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ABSTRACT

The overall aim of this research was to examine the role of the neuronal
solitarial network in the neural organization of swallowing. The specific objectives
were: 1) to map deglutitive premotor loci within the nucleus tractus solitarii (NTS),
2) to examine their pharmacological characteristics and 3) trace their intrabulbar

connections. Experiments were done on ised rats utilising

which included micropneumophoresis, neuronal tracing and immunocytochemistry.

Deglutitive loci were mapped by local ications of the )

of glutamate receptor subtypes involved in the various components of swallowing

were i and both and tracing i were
employed.

The results indicate that, within the NTS, pharyngeal loci extend from the
level of the obex to 900 pm rostrally overlapping the subnuclei ventralis and
intermedialis; both cervical and distal oesophageal loci are coextensive with the
subnucleus centralis of the NTS.

Based on a comparison of excitatory amino acid agonist potency and the

effects of N-methyl-D-aspartate (NMDA)-selective and lecti ists on

glutamate-evoked responses, kainate (KA) receptors were found linked to

pharyngeal sites whereas NMDA

were p i i with the

subnucleus centralis. Under physiological conditions, the response to NMDA



Pt i in the centralis appears to be dependent in part on

an intact cholinergic input directed at muscarinic cholinoceptors. In contrast, the

KA i i P at solitarial deglutitive loci appear

of an excil inergic input insofar as the involvement of

excitatory 5-HT, and/or S-HT,. receptors is concerned. The 5-HT input to the

pharyngeal territory of the solitary complex originates, at least in part, from cells
in the raphe obscurus, magnus and pontis nuclei.

Anterograde fibre tracing by the use of Phaseolus vulgaris leucoagglutinin

revealed dense jecti from the

glutitive loci to the pharyngo- and
oesophagomotor portions of the nucleus ambiguus. In addition, solitarial efferents

displayed a distinct pattern of projection to other pools

the muscles of deglutition viz, the hypoglossal, the facial and its accessory nucleus,
the motor trigeminal and its accessory nucleus and the dorsal vagal motor nucleus.
Thus, the pharmacological data together with the neuroanatomical evidence of
direct neural projections from deglutitive loci in the solitary complex to the motor
nuclei involved in swallowing lend strong credence to the hypothesized role of

solitarial i as of the

glutitive motor pattern.

KEY WORDS: Swallowing Deglutition Nucleus tractus solitarii Glutamate

NMDA recep A i Serotonin  Nucleus

ambiguus  Premotor neurons
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CHAPTER ONE
INTRODUCTION

L Swallowing - an overview

According to the biogenetic law' (Baer, 1828; Haeckel 1868), ontogeny

If the bi ic law were to hold for motor development
as well as for morphogenesis, it would predict motor functions during ontogeny to
emerge the earlier the more ancient their origin. The early appearance of
swallowing during foetal development (Humphrey, 1964; Mistretta and Bradley,
1975) suggests the primordial nature of this motor synergy.

Swallowing has been the subject of scientific enquiry since antiquity. One
of the first authoritative accounts is that of Galen (165-179 A. D.) which, although

partly based upon animal i i ined entirely sp ive and

dogmatic, being guided by it ion. Accurate iptions of the

act of swallowing date back to the 1600's (Harvey, 1628, cited from Doty, 1968).
More than two-and-a-half centuries elapsed before it was proposed that this
complex act must be under the control of a "center of deglutition" (Wassilieff, 1888
and Marckwald, 1889, cited in Doty, 1968; Meltzer, 1899). The search for this

elusive ing centre is still
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Comp! ive reviews on ition have been compiled in previous years
(Ingelfinger, 1958; Doty, 1968; Diamant and El-Sharkawy, 1977; Hockman et al,
1979; Miller, 1982, 1986, 1987; Roman, 1982, 1986; Hiiemae and Crompton, 1985;
Carpenter, 1986; Kennedy and Kent, 1988). Therefore, the present dissertation
will not attempt a detailed survey of the literature but concentrate on the major
current concepts of the neural control of swallowing.

Swallowing may functionally be divided into three stages, the preparatory

(linguop ), the pharyngeal and the ( ie, 1813, cited from
Miller, 1982).

In the linguopalatal stage, food is rendered suitable for swallowing by
intraoral manipulation and mastication. Although this stage of swallowing is
predominantly under voluntary control, current evidence suggests that particular
patterns of oral stimuli facilitate
et al, 1986).

