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Vagal Modulation of Betuvvent Tavyngeal
Hoioneurone Bisthavge
Shgtract

The Jlarynx has considerable influence on the rate of
respiratory airflow, particularly during expiration. The
laryngeal muscles are largely controlled by the recurrent
laryngeal nerve (RLN) which exhibits respiratory periodicity
in its discharge. The effects of the Hering-Breuer
inflation reflex, on this periodicity has been studied, but
there 1s 1little information on the role of the various
groups of lung receptors in modulating the patterns of
recurrent laryngeal motoneurone (RLM) discharge during

euphnoeic breathing.

The purpose of this investigation was to examine the
effects of changes 1in volume-related feedback and other
vagal afferent inputs on the activity of RLMs. The
discharge patterns of single fibres in the recurrent
laryngeal nerve were classified and their responses to
pulmonary inflation and deflation before and during
pulmonary stretch receptor (PSR) block by sulphur dioxide
were compared, using anaesthetized, spontaneously breathing
rabbits. On the basis of observations in this study, RLMs
were classified into:

a) phasic~inspiratory (P-ILMs)
b) tonic-inspiratory (T-ILMs)
c) phasic-expiratory (P-ELMS)

d) tonic-expiratory (T-ELMs)



and their firing patterns were described.

It was found that the frequency and duration of P-ILM
discharge 1in inspiration increased after the inhibition of
PSR activity. During lung inflation, some RILIMs were
Iinhibited whereas others showed either a low-frequency or a
high frequency tonic discharge when PSR were Iintact.
During PSR block, lung inflation failed to inhibit phasic P-
ILM discharge. While ILM activity was Increased during lung
deflation, that of ELM was decreased. These responses
persisted 1Iin a modified form during PSR block. Breathing
through an added dead space increased the frequency of  P-
ILM discharge during inspiration. During augmented breaths,
th;. frequency and duration of P-ILM activity greatly

exceeded P-ILM activity during normal breaths, whereas the

activity of T-ELM was reduced.

Further experiments were carried out on rabbits
during neuromuscular  junction block and artificial
ventilation. With stretch receptors functioning,
simultaneous recordings of the recurrent laryngeal nerve
(RLN) and phrenic nerve (PN) showed that the onset of the
activities of both nerves occurred during the deflation
phase of ventilation. Changing the tidal volume to 50% or
100% of eupnoeic value could not unlink the recurrent
laryngeal and phrenic bursts from the deflation phase of the
pump cycle. During PSR block, RLN and PN discharges

occurred with no set relation to ventilation at spontaneous
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resting tidal volume. At 100% higher tidal volume, RLN and
PN bursts were Initiated more frequently by the deflation
phase. These timings were changed into a '"free-running”
pattern by decreasihg‘the tidal volume to half eupnoeic

value.

These results suggested that vagal afferents modulate
RLM discharge during eupnoeic breathing: PSR inputs
terminate ILM discharge whereas RAR activity, which occurs
at functional residual capacity, initiates the onset of ILM
discharge and extends its activity. The role of RAR is
compatible with its effects in shortening ELM activity if
the initiation of ILM discharge 1is considered as a
tegpination of ELM activity. That RLN and PN responded in
almgst ldentical manner to changes in vagal afferent inputs
suggests that PSR and RAR may operate through similar
central pathways to modulate both neural outputs. The
discharge patterns of RLMs and their responses to changes of
pulmonary afferent inputs, are probably related to the

role of the larynx in regulating upper airway resistance.
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Chapter @ue : Intvoduction

1.1 A Brief History of Ideas About the Larynx

"The larynx can close so accurately that
the Dbreath violently forced out of the
thorax does not open it. Nature placed
the epiglottis before the orifice of the
larynx as a 1lid, to stand erect during
all the time the animal breathes and to
fall down upon the larynx when anything
is swallowed."

Galen (AD 130-199)

Writing in the second half of the fourth century
B.C., Aristotle referred to the larynx in his Historia
Animalium (" Collection of facts about animals "). 1In
his review of the parts of the human body, he said,
"The neck is the part between the face
and trunk. The front part of this is of
gristle, and through it speech (phone)
and respiration (anapnoe) take place;

" it is known as the windpipe."

After Aristotle, five centuries were to pass
before there was a mention of the larynx in the
records of Galen. Galen taught that the larynx
comprises three cartilages namely thyroid, innominate

(cricoid) and arytenoid. His explanation of effort



closure of the larynx, cited earlier, was impressive
for his time. He pointed out that the passageway of
the larynx changes gradually from wide to narrow and
then back again to wide during each breath, noting the
presence of an opening in each side of the glottis
leading to a relatively large cavity, the ventricular
air sac. Galen continues (in: Fink, 1975):
"When the air enjoys the wuse of broad
passageways to enter and leave the body,
none of it 1is thrust aside into these
cavities. But when the passage is
obstructed, the confined air is thrust
laterally with violence and opens the
orifice. When the cavities have been filled
with air, the mass of the glottis (the
vestibular folds) necessarily spreads out

into the passageway and closes it completely."”

A comprehensive explanation of the various
mechanisms of the larynx was never attempted by Galen
or the Renaissance anatomists. Physiologists before
1861 were preoccupied with deciphering the method of
sound production and gave little attention to the role
of the larynx in glottic closure or in respiration.
Only with the invention of the laryngoscope did a
correct description of the behavior of the parts of

the larynx become possible.



The 20th century, with the development of new
methods of recording and of powerful new techniques,
including high-speed cinematography, X-ray
photography, electrophysiological methods and, in
particular, electromyography and electroneurography,
heralded in a new era in laryngeal research. The
purpose of the present study which employed techniques
of electroneurographic recording, was to identify the
efferent activity in the recurrent laryngeal nerve and
to determine the role of lung receptors in modulating
recurrent laryngeal motoneurone discharge. To have a
better understanding of the influence of vagal
afferent inputs on recurrent laryngeal motoneurone
diécharge, a brief review of the literature pertaining
to the following topics is necessary:

a. Anatomy of the larynx
b. Respiratory function of the larynx

c. Pulmonary receptors and their effects

on laryngeal function

1.2 Anatomy of the Larynx

The detailed internal structure of thé larynx
varies considerably from species to species (Negus,
1949) and that of the rabbit has been described by
Barone (1976). For the purpose of this study, only a
brief account of the laryngeal cartilages, and the
intrinsic laryngeal muscles and their innervation is

included here.



The larynx 1is situated high in the neck and
forms a continuous tube:with the trachea. It consists
of a skeletal framework of articulated cartilages
bound together by 1ligaments and membranes and

activated by the intrinsic laryngeal muscles.

The rabbit's larynx 1is supported by nine
cartilages : the thyroid and cricoid cartilages and
the epiglottis are single cartilages; the arytenoid,
corniculate and cuneiform cartilages are paired

(Figure 1).

The thyroid cartilage is the largest cartilage
and encloses the other cartilages ventrally and
laterally. The cricoid cartilage is annular in shape
and its dorsal border is broader than the ventral
one. From the caudal aspect of the cricoid cartilage
there is a membranous attachment to the first tracheal
ring. The epiglottic cartilage is attached to the
middle of its cranio-ventral border and the whole
cranial margin of the thyroid cartilage is connected
to the hyoid apparatus. The dorsal border articulates
caudally with a point on the lateral aspect of the
cricoid cartilage. The arytenoid cartilages are
triangular pyramids which articulate with the cranial
border of the cricoid cartilage. The lateral
cricoarytenoid, thyroarytenoid and dorsal

cricoarytenoid muscles are attached to the arytenoid



cartilages (Figure 2). The action of these muscles is
to cause adduction and abduction of the vocal cords
(Figure 3). The epiglottic cartilage is attached to
the cranial border of the thyroid cartilage and
supports the epiglottis. Contraction of the thyrohyoid
muscle, stylohyoid muscle and the median and inferior
constrictors of the pharynx moves the larynx as a
whole cranially. The sternothyroid muscle moves the
whole larynx caudally when it contracts. The dorsal
cricoarytenoid muscles are considered the abductors
whereas the lateral cricoarytenoid, the thyroarytenoid
and the cricothyroid which increase the tension of the

vocal cords are considered the adductors.

The lumen of the larynx can be divided into
three areas (Figure 4). The anterior part, which is
known as the vestibule, extends from the tip of the
epiglottis cranially to the false vocal cords
caudally. The false cords or ventricular bands are two
folds of mucosa which stretch from the caudal surface
of the -epiglottis to the tips of the arytenoid
cartilages. Caudal to the false vocal cords, the true
vocal cords stretch from the apices of the arytenoid
cartilages to the thyroid cartilage near the base of
the epiglottis. The middle portion of the larynx is
that area between the true and false cords. It has a
small sac on each lateral aspect, known as the

ventricle. The slit between the true vocal cords is



known as the glottis. The width of the glottis 1is
varied by the action of the intrinsic laryngeal

muscles.

The motor and afferent innervation of the body
muscles 1is wusually found in the same nerve trunk.
The neural control of the intrinsic laryngeal muscles,
however, 1is accomplished in a different way, since
most of the motor fibres to these muscles travel in
the recurrent laryngeal nerve (RLN), whereas the
afferent 1limb of this reflex is provided mainly by
sensory fibres in the cranial laryngeal nerve (CLN,
also known as superior Jlaryngeal nerve in man)

(Andrew, 1955; Green and Neil, 1955) (Figure 5).

The cranial and recurrent laryngeal nerves arise
from the wvagus nerves. On the left side, the RLN
descends far into the chest. It loops under the aorta
before it comes back into the neck and supplies the
laryngeal muscles. The right RLN loops under the right

subclavian artery.

Motor innervation of all the intrinsic laryngeal
muscles is served by the RLN, except for the
¢cricothyroid which is innervated by the external
branch of the CLN and by the plexus pharyngeus (Exner,

1884; Harreveld and Tachibana, 1961) (Figure 6).

