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Summary. Hirschsprung’s disease (HSCR) is
characterized by a non-propulsive distal intestinal
segment (usually colon) leading to a functional
obstruction. An absence of ganglia in the affected
segment explains the synonymous term «aganglionosis
coli». The lack of peristalsis is partly due to a deficient
intestinal smooth muscle relaxation based on an
absence of non-adrenergic, non-cholinergic (NANC)
inhibitory innervation. Morphological studies
using conventional microscopy, immunohisto-
chemistry and immunochemistry against general
neuronal markers and neuropeptides have been used
to characterize the disturbed NANC innervation in
HSCR.

An increased cholinergic and adrenergic innervation
is registered in the aganglionic segment in spite of
the lack of neuronal cell bodies: Neuropeptides
like vasoactive intestinal peptide (VIP), pituitary
adenylate cyclase-activating polypeptide (PACAP),
gastrin-releasing peptide (GRP), calcitonin gene-
related peptide (CGRP), substance P (SP), enkephalins
and galanin immunoreactive nerve fibres are all
reduced in number in the aganglionic segment.
In contrast, neuropeptide Y (NPY)-containing nerve
fibres are increased in number in the diseased
segment, probably reflecting the adrenergic hyper-
innervation. General neuronal markers including
chromogranins have been used to map the neuronal
network in the HSCR intestine and also to
investigate the endocrine cell system in the intestinal
mucosa. Nitric oxide is a potent component of the
NANC inhibitory innervation and its synthesizing
enzyme, nitric oxide synthase (NOS), is shown to be
almost absent in the neuronal system in aganglionic
intestine.
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Historical background

Harald Hirschsprung lived from 1830 to 1916 and
worked as a pediatrician in Copenhagen between 1870
and 1904. In 1886 he reported on a disease in two boys
characterized by an impaired intestinal motor function,
progressive abdominal distention and fatal outcome,
whose autopsy showed no signs of mechanical
obstruction in spite of grossly distended large intestines.
He named the disease congenital dilatation of the colon
or megacolon congenitium (Madsen, 1964). Early
reports on the histology of the large intestine from
patients who died as a consequence of Hirschsprung’s
disease have indicated absence of ganglion cells in the
distal colon (Tittel, 1901; Dalla Valle, 1920), but it was
not until 1948 that Whitehouse and Kernohan described
the typical histological appearance in Hirschsprung’s
disecase (Whitehouse and Kernohan, 1948). Their
examination revealed an absence of neurons and ganglia
in the distal narrow part of the bowel. The transitional
zone between the narrow and dilated part of the colon
was found to contain a few scattered neurons. Thick
bundles of nerve fibres were seen running between the
two muscle layers and in the submucosal layer, in
positions normally occupied by the myenteric and
submucous ganglia (Whitehouse and Kernohan, 1948).
The term aganglionosis coli was thus introduced as an
alternative to the terms megacolon congenitum and
Hirschsprung’s disease. The aganglionic segment usually
extends from the anus and a variable distance orally.
Most often the rectum and lower sigmoid are involved,
but occasionally the entire large intestine is aganglionic.
The first internationally recognized report on a
successful operation of Hirschsprung’s disease was
published in 1948 (Swenson and Bill, 1948). It described
the resection of the aganglionic intestine and a colon-
anal anastomosis. However, already in 1898 the famous
English surgeon Frederick Treves reported on a pediatric
case, where he successfully excised the narrow distal
part of the colon and performed a colon-anal
anastomosis (Treves, 1898). Today, several different
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operative procedures are used, all including a resection
of the aganglionic segment but varying in the way the

