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Ozet

Hirschsprung hastaliginun transizyonel segmentinde
nitrik oksitin rolii

Son yapilan fizyopatolojik ¢calhsmalar nitrik oksit (NO)'in
insan barsagindaki inhibitor innervasyonda bir norotrans-
miter olabilecegini gdstermektedir. NO'nun Hirschsprung
hastaligindaki dnemini agikliga kavugturmak amac ile dii-
zenlenen bu calismada, dért Hirschsprung'lu olgudan
(yaslar: 6 ay ile 2 yil arasinda degisen 3 erkek ve bir kiz)
elde edilen kolon drnekierinde enterik sinir cevaplart in-
celenmigtir. Degisik otonom sinir blokerleri (L-NMMA ve
L-arginin) uygulanmast éncesi ve sonrasinda, adrenerjik
ve kolinerjik sinirlerin elektriksel alan uyarimina (EAU),
kolonun verdigi in vitro cevaplar mekanograf kullamlarak
degerlendirildi. Su sonuglar elde edildi: 1) Nonadrenerjik
nonkolinerjik (NANK) inhibitér sinir lifleri ganglionik seg-
mentte etkilidirler ve transizyonel segmentte bu etki azal-
maktadir. Buna karsin aganglionik segmentteki enterik
sinir lifleri iizerinde hichir etkileri yoktur. 2) NO, gang-
lionik segmentte NANK inhibitor sinir liflerinin re-
laksasyon cevabint ayarlamaktadir. NO'nun bu etkisi tran-
sizyonel segmentte daha az belirgin olmakta, aganglionik
segmentte ise hi¢ gézlenmemektedir. Hirschsprung has-
taliginda gézlenen motilite bozuklugu, NO gibi NANK in-
hibitér sinir liflerinin azalnug veya ortadan kalkmug et-
kinligi ile yakindan alakali olabilir.

Anahtar kelimeler: Hirschsprung hastaligi, nitrik oksit,
gastrointestinal motilite, néronlar, néral inhibisyon

Summary

Recent pathophysiological studies have shown that nitric
oxide (NO) should be a neurotransmitter of inhibitory in-
nervation in the human gut. To clarify the significance of
NO in Hirschsprung's disease (HD), we have investigated
enteric nerve responses in colonic tissue obtained from 4
patients (3 boys and 1 girl, from age of 6 months to 2
years) with this disease. A mechanography was used to
evaluate in vitro colonic responses to electrical field sti-
mulation (EFS) of adrenergic and cholinergic nerve be-
fore and after treatments with various autonomic nerve
blockers, NG-monomethyl-L-arginine (L-NMMA), and L-
arginine. The following results were obtained: 1) Non-
adrenergic non-cholinergic (NANC) inhibitory nerves
were found to act on the ganglionic segment and to a les-
ser extent in the transitional segment, but had no effect on
the enteric nerves in aganglionic segment, 2) NO mediates
the relaxation reaction of NANC inhibitory nerve in the
ganglionic segment and to a lesser extent in the tran-
sitional segment, but no effect was observed in the agang-
lionic segment. Diminution and absence of action of
NANC inhibitory nerves such as NO may be largely re-
lated to the impaired motility observed in HD.

Key words: Hirschsprung disease, nitric oxide,
gastrointestinal motility, neurons, neural inhibition

Introduction

The clinical picture of Hirschsprung's disease (HD)
arises from a disordered motor function of the distal
alimentary tract, and congenital diminution and ab-
sence of ganglion cells in the affected bowel seg-

ment represents the fundamental pathology (%611
15)
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Hypoganglionosis is a histological feature of the in-
testine proximal to the aganglionic segment in HD,
and this is so-called transitional zone (I:7). At pre-
sent, the definitive treatment for this disease consists
of surgical removal of the transitional and agang-
lionic segment. However, the pathophysiology of
HD remains controversial.