The sensory outflow from the larynx (rostral to

+he base of the vocal cords) comes out via the cranial



laryngeal nerve fibres (Ogura and Lam, 1953). The
recurrent laryng=al nerve supplies the sensory
innervation to the posterior end of the organ, caudal
to the base of the vocal cords (Murtagh and Campbell,

1951).

A number of sensory receptors have been detected
in the laryngeal structures of mammalian species. The
most detailed studies have been done with the rat
where mucosal touch receptors and chemoreceptors and
joint proprioceptors have been found. (Andrew, 1954,
1956). Pressman and Kelemen (1955) suggested that the
distribution of sensory receptors throughout the
larynx 1is adapted to elicit prompt motor reactions.
The degree of sensitivity is greatest around the
entrance to the larynx; a distribution which
corresponds with the concept that the larynx forms

part of the protective mechanism for the airway.

l.3‘Re§piratory Function of the Larynx

The Bible says that earning a living by sweat-
provoking hard work was Adam's punishment for eating
the fruit of the tree of knowledge (Genesis 3:19).
Legendarily the fruit was supposed to have stuck in
Adam's throat and remained visible there as "Adam's
apple”. A justification for the biblical connection
between man's birthright of heavy manual labour and

the prominence of the "Adam's apple” is quite obvious



when one considers certain behavioral facts. Violent
efforts such as hurling a stone, or heavy
weightlifting, demand not only a firm stance but also
the ability to hold one's breath by closing the
larynx. The need for breathholding arises because a
breathing chest is a relatively weak chest, whereas a
chest c¢losed at the larynx can be braced by the
abdominal wall muscles for maximal exertion by the
arm. Hence, such holding of breath calls for a

hermetic seal of the larynx against the escape of air.

The ability to purposely prevent air from
esraping the 1lungs at certain times of physical
activity is only one of the functions of the larynx.
The larynx is also involved in a multiplicity of other
functions ranging from relatively simple reflex events
such as gagging, sneezing and coughing to more complex
motor activities such as swallowing. Besides guarding
the ~ lungs from invasion by foreign matter, it also
plays a role in regulating expiratory airflow and
duration by modifying airway resistance (Bartlett et

al, 1973; Gautier et al, 1973; Remmers and Bartlett,

1977). The vocal cord exhibits a reciprocating
respiratory motion, abducting on inspiration and
moving toward the midline (adduction) during

expiration, thus increasing laryngeal resistance.

o0



1.31 Respiratory Movements of the Vocal Cords

As far Dback as 1829, Mayo discovesed the
existence of rhythmical expiratory narrowing of the
glottis in a dog whose throat had been incised below
the hyoid bone. The presence of a similar rhythm was
observed soon thereafter - again by Mayo in several
men who had attempted to commit suicide. Garcia
(1855) made only a brief reference to the respiration
rhythm in his communication to the Royal Society:

"At the moment when the person draws a deep
breath, the arytenoid cartilages become
separated by a very free movement."

Czermak (1861) made the following observations:

.. in quiet, deep respiration, the
glottis which has momentarily the form of a
lozenge or is divided into an anterior and
posterior part by the projection of the
arytenoid processes, assumes the form of a

large oblong opening.”

A laryngoscopic itudy of the larynx did not
appear until 1942, when Pressman published a set of
three photographs accompanied by the following
description:

"The most obvious respiratory movements of
the larynx consist of abduction of the cords
away from +the midline with consequent

widening of the chink during inspiration and



a relative adduction toward the midline,
with narrowing of the chink during
expiration. This movement is so slight in
certain persons during quiet respiration as
to be almost imperceptible, with the cords
assuming during rest, a position just
lateral to the midline. As the depth of
respiratory movement increases, this
excursion becomes easily recognizable. The
lateral movements of the cords during
inspiration become progressively wider as
the inspiration becomes deeper and more
. forceful so that in very deep inspiration
they may come to lie almost flush against
the lateral walls of the thyroid cartilage,
as the ’result of which the chink of the
glottis Dbecomes almost the same size as the
lumen of the trachea, presenting no
obstruction to the passage of inspired air,
thereby permitting the very rapid inhalation
of large quantities of air, as 1s necessary
for example in singing or forced respiration
during extremes of physical exertion as in

running."”

Since then, the respiratory movements of the
vocal cords have continued to be the focus of

interest. Subsequent studies confirmed the
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observations of Pressman (1942) (Dedo and Ogura, 1965;
Murakami and Kirchner, 1972; Bartlett et al, 1973;
England and Bartlett, 1982; England et al, 1982a;
1982b; Brancatisano et al, 1983, 1985; Bartlett and
Knuth, 1984). According to Negus (1949), the widening
of the glottis precedes a contraction of the
diaphragm, whereas glottic narrowing heralds the onset
of expiration. Nakamura et al (1958) also found that
vocal cord abduction precedes any activity in other

respiratory muscles.

1.32 Respiratory Activity of the Intrinsic

Laryngeal Muscles

In summary, the vocal cords exhibit phasic
movements during eupnoeic breathing - abduction during
inspiration and relative adduction during expiration.

What supplies the motive power for these movements?

It 1is generally agreed that the respiratory
motion of the vocal cords is the result of respiratory
activity of the intrinsic laryngeal muscles. However,
there are conflicting conclusions as to the role of
the adductor mnmuscles in the approximation of the

vocal cords.

The dorsal cricoarytenoid muscle of the larynx
was first named by Fabricius (1600) as "musculus
aperiens glottidis™ - that is, the muscle opening the

glottis. Explorations in laboratory animals have so
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far confirmed the idea that the dorsal cricoarytenoid
muscle is the abductor muscle (Negus, 1947; Green and
Neil, 1955; ©Nakamura et al, 1958; Dedo, 1970; Last,

1972; Murakami and Kirchner, 1972).

Green and Neil (1955), from their investigations
of the electromyographic activity of the intrinsic
laryngeal muscles, noted that the dorsal
cricoarytenoid muscle was active during @nspiration,
whereas the lateral cricoarytenoid and thfroarytenoid
muscles were active during expiration. Similar
findings were demonstrated in human beings by Faaborg-

Andersen (1957).

Nakamura et al (1958) also studied the
electrical activity of the criéothyroid,
thyroarytenoid, lateral cricoarytenoid and
interarytenoid muscles and reported that except for
the thyroarytenoid muscle, which remained quiet
throughout the respiratory cycle, the other muscles

showed activity during expiration.

Though the expiratory activity of the adductor
muscles has commonly been reported, their role in
bringing about the approximation of the vocal cords
with consequent narrowing of the glottis has not been
agreed upon. Murakami and Kirchner (1972) demonstrated
that adduction of the vocal cords during expiration

was not caused by activation of the adductor muscles,
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but by a gradual fall in tonic activity of the dorsal
cricoarytenoid muscle. Bartlett et al (1973)
confirmed the finding of Murakami and Kirchner (1972),
observing that, of the intrinsic muscles of the larynx
studied, only the dorsal cricoarytenoid muscle is
phasically active with respiration. Hence, they
suggested that the cords are actively abducted during
inspiration and they fall passively toward their

relatively closed, relaxed position during expiration.

1.33 Vertical Respiratory Movements of the Larynx

In addition to the abovementioned movements of
the vocal folds and intrinsic laryngeal muscles, there
is also a respiratory excursion of the laryngeal
framework as a whole. Gross movements of'Ehe entire
larynx taking place during "quiet" respiration - down

with inspiration and up with expiration - were noted

in man by Rosenthal (1882) and Schaefer (1900). Mink
(1916) stated that while the motion was almost
imperceptible in fully quiet or "resting”

respiration, the amplitude of the excursion increased
with the depth of inspiration and attained 4 to 6

millimetres (mm) in forced respiration.

Dessy (1938), who was the first to publish
graphic recordings of the excursion, observed that
with inspiration there was generally a lowering of the

larynx and, in over half the cases, an additional
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backward displacement. Rosenthal (1882) has
attributed the descent of the larynx to the
contraction of the sternohyoid and sternothyroid
muscles, while both Dessy and Schaefer proposed that
lowering of the diaphragm and of the intrathoracic
pressure with inspiration would also favor the
downward movement. Opinion concerning the prevalence
of the respiratory excursion of the larynx has not
been unanimous. Mitchinson and Yoffey (1947) found by
means of X-ray photography that there was no
perceptible laryngéal movement in 14 of 23 subjects
during a maximal inspiration. Of the remainder, five
showed elevation and four showed descent of the
larynx. This "bulk movement" of the larynx, evidence
for which is still incomplete, might be due to changes
in tension on the trachea as a result of the movements

of the diaphragm.

1.34 Glottic Resistance to Airflow

One 1important question concerning the larynx
during respiration relates to its function in
controlling the alveolar pressure. As the narrowest
part of the laryngeal passage, the rima glottidis is
assumed to contribute the major resistance to airflow

in the upper airway.

Applying the equivalent of Ohm's Law (electrical
resistance = voltage / current ) to the glottis, the

resistance, R, is evaluated by measuring the pressure
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drop, P1-P2, between two points during the time, t, in
which a measured volume, V, passes one of the points.
The average flow per unit time is then V/t or V, and R
is defined as

R = P1-P2/V
That 1is to say, the flow resistance is equal to the

pressure drop per unit of flow.

Measurements of the resistance across the human
larynx (Ferris et al, 1964; Schiratzki,‘ 1965; Spann
and Hyatt, 1971) and upper airway (Hyatt and Wilcox,
1961; Blide et al, 1964; Ferris et al, 1964;
Schiratzki, 1964, 1965; Spann and Hyatt, 1971) have
shown that these structures provide an appreciable
fraction of the total respiratory resistance. About

50% of the resistance to air flow during breathing in

man resides in the upper respiratory tract (nose,
pharynx and larynx) (in : Widdicombe and Davies,
1983). Stransky et al (1973) reported that the

laryngeal resistance is about one tenth of total 1lung

resistance in cat.

Ferris et al (1964) observed in quietly
breathing human subjects that upper airway resistance
during expiration was greater than that during
inspiration. Similarly, England et al (1982a)
reporfad significantly higher total respiratory

resistance during expiration than during inspiration
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in five healthy human subjects.