anal anastomosis is performed. The overall results of

these procedures are fairly good.
Pathophysiological background

The intestinal dysfunction in Hirschsprung’s disease
with a narrow, non-propulsive bowel without peristaltic
waves and with a defective recto-sphincteric inhibition
reflex leads to a functional obstruction (Schérli, 1982).
The finding of normal receptor mechanisms and a
normal resting membrane potential in muscle cells from
aganglionic intestine, indicates that the cause of the
bowel constriction is neurogenic rather than myogenic
(Wright and Sheperd, 1965; Kubota et al., 1983).
Denervation hypersensitivity has been suggested to
cause the constriction (Ehrenpreis et al., 1968).
However, several observations contradict this view,
including the finding of neuro-muscular relationships
and an increased adrenergic innervation in the diseased
bowel (Howard and Garrett, 1970; Toulokian et al.,
1973). The prominent nerve bundles in aganglionic
intestine are strongly acetylcholine esterase-positive and
the existence of such nerve fibres is typical in
Hirschsprung’s disease (Meier-Ruge et al., 1972). The
finding of an increased acetylcholine esterase activity
has led to the hypothesis that a parasympathetic hyper-

activity might lead to the spastic contraction seen in the
aganglionic segment (Meier-Ruge et al., 1972; Ikawa et
al.. 1980; Patrick et al., 1980). Already in 1898 Langley
observed an atropine-resistant relaxation of the stomach
after vagal nerve stimulation (Langley. 1898). Numerous
subsequent reports have suggested the existence of
nervous mechanisms besides the adrenergic and
cholinergic ones involved in the control of intestinal
motility (Burnstock et al., 1964; Crema et al.. 1968). In
aganglionic intestine these non-adrenergic, non-
cholinergic (NANC) inhibitory mechanisms have been
shown to be absent (Wright and Sheperd, 1965;
Nirasawa et al., 1968; Frigo et al., 1973; Kubota et al..
1983; Larsson et al., 1987). Several peptides have been
proposed as neurotransmitter candidates and the term
peptidergic has been used to describe this NANC part of
the intestinal nervous system (Polak et al.. 1979: Sundler
et al., 1980; Bishop et al., 1981; Furness et al.. 1982).

Classical neurotransmitters in Hirschsprung’s disease

An increased activity of acetylcholine esterase
(AChE) is found in the aganglionic intestine and AChE
histochemistry is widely used in the diagnosis of
Hirschsprung’s disease (Meier-Ruge et al., 1972; Lake et
al., 1978; Meier-Ruge and Schirli, 1986). Adrenergic
hyperinnnervation of the aganglionic bowel has also
been demonstrated in Hirschsprung’s disease (Bennet et

Fig. 1. immunostaining for tyrosine hydroxylase in aganglionic
bowel. Large nerve bundle in the intermuscular space (arrow).
X 150
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al., 1968; Howard and Garrett. 1970) using the marker for noradrenergic neurons in histochemical
catecholamine histotluorescence technique (Falck et al., studies on the adrenergic innervation in Hirschsprung's
1962). Tyrosin hydroxylase (TH) has also been used as a disease (Fig. 1) thereby confirming earlier findings

Fig. 2. Immuno-
staining for VIP (a) in
nerve fibres in
ganglionic smooth
muscle showing
coexistence with
PACAP (b). x 250
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(Larsson et al., [991).
Neuropeptides in Hirschsprung’s disease

Vasoactive intestinal polypeptide (VIP), peptide histidine
isoleucine (PHI)

VIP is a 28 aminoacid peptide isolated from the
porcine intestinal wall and distributed throughout the
human body (Said and Mutt, 1970). The intestinal tract,
especially the sphincteric regions, is richly supplied with
VIP-containing nerve fibres (Fig. 2A), which are
intrinsic in origin (Alumets et al., 1979; Malmfors et al.,
1981; Hakanson et al., 1982; Sjolund et al., 1983a). VIP
is known to relax intestinal smooth muscle and has been
proposed as a relaxatory neurotransmitter (Leander et
al., 1981; Furness and Costa, 1982). In aganglionic
bowel, VIP-immunoreactive nerve fibres are markedly
reduced (Fig. 3) (Dupont et al., 1980; Bishop et al.,
1981a,b; Freund et al., 1981; Tsuto et al., 1982; Larsson
et al., 1983; Taguchi et al., 1983). However, quite a lot
of VIP-immunoreactive nerve fibres are found in the
large nerve trunks characteristic of aganglionic intestine.
The mucosal VIP innervation also seems to be much less
affected than in the smooth muscle layers (Fig. 4)
(Larsson et al., 1988a). Nerve fibres displaying
immunoreactivity for PHI are uniformly distributed in
the human intestine and coexist with VIP in peripheral
neurons (Christofides et al., 1983; Yanaihara et al., 1983;
Sundler et al., 1985a,b). Results of nucleotide
sequencing indicates that PHI is a part of the VIP