There is no generally accepted explanation as to
why the diminution and lack of ganglions cells in
the intestinal wall should result in contraction of that
segment of the intestine ©!9), There has been re-



newed interest in the intrinsic intestinal innervation.
Besides the classical adrenergic and cholinergic ner-
vous systems, the non-adrenergic and non-cho-
linergic (NANC) nervous systems have been sug-
gested to play important roles in the regulation of
gastrointestinal motility >16). Recently, one pos-
sible explanation for relaxation failure in HD is a de-
ficiency of NANC inhibitory nerves that normally
mediate the descending inhibition of the peristaltic
reflex.

It has also been proposed that in NANC nervous
systems, peptide-like vasoactive intestinal poly-
peptide (VIP), substance P, or neurotensin, which
was initially thought to be a gut hormone, may act as
a neurotransmitter or neuromodulator (1413), Di-
minution of neuropeptides such as VIP and subs-
tance P in the NANC nerves as well as other ab-
normalities of the enteric nervous system have been
described 15, However, the functional sig-
nificance of their abnormalities has no been fully
clarified. Recent pathophysiological studies have
shown that nitric oxide (NO) should be as a mes-
sanger, or a neurotransmitter of inhibitory in-
nervation in the human gut (1218),

Therefore, NO synthase was localized by his-
tochemical staining in cells in the enteric plexus and
in neuronal processes in the human gut ®. Van-
derwinden et al (19 reported that NO synthasc was
selectively absent in the plexus area and musculature
of aganglionic segments, whereas moderate staining
was observed in the hypertrophied nerve bundles in
the submucosa. But, there are no reports on NO in
the transitional segment. The present study in-
vestigated the effects of NO on transitional, agang-
lionic, and ganglionic bowel segments derived from
patients with HD. Mechanographical techniques
were used to study the specimens in vitro.

Material and Methods

Sixteen preparations were taken from the agang-
lionic, hypoganglionic (transitional zone) and gang-
lionic colon of patients (3 boys and 1 girl, from age
of 6 months to 2 years) with HD, respectively. Da-
maged tissues were carefully removed from the pre-
parations and histological examinations were per-
formed to check not only their integrity, but also the
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diminution and absence of ganglion cells in the spe-
cimens taken from patiens with HD. The mucosa
was removed from each colon specimen, and muscle
strips approximately 15 mm in length and 4 mm in
width were prepared in the direction of the circular
muscle.

The muscle strips were placed in a 10 ml organ bath
containing Krebs solution heated at 37° C and gas-
sed with 95 % 02 15 % CO2. Changes in motility
were recorded with an isotonic transducer (ME
Commercial, model ME-4012, Japan) and isotonic
movements in the direction of the circular muscle
were recorded using a pen recorder (Rikadenki, R-
10, Japan) once the muscle strips had become sta-
bilized after 1 hour. Electrical field stimulation
(EFS) using repetitive 0.5 miliseconds rectangular
pulses at 5 Hz (such low frequency stimulations are
considered to stimulate only nerve fibers) and 50 V
from a constant current stimulator (ME Com-
mercial, model ME-6052, Japan) was performed for
periods of 30 seconds. The stimulation were sent
through the silver clip (ME Commercial, selfine clip,
Japan) itself. Mechanographical techniques were
performed for obtaining responses to EFS in vitro.

The following drug preparations were used: atropi-
ne sulfate (1x10°7 giml; Sigma USA), phenoxibenza-
mine (5x10°0 giml; Sigma, USA), propranolol (5x10°
6 g/ml; Sigma, USA), tetrodotoxin (5x1077 giml;
Sankyo, Japan), NC-monomethyl-L-arginine (1x108,
Ix1077, 1x100 g/ml; Peninsula Labor, USA), L-
arginine (1x10°, 1x107, 1x106 giml, Nakarai,
Japan). The X? test (two-tailed) was used for sta-
tistical analysis and a "p value" of less than 0.05
was regarded as significant.

Results

Experiment 1: To determine whether the NANC in-
hibitory nerves were present in the colon specimens,
the response to EFS before and after blockage of the
adrenergic and cholinergic nerves, and after the ad-
dition of tetrodotoxin was studied.