The pharyngeal stage is initiated as the bolus makes contact with specific

petitive jaw and tongue (e-g. Willigan

receptive zones of the (Miller and i 1916). Two principal

movements are then performed by the pharynx: an elevation of the whole
pharyngeal tube followed by a descending peristaltic wave (Negus, 1943; 1948;
Shelton er al, 1960). The latter consists of sequential contractions of the

pharyngeal constrictors, which propel the bolus through the pharynx.
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Simultaneously, the larynx moves up and is pulled forward under the root of the

tongue.

‘The pharyngeal stage of ing is ised by a complex pattern

of muscle contractions that proceeds in an all-or-none sequence. The muscles that

discharge at the onset of the pharyngeal stage (the "leading complex”; Doty and

Bosma, 1956) includ i yngeus, posterior
intrinsic tongue muscles, i iohyoid and id. The
activity of the digastric, i id and the id forms a tensed

floor for the oral cavity and the tongue base. Against this tensed floor, the
posterior tongue contracts and is forced backward against the food. This posterior
movement of the tongue appears to be caused in part by powerful activity of the
hyoglossal musculature (Hiiemae and Crompton, 1985).

The final stage of the pharyngeal phase is the propulsion of the bolus from

the pharynx into the P ‘The phar P junction, isting of

the cricopharyngeal muscle of the inferior pharyngeal constrictor and the muscles
positioning the cricoid cartilage into which the inferior pharyngeal constrictor inserts,
normally remains closed passively by elasticity of surrounding tissues, according to
the analysis by Doty (1968). Whether or not the cricopharyngeal muscle is also
tonically active remains somewhat controversial. However, it is generally agreed
that the cricopharyngeal muscle must relax to allow the bolus to enter the

oesophagus (see Miller, 1982 for review).
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Entry of the bolus into the oesophagus marks the initiation of the
oesophageal stage of swallowing. Meltzer (1899; 1907) divided oesophageal

peristalsis into primary and types. The

of

of propulsit ions, are termed 'primary’

(or deglutitive) peristalsis. The also displays p

of swallowing in response to a local stimulus such as balloon distension. Such

of the are termed istalsis. Yet

another type of peristalsis is seen which is termed "tertiary’ (Cannon, 1907; Jurica,
1926, cited from Roman, 1982) or 'autonomous’ (Roman, 1982). This is the term
applied to peristaltic contractions displayed by the smooth muscle oesophagus in
the absence of extrinsic innervation.

When swallows are elicited in quick ion, the

remains inhibited until the last swallow following which primary peristalsis resumes
(Meltzer, 1899). This phenomenon has been termed ‘deglutitive inhibition’

(F and 1967; et al, 1974).

It is generally agreed that, at rest, the lower oesophageal (gastroesophageal)

sphincter remains closed due to a tonic contraction of the sphincteric muscles (see

1958; I and 1974). ion of this sp

region occurs shortly after initiation of the pharyngeal stage (see Doty, 1968 for

a review of the literature). The latency of this relaxation is relatively short so

that it invariably occurs well before the peristaltic wave
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the area. Thus, it appears that the gastroesophageal junction is an entity separable

from the other stages of swallowing insofar as the organisation of deglutition is

This is further supported by the ion that deg

inhibition does not extend to the gastroesophageal junction: the latter remains open

during repeated ing and until the phag istaltic wave of the last

swallow passes through the opening (Kronecker and Meltzer, 1881, cited from Doty,

1968).

IL Neural control of swallowing

With the recognition of swallowing as a reflex synergy (Bidder, 1865,
Blumberg, 1865, Waller and Prevost, 1870, and Wassilieff, 1888, cited from Doty,
1968; Miller and Sherrington, 1916), three separate levels of the swallowing pathway
have traditionally been discerned:

1. The efferent limb.
2. The afferent limb.

3. The organisational stage.

1. The efferent limb
The efferent limb of the deglutitive neural pathway represents the

coordinated output of cranial nerves V, VII, IX, X and XII. Motoneurons
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the pharyngeal and phageal muscles are distributed in the
brainstem in several pools beginning from the level of the trigeminal motor nucleus
and extending at least as far caudally as the first cervical segment of the spinal

cord. Within this di ion, two major

groupings can be distinguished, the

dorsally located hypoglossal nucleus and the ventrally located column of special

visceral motor nuclei i ing the i ic and striated
musculature.  Contrary to the analysis of Doty (1968), specific grouping of
motoneurons active in deglutition is apparent, at least within some of the
branchiomotor nuclei (e.g. the principal column of the nucleus ambiguus; the
accessory nuclei of the facial and trigeminal motor nuclei; see Table I). The
locations of motoneurons innervating the major muscles participating in swallowing
in the rat are listed in Table L