The greater upper airway resistance during
expiration can be attributed partly to changes in
glottic aperture. Bartlett et al (1973) demonstrated
that there 1is an inverse relationship between
laryngeal resistance and the area of the glottic
aperture and suggested that movements‘of the vocal
cords were responsible for the phasic respiratory
changes in laryngeal resistance. The glottic width
and glottic area during inspiration are greater than
that during expiration at the same 1lung volume
(Bartlett et al, 1973; Baier et al, 1977; England et
al, 1982a; Brancatisano et al, 1983). The inspiratory
abducted position of the vocal cords therefore
provides a low resistance pathway for lung inflation.
Movement of the cords toward the midline during

expiration, provides a substantial increase in airflow

resistance.
In human subjects, when ventilation is
stimulated by exercise, hypercapnia, hypoxia, or

hyperventilation, the expiratory narrowing of the
glottic airway is attenuated, in keeping with the
requirement for increased airflow (Hyatt and Wilcox,
1961; Baier et al, 1977; England and Bartlett, 1982;
England et al, 1%82b; Bartlett and Knuth 1984). The
same phenomenon occurs 1in anaesthetized, vagally

intact cats during hypercapnia and hypoxia (Bartlett
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et al, 1973; Bartlett, 1980; Gautier et al, 1973;
Sherrey and Megirian, 1975). The resulting increase
in expiratory airflow is also accompanied by a
decrease in expiratory duration (Gautier et al 1973).
On the other hand, hypocapnia increases expiratory
narrowing of the glottis in anaesthetized animals
(Campbell et al, 1963; Sherrey and Megirian, 1974;

Bartlett 1979).

1.35 Role of the Larynx in Ventilatory Control

The function of the movements of the glottis
during respiration has been the subject of speculation

by Negus (1949). He offered the following rationale:

a. The glottic constriction promotes intra-
pulmonary air mixing. :
b. The obstructive action of the glottis

retards the filling and emptying of the
bronchi. This provides time for the
adequate exchange of gases in the lungs.
c. Obstruction to the entry of air during
inspiration assists venous return to
the heart, dilates the pulmonary
capillaries and fécilitates the flow of
blood through the 1lungs by lowering
interpleural pressure.
Pressman and Keleman (1955) also shared Negus' views
that glottic constriction during expiration has a

significant effect upon air mixing within the lungs.
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However, this was speculative and there was little
evidence to support the hypothesis. The respiratory
functions of the larynx enumerated by Negus were not
considered to be important (Fink, 1975). They do not
explain why 1loss of the glottic constriction as a
result of laryngectomy or during endotrachael
intubation seems to have no deleterious consequences.
(Tonkin and Harrison, 1971; Gilchrist, 1973).
Nevertheless, it is widely known that respiration is
shallow and somewhat irregular 1in the case of
laryngectomized patients and it is attributed to the
lack of resistance or appropriate load to an outflow

of air (Nakamura et al, 1958).

The respiratory rhythm and partially open
condition of the quiescent larynx are regarded by Fink
(1975) "as a working mechanical compromise between two
conflicting twin necessities: the need for a
quasipermanent open state of the larynx and the
frequent need for a closed glottis or larynx; between
the imperative metabolic demand for ventilation and
the behavioural exigencies of instant protection,

phonation or straining effort." (Fink 1975).

Recent studies appear to support the role of the
larynx as an important effector organ of ventilatory
control. Regarding the usefulness of the respiratory

movements of the glottis, there is no doubt that the
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effect of widening at the glottic chink at or just
before inspiration is a reduction of resistance to an
inflow of air. This effect is particularly important
as it facilitates effortless inspiration. An analogy
can be drawn here from people passing through swing
doors. An entry via such doors can only be made
effortlessly at the instance when the doors swing away

¢

from the subject and not when they come together.

During quiet Dbreathing, expiration 1is not
passive but involves a braking of expiratory flow by
the resistance of the wupper airway and post-
inspiratory contraction of the diaphragm which
therefore slows the collapse of the 1lungs. (Brody,
1954; Petit et al, 1960). The expiratory narrowing of
the glottis by increasing expiratory tesistance
participates in braking expiratory flow and lung
emptying (Gautier et al, 1973; Rattenborg, 1961;
Remmers and Bartlett, 1977). Gautier et al (1973)
reported that the duration of expiration in
spontaneous breathing exceeded the time required for
the passive respiratory system to collapse from the
same end-inspiratory volume back to functional
residual capacity (FRC). Remmers and Bartlett (1977)
found that changes in upper airway resistance in
unanaesthetized cats elicited compensatory changes in
‘the electrical activity of the diaphragm and the

dorsal cricoarytenoid muscle. They showed that sudden
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opening of a previously prepared remote-controlled
tracheostomy at the onset or during an expiration

increased the activity of the diaphragm but inhibited

that of the dorsal cricoarytenoid muscles. These
responses acted to compensate for the loss of
expiratory braking by the upper airway. Occlusion of

the tracheostomy during expiration produced the

opposite responses.

By retarding expiratory flow, the larynx also
aids the post-inspiratory activity of the diaphragm to
maintain end-expiratory lung volume (Harding, 1980;
Henderson-Smart et al, 1982). It is suggested that
alterations in the expiratory flow rate may in turn
serve, through the action of volume feedback, to
regulate the duration of expiration aﬁd hence
respiratory frequency (since frequency is the inverse
of cycle duration which itself is the sum of
inspiratory and expiratory times) and also to
influence the time at which the next inspiration is
initiated (Gautier et al, 1973; Remmers and Bartlett,
1977). The increase in respiratory frequency
associated with rapid expiratory flow found by Nattie
and Tenney (1970) in human subjects during resistance
unloading, supports the existence of such a feedback
system. Remmers and Bartlett (1977) found a
consistent vagally mediated relationship between the

volume of the lung during expiration and the time of
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onset of the next inspiration. When expiratory flow
was retarded, the initiation of the next breath was
found to be delayed. It appears that the rapid
expiratory flow brings into action the rapidly
adapting receptors which have recently been shown to
be involved in the initiation of inspiration (Davies
et al, 1981). A review of this group of lung

receptors is given in a later section.

1.36 Advantages of Expiratory Braking

It has been suggested that the expiratory
glottic narrowing constitutes a metabolically
inexpensive aid to the modulation of expiratory
airflow and hence to the control of end-expiratory
lung volume (Bartlett et al, 1973; Gautier et al,

-

1973; Remmers and Bartlett, 1977).

Imagine a respiratory system without the larynx
and its upper airway. It will have a relatively low
resistance and so during passive expiration, the

system will develop high flow rates which if unopposed

will rapidly return the lungs to FRC. An appropriate

ventilation can be achieved either by decreasing V or
T

by prolonging t . However, the efficiency of

I
breathing will be sacrificed by either of these

adjustments (Mead, 1960). On the other hand, the
expiratory period can be prolonged either by
instituting an end-expiratory pause, or by slowing

expiratory flow by the action of braking mechanisms.
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The former will minimise the role of volume feedback

in initiating inspiration, whereas the latter has no

disadvantages as long as it is energetically
economical and rapidly reversible. Based on these
criteria, post~-inspiratory contraction of the

diaphragm or other inspiratory muscles may be an
imperfect braking mechanism because it probably
involves appreciable energy expenditure. By contrast,
the larynx seems to be best suited for the job. Flow
resistance is high in the relaxed larynx (Bartlett et
al, 1973), yet can be reduced rapidly to low levels by
the contraction of the dorsal cricoarytenoid muscle to
meet different metabolic requirements with relatively

little energy cost.

In order that the larynx responds in a manner
appropriate to the conditions in which the animal
finds itself, it has to depend on information from the

lungs which are mediated by pulmonary receptors.

1.4 Pulmonary Receptors and their Effects on

Laryngeal Function

A century ago, Claude Bernard pointed out that
the body maintains the constancy of the "milieu
interieur" by a series of automatic adjustments. The
respiratory system plays its part in this homeostatic
mechanism by a process of negative feedback (Figure

7). The larynx which has been shown to be a
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significant respiratory effector organ, is therefore
part of this feedback loop. Complex regulatory
mechanisms exist which modify its function
corresponding to the phase of respiration and the

physiologic status of the lower airways and the lungs.

Though there are a host of afferent stimuli
which can influence the larynx, only the three main
types of pulmonary receptors will be reviewed here.
The function of the larynx is regulated by lung
reflexes originating from pulmonary receptors namely,
J-receptors with non-myelinated fibres, and the
rapidly adapting and pulmonary stretch receptors both

of which have myelinated fibres.

1.41 J-Receptors

Paintal (1953) discovered a group of lung
receptors with small-diameter vagal nerve fibres,
which responded to intravascular injections of various
drugs (such as phenyl diguanide) known to cause vagal
reflexes. Their properties were quite distinct from
those of rapidly adapting and pulmonary stretch
receptors. Later he named them as "deflation
receptors" since some of them responded +to strong
deflations (Paintal, 1955; 1957). In 1969, Paintal
renamed them juxtapulmonary capillary receptors, or J-
receptors for short,  because they seemed to be
localized <close to the alveolar capillaries and to

respond primarily to increased interstitial fluid
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outside the capillaries. Extensive research by
Paintal (1973a) has documented the behavior of
alveolar J-receptors. They are normally silent in

eupnoea in the animal and therefore play little part
in the normal control of breathing. However, they
seem to have a tonic discharge in diseased lungs such
as those with pneumonia (Frankstein and Sergeeva,
1966; Trenchard et al, 1972), and to modify the

pattern of breathing in these conditions.

Besides being stimulated by pulmonary congestion
due to Dback-pressure from occlusion of the aorta or
left heart, J-receptors also respond to conditions
such as pulmonary microembolism and inhalation of

irritant gases such as ammonia, volatile anaesthetics

and poisonous gases. Their reflex actions include
apnoea or rapid shallow breathing, hypotension and
bradycardia and inhibition of spinal reflexes
(Paintal, 1973). The patterns of response of J-

receptors to such a wide variety of interventions are
consistent with the concept that they are nociceptive
endings which are primarily activated by tissue
damage, by the accumulation of interstitial fluid and
also by released mediators. J-receptors have been
much studied by the use of exogenous stimulants such

as phenyl diguanide and capsaicin (Paintal, 1973a).