EFS responses before blockade of the adrenergic
and cholinergic nerves: As shown in Table Ia, the
ganglionic muscle strips demonstrated relaxations at
a frequency of 75.0 %. These reactions were 31.6 %
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Table I. Experiment 1

A role of nitric oxide in the transitional segment of Hirschsprung's disease

(a)
Ganglionic segment
Transitional segment
Aganglionic segment

Ganglionic segment
Transitional segment
Aganglionic segment

(c)
Ganglionic segment
Transitional segment
Aganglionic segment

No reaction
0 % (0/16)
0% (0/16)
0% (0/16)

0 % (0/16)
6.3 % (1/16)
93.7 % (15/16)

93.7 % (15/16)
87.5 % (14/16)
93.7 % (15/16)

Contraction

25.0 % (4/16)
68.4 % (11/16)
100 % (16/16)

6.3 % (1/16)
43.8 % (7/16)
6.3 % (1/16)

C63%3/16)
12.5 % (2/16)
6.3 % (1/16)

Relaxation

75.0 % (12/16) .
31.6 % (5/16) :
0 % (0/16) :] *

93.7 9% (15/16) |
50.0 % (8/16)
0% (0/16)

0 % (0/16)
0 % (0/16)
0 % (0/16)

EFS: electrical field stimulation, *p<0.05.

{a) Response to EFS before blockade of the adrenergic and cholinergic nerves.
(b) Response to EFS after blockade of the adrenergic and cholinergic nerves.

(¢) Response to EFS following administration of tetrodotoxin.

of the transitional muscle strips. However, the
aganglionic muscle strips demonstrated contractions
at a frequency of 100 %. Significant differences
were noted between the frequency of relaxation re-
action in ganglionic and transitional and aganglionic
colon (p<0.05, p<0.0001, respectively). Figure 1a il-
lustrates the results of a typical experiment.

EFS responses after blockade of the adrenergic and
cholinergic nerves: As shown in the Table Ib, EFS
of ganglionic muscle strips produced relaxation re-
action than before blockade. The relaxation fre-
quency observed in the ganglionic muscle strips was
93.3 %. These reactions were 43.8 % of the transi-
tional muscle strips. However, the aganglionic
muscle strips exhibited contraction at a frequency of
7.3 9. The remainder of the muscle strips demonst-
rated no responses. Significant differences were
noted between the frequency of relaxation reaction
in ganglionic and transitional colon (p<0.05). Figure
1b illustrates the results of a typical experiment.

Response to EFS following administration of tet-
rodotoxin after blockade of the adrenergic and cho-
linergic nerves: It was thus uncertain whether EFS
responses reacted via the nerves or by direct effect
on the smooth muscle. To clarify this point, a study
was made of the effects of EFS after blocking the
total enteric nervous systems with tetrodotoxin. Tet-
rodotoxin almost abolished the EFS responses in
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Figure 1. Response to electrical field stimulation (EFS).
(a) Response to EFS before blockade of the adrenergic and cho-
linergic nerves.
(b) Response to EFS after blockade of the adrenergic and cho-
linergic nerves.
(c) Response to EFS following administration of tetrodotoxin
after blockade of the adrenergic and cholinergic nerves.
(d) Effect of L-NMMA (1x10-6 giml) to EFS after blockade of the
adrenergic and cholinergic nerves.
(e) Effect of L-arginine (Ix10-¢ giml) to EFS following ad-
ministration of L-NMMA (1x10-6 giml) after blockade of the ad-
renergic and cholinergic nerves.

ganglionic, transitional and aganglionic muscle
strips (Table Ic), Figure 1c illustrates the results of a
typical experiment. These results indicated that the
responses mediated by NANC inhibitory nerves oc-
curred in the ganglionic colon and to a lesser extent
in transitional colon, but not in the aganglionic
colon.