The source of the extrinsic innervation of the oesophageal smooth muscle
has been a subject of debate. Physiological evidence has attested to the presence
of an extrinsic source of nerve supply to the smooth muscle oesophagus (Janssens
et al,1976; Janssens, 1978; Tieffenbach and Roman, 1972). Pharmacological
evidence (Bartlett, 1968; Kamikawa and Shimo, 1979) indicates the innervation to
be of the general visceral efferent type and, therefore, points to the dorsal motor
nuclevs of the vagus (DMX) as the source. This is supported by histological and
tracing studies (Marinesco and Parhon, 1907; Coil and Norgren, 1979; Niel et al,

1980; Hudson and Cummings, 1985; Vyas et al, 1987).



TABLE 1

Muscles participating in deglutition
and their sources of innervation in the rat.

Muscle Location of Peripheral Reference
motoneurons nerve branch
Pharyngeal Semicompact division Pharyngeal Bieger and
constrictors of nucleus ambiguus branch of Hopkins, 1987.
(Amb,.) Xth nerve

Intrinsic Loose formation of Recurrent =
laryngeal nucleus ambiguus laryngeal
muscles (Amb,)
Cricothyroid Overlaps rostral Superior .
muscle portion of Amb,, laryngeal
Stylopharyn- Tip of nucleus IXth nerve .
geus muscle ambiguus
Mylohyoid, Ventromedial division Posterior trunk Sasamoto, 1979;
anterior of trigeminal motor of mandibular Székely and
belly of nucleus (V' branch of Vth Matesz, 1982
digastric nerve
Stylohyoid, Accessory facial Stylohyoid and Székely and
posterior nucleus (VII}) digastric rami Matesz, 1982;
belly of of VIIth nerve. Shohara and

digastric Sakai, 1983,




TABLE I - continued

Muscle Location of Peripheral Reference
motoncurons nerve branch
Styloglossus, Dorsal subdivision Styloglossal and Krammeretal..
hyoglossus of hypoglossal hyoglossal rami 1979.
nucleus (XI1,) ol‘ Xlllh nerve
= 5 2 .
subdivision of XII, ramus of XIlth nerve
Geniohyoid ventrolateral Geniohyoidal = Kitamura
subdivision ramus of XIith et al., 1983
of XII, nerve
Thyrohyoid Smul portion First cervical Kitamuraeral.,
and spinal nerves
Semral horn of C1
‘Oesophageal compact division Cervical vagus Bieger and
striated of nucleus ambiguus nerve Hopkins, 1987.
muscle (Amb,)
Oesophageal Dorsal vagal motor Xth nerve Vyaset al., 1987.
smooth nucleus (?)

muscle
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In ‘addition to this parasympathetic nerve supply, histofluorescence

of a well

P rgic ground plexus in the
muscularis mucosae of the cat or rhesus monkey (Baumgarten and Lange, 1969)
suggests the existence of an extrinsic sympathetic innervation of the smooth muscle
oesophagus. However, the exact source of this innervation remains obscure.
‘The origin of the central nervous control of the lower oesophageal sphincter
is even more uncertain due to the paucity of experimental data. Ongoing
investigations (Vyas et al, 1987; in preparation) demonstrate that, in the rat, the
spinal portion of the dorsal vagal motor nucleus contains neurons retrogradely
labeled following injection of tracer into the gastroesophageal junction, thereby
indicating this motor nucleus to be the source of the smooth muscle component
of the rat lower oesophageal sphincter. It should be pointed out that smooth

muscle in the lower sphis ic region of the i igit with striated

muscle fibers in the rat (Marsh and Bieger, 1987) and the guinea pig (Thomas and
Trounce, 1960).