The reflex action of stimulation of alveolar J-
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receptors on laryngeal resistance to airflow and on
laryngeal motoneurone discharge in cats has been
investigated by Stransky et al (1973). Intravenous
injections of phenyl diguanide brought about a
striking increase 1in laryngeal resistance due to

laryngeal constriction and even laryngeal closure

during the reflex apnoea. Recurrent laryngeal
motoneurones discharging during expiration were
strongly stimulated. Glogowska et al (1974) also

reported that induction of pulmonary oedema by
intravenous injection of 0.1 ml capric and caprillic
acids dissolved in olive o0il increased the discharge
of expiratory fibres of the recurrent laryngeal nerve

but decreased the discharge of inspiratory fibres.

McCaffrey and Kern (1980) reported “that the
injection of capsaicin into the right atrium produced
apnoea and a large increase in laryngeal resistance.
Capsaicin produced this reflex when injected into the
pulmonary circulation, but not when injected into the
systemic circulation. The response of laryngeal
resistance to capsaicin was abolished by dividing the
vagus nerves below the origin of the recurrent
laryngeal nerves, thus indicating that the above
reflex was mediated by afferent vagal fibers arising

from the lung.

The physiologic role of J-receptors in

regulating laryngeal function is still unknown. The
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reflex laryngospasm described by McCaffrey and Kern
(1980), is considered not to be a protective reflex
because J-receptors cannot be stimulated until the

irritant agent reaches the alveoli.

The above studies quoted show that pathological
changes 1in the lungs can change the total resistance
to flow by reflex changes in the laryngeal calibre, in

addition to actions on the lower airways.

1.42 Rapidly Adapting Receptors

In 1926, Keller and Loeser recorded multifibre
activity 1in the vagus nerves from rapidly adapting
intrathoracic receptors and concluded that they might
be coming from airway receptors responsible for

-

coughing.

Knowlton and Larrabee (1946) extended this work
with single-fibre recordings and named those receptors
which responded to maintained inflation and deflation
of the 1lungs with a rapidly adapting irregular

discharge as rapidly adapting stretch receptors.

Since then, other names have been used in the
literature. Deflation or collapse receptors is the
name preferred by Koller (1973) and is based on the
fact that the receptors respond to lung collapse and
play an important role 1in reflex responses to

atelectasis and pneumothorax. Irritant receptors is
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another name used because many irritant gases and
aerosols stimulate some of the receptors but their
responses are not always consistent and other
receptors are also stimulated by irritants (Coleridge
and Coleridge, 1977a,b; Paintal, 1973a; Sampson and

Vidruk, 1975).

‘ At present, there is still no resolution on the
naming of these receptors. The term "rapidly adapting
receptors" will however be used in this thesis as it
is considered more appropriate in view of their

responses to various stimuli.

Histological studies with light microscopy
(Fillenz and Widdicombe, 1971) suggested that rapidly
adapting receptors (RAR) lay in the epitheljium of the
trachea and larger bronchi. Other investigations have
shown that the receptors could be found in
intrapulmonary tissues as well as in the walls of the
extrapulmonary airways (Homberger, 1968; Ferrer and
Koller, 1968; Mills et al, 1969; Mortola et al, 1975;

Sampson and Vidruk, 1975).

Recording from single vagal nerve fibres from
airway RAR has been extensively used as a method of
studying their properties. The physiological
properties of extrapulmonary and intrapulmonary RAR
are identical (Paintal, 1973a). In the cat, RAR are

silent during eupnoea (Knowlton and Larrabee, 1946;
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Widdicombe, 1954a) or even during a moderate increase
in tidal volume. In the rabbit on the other hand, RAR
show activity during eupnoeic respiration and also
display a brief burst near the peak of inspiration
(Sellick and Widdicombe, 1970). It is proposed that
RAR probably exert an appreciable effect on the
pattern of breathing, initiating inspiration (Davies
et al, 1981) (Figure 8) and shortening inspiratory and
expiratory durations (Davies et al, 1978a, 1984;
Davies and Roumy, 1982). The spontaneous activity
recorded from RAR fibres increases when activated by
the following three groups of stimuli :

a) Inhalation of chemical irritants such as
ethyl ether, ammonia vapour and cigarette
smoke and mechanical irritants gsuch as
"inert" carbon dust and the passage of
an endobronchial catheter (Sellick and
Widdicombe, 1971; Widdicombe, 1974);

b) Contraction of smooth muscle of the
airways by bronchoconstrictor drugs
such as histamine (Mills et al, 1969;
Sellick and Widdicombe, 1971);

c) Mechanical changes in the 1lungs which
lead to a greater pull on the airways and
distortion of the wall of the airway
during which a rapidly adapting irregular
discharge 1is obtained if the volume

change is maintained. Those in the
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trachea usually show an "off effect"
when the volume change 1is released
(Widdicombe, 1954a). Davies and Roumy
(1982) recorded highest RAR activity by

deflation at FRC and at peak tidal volume.

The sensitivity of the receptors to inflation
and deflation 1is enhanced by a decrease in lung
compliance (Sellick and Widdicombe, 1970) which is
attributed to a greater mechanical pﬁll on the

airways.

Stimulation of RAR has been shown to cause
hyperpnoea and bronchoconstriction (Mills et al, 1970;
Fillenz and Widdicombe, 1971). The receptor discharge
increases in hyperpnoea due to hypercapnia or hypoxia

or both (Sellick and Widdicombe, 1969).

It has been postulated that RAR are responsible
for the deep augmented breaths which normally
punctuate breathing and reverse the continuous
tendency to <collapse the lungs (Davies and Roumy,
1982). Studies on reflexes suggest that this view 1is
compatible with the indications that RAR can also
cause tachypnea, primarily by shortening expiratory
duration (Davies, 1976; Davies and Roumy, 1977; Davies

et al, 1978a,b).

Experiments which eliminate +the activity of
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pulmonary stretch receptors indicate that RAR exert
an important influence on pattern of breathing

(Davies, 1976; Davies et al, 1978a).

A further reflex response to the activity of RAR
is laryngeal constriction. Stimulation of the
receptors in cats and rabbits, by intravenous
injections of histamine acid phosphate or inhalation
of an aerosol of the drug in solution, was found to
augment discharge in expiratory adductor motoneurones
to the larynx and increase the resistance of the
larynx to airflow in the expiratory phase (Stransky et
al, 1973). Laryngeal resistance in inspiration was
usually increased. Histamine also increased frequency
of discharge of inspiratory fibres but reduced the
number of impulses per inspiratory pha%e. The
laryngeal responses to histamine were more than halved
by bilateral intrathoracic vagotomy. The laryngeal
reflex responses correlated in time with changes in
lung mechanics and the drug-induced decrease in
compliance 1is believed to be the primary stimulus to

the receptors (Sellick and Widdicombe, 1970).

Although the above laryngeal reflexes are
activated by administration of histamine which
stimulates RAR, the same reflexes are evoked when they
are stimulated in physiological or pathological
conditions (Paintal, 1970; Mills et al, 1970). In

this respect, anaphylaxis in rabbits excites RAR
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(Mills et al, 1969) and brings about an increase in
discharge of laryngeal motoneurones both in the
inspiratory and expiratory phases (Szereda-
Przestaszewska, 1971). Further investigations by
McCaffrey and Kern (1980) however, showed that RAR
stimulation with histamine hydrochloride in dogs
produced a reduction in inspiratory laryngeal
resistance. This discrepancy could be due to

differences in species or experimental conditions.

Pneumothorax is found to increase expiratory
laryngeal resistance but decrease inspiratory
resistance (Dixon et al, 1974). Further studies by
Glogowska et al (1974) on the underlying motoneuronal
changes which control laryngeal calibre sh9wed that
pneumothorax increased the frequency of discharge of
both inspiratory-phased and expiratory-phased
laryngeal fibres; the inspiratory response being
greatly reduced by bilateral vagotomy below the origin
of the recurrent laryngeal nerves. From the above two
studies, it appears that both variables were
unequivocally increased by pneumothorax. However,
with inspiratory motor fibres, no such consistency

exists.

1.43 Pulmonary Stretch Receptors

In 1868, Breuer and Hering found that artificial

inflation of the lungs during inspiration terminated
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inspiration whereas deflation terminated expiration
and initiated inspiration. However, this effect was
abolished by vagotomy following which breathing became
slower and deeper. Hence, Breuer and Hering proposed
that the receptors which detected the state of 1lung
distension are found in the lung tissue and the vagi
are the afferent pathway to the respiratory centre
(the term "centre" is used in the context of a common
function rather than a common location since no true
centres have ever been identified anatomicélly). They
suggested that the respiratory centre which produced
the normal respiratory pattern required vagal afferent
information about the state of the lung. This reflex

has since been named as the Hering-Breuer reflex.

Adrian (1933) showed that when a sudden and
maintained inflation was applied to the lungs, a
slowly adapting vagal fibre discharge was obtained.
Hence, the receptors of this fibre became known as the
"slowly adapting pulmonary stretch receptors”. The
abbreviation "pulmonary stretch receptors" (PSR)
(Knowlton and Larrabee, 1946) will be used throughout

this thesis.

Physiological and degeneration experiments
together with histological evidence suggest that many
of the PSR are located in the smooth muscle of the
larger airways (Widdicombe 1954b). For both cat

(Sant'Ambrogio and Miserocchi, 1973) and dog,
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(Miserocchi et al, 1973) it had been shown that the
receptors are concentrated in the trachea and larger
bronchi. For the rabbit, the receptors also have a
higher concentration in the extrapulmonary airways

(Richardson et al, 1973).