Fig. 3. Very sparse immunoreactivity for VIP in nerve fibres in
aganglionic intestine. x 150

precursor molecule: pre-pro VIP (Itoh et al., 1983).
Generally, PHI and VIP-immunoreactive nerve fibres
have a similar distribution and the two peptides actually
coexist in nerve fibres both in ganglionic and
aganglionic intestine (Larsson et al., 1988a). In patients
with a very long aganglionic segment including the
distal ileum, immunohistochemistry indicates a more
profound reduction of VIP-containing nerve fibres in the
aganglionic ileum when compared to aganglionic colon
(my own observations).

Pituitary adenylate cyclase-activating polypeptide
(PACAP) in aganglionic intestine

PACAP is a hypothalamic peptide which is also
present in the gut and the respiratory tract (Miyata et al.,
1989; Uddman et al., 1991; Sundler et al., 1992). Two
different variants of PACAP are known: PACAP-38 and
PACAP-27. PACAP shows homology with VIP and is
considered as a new member of the VIP peptide family
(Miyata et al., 1989, 1990; Gourler et al., 1990; Kimura
et al., 1990; Uddman et al., 1991; Sundler et al., 1992).
Like VIP, PACAP has been shown to exert relaxant
effects on mammalian intestinal smooth muscle, but the
adenylate cyclase stimulating activity is greater than for
VIP and PHI (Miyata et al., 1989; Schmidt et al., 1990;
Mungan et al., 1991). In human gut, PACAP immuno-
reactive nerve fibres and cell bodies are present, but a
reduced number of PACAP-containing nerve fibres is
found in the aganglionic bowel (Shen et al., 1992).
Coexistence of PACAP and VIP could be demonstrated

Fig. 4. VIP immunoreactivity in aganglionic bowel. Fairly dense
innervation in the muscularies mucosa and mucosa layers. x 150
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in nervous elements in both ganglionic and aganglionic
segments of the bowel (Fig. 2A,B) (Shen et al., 1992),
and the reduction of PACAP and VIP in the aganglionic
portion of the intestine may contribute to the defective
intestinal motor control in patients with Hirschsprung’s
disease.

Gastrin releasing peptide (GRP)

GRP-containing nerve fibres are found predominantly
in myenteric ganglia in the human gut wall {Bishop et
al., 1981a,b; Larsson et al., 1983). In the human pyloric
region, however, GRP-immunoreactive nerve fibres are
fairly numerous in the smooth muscle layers (Malmfors
and Sundler, 1986). In smooth muscle specimens from
guinea-pig taenia coli GRP has been shown to evoke a
contractile response (Leander et al., 1984). In the
aganglionic intestine from patients with Hirschsprung’s
disease, GRP-immunoreactive nerve fibres are
completely absent (Larsson et al., 1983).

Substance P (SP), calcitonin gene-related peptide
(CGRP)

Nerve fibres showing SP-immunoreactivity are
numerous throughout the intestinal tract, in all layers of
the gut wall, and SP-immunoreactive nerve cell bodies
are found in both myenteric and submucous ganglia
(Fig. 5) {(Pearse and Polak, 1975; Brodin et al., 1981).
An intrinsic origin of the vast majority of SP-immuno-