Intrinsic innervation of the oesophagus derives from the plexuses of
Meissner and Auerbach which are well developed in the smooth muscle of the
oesophagus (Kuntz, 1947, cited from Roman, 1982). Intramural neurons of the
myenteric plexus of Auerbach were generally believed to be relay neurons
interposed between the vagal efferent fibers and the smooth muscle. However,

the presence of these intramural neurons also in the striated muscle portion of the
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oesophagus refute such a simple explanation of their role. On the other hand, the
inherent ability of the oesophageal smooth muscle to display autonomous peristalsis
as well as the results from a plethora of studies on this preparation (e.g. Bieger
and Triggle, 1985; see Roman, 1982 for literature) indicate the profound influence
the intramural neurons must exert on oesophageal motility.

Several electrophysiological recording studies have been performed on the

activity of the of the i and trigeminal motor

nuclei during swallowing (Sumi, 1964; 1969; Car and Jean, 1971; Jean, 1972a; 1978;
1984; Amri et al, 1984; Kessler and Jean, 1985a; Car and Amri, 1987; Amri and
Car, 1988; Tomomune and Takata, 1988). The data indicate that the motoneurons
display a burst of spiking activity during swallowing evoked by stimulation of the
superior laryngeal nerve (SLN) but with synaptic delays (5-8 ms) that suggest the
pathway to be polysynaptic. In addition, data suggest that the synaptic inputs to

the motoneurons are not purely excitatory; for example, in hypoglossal

a complex ination of inhibition and excitation is often observed

during swallowing (e.g. Tomomune and Takata, 1988). Following a stimulus
pattern delivered via the SLN, the motoneurons demonstrate two stages of
depolarisation (Sumi, 1969): the first of these is probably due to the polysynaptic

input while the second is ied by greater isati i ing a

spiking discharge for 200-400 ms. The latter probably represents the synaptic drive

of the central pattern generator for swallowing.



2. The afferent limb

Various receptive regions in the oropharynx can elicit deglutition upon
appropriate stimulation (Miller and Sherrington, 1916). Originally discovered by
Bidder (1865) and Blumberg (1865), the nerve that elicits swallowing most readily
upon electrical stimulation in many species including cat, dog, monkey, sheep and
rat is the superior laryngeal nerve branch of the vagus (Doty, 1951; Doty and
Bosma, 1958; Miller, 1972; Jean, 1972a; Bieger er al, 1977; Weerasuriya et al,
1980). Other nerve routes are also effective in giving rise to reflex swallowing.

The IX nerve, when i i evokes ing (Reid, 1837, cited

from Miller and Sherrington, 1916) though less readily than the SLN in most
species (Doty, 1951; Priima, 1958, cited from Miller, 1982). In the dog, bilateral
sectioning of the IX nerve impairs deglutition (Ogura et al, 1964) but does not

affect ing in human (B: ine ef al, 1954), indicating the variation between

species. In the cat, Weerasuriya ef al. (1980) showed that simultaneous stimulation
of the IX and the SLN results in spatial summation ie. an increased response

(number of

) as to sti ion of a single nerve alone. In the
macaque, the afferent pathway carried by the Vth nerve has been reported to be
the primary one for the initiation of swallowing (Kahn, 1903, cited from Doty,
1968).

Electrical stimulation of the lingualis-chorda nerve has been reported to

inhibit ing (Miller and i 1916).
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Since other synergies (vomiting, coughing, vocalisation) can also be evoked
by electrical stimulation of the SLN, it is believed that the sensory code eliciting
swallowing comprises a particular stimulus pattern. This is supported by the
observation that electrical stimulation of the SLN releases separate synergies at
different frequencies with a swallowing optimum of 30-50 Hz in various species
(Doty, 1951; Miller, 1972; Weerasuriya et al, 1980) and 20-40 Hz in the rat
(Bieger et al, 1977). Exactly what comprises the diverse sensory codes and how
they are deciphered by the central programs organizing the different synergies
remains unclear.

Peripheral sensory feedback is important not only for triggering the central
program for swallowing, but also for continually modifying it depending upon the
size and consistency of the bolus during its transit in the course of a swallow or
a series of swallows (e.g Hrychshyn and Basmajian, 1972). Unlike the oppossum
and the rhesus monkey (Janssens et al, 1976; Janssens, 1978), the dog and baboon
(Longhi and Jordan, 1971; Janssens er al, 1973; Roman and Tieffenbach, 1972;
Diamant and El-Sharkawy, 1977 for review) depend on sensory input from the

cervical for the aboral progression of the peristaltic wave. Peripheral

sensory feedback is ally i in the elicitation of the pharyngeal stage
of neonatal deglutition (Sumi, 1967; 1975).
Sensory deglutitive information is relayed to the brainstem mainly via the

IXth and the Xth cranial nerves in most species. The nucleus tractus solitarii
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(NTS) is a major recipient of afferent information from the upper alimentary tract
and thoracoabdominal viscera. The afferent termination fields in the NTS from
the pharynx and the oesophagus have been very well characterized in the rat
(Bieger and Hopkins, 1986; Altschuler er al, 1989). These authors showed that

the afferent rep ion overlaps the intermediate and

interstitial subnuclei of the NTS while the ion is

with the central subnucleus of the NTS.