Table II. Experiment 2
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Ganglionic segment
L-NMMA

1x10-8 g/ml

1x10-7 g/ml

1x10-6 g/ml
Transitional segment
L-NMMA

1x10-8 g/fml

1x10-7 g/ml

1x10-6 g/ml
Aganglionic segment
L-NMMA

1x10% g/ml

1x10-7 2/ml

1x10-6 g/ml

No reaction

0% (0/16)
6.3% (1/16)
12.5% (2/16)

7.1% (1/14)
T7.1% (1/14)
14.3% (2/14)

100% (16/16)
100% (16/16)
100% (16/16)

Contraction Relaxation

18.7% (3/16) 81.3% (13/16)
18.79% (3/16) 75.0% (12/16)
50.0% (8/16) 37.5% (6/16)
64.3% (9/14) 28.5% (4/14)

78.6% (11/14)
85.7% (12/14)

14.3% (2N14)
0% (0/14)

0% (0/16) 0% (0/16)
0% (0/16) 0% (0/16)
0% (0/16) 0% (0/16)

EFS: electrical field stimulation, *p<0.05.

Effects of NG-monomethyl-L-arginine (L-NMMA; 1x10-8, 1x10-7, 1x10-6 giml) to EFS after blockade of the adrenergic and cholinergic nerves.

Experiment 2: After blocking both the adrenergic
and cholinergic nerves, the effect of L-NMMA (an
inhibitor of the NO-biosynthesis) on EFS was stu-
died. Figure 1d illustrates the results of a typical ex-
periment. At 1x1078, 1x10-7, 1x10°® g/ml, L-NMMA
in the ganglionic muscle strips produced a concent-
ration-dependent inhibition of reaction to EFS and
the relaxation frequency was 81.3 %, 75.0 %, and
37.5 %, respectively. And, 28.5 % relaxation was
observed after 1x108 g/ml L-NMMA, 14.3 % after
1x107 g/ml, and 0 % after 1x10® g/ml in the tran-
sitional muscle strips (Table II).

In addition, significant differences were noted bet-
ween the relaxation frequency in 1x10-8 and 1x10-6
g/ml and between 1x107 and 1x10° g/ml in the
ganglionic muscle strips (p<0.05). The effects of L-
NMMA on aganglionic muscle strips was also in-
vestigated. None of the aganglionic muscle strips ex-
hibited a response.

Experiment 3: Following experiment 2, the effect
of L-arginine (a precursor of the NO-biosynthesis)
on the L-NMMA induced inhibition of evoked re-
laxation to EFS was also investigated. As shown in
Figure le, the inhibition of relaxation reaction to
EFS in the ganglionic and transitional colon was re-
versed. Thus, 42.3 % and 7.1 % relaxation was ob-
served after 1x10°8 g/ml L-arginine, 64.2 % and 21.4
% after 1x1077 g/ml, and 85.7 % and 35.7 % after
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1x10° g/ml in the ganglionic and transitional musc-
le strips, respectively (Table IIT). Significant dif-
ferences were noted between the frequency of re-
laxation reaction to 1x108 and 1x10 g/ml L-
arginine (p<0.05). Reactions of aganglionic muscle
strips to EFS were unaffected by L-arginine.

According to the results of experiment 1 and 2, re-
laxation reaction of NO was observed in the gang-
lionic colon and a lesser extent in the transitional
colon, but was absent in the aganglionic colon. The
decrease and loss of the effects of NO that mediate
non-adrenergic inhibitory nerves may be largely re-
lated to the peristaltic abnormalities seen in tran-
sitional and aganglionic colon.

Discussion

It has been widely reported that NO plays a major
role in the relaxation of the enteric smooth muscle of
many different animal species including humans
(8.12.18) 1n 1990, Bult et al @ provided evidence
that NO is released by stimulation of the NANC in-
hibitory nerves in the gastrointestinal tract. Recent
studies have shown that NO meets most criteria for
neurotransmitters, supporting the role for NO as a
neurotransmitter in the gastrointestinal tract (12:18),
However, histochemical studies have shown that NO
is identical to nicotinamide adenine dinucleotide
phosphate-diaphorase (NADPH-diaphorase) .