Electrophysiological studies of the action
potential discharge in vagal afferent fibres have
shown that PSR are stimulated by distension of the
lungs and airways. Most receptors have‘ thresholds
within the eupnoeic tidal volume range so that 1lung
inflation during quiet Dbreathing increases their
discharge. There is considerable variation between
receptors in threshold and rate of adaptation; this
may depend on the site of the endings, tho§e in the
larger airways tending to have a lower threshold and

slower adaptation.

The strength of the Hering-Breuer inflation
reflex varies considerably between animals, being
strongest 1in rabbits and weakest in man (Widdicombe

1961).

Pulmonary stretch receptors adjust the pattern
of breathing and airway calibre in order to minimise
respiratory work or inspiratory muscle force 1in
response to changes in the mechanical conditions of

the lungs.
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The main influence of PSR during spontaneous
eupnoeic breathing is to shorten the duration of
inspiration and to lengthen the duration of expiration
(Clark and von Euler, 1972). Vagal impulse activity
from PSR increases with the onset of inspiration and
this activity rises wuntil it reaches the~ central
threshold which decreases with time. Once this
threshold is reached, an inspiratory off-switch is
triggered, thus terminating inspiration (von Euler,
1977). During the early stage of expiration while the
lungs are deflating, these receptors are still
strongly active, eventually dying down as the lungs

empty {Clark and von Euler, 1972).

The way 1in which the Hering~Breuer inflation
reflex adjusts the pattern of breathing has been
studied by von Euler et al (1970). During stimulation
of breathing by hypercapnia, the increase in tidal
volume was accompanied by a decrease in the duration
of ‘ inspiration. Presumably, the duration of
inspiration 1is reduced because with the more vigorous
inspiratory drive and therefore more rapid build-up of
tidal volume the increased discharge of PSR cuts short
inspiration earlier. 1In addition, Clark and von Euler
(1972) found that there is also a direct relationship
between the duration of inspiration and the duration

of expiration in hypercapnic hyperpnoea, so that the

frequency of breathing would be further increased by a
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shortening of expiratory as well as inspiratory time.

The physiological importance of +the inflation
reflex 1is believed to be that in situations in which
an increased central respiratory drive increases the
rate of Dbuild-up of tidal volume, it produces an
increase in respiratory frequency together with an
increase in tidal volume, thereby magnifying the
increase in minute ventilation (in : Keele et al,
1984). Moreover, since PSR are able to "sense" the
mechanical conditions of the lungs, they contribute to
the establishment of an optimal combination of
respiratory frequency and tidal volume for any given
Véhtilation, thereby minimizing the work of the

respiratory muscles.

The sensitivity of PSR can be inhibited by an
increase in inhaled CO (Coleridge et al, 1978).
However, the receptors aie insensitive to blood-borne
changes in pCO (Bartlett and Sant'Ambrogio, 1976;
Bradley et al,2 1976). The action of CO on PSR is
thought to be direct or at least not secgndary to a
change in airway smooth muscle tone (Coleridge et al,
1978). Sulphur dioxide has also been shown to inhibit
or paralyse PSR in the rabbit (Davies, 1976; Davies et
al, 1978a,b, 1981; Citterio and Agostoni, 1983;
Davenport et al, 1984; Agostoni et al, 1985; Citterio

et al, 1985).
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The effect of pulmonary stretch receptor
stimulation on the activity of the recurrent laryngeal
nerve and the intrinsic laryngeal muscles during the
classic Hering-Breuer inflation reflex is consistent

with the action on other respiratory muscles.

Several studies have demonstrated that during
ling inflation, some inspiratory laryngeal fibres stop
their rhythmic firing (Green and Neil, 1955;
Eyzaguirre and Taylor, 1963; Barillot and Bianchi,
1971; Barillot and Dussardier, 1973) whereas others
display a low-frequency, long lasting discharge
(Barillot and Bianchi, 1971; Barillot and Dussardier,

1973).

However, 1in expiratory laryngeal fibres, Ilung
inflation brought about an increase in discharge in
some fibres (Green and Neil, 1955; Barillot and
Dussardier, 1976), whereas in others it inhibited
impulse activity (Barillot and Bianchi, 1971), or
reduced the rate of firing (Barillot and Dussardier,
1976). Eyzaguirre and Taylor (1963) however, reported
that lung inflation did not affect the discharge of

such fibres.

The above electroneurographic findings can be
correlated with the results of electromyographic
studies of intrinsic laryngeal muscles. Lung

inflation inhibits the activity of the inspiratory
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muscles of the larynx namely, the dorsal
cricoarytenoid muscles (Green and Neil, 1955; Nakamura
et al, 1958; Murakami and Kirchner, 1972; Fukuda et
al, 1973, Sherrey and Megirian, 1975). Sherrey and
Megirian (1975) further reported that while the phasic
activity of the dorsal cricoaryteniod muscles (DCA)
was abolished, a tonic activity continued throughout

¢

the period of inflation.

On the other hand, studies on cats have shown
that the lateral cricoarytenoid and thyroarytenoid
muscles, which are the adductor laryngeal muscles, are
reflexly excited by lung inflation (Green and Neil,
1955; Barillot and Bianchi, 1971). However, some
investigations show that there is no increase in the
activity of the adductor muscles of cats déring lung
inflation (Murakami and Kirchner, 1972; Sherrey and

Megirian, 1975).

The respiratory activity of the muscular
processes of arytenoid cartilage during lung
inflation has been extensively studied since they are
considered a good indicator of vocal cord motion.
Murakami and Kirchner (1972) extended these studies on
cats by directly observing the vocal cord motion under
a surgical microscope with a 16 millimetres movie
camera. They reported that when the Hering-Breuer
reflex was elicited by pulmonary inflation with 100

cc. of room air, the vocal cord remained in the same
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position as it would be at the end of expiration
regardless of the respiratory cycle and never adducted
beyond this position. However, during inflation with
150 cc. of room air, it moved to an over-abducted
position and then to the paramedian position Jjust
after inflation. This paramedian position was not
seen under ény other conditions. Maximal inflation
with 200 cc..or more of room air caused cough reflexes
so that the vocal cord moved rapidly but 'irregularly

between adduction and abduction.

McCaffrey and Kern (1980) carried the above
studies a step further by looking at how the change in
laryngeal calibre evoked by lung inflation affects
laryngeal resistance in dogs. They found: that the
stimulation of PSR Dby 1lung inflation eliminates
phasic inspiratory activity of laryngeal abductors.
This has the effect of inhibiting the phasic reduction
of laryngeal resistance during inspiration which
corresponds with the observed inhibition of activity
of inspiratory laryngeal fibres. Sustained 1lung
inflation produces a tonic decrease in laryngeal
resistance which 1is related to the degree of 1lung
inflation. They explained that the effect of a
decrease 1in laryngeal resistance with large lung
inflation would facilitate lung emptying, whereas with
small inflation the higher laryngeal resistance would

slow lung emptying. In this way, the lung would tend
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to reach a constant functional residual capacity
during expiration for both large and small inflations

(McCaffrey and Kern, 1980).

The response of the intrinsic laryngeal muscles
and recurrent laryngeal nerve to lung inflation can be
regarded as a counterpart of the , Hering-Breuer
inhibito-inspiratory reflex which inhibits
inspiratory-phased respiratory muscles.  This reflex
is thought to arise from some intrapulmonary receptors
and not to be merely a mechanical effect of 1lung
inflation per se, since it is effectively abolished by
bilateral vagotomy below the origin of the recurrent

laryngeal nerves.

1.5 The Present Study

As reviewed above, the intrinsic laryngeal
muscles contract with phasic respiratory rhythm in
response to the underlying motoneuronal changes in the
RLN. The recurrent laryngeal motoneurones may be
regarded as one of the outputs of the respiratory

complex of the brainstem.

The activities of the laryngeal muscles and
motoneurones have been shown to be complexly modified
by various afferent stimuli of extramedullary origin,
chiefly those mediated by the vagus nerves. The
effect of the Hering-Breuer inflation reflex on

recurrent laryngeal motoneurone discharge has been



40

extensively studied but there are a number of
contradictory results 1in these studies. It is
generally accepted that the afferent pathway of this
reflex inhibition on RLN is indeed vagal and it 1is
presumed that the pulmonary stretch receptors mediate
this reflex (Green and Neil, 1955; Eyzaguirre and
Taylor, 1963). However, very few studies have been
carried out to ascertain the extent to which PSR and
other types of lung receptors are functionally

involved.

Information on whether the operation of the
volume-related feedback system is involved in
modulating recurrent laryngeal motoneurone discharge
during eupnoeic breathing has not been fogthcoming.
Neither are there any studies to show if the volume-
related input acts through the respiratory centre to

modulate laryngeal motoneurone discharge.

The role of other pulmonary afferents, in
particular of RAR has received even less attention in
research investigations. Moreover, investigations of
RAR suffer from two main defects: most of the stimuli
used affect more than one group of lung receptors and,
in addition to this, as soon as the respiratory and
laryngeal responses start they may be modified by
activity from PSR. Therefor= it is difficult to be

sure of the primary reflex action of RAR on recurrent
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laryngeal motoneurone discharge.

This study therefore makes use o0of a method
whereby the activity of PSR can be blocked selectively
and transiently by sulphur dioxide in the rabbit
(Callanan et al, 1975; Davies, 1976:; Davies et al,
1978a). Abolition of the Hering-Breuer reflex is used
as an index of stretch receptor block. With this
preparation, it is possible to stimulate RAR without
appreciable modification of the response by PSR. The
specificity of this differential vagal block is
considered greater than that of other methods such as
cold or DC current applied to the vagus (Davies et al,

1978a).

1.51 Aim of the Study

-

The current study was prompted by the gaps in
knowledge discussed on the preceding pages. The aim
of the study was to classify the discharge patterns of
recurrent laryngeal motoneurones with reference to the
inspiratory and expiratory phases of the respiratory
cycle, and to stimulate the pulmonary stretch
receptors and rapidly adapting receptors by lung
inflation and deflation before and during stretch
receptor block with sulphur dioxide in order to
determine the role of the two groups of lung receptors
in modulating recurrent laryngeal motoneurone
discharge. The time of onset of recurrent laryngeal

and phrenic nerve activity (recorded simultaneously)
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was also examined in relation to changes in
ventilating volumes in pentobarbital anaesthetized,

paralysed rabbits before and during PSR block.

