in the circular muscle of
the human ileum. Br. J. Pharmcol., 103, 1970-1972
(1991).

Makhlouf, G. M., Enteric neuropeptides: Role in neu-
romuscular activity of the gut. Trends Pharmacol.
Sci., 6, 214-218 (1985).

Makhlouf, G. M. and Grider, J. R., Nonadrenergic
noncholinergic inhibitory transmitters of the gut.
NIPS, 8, 195-199 (1993).

Martin, W., Villani, G. M., Jothianandan, D. and Fur-
chgott, R. F., Selective blockade of endothelium-de-
pendent and glyceryl trinitrate-induced relaxation
by hemoglobin and by methylene blue in the rab-
bit aorta. J. Pharmcol. Exp. Ther.,, 232, 708-716
(1985).

Moore, P. K., Al-Swayeh, O. A., Chong, N. W. §,,
Evans, R. A. and Gibson, A., L-NG-nitroarginine(L-
NOARG), a novel L-arginine-reversible inhibitor of
endothelium-dependent vasodilatation in vitro. Br.
J. Pharmacol., 99, 408-412 (1990).

Mulsch, A. and Busse, R., NC-nitro-L-arginine (N°-
[imino-(nitroamino) methyl]-1-ornithine) impairs en-
dothelium-dependent dilatations by inhibiting cy-
tosolic nitro oxide synthesis from L-arginine. Nau-
nyn-Schmiedebergs Arch. Pharmacol., 341, 143-
147 (1990).

Murray, J., Ledlow, A., Bates, ). N. and Conklin, J. L.,
Nitric oxide: mediator of nonadrenergic noncho-
linergic responses of opossum esophageal muscle.
Am. J. Physiol., 261, G401-406 (1991).

Osthaus, L. E. and Galligan, J. J., Antagonists of nitric
oxide synthesis inhibit nerve-mediated relaxations
of longitudinal muscle in guinea pig ileum. j. Phar-
macol. Exp. Ther., 260, 140-145 (1992).

Palmer, R. M. ., Ashton, D. S. and Moncada, S., Vas-
cular endothelial cells synthesize nitric oxide from
L-arginine. Nature, 333, 664-666 (1988).

M.W.Kim, S.C.Hong, M.S.Park, E.). Hong and ). E. Choi

Rand, M. )., Nitrergic transmission: Nitric oxide as a
mediator of non-adrenergic, non-cholinergic neuro-
effector transmission. Clinical and Experimental
Pharmacology and Physiology, 19, 147-169 (1992).

Sahyoun, H. A., Costall, B. and Naylor, R. J., On the
ability of domperidone to selectively inhibit ca-
techolamine-induced relaxation of circular smooth
muscle of guinea-pig stomach. J. Pharm. Phar-
macol., 34, 27-33 (1982).

Sanders, K. M. and Ward, S. M., Nitric oxide as a
mediator of nonadrenergic noncholinergic neu-
rotransmission. Am. J. Physiol., 262 G379-G392
(1992).

Schmidt, H. H. H. W,, Nau, H., Wittfoht, W., Ger-
lach, J., Prescher, K. E., Klein, M. M., Niroomand,
F. and Bohme, E., Arginine is a physiological pre-
cursor of endothelium-derived nitric oxide. Eur. J.
Pharmacol., 154, 213-216 (1988).

Shimamura, K., Fujiwara, A., Toda, N. and Sunane, S.,
Effects of NSnitro-L-arginine on electrical and
mechanical responses to stimulation of non-a-
drenergic, non-cholinergic inhibitory nerves in cir-
cular muscle of the rat gastric fundus. Eur. J. Phar-
macol., 231, 103-109 (1993).

Simmons, A., Technical hematology, 2nd ed. (J.B. Lip-
pincott Company, Philadelphia and Toronto), 7-9
(1976).

Toda, N., Tancbe, Y. and Baba, H., Suppression by
NC-nitro-L-arginine of relaxations induced by non-a-
drenergic, non-cholinergic nerve stimulation in dog
duodenal longitudinal muscle. J. Pharmacol.,
(Japan). 57, 527-534 (1991).

Tottrup, A., Svane, D. and Forman, A., Nitric oxide
mediating NANC inhibition in opossum lower eso-
phageal sphincter. Am. J. Physiol., 260 G385-G389
(1991).