reactive nerve fibres has been suggested (Malmfors et
al., 1981). SP has been shown to contract intestinal
smooth muscle specimens by a direct effect on smooth
muscle receptors (Leander et al., 1981; Folkers et al.,
1984; Larsson et al., 1987). Apart from this, SP is known
to be a mediator of inflammatory responses in the
airways (Bynke et al., 1983; Lundberg et al., 1985a,b). A
reduction of the amount of SP and a reduced density of
SP-immunoreactive nerve fibres is observed in the
aganglionic segment in Hirschsprung’s disease
(Ehrenpreis and Pernow, 1953; Tafuri et al., 1974;
Larsson et al., 1983; Taguchi et al., 1983; Tsuto et al.,
1985; Tam, 1986). However, a certain amount of SP-
immunoreactive nerve fibres occur in the smooth muscle
and in the pathological nerve trunks observed between
the muscle layers (Fig. 6A). Also, the SP-innervation of
the mucosa seems to be much less affected than that of
the muscle layers (Larsson et al., 1988a).
Colocalization between SP and CGRP has been
demonstrated in sensory neurons in different species and
released together with SP from sensory neurons (Gibbins
et al., 1985; Lee et al., 1985; Lundberg et al., 1985a,b;
Sundler et al., 1985a,b). CGRP-containing nerve fibres
are few to moderate in number in the normal intestine
and the CGRP nerve fibre density does not ditfer overtly
when comparing with aganglionic intestine (Larsson et
al., 1988b). A population of nerve fibres containing both
CGRP and SP has been found in the submucosa both in
ganglionic and aganglionic intestine suggesting a
relatively intact sensory innervation in the aganglionic

Fig. 5. Substance P
immunoreactivity in smooth
muscle and myenteric
ganglia in ganglionic bowel.
x 200
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intestine (Fig. 6A.B) (own observation). 1978: Larsson et al., 1983). The enkephalins., which are
a family of opiate receptor agonists including leucin-

Enkephalins enkephalin, methionine-enkephalin, dynorphine etc., are
believed to mediate non-cholinergic colonic contractions

Enkephalins are present in nerve fibres in the human (Sjoqvist et al., 1984). Enkephalin containing nerve
aut, localized in the myenteric and submucous ganglia fibres are fairly numerous in ganglionic intestine but
and in the smooth muscle layers (Fig. 8) (Alumets et al.. seem to be absent in the aganglionic intestine (Larsson et

Fig. 6. Co-
existence
between SP (a)
and CGRP (b) in
the submucous
layer in
aganglionic
intestine. x 200

Fig. 7. CGRP immunoreactivity in a pathological
nerve bundle situated between the longitudinal and
circular muscle layer in aganglionic intestine. x 150
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al., 1983: Tsuto et al., 1985).
Galanin

Galanin immunoreactivity occurs in cell bodies in
myenteric and submucous ganglia and in nerve fibres
which are richly distributed in the intestine of several
species, including man (Ekblad et al., 1985; Melander et
al., 1985; Larsson et al., 1988b). Galanin is known to
contract intestinal smooth muscle preparations from
several species (Ekblad et al., 1985). The density of
galanin containing nerve fibres in aganglionic intestine
is roughly the same as in ganglionic intestine, and nerve
fibres displaying galanin immunoreactivity are observed
in the hypertrophied nerve trunks in aganglionic gut

(Larsson et al.. 1988b).
Neuropeptide Y (NPY)

NPY is a 36-aminoacid peptide known to be present
in the peripheral (including the enteric-) nervous system
(Furness et al., 1983; Lundberg et al., 1983; Sundler et
al., 1983). The mammalian gut harbours two NPY-
containing nerve fibre populations, one of extrinsic
origin that is identical with adrenergic fibres and another
non-adrenergic emanating from the intramural ganglia
(Lundberg et al., 1983; Ekblad et al., 1984 Sundler et
al., 1986). In aganglionic intestine a striking hyper-
innervation of NPY-containing nerve fibres is found
(Figs. 9, 10) (Hamada et al., 1987; Larsson et al., 1988b,

Fig. 8. Immunoreactivity for leu-enkephalin in
myenteric ganglia and smooth muscle layer in
normal intestine. x 150