In the rat, afferents carried by the SLN terminate within the interstitial
dorsal intermediate, and rostral half of the central subnuclevs. In the lamb, SLN
afferentation is seen in the interstitial, medial, ventral and ventrolateral subnuclei
(Sweazey and Bradley, 1986) and conceivably includes the intermedialis. In the

cat, the SLN was found to project to the i iate and i

subnuclei (Lucier ef al. 1986). In the rabbit, SLN afferentation overlaps "central

and lateral" portions of the NTS (Hanamori and Smith, 1989), conceivably

including the i i ialis, ventralis, i itialis and centralis.

3. The organisational stage

The concept of a i ing centre was a century ago
(Wassilieff, 1888; Marckwald, 1889; Meltzer, 1899) and has been described in
neurophysiological terms by Doty (Doty, 1951, 1968; Doty ef al,, 1967). A centre

or pattern generator may be defined as "a group of neurons whose coordinated
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action produces a stereotyped response" (Miller, 1982). In other words, the
inherent organisation of this neuronal circuit produces the patterned response by

directing i itation-inhibition to the The principle of

central pattern generation is either well established or strongly indicated for a
number of behaviours throughout the animal kingdom (For reviews, see Delcomyn,
1980; Griliner, 1985; Bissler, 1986; Harris-Warrick and Flamm, 1986). Such
behaviours include swimmeret beating in crayfish (Wiersma and Ikeda, 1964);
locomotion in lamprey (Grillner et al, 1987; Buchanan ez al, 1989); locust flight
(Wilson, 1961); breathing in cat (Wang et al, 1957); and masticatory movements

in guinea pig (Nozaki er al, 1986), to name but a few.

By definition, the operation of a pattern should not depend upon

peripheral afferent input. During reflex swallowing in adult cats, the basic

qr of ivation remains i following either

physical or ic-induced sensory deprivation (Doty and Bosma, 1956; Miller,
1972a). Indeed, the very existence of a 'deglutitory automatism’ (Bieger, 1981; see
below) attests to the existence of a central pattern generator for swallowing.

At the turn of this century, the split-brainstem experiments of Ishihara

(1906) gave rise to some concepts regarding the " ing centre". Following
midline splits in the medulla of dogs and rabbits, Ishihara (1906) demonstrated that
swallowing could be elicited in such preparations only on the side ipsilateral to the

SLN stimulation. From these experiments emerged the concept that the
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swallowing centre consists of two independent ’half-centres’ one on each side of

the brainstem, each of which is capable of supporting "unilateral swallowing”, a

p that was in cat and monkey (Doty ef al,
1967). The lesion experiments of Doty ef al (1967) suggested, in addition, that,
throughout the sequence of swallowing, each 'half-centre’ excites and inhibits
various components of the other via cross-connections that run "at levels posterior
to the obex and at the level of the trapezoid body".

Various structures have been imputed to subserve the important function

of coordinating the firing of the different motoneurons so as to generate the

p pattern that izes the act of ing. P i among

such postulated "swallowing centres" are the medullary reticular formation (Doty
et al, 1967; Manchanda and Aneja, 1972; Sumi, 1974); the pontine reticular
formation (Holstege et al, 1983); and the nucleus tractus solitarii and adjacent
reticular formation (Jean, 1972a, 1972b, 1984; Kessler and Jean, 1985a).

On the basis of lesion experiments in cat, dog and macaque, Doty et al.
(1967) proposed that the swallowing centre resides within the reticular substance
extending from the rostral pole of the inferior olive to the posterior pole of the
facial motor nucleus. This area corresponds to the nucleus gigantocellularis of the
reticular formation, or, according to modern neuroanatomists, spans the rostral
ventrolateral medulla, which is believed to contain a "tonic vasomotor centre’ (Ross

et al., 1984; Ross et al, 1985).
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By i iographic tracing in the cat, Holstege ef
al. (1983) found that in the caudal pontine tegmentum, an area is located dorsal
to the superior olivary complex that sends projections contralaterally to the
ventromedial trigeminal, dorsal group of ambiguus (conceivably, the Amb, ) and
ventral hypoglossal motor nuclei. Based on these findings, it was proposed that

the latter pontine area may correspond to the swallowing centre.