In addition, discharge patterns of the different
types of recurrent laryngeal motoneurones as well as
their responses to changes of pulmonary afferent
inputs were interpreted in relation to the function of
regulating airway resistance and hypotheses were
formulated about the roles of PSR and RAR in

modulating recurrent laryngeal motoneurone discharge.
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Chapter Tho : Materials and Methods

The rabbit was chosen for this study of the
recurrent laryngeal nerve because it has strong 1lung
reflexes. Moreover, it was intended from the beginning
to make wuse of the established method developed by
Davies et al (1978a) whereby the activity of pulmonary
stretch receptors 1in rabbit could be reversibly
blocked with sulphur dioxide. Furthermore, the rabbit

was easily available and relatively easy to handle.

Experiments were performed on fourteen adult New

Zealand white rabbits of either sex weighing between

2.3-4.5 kg. They were obtained from the stock
maintained by the University. Prior to the
experiments, the rabbits had free access to foocd and
water.

The main series of experiments involved nine

rabbits on which observations were made while the

animals were breathing spontaneously through a
tracheal cannula. In another series of experiments
involving five rabbits, observations were made during

neuromuscular junction block (with 60 mg gallamine

triethiodide) and artificial ventilation.

2.1 Surgical Preparation

2.11 Anaesthesia

Anaesthesia was induced with 40 mg/kg of body



weight sodium pentobarbitone (Nembutal, Abbott)
injected into the marginal ear vein. The first 2/3 of
the dose was injected rapidly for speedy induction and
the remainder was given slowly while carefully
observing the rabbits' breathing pattern for
indications of any impending respiratory arrest.
Supplementary doses of sodium pentobarbitone mixed
with equal volume of physiological saline, were
administered through the venous catheter as and when
needed to maintain anaesthesia. The depth of
anaesthesia was assessed by respiratory rate which was
maintained at approximately 60 breaths per minute.
Care was taken to maintain the rabbits only 1lightly
anaesthetized and to allow for 5 minutes interval
after supplementary injection of anaesthetics before

any recordings were made.

2.12 Femoral Vein Catheterisation

The rabbit was placed in a supine position. Fur
at the neck and inguinal regions was clipped. 2-3 ml
of xylocaine was infused under the skin of the
inguinal region on which a skin incision was made.
The sartorius muscle was exposed. Beneath the caudal
margin of this muscle was found the femoral vein. 1-2
cm of the vein was cleared from the surrounding
tissues and catheterised. A saline-filled
polyethylene catheter was inserted several centimetres

and tied into the blood vessel for the injection of
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anaesthetic. A cotton swab socaked in saline was used

to cover the wound.

2.13 Tracheal Cannulation

A skin incision of about 8-9 cm long was made
along the midline of the neck region. The sterno-
hyoid was exposed and divided to expose the trachea.
A small incision was made between the C rings of the
trachea thus enabling a polyethylene cannula (3.5 mm
internal diameter) to be inserted inté. At the
pressures used to inflate the lungs in the
experiments, this formed an air-tight seal around the

cannula without the need for tying.

2.14 Exposure of Recurrent Laryngeal and Phrenic

-

Nerves

2.14]1 Recurrent Laryngeal Nerve Isolation

The sternomastoid and cleidomastoid muscles were
pushed aside and the right recurrent laryngeal nerve
was 1identified as a small nerve coursing along the

tracheal-oesophageal groove.

After localizing the nerve, further surgery was
carried out under a dissecting microscope. The nerve
was cut just below the larynx. It was gently freed

for 2-3 cm by lifting the central end with fine
forceps and clearing the tissue underneath with fine
optical scissors. The nerve was disturbed as little

as possible. It was placed in a paraffin filled copper
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tray which was positioned in such a way that the
nerve was not stretched. The perineurium was
carefully femoved after which the nerve was placed on
a pair of platinum electrodes. In the main series of
experiments, the nerve was further teased out to
obtain single fibres before any recording, whereas in
the second series of experiments, the whole nerve was

used for recording.

To improve the signal to noise fatio, the
platinum electrodes were flamed before use.
Throughout the whole experiment, care was taken to
ensure that the nerve was covered with oil at all
times to prevent it from drying out. Any blood which
accummulated on the nerve was cleared when necessary
using saline soaked filter paper or cotton buds to
maintain a high signal to noise ratio. Fine
adjustments of the position of the bipolar platinum

electrodes were made using micromanipulators (PRIOR).

2.142 Phrenic Nerve Isolation

In the second series of experiments, recordings
from the 1left phrenic and the right recurrent
laryngeal nerves were obtained simultaneously. The
left phrenic nerve was dissected free first according

to the following procedures:

The sternomastoid and cleidomastoid muscles were

identified and loops of thread tied round them to cut
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off their blood supplies. They were crushed at the
tied ends before cutting to prevent excessive
bleeding. The left phrenic nerve was identified as a
small nerve arising from the spinal cord at segments
C3, 4 and 5. It lies close and parallel to the
spinal cord before it angles back towards the mid-line

at the level of the shoulder.

Further surgery was carried out  under a
dissecting microscope. The most caudal end of the

nerve was cut, care being taken not to cause any

damage to the nerve. The diaphragm twitched on
cutting the phrenic nerve, thus confirming the
identification of the nerve. The nerve was gently

freed for 2-3 cm by lifting the caudal end with fine
forceps and clearing the tissue beneath with fine

optical scissors.

A loop of silk thread was placed around the
nerve. Cotton swabs in saline were used to cover it
while the dissection of recurrent laryngeal nerve was
carried out, after which the central ends of both
nerves were placed on bipolar platinum electrodes and
immersed in a pool of liquid paraffin oil. To obtain
a high signal to noise ratio, those procedures

described earlier were also followed.
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2.2 Recording Procedures

2.21 Respiration Recordings

To measure airflow, the tracheal cannula was
attached to a Fleisch pneumotachograph head. In the
first series of experiments, flow was recorded on
magnetic tape. In the second series of experiments,
flow was integrated electronically to give tidal
volume. This was displayed directly onto a Brush-
Gould pen recorder which was calibrated at the end of
each experiment. "Integrator drift" was minimised
manually. Residual drift was reset as required. End-
tidal CO and O were continucusly monitored by an
infra—red2 gas anilyser (Datex, Normocap). This was
carried out by inserting a wide bore needle of the
sampling tube into the tracheal cannula. Th; rate of
sampling was 150 ml/min. End-tidal CO and O
measurements were used to evaluate the effeci of addeg

dead space and also as an aid to set the level of

artificial ventilation in paralysed animals.

2.22 Neural Recordings

The electrical activity of the nerves was
recorded using a Neurolog Recording System. This
consisted of an AC pre-amplifier, AC amplifier, filter

and an audio amplifier connected in series. The AC

pre-amplifier provided a high input impedance (200,

Kohms) . The pre-amplifier had a differential input

which was balanced before each experiment to give an
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optimum common mode rejection ratio (CMRR). The pre-
amplifier output was then fed through a band pass
filter to reduce noise artefacts. The action
potentials were then amplified by an AC amplifier.
The electrical signal was also converted to an
audible signal via an audio amplifier. At the same
time, the signal was displayed on a four-channel
Tektronix oscilloscope to allow constant monitoring of
nerve activity. In the first series of ‘experiments
where single fibre preparations were used, the signal
was further fed into a circuit comprising a spike
trigger which was connected in sequence to a digital
width unit. The spike trigger converted the delivered
pulses into a sequence of "Transistor-Transistor-—
Logic" (TTL) spikes. The digital width ;unit was
required as the TTL pulses produced by the spike
trigger were not of sufficient duration to trigger the
TTL spikes. The interval was set so that it was less
than the time between action potentials. Records of
TTL spikes together with flow were stored on magnetic
tape using a two-channel tape recorder (Epsylon
Labcorder) for subsequent analysis. For the second
series of experiments, records of nerve activity were
displayed simultaneously with tidal volume directly

onto a pen recorder.

2.3 Inflation and Deflation Tests

Two levels of pressure were used namely 10 cm
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H O or 20 cm H 0. Inflation and deflation of the lungs
2 2

were carried out by connecting the free end of the

pneumotachograph to a large drum which was maintained

at positive or negative pressure by means of solenoid-

operated valves. The valves were triggered manually.

2.4 Stretch Receptor Block

Pulmonary stretch receptor (PSR) block was
achieved by causing the rabbit to breathe 200 to 300
parts per million sulphur dioxide for 20 to 30 minutes

(Callanan et al, 1975; Davies et al, 1978a).

Sixty millilitres of pure sulphur dioxide was
drawn from a cylinder and injected into a stream of
air which filled a polyethylene Douglas bag. The bag
was then shaken to ensure even distribution éf sulphur
dioxide in the gas mixture. The concentration of the
gas was measured using a colorimetric gas sampling
system (Kitagawa 400). Fresh gas mixture was prepared
for each experiment.

For administration of SO , a stream of the gas
mixture was drawn across thezrabbit's trachea by a
suction pump, adjusted so that the pressure at the
tracheal cannula was atmospheric and the pressure in
the Douglas bag slightly positive. The gas mixture was
not administered through the pneumotachograph as 802

is corrosive. Pulmonary stretch receptor activity was

assessed by testing the strength of the Hering-Breuer
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inflation reflex to 10 cm H O positive pressure lung
inflation. It was measureg by the inhibitory ratio
which is the ratio of the expiratory time during lung
inflation to control expiratory time (Davies et al
1981). Sulphur dioxide was administered until the
reflex was abolished as indicated by an inhibitory
ratio less than or equal to 1.0. The degree of

pulmonary stretch receptor block was assessed for each

rabbit.