Fig. 9. NPY immunoreactivity in aganglionic
intestinal smooth muscle. x 200
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1991). Coexistence studies using the adrenergic marker
TH and VIP show a population of adrenergic NPY/TH-
containing nerve fibres situated around blood vessels,
and another population of NPY/VIP-containing nerve
fibres, lacking TH, with a distribution in all layers of the
ganglionic intestinal wall (Larsson et al., 1991). NPY is
considered to be mainly inhibitory with respect to
gastrointestinal motility (Hellstrém et al., 1985) and it is
not inconceivable that NPY and VIP act in conjunction
in view of their coexistence in a population of non-
adrenergic nerve fibres. In the aganglionic segment a
marked hyperinnervation of both adrenergic NPY/TH-
containing nerve fibres but also of NPY/VIP-containing
nerve fibres and of nerve fibres containing NPY alone is
found in all intestinal layers (Larsson et al., 1991). The
presence of an NPY hyperinnervation has been
suggested as an additional tool for the immunohisto-
chemical diagnosis of Hirschsprung’s disease.

General neuronal markers

Apart from AChE and markers for adrenergic
neurons, general neuronal markers including neuron
specific enolase (NSE) (Tam, 1986), neurofilaments
(Fig. 11) (Kliick et al., 1986), protein gene product
(PGP) (Hamada et al., 1987), and chromogranins (Shen

et al., 1994) have been used to demonstrate the large
nerve bundles seen throughout the aganglionic bowel
wall and the intestinal endocrine cells (Figs. 12-14)
(Larsson et al., 1990).

The mucosal endocrine-paracrine cells are part of the
diffuse neuroendocrine system in the gut and
denervation procedures have been shown to affect
endocrine cell activity and density (Ahlman et al., 1984:
Axelsson et al., 1988). The human colorectal mucosa
harbours cells displaying immunoreactivity for
serotonin, somatostatin, glucagon/glicentin and peptide
YY (PYY) (Lehy et al., 1981; Ferri et al., 1982; Sjélund
et al., 1983b; Boticher et al., 1986; Dolk et al., 1987).
Chromogranins which are a family of a closely-related
acidic proteins including chromogranin A and B are
widely distributed in neuroendocrine cells (Grube et al.,
1986:; Rindi et al., 1986; Lloyd et al., 1988; Buffa et al.,
1989). Chromogranin A is thought to participate in the
intragranular storage of amines and peptide hormones
and may function intracellularly as a calcium-regulatory
protein involved in secretory mechanisms (Grube et al.,
1986; Reiffen and Gratzl, 1986). In the aganglionic
bowel no reduction in the density of endocrine cells can
be seen (Larsson et al., 1990). Rather, cells storing
chromogranin A display an increase in cell density in
aganglionic intestine when compared to ganglionic

Fig. 10. Very dense population of NPY-immuno-
reactive nerve fibres in the muscularies mucosa
and mucosal layer in aganglionic intestine. x 250
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Fig. 11. Pathological nerve trunks in the
intermuscular space in aganglionic intestine
stained for neurofilaments. x 250

Fig. 12. Chromogranin immunoreactivity in
endocrine cells in mucosa from aganglionic bowel.
x 350
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(Figs. 12-14). This supports the finding of a modest
change in the mucosal innervation of aganglionic
intestine despite the lack of submucous ganglia (‘Taguchi
et al., 1983 Larsson et al., 1988a. 1990).

Chromogranin immunoreactive neuronal elements are
present in the human intestine and a population of these
nerve fibres is found to store also TH both in ganglionic
and aganglionic intestine (Shen et al., 1994). In
aganglionic bowel the density of chromogranin immuno-

reactive nerve fibres is markedly increased in compari-
son with the ganglionic intestine (Shen et al., 1994).
Apart from the existence of chromogranins in adrenergic
neurons, coexistence with NPY, galanin and VIP is also
found in the aganglionic intestine (Shen et al., 1994).