El iologi i and i evidence
accumulated thus far has supported the status of the NTS as an important neural
substrate involved in the organisation of deglutition for a number of reasons. First,
it was demonstrated in sheep and rat that, with swallowing elicited by electrical
stimulation of the SLN, some NTS units (‘early’ neurons) fired during or even
prior to the pharyngeal stage while others (‘late’ and 'very late’ neurons)
discharged during the oesophageal stage (Jean, 1972a; Kessler and Jean, 1985a).

The activity of these

g neurons’ i after

of the animal. 'Early’ neurons were located either around the solitary tract, i. e.
in the NTS and the adjacent reticular formation (the dorsal group’ ) or in the
lateral reticular formation above the nucleus ambiguus (the 'ventral group’). The

authors suggested that the neurons of the dorsal group are involved in initiating

and ing the of ing while the ventral group of neurons are
*switching’ neurons that receive their input from the dorsal group and distribute

this input to the different deglutitive motoneurons.
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Second, there is strong evidence supporting the view that the central pattern

generator for swallowing can be broken down into at least two components

g g the pharyngeal and P stages (Jean, 1972b): in sheep, a
unilateral lesion placed between the solitary tract and the DMX suppressed the
oesophageal stage of swallowing elicited by electrical stimulation of the SLN
ipsilateral to the lesion. The integrity of the oesophageal motor apparatus was

by the

P ions elicited upon sti ion of the nucleus
ambiguus on the lesioned side. As well, stimulation of the contralateral SLN
produced normal swallowing. These results suggested that the oesophageal pattern
generator includes the NTS (Jean, 1972b).

Third, the chemical mi i ion and tracing il of

Bieger (1984) provide a precise i isation of the

premotor area within the solitary complex of the rat. The oesophageal subregion
i e. the subnucleus centralis of the NTS, not only projects directly to the rostral
oesophagomotor portion of the nucleus ambiguus (Bieger, 1984; Ross ef al, 1985;
Cunningham and Sawchenko, 1989), but also receives the oesophageal primary
afferent input (Bieger and Hopkins, 1986; Altschuler ef al, 1989).

Finally, it was that i ing could be elicited by

application of 5-HT or a 5-HT mimetic to the fourth ventricle (Bieger, 1981);
conceivably, the amine was acting upon underlying structures, including the solitary

complex. Indeed, direct chemical microstimulation, with glutamate and ACh or



18
muscarine, of structures within the confines of the NTS gave rise to either

complete swallows or their constituent stages, depending upon the site of
stimulation (Bieger, 1984). The latter investigation also furnished pharmacological
evidence confirming the identity of the oesophageal pattern generator.

Studies on the of ition were i in giving

rise to the concept of a 'deglutitory automatism’ in the rat. In view of the scant
attention these data have received (e.g. Miller, 1982, 1986, 1987; Jean, 1984;
Roman, 1986), a brief look at these pharmacologic findings and their implications

seems appropriate.

11 Pharmacology of swallowing

In 1972, Bieger er al, described a periodic response consisting of

spontaneous twitching of branchiomeric musculature in the floor of the mouth of

the h: ised rat. This was termed oral myoclonic
twitch activity. Central dopaminergic and serotoninergic systems were implicated
in the elicitation and maintenance of this response. The paradigm was successfully
utilised as a model system for the evaluation of the central effects of monoamines
(Bieger, 1974; Menon e al, 1976a, 1976b, 1986; Clineschmidt et al, 1977;
Clineschmidt and McGuffin, 1978; Tseng, 1978, 1979; Tseng er al, 1978;

Clineschmidt, 1979). This oral myoclonic twitch activity was subsequently identified
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as the 4 P of ing (Bieger et al, 1977). Therefore,

the neuropharmacological data from the studies listed above apply directly to
swallowing.
An important concept that arises from these investigations and which was

made explicit by Bieger (1981) is that of i ing or

" in istinction to reflex i A i ing is a

truly centrally generated synergy, being independent of peripheral sensory
influences insofar as its genesis and maintenance is concerned (Bieger, 1981).