2.5 Experimental Protocol

For each experiment, the rabbit was prepared as
described earlier. The experimental procedures for
the two series of experiments can best be described

under the following headings:

2.51 Spontaneously Breathing Rabbits

The experimental set-up and protocol are given
in Figures 9 and 10. Respiratory flow and the impulse
activity in single fibre of the recurrent laryngeal
nerve during eupnoeic respiration were recorded over
three breaths before, during and after the application
of positive or negative pressure of 20 cm H O or 10 cm
H O to the rabbit's lungs. Each run consisted of a
pgsitive and negative pressure application. At least
two minutes elapsed between each pressure application.

Two runs were carried out. The pneumotachograph was

disconnected from the solenoid valve between each
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treatment to reduce dead space. It was reconnected
one or two breaths before the control breaths were
taken. In some experiments, the effect of an increase
in the inspired concentration of CO on laryngeal
motoneurone activity was studied byzadding a dead
space in the form of rubber tubing of volume 25 ml to
‘the free end of the pneumotachograph head. Once the
end-tidal CO2 and 02 had stabilized, the motoneurone

activity and airflow were recorded during three

breaths.

At the end of the runs with stretch receptor
intact, the Hering~Breuer inflation reflex to 10 cm
HO positive lung inflation was tested and the

2
inhibitory ratio calculated.

Pulmonary stretch receptors were Dblocked by

causing the animal to breathe 200 to 300 ppm SO for
2

20 to 30 minutes. The administration of the gas was

carried out according to the procedures described

previously.

After sulphur dioxide exposure, the Hering-
Breuer inflation reflex was again tested. If the
inhibitory ratio was less or equal to 1.0, the above
protocol for PSR intact animal was repeated for two

runs in the same animal.

In two rabbits, the effect of adding a dead

space of volume 25 ml on motoneurone activity was
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examined again during PSR block in the same animal.

2.52 Neuromuscular Junction Block Series

The experimental set-up and protocol are shown
in Figures 11 and 12. Recurrent laryngeal and phrenic
nerves activities and tidal volume were recorded
simultaneously before neuromuscular junction block and
end-tidal CO and O levels were noted. The animal was
paralysed iith 63 mg of gallamine triethiodide
(Flaxedil : May and Baker) injected through the
venous catheter and washed in with physiological
saline. The animal was then artificially ventilated
at the same frequency and tidal volume as its
spontaneous breathing. This kept the end-tidal CO and
0 close to the spontaneous breathing léVel.2 In
piralysed animal, supplementary doses of anaesthetic
were administered at the same rate as before
paralysis. The relationship between tidal volume and
recurrent laryngeal and phrenic nerves activities were
again recorded over ten ventilatory cycles. Tidal
volumes were changed and set at 50% less than eupnoeic
level and subsequently at 1008 greater than
spontaneous eupnoeic value. The new relationship
between tidal volume and recurrent laryngeal and
phrenic nerve activities was recorded for ten
ventilatory cycles. Tidal volume was returned to its

original wvalue and the Hering-Breuer inflation reflex

tested by connecting the = free end of the
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pneumotachograph head to a positive pressure of 10 cm
H 0. Lung stretch receptors were blocked by causing
tie animals to breathe 200-300 ppm SO . Complete
abolition of the Hering-Breuer inflationzreflex was
taken as evidence of stretch receptor Dblock. The
relationship between tidal volume at eupnoeic level
and recurrent laryngeal and phrenic activities was
recorded. The rabbits were ventilated again at tidal
volumes which were 50% less than eupnoeic level and
subsequently at 100% greater than eupnoeic value. The

new relationship between lung volume and the above

nerve activity was again recorded.

2.6 Validation of Study

2.61 Histological Examination of the Recurrent

Laryngeal Nerve

In this study, specimens of the recurrent
laryngeal nerves were collected at the following
levels:

a) at the level of the clavicle as the nerve

ascends between the trachea and oesophagus,

b) near 1its entry into the larynx to supply

the intrinsic laryngeal muscles.
These samples were placed on cardboard frames in
a lightly stretched condition and fixed in Bouin's
fluid. The nerves were routinely embedded in paraffin
and sectioned at 6 u. The sections were stained using

Trichrome Blue by the Modified Masson's Method
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(Birtles, personal communication).

2.62 Tests of Recording Equipment

To ascertain if integrated recurrent laryngeal
signals stored on magnetic tape can be accurately
retrieved without being affected by the inherent noise
of the tape recorder, recordings of electrical signals
from Neurolog's Pulse Generator or Function Generator
were replayed from the tape recorder and compared with
electrical signals recorded directly onto the pen

recorder.

2.63 Bilateral Vagotomy

To confirm the identity of the nerve from which
electroneurographic recordings were made, the neural
activity was compared with the activity afte£ the vagi
were cut at positions above the origin of the left
and right recurrent laryngeal nerves at the end of an

experiment.

2.7 Data Analysis

2.71 Spontaneously Breathing Rabbits

In the first series of experiments, the flow and
integrated recurrent laryngeal motoneurone signals
were replayed from the tape recorder at half the
recording speed i.e. 3.75 cm/sec on to a Brush-Gould
pen recorder played at a speed of 5 cm/sec. The above
speeds were chosen to provide a satisfactory record

from which individual spikes could be counted and the
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time intervals between spikes determined.

The duration of inspiration (t ) and expiration
I
(t ) were determined from the flow tracings. The
E
integrated electroneurograms of the recurrent

laryngeal motoneurones were analysed in terms of their

frequency and duration of discharge.

Impulse frequencies were measured over
respiratory cycles since the motoneurone discharge had
a respiratory rhythm. The two phases of the
respiratory cycle were each divided into four equal
intervals and the number of TTL spikes within each
quartile was counted. The frequency of discharge was
determined by dividing the total number of spikes by
the phase duration. The onset and the end éf firing
during each phase were measured, from which the
duration of firing was obtained. The instantaneous
minimum and maximum frequencies were determined by
measuring the shortest and longest +time intervals
between the spikes respectively. Figure 13 shows how

the above measurements were obtained.

For each fibre, the data were grouped into +ve

Intact, -ve Intact (positive and negative pressure
with stretch receptor intact); +ve Block, ~ve Block
(positive and negative pressure during stretch
receptor block). Within the +ve Intact or +ve Block

group were data obtained during the pre-inflation
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breaths, inflation and post-inflation breaths. Within
the -ve Intact or -ve Block group were data obtained
during pre-deflation, deflation and post-deflation
breaths. Data on augmented breaths were analysed
separately. A record of all the data collected for

every fibre is given in the Appendix.

Results are given as the mean and the standard
error of the mean. A Mann-Whitney test ;nalysis was
used to determine the significant differeﬁce between
control values and the corresponding value during the
various experimental manoeuvres with P < 0.05 as the

level for significance.

2.72 Neuromuscular Junction Block Series

2.721 Analysis of Phase Relationship Between Pump

Cycle and Recurrent Laryngeal/Phrenic Bursts

The onset of the recurrent laryngeal/phrenic
burst in relation to the pump cycle was considered.
The two phases (inflation and deflation) of the pump
cycle were each divided into ten equal intervals and
the interval in which the recurrent laryngeal/phrenic
burst started was identified (for example between 10
and 20% of inflation). In each rabbit five consecutive
recurrent laryngeal/phrenic discharges in control
conditions (i.e. with the rabbit paralysed,
artificially ventilated and no blockade of stretch

receptors) and a further five consecutive recurrent
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laryngeal/phrenic bursts during SO block with the
2
same pattern of ventilation were considered for each

of the three different test tidal volumes.
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Ehapter Theee : Besulls

3.1 TESTS ON SPONTANEOQOUSLY BREATHING RABBITS

The discharge patterns of 24 recurrent laryngeal
motoneurones from 9 rabbits were studied in this
series of experiments. Apart from 2 fibres which were
recorded from the left recurrent laryngeal nerve, all
the rest were recorded from the right side. 9 of the
single fibres from 6 rabbits were further studied
during pulmonary stretch receptor block with sulphur

dioxide.

¥.11 Motoneurone Discharge Patterns with Pulmonary

Stretch Receptor Intact

3.111 Characterization of Spontaneous Laryngeal

Motoneurone Discharge

The motor fibres in the recurrent laryngeal
nerve showed respiratory rhythmicity and exhibited a
variety of discharge patterns. A schematic
classification of the discharge patterns is given 1in
Figure 14. The recurrent laryngeal motoneurones were

classified according to their phase relation of

discharge to the respiratory cycle (Figure 15). The
observed patterns were grouped into 2 ma jor
categories:

a) "inspiration-related" patterns of discharge,

of which there were 2 sub-groups:

i) in which discharge occurred during
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inspiration and was completely silent

or fired at less than 3 spikes/sec

during expiration. Such patterns were
labelled “"phasic-inspiratory" (P-I)
(Figure 16);

ii) in which discharge occurred during

both phases of the respiratory cycle
but with higher frequency during the
inspiratory phase. They were labelled
"tonic-inspiratory" (T-I) (Figure 17).
Fibres which possessed pattern P-I or T-I discharge
were referred to as phasic-inspiratory laryngeal
motoneurones (P-ILMs) or tonic-inspiratory laryngeal

motoneurones (T-ILMs) respectively.

b) "expiration-related" patterns of d&ischarge,
of which there were 2 sub-groups:
i) in which discharge occurred during

expiration and was completely silent
or fired at less than 3 spikes/sec
during inspiration. Such discharge
was designated as "phasic-expiratory"
(P-E) (Figure 18);

ii) in which discharge was continuous but
occurred at higher frequency during
expiration. This last pattern of
discharge was designated as ‘"tonic-

expiratory" (T-E) (Figure 19).
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Fibres which showed Pattern P-E or T-E discharge were
referred to as phasic—~expiratory laryngeal
motoneurones (P-ELMs) or tonic-expiratory laryngeal

motoneurones (T-ELMs) respectively.