Nitric oxide (NO)

Recently, NO has been recognised as a neuro-

Fig. 13. Chromogranin immunoreactivity in
mucosal endocrine cells in ganglionic intestine.
X 250

Fig. 14. Chromogranin immunoreactivity in
mucosal endocrine cells from aganglionic
intestine. x 250
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transmitter and a potent NANC smooth muscle inhibitor,
produced by the enzyme NO synthase (NOS) (Costa et
al.. 1991: Dawson et al., 1991: Maggi et al., 1991:
Snyder and Bredt, 1991; Stark and Szurszewski, 1992).
Nicotine amide adenine dinucleotide phosphate
(NADPH) diaphorase activity and immunoreactivity for
NOS has been shown to be identical and present in
nervous elements in the human intestine (Fig. 195)
(Dawson et al., 1991; Hope et al., 1991; Young et al.,
1992; Larsson et al., submitted). NO is a potent smooth
muscle inhibitor and NOS has been shown to be
associated with inhibitory motor neurons throughout the
gastrointestinal tract, sometimes colocalized with VIP
and an important component of peristalsis (Brookes et
al.. 1991: Bredt and Snyder, 1992; Stark and
Szurszewski, 1992). In the aganglionic intestine from
patients with Hirschsprung’s disease an almost complete
lack of fibres with NOS immunoreactivity or NADPH
diaphorase activity is seen (Fig. 16) (Larsson et al.,
submitted). The lack of NOS and VIP in enteric nerve
fibres may contribute to the inability of the aganglionic
smooth muscle to relax and thereby possess peristaltic
waves. In the ganglionic intestine a large proportion of
ganglion cells in the myenteric ganglia are NOS
immunoreactive whereas only occasional NOS immuno-

reactive nerve cell bodies can be seen in the submucous
ganglia (Larsson et al., submitted). Recently, a
multicentre study has been initiated in order to study the
proportion of NOS immunoreactive cell bodies in
myenteric ganglia from patients operated on because
of Hirschsprung’s disease. This study is based on
the clinical impression that some patients with
Hirschsprung’s disease in spite of a primarily successful
operation show signs of an intestinal dysfunction
emanating from the remaining ganglionic intestine.
Preliminary results show that these patients have a lower
rate of NOS-immunoreactive cell bodies in their
myenteric ganglia when compared to patient with a
normal postoperative course (own observations).

Concluding remarks

Hirschsprung's disease could be considered to be the
only well-defined model for intestinal neuronal
dystunction. Since 1948 it has been surgically treated
successfully, but the pathophysiological mechanisms are
not yet clear. Typical for the disease is a lack of non-
adrenergic, non-cholinergic (NANC)-inhibitory
innervation leading to a defective smooth muscle
relaxation and thereby lack of peristalsis. This functional

Fig. 15. NADPH diaphorase staining in nerve fibres
and nerve cell bodies in myenteric ganglia and
intestinal smooth muscle from ganglionic bowel.
x 200
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16

obstruction left untreated, leads to a severe constipation
or even neonatal ileus. During more than a decade now,
several neuropeptides have been found to act as
neurotransmitters in the NANC part of the enteric
nervous system. Severe derangements of the density of
different neuropeptide-containing nerve fibres are found
in the diseased aganglionic gut. The nerve fibres in the
submucosal and mucosal layers including the density of
endocrine cells are not deranged to such a great extent as
in the smooth muscle innervation. The different
neuropeptides that comprise a part of the NANC
intestinal innervation are all known to have effect on the
intestinal smooth muscle motility. However, the
derangement of these peptide-containing nerve fibres in
aganglionic intestine cannot fully explain the patho-
physiology of the disease. Very recently, NO has been
put forward as an important smooth muscle relaxant,
also in the human intestine. An almost complete lack of
NOS immunoreactive nerve fibres is seen in the
aganglionic intestine. In order to evaluate the
pathophysiological significance of this finding with
respect to Hirschsprung’s disease, however, demands
additional functional studies. Recently, also another
atypical neuronal messenger: namely carbonmonoxide
(CO) (Marks et al., 1991) has given the research society

Fig. 16. Weak staining for NADPH diaphorase in
aganglionic bowel. A pathological nerve bundle is
seen running between the circular and longitudinal
intestinal muscle layers. x 200

in the field of Hirschsprung’s disease another tool for
trying to solve the enigmatic pathophysiology.
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