The latter investigation demonstrated that the neural generator for

dri i ing is contained in the medulla, possibly
within structures in the environs of the fourth ventricle. However, Kessler and
Jean (1985b; 1986a; 1986b) have denied any deglutitive excitant action of the
monoamines, including 5-HT, and ascribed only inhibitory effects of these amines

on deglutition at the level of the NTS.

Further ion of a deglutitory ism emerged from the work
of Bieger (1984). Activation of ini inoceptors within the
centralis of the NTS evoked isolated ions which

secondary peristalsis (Bieger, 1984). In addition, oesophageal components of both

automatic and reflex ing were following inistration of

antimuscarinic agents. This finding, together with the retrograde tracing of

efferents of the subnucleus centralis, provide strong evidence to support the
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contention that the latter subnucleus of the NTS contains premator elements

forming part of the i ial network

The study by Bieger (1984) directs particular attention to three

i) because it is capable of giving rise to
either a complete swallowing sequence or isolated parts thereof, depending upon
the site of application within the NTS ii) S-HT, because it appears to show

selectivity for eliciting the pharyngeal stage and iii) ACh or muscarine, because of

their ability to i evoke the j stage of ing when applied
to the NTS.
The foregoing synopsis draws attention to the many pieces of evidence

implicating the NTS as an i substrate i it However,

it is also evident that analysis of data so far is not unequivocal regarding the exact

location/s of the central pattern generator for swallowing.

IV. Objectives

This research was aimed at ining certain

of, and tracing the neural ions of deglutitis within the solitary

complex of the rat in order to understand the role of the NTS in the neural

of ing. The ized rat was chosen as the model since

previous investigations had established the validity of this paradigm (Bieger ef al,
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1972; Bieger, 1974; 1981; 1984; Bieger et al, 1977) and a wealth of
neuroanatomical information is available on this species (e.g. Kalia and Sullivan,
1982; Bieger, 1984; Shapiro and Miselis, 1985; Bieger and Hopkins, 1986; 1987;
Cunnil and 1989; et al, 1989).

The first important step was to delineate the deglutitive region of the NTS.

The method of chemical mi i ion by is was in

these investigations because it had been succesfully used in a previous study
(Bieger, 1984). However, further refinement was needed to allow microapplication

of multiple substances with a high degree of accuracy and precision. Two

and ine (ACh) or ine, were chosen for
mapping the deglutitive sites of the NTS owing to their reported role as deglutitive
excitants (Bieger, 1984).

The second phase of the i igations involved identification of

amino acid receptor i iating the

glutitive actions of

within the solitarial deglutitive loci:

had been as a selective
deglutitive excitant, capable of triggering a complete swallow or isolated parts
thereof (Bieger, 1984). Pharmacological agents were used to characterize the

receptor types iating the itive effects of

The third objective was to analyse the non-specific deglutitive excitant action

of gl by ison with ACh (or ine) and 5-HT. Both 5-HT and

ACh were known to give rise to ‘fictive’ or automatic swallowing (Bieger, 1981,



22

1984) and could be utilised as pharmacological tools owing to their specificity for

either the pharyngeal (5-HT) or the ( ine) stage of g
(Bieger, 1984). In addition, a side issue that warranted clarification was the
apparent disparity between the the excitatory (Bieger, 1981) and inhibitory (Kessler
and Jean, 1985b) effects of 5-HT on deglutition. To locate the central source of

the serotoninergic input to the solitary complex, retrograde tracing was employed

in conjunction with i i isation of 5-HT.

The fourth objective was to trace the projections issuing from the solitarial
deglutitive loci. Previous findings had suggested that the central subnucleus of the
NTS is interposed between the oesophageal afferent and efferent limbs (Bieger,
1984; Bieger and Hopkins, 1986; Cunningham and Sawchenko, 1989; Altschuler et
al, 1989) implicating this subnucleus as the organiser of oesophageal motility
patterns. If the analogy is extended to the remainder of the solitarial deglutitive
network, the NTS could be hypothesised as the key substrate involved in the
neural organization of deglutition. Thus, the tracing of solitarial efferents was
expected not only to test this hypothesis but also to reveal the pontomedullary
structures involved in swallowing. For this purpose, the anterogradely transported
plant lectin, Phaseolus vulgaris leucoagglutinin (PHAL; Gerfen and Sawchenko,
1984), was the tracer of choice. The approach was to make discrete deposits of

of

the tracer at identi itive loci by the
and to examine its presence in terminals originating from the solitarial deglutitive

sites.