R. Tomita, K. Munakata. A role of nitric oxide in the transitional segment of Hirschsprung's disease

Table III. Experiment 3

No reaction

Ganglionic segment

L-arginine

1x10-8 g/ml T1% (1/14)

1x10-7 g/ml 14.3% (2/14)

1x10-6 g/ml 14.3% (2/14)

Transitional segment

L-arginine

1x10-8 g/ml 7.1% (1/14)

1x10-7 g/ml 7.1% (1/14)

Ix10-6 g/ml T.1% (1/14)

Aganglionic segment

L-arginine

Ix10-8 g/ml 100% (14/14)

1x10-T g¢/ml 100% (14/14)
100% (14/14)

1x10-6 gfml

Relaxation

42.8% (6/14) — .
64.2% (9/14) .
85.7% (12/14)

Contraction

50.0% (7/14)
21.4% (3/14)
0% (0/14)

85.7% (12/14)
71.4% (10/14)
57.1% (8/14)

7.1% (1/14)
21.4% (3/14)
35.7% (5/14)

0% (0/14) 0% (0/14)
0% (0/14) 0% (0/14)
0% (0/14) 0% (0/14)

EFS: electrical field stimulation, *p<0.05.

Effects of L-arginine (1x10-8, 1x10-7, Ix10-6 giml) to EFS following administration of NG-monomethyl-L-arginine (L-NMMA; ] x10-6 giml) after

blockade of the adrenergic and cholinergic nerves.

Recent studies reported that NO synthase was se-
lectively absent in the plexus area and the muscle of
aganglionic segments. Moderate staining was ob-
served in the hypertrophied muscle bundles in the
submucosa possibly originating from the pelvic ple-
xuses 8). In contrast, NO synthase was abundant in
the ganglionic segment, and the pattern was similar
to that in normal colon as demonstrated by NADPH-
diaphorase histochemistry (-10:12.19) There are no
reports on NO in the transitional segment 17),

Previously, we reported that diminution of action of
NANC inhibitory nerves mediated by such factor as
NO might be related to the impaired motility ob-
served in patients with hypoganglionosis. These fin-
dings therefore indicate that the diminution and ab-
sence of NO, resulting in the diminution and
absence of an inhibitory signal at the level of the
smooth musculature, may be responsible for inc-
reased tone in the HD colon and a major feature in
the pathophysiology of HD.

In this study, NANC inhibitory nerves were found to
act on normal human colon and to a lesser extent on
the transitional segment, but there was no effect on
the enteric nerves in aganglionic segment. When the
muscle strips of ganglionic colon were exposed to
L-NMMA, an inhibitor of the NO-biosynthesis, the
relaxation response to EFS after blocking both the

adrenergic and cholinergic nerves was attenuated or
replaced by a contractile response. The effect of L-
NMMA was reversed in a concentration-dependent
manner by L-arginine, a precursor of NO-biosynthe-
sis. In contrast to ganglionic segment, none of the
aganglionic segment showed any response to L-
NMMA or L-arginine.

The effects of L-NMMA and L-arginine decreased
in the transitional segment compared with the gang-
lionic segment. The relaxation reaction of NO was
observed in ganglionic colon and to a lesser extent
in the transitional colon but was absent in agang-
lionic colon.

Present data confirm that the diminution of reaction
of NANC inhibitory nerves in the transitional and
lack of that in the aganglionic bowel segment of HD
patients suggests abnormal innervation of the musc-
le.

The diminution and absence of NO as a neuro-
transmitter in the muscle is most likely to be respon-
sible for the spasticity of the lesional, transitional
and aganglionic segment of HD. Recently, NO and
various other neuropeptides have been shown to co-
exist in single neurons (12), Thus, further assessment
of the relationship between NO and neuropeptides is
required.
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