CHAPTER TWO
MATERIALS AND METHODS

L Experimental procedures

Experiments were done on male Sprague-Dawley rats weighing 250-450 g.
A surgical plane of anaesthesia was induced either by: i) an intraperitoneal (i.p.)
injection of 20% urethane (1.2 gkg) or ii) an initial dose of ip. sodium
pentobarbital (45 mg/kg) followed by intravenous (i.v.) urethane administered in
boluses of 150-175 mg/kg every 30 min.

The animal was tracheostomized and mounted in a stereotaxic frame
following cannulation of the right external jugular vein for intravenous infusion of

drugs. The tooth bar was 5 mm below the intra-aural line, therefore, the head

was in i itted by the

Changes in intraluminal pressure within the pharynx and the oesophagus
were recorded using miniature balloon-tipped catheters. PE-90 polyethylene tubing
(Becton-Dickenson) was used to construct the balloon-tipped catheters. Using the
flame of a spirit lamp, one end of the tubing was sealed and melted while air was
gently blown through the other end to produce a small balloon 5-8 mm in
diameter and 1-1.5 cm long. Three such balloon-tipped catheters were filled with

water and each connected to a Statham pressure transducer. The balloon
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catheters were thickly coated with 2% xylocaine jelly (Astra Pharma Inc.) and

inserted into the laryngopharynx, and the cervical and the supradiaphragmatic

pectit O balloons had a diameter of about 5 mm

while the pharyngeal balloon was larger (di 8 mm). The

length of the balloon catheters to be inserted was first marked for each as
measured in a number of animals. After allowing the animal to swallow it, the
distal oesophageal balloon was inserted into the oesophagus until a slight
obstruction could be felt, indicating the point at which the diaphragm encircles the
oesophagus. The cervical oesophageal balloon was secured in place as soon as the
animal swallowed it, ensuring a position just below the pharyngo-oesophageal
junction. The pharyngeal balloon was placed far back into the oral cavity, between
the pharyngeal palate and the dorsal aspect of the posterior tongue.

A catheter, to a pressure was inserted into

the tracheal cannula. Corresponding intraluminal pressure signals registered by the
four Statham pressure transducers were amplified and displayed on a pen-recorder

(Grass polygraph). Correct placement of the balloons was ascertained by evoking

reflex ing by intra-tracheal tactile sti i rate was derived
from airway pressure fluctuation and monitored by means of a tachograph. Rectal
temperature was maintained between 36.5° and 37.5° C. by means of a heat lamp.

In order to expose the caudal floor of the fourth ventricle and the

surrounding structures on the dorsal medulla a

was performed. Briefly, a midline incision on the head was made, about 2.5 cm
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long, running from the level of the animal’s ears down to its neck. The underlying
musculature was retracted and the posterior aspect of the occipital bone was
removed. Under visual control through a Wild M650 stereomicroscope, & pair of
fine hooks were used for lifting the dura mater and the arachnoid membrane while

cutting them with a pair of mi i The inal fluid was

drained using small wicks made of "Kimwipes’ tissue paper.

For the microstimulation of deglutitive neurons in the NTS, 2-, 3- or
4-barreled glass micropipettes (tip O.D. 2-5 ym) were used. The micropipettes
were pulled from glass capillary tubing (O.D.=1 mm; L.D.=0.7 mm; Glass Company
of America) on an electrode puller (PUL-1, W-P Instruments, Inc., Conn.) to a
shank length of 2.5-3.5 cm. The long shanks provided a certain degree of flexibility
that could accommodate the movements of the animal due to breathing and blood
pressure pulsations. Drug solutions, mixed with different fluorescent dyes for
marking ejection sites (see below), were back-filled into each barrel of the
micropipettes using 1 ml syringes fitted with 5 cm long, 30 gauge stainless steel

needles (Becton-Di Pressure ions to the mi were made

as per the technique described by Neuman (1986). Briefly, stainless steel cannulae
made from 26 gauge, 3/8 or 5/8 inch needles (Becton-Dickenson) were bent in the
middle at an angle of about 45° using a pair of nose-pliers. The cannulae were
inserted into each barrel of the micropipette and cemented either with dental

acrylic (L. D. Caulk Company, Delaware) or with 'krazy’ glue gel.
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