A breakdown of the number of fibres in each of
the above categories is given in Figure 20. Of the 24
fibres studied, 14 discharged with Pattern P-I, 7 with
T-I, 1 with P-E and 2 with T-E. Hence 87.5%
(n=21/24) of all fibres recorded were ILMs and 12.5%
(n=3/24) were ELMs. Only one Pattern P-E type of

fibre was observed in this study.

The above discharge patterns occasionally varied
with time during eupnoeic respiration. Such
variations were noted in 4 P-ILMs which changed
into a T-I pattern of discharge and back to P-I at
some stages of the experiment (Figure 21). The
transition from a phasic pattern of discharge to a
phase-spanning type and vice versa also occurred
during various experimental interventions, the details
of which will be reported in the later part of this

chapter.

3.112 Details of Patterns of Discharge

Within the same group of recurrent laryngeal
motoneurones, there were variations in the onset of
motoneurone activity (Figure 22). In 15 out of 21

ILMs for example, the onset of activity was
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synchronous with the onset of inspiration. Another
type, referred to as "late expiratory-inspiratory",
began their activity at 0.05 - 0.10 seconds earlier
than the inspiratory phase. Only 2 P-I motoneurones
exhibited this type of activity. A third kind of
activity commenced after a delay of 0.05 - 0.40
seconds from the first sign of inspiratory activity.
This type of "late-inspiratory" activity was observed

in 4 P~ILMs and 2 T~ELMs.

The duration of recurrent laryngeal motoneurone
discharge was not equal to inspiratory (t ) or
expiratory duration (t ). Moreover, the motoniurone
did not fire at the game frequency throughout the

entire period of its discharge.

The inspiratory discharge of Pattern P-I or T-I
fibres was characterized by a peak activity during the
first 25% of t (first quartile) (mean frequency =
24.1+41.6 and liZ.Sil0.0 impulses/sec respectively)
(Figures 23 and 24). While there was no significant
change in the firing rate of P-ILMs during the second
and third quartiles of t (mean frequency = 18.8+1.4
and 23.2+5.6 impulses/secIrespectively), the frequency
of discharge of T-ILMs during the same period showed a
gradual decline (mean frequency = 89.3+49.2 and
79.5+9.7 impulses/sec respectively). The activity of

both groups of fibres showed a sharp decrease during

the last 25% of t (mean frequency = 8.2+1.0 [P-ILMs]
I
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and 40.9+5.6 [T-ILMs]).

In 2 out of the 14 P-I motoneurones with late
expiratory-inspiratory activity, there was a silence
of motoneurone discharge during the first 95% of t ,
followed by a gradual increase of activity in laEe

expiration and finally by a sharp increase of activity

at the onset of the succeeding inspiratory phase.

The pattern of laryngeal activity of T-1
motoneurones during the expiratory phase was less
variable than during the inspiratory phase. The
activity at the beginning of t (first quartile) was
at its lowest (mean frequency =E9.lil.4 impulses/sec)
compared with that during the other 3 quartiles. This
was followed by a gradual increase in firing-frequency
before reaching its peak in the last 25% of t (mean
frequency = 22.2+2.1 impulses/sec). "

The firing rate of T-ELMs was more consistent
and generally did not change as much throughout the
expiratory phase as ILMs (Figure 25). Patterns of T-

ELMs activity were different from that of ILMs in that

the firing rate was lower at the beginning of the

i

expiratory phase (mean frequency 26.2+3.0

impulses/sec) followed by an increase in the second
quartile of t (mean frequency = 32.8+1.4
E

impulses/sec) and a consistent frequency of discharge

throughout the rest of t (mean frequency = 33.5+5.3
E .
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impulses/sec). There was no significant difference in
the frequency of discharge between the four different

positions in the inspiratory phase.

The only P-E motoneurone detected in this study
showed early expiratory discharge during which activity
began synchronously with the end of inspiration, reached
its maximum soon after its onset (11.5+1.5 impulses/sec)
and then gradually declined towards the baseline level
(mean frequency = 0.5+0.5 impulses/sec) in the second and

third quartiles (Figure 26).

3.113 Effects of Breathing Through An Added Dead Space

on Laryngeal Discharge

Breathing through an added dead space increased the
mean frequency of breathing by 33%. The - effects of
increasing respiratory dead space on P-ILM discharge 1is
shown in Figures 27 and 28. The change in mean frequency
of P~ILMs in relation to the respiratory cycle is shown
in Figure 29. In 5 P-ILMs tested, breathing through an
added dead space increased the mean frequency of
discharge by 100% (P<0.05) during the inspiratory phase
(Table 1). The increase in firing frequency during
expiration was not significant. The added dead space also
caused 3 of the 5 fibres to fire tonically (T-I pattern)
during the expiratory phase but with a lower fregquency
than in inspiration. The remaining 2 fibres remained

silent during the expiratory phase.



Tabke 1

Effect of breathing through an added dead space on phasic-inspiratory
laryngeal motoneurone discharge (N -5 fibres)

Inspirvatory Discharge - Expiratory Discharge
Control During Added <Change (%) Controf During Added Change (%)
Dead Space Dead Space
Frequency 19.44;2.3@ 38.8:+7.3 +100% 0.5:04 6.7:3.0 +1240
(Imp/sec)
@
Dlzrati)on 0.51:0.07 0.54:0.08 +5 0.13:0.11 0.78:0.36 +515
sec

@ - values are means and standard errors. Significance of dilflerence from coatrols:
%P ¢ 0.05 by Mann-Whitney test. '
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There was no significant change in the duration of P-

ILMs activity during both of the respiratory phases.

As few ELMs were recorded, the effect of
increasing respiratory dead space on such motoneurones
was not investigated. Neither were observations made

of the response of T-ILMs to an added dead space.

3.114 Discharge Patterns of Laryngeal Motoneurones

During Hering-Breuer Reflex

3.1141 Responses to Lung Inflation

The degrees of inflation used were

a) 20 cm H O positive pressure for 18
2
fibres (from 6 rabbits);
b) 10 cm H O positive pressure for 6
2

-

fibres (from 3 rabbits).

Inflation of the lungs with a positive pressure
of 20 cm H O or 10 cm H O produced an average pause of
four timis (9.l3i1.2125ec) the duration of the pre-
inflation breath (2.27+0.08 sec). However, in one
case, inflation of the lungs with 10 cm H O positive
pressure produced a pause of only 1.42 times the

duration of preinflation breath.

The effects of lung inflation on laryngeal
motoneurone discharge (Figures 30 and 31) were
analysed as follows:

A. transient effects which were assessed by

spike counts within the first 0.2 seconds
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of the onset and release of inflation
(Figure 32).

B. initial effects which were assessed by spike
counts obtained:

i) within one second of the start of
inflation apnoea,

ii) within one second during mid-inflation
and

iii) during the last one second before the
end of the Hering-Breuer reflex.

Based on the above spike counts, the mean

frequency of discharge was determined;

C. subsequent effects which were analysed based
on discharge frequency during the first
three breaths after inflation. ;The mean
frequency of discharge was compared with

that before inflation.

3.11411 Transient Effects

The transient responses of laryngeal
motoneurones during inflation and after inflation is
shown in Table 2. These responses were so Vvariable
that statistical analysis does not reach significant

values in this study.

In 9 out of 28 instances in 21 ILMs, there was
an increase in the frequency of discharge (relative to

that in inspiration before lung inflation) during the



Table 2

Transient response of recurrent laryngeal motoneurones’
to inflation of the Lungs

Fibre Type "On-Effect” "Off -Effect”
+ - X - + - X

ILMs 9 10 9 12 115

ELMs 3 1 0 3 11

“On-effect” and "Off-Effect” . Determined by spike counts within
the first 0.2 secs. of the onset and release of lung inflation.
Numerical figures indicate the number of instances when

phenomenon was observed.
+ : increase in frequency of motoneurone discharge relative
to control (pre-inflation) .

- : decrease in discharge frequency
X : no response
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first 0.2 seconds of lung inflation.

There was no transient response in 9 tests and
a decrease in discharge in 10 tests. The positions of
the respiratory phase at which the above responses
were elicited are also shown in Figures 33 and 34.
Inflation applied within the first 50% of t elicited
an increase in response in 6 out of 10 casei.

Following the release of inflation, 23 of 28
tests on 21 ILMs exhibited transient respoﬁses, 12 of
which showed an increase in frequency of discharge
relative to that during pre-inflation breaths. No

response was observed in 5 instances (Figure 35).

Transient responses were also elicited in 4 of 5
tests on 3 ELMs, out of which 3 showed ingrease in
firing rate (relative to that in expiration before
inflation) (Figures 36 and 37). No response was
elicited in 1 test. A greater response was elicited
when lung inflation was applied within the last 10% of

the inspiratory phase.

The release of lung inflation also evoked a
response in 4 out of 5 tests on the 3 ELMs, of which 3

showed increased firing (Figure 38).

3.11412 Initial Effects

The responses to lung inflation were quantitated
by an "inflation test frequency ratio" (ITFR), which

was the ratio of mean frequency of discharge during
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inflation apnoea to that in the control (pre-—
inflation) inspiratory phase. The ITFR was then used
to classify laryngeal responses into one of four types
labelled A to D:

i) Type A: the discharge disappears (or an
occasional one to two spikes), a condition
which is the equivalent of apnoea in terms
of neural discharge;

ii) Type B: the motoneurone shéws a low
frequency, long lasting discharge
throughout the expiratory pause, ITFR <
1.0; |

iii) Type C: the discharge disappears during
the first one second of inflatiqn apnoea
but reappears and fires continuoésly with
an increasing firing frequency, ITFR <
1.0;

iv) Type D: there is an increase in frequency
of discharge throughout the expiratory

pause, ITFR > 1.0.

The types of response elicited by pulmonary
inflation are shown in Figure 39:
a) Type A response in 5 tests on 5 P-ILMs, 1
test on 1 P-ELM;
b) Type B response in 7 tests on 5 P-ILMs
(ITFR=0.41+0.11, ©P<0.05), 6 tests on 6

T-ILMs (ITFR=0.47+0.11, P>0.05), 3 tests



on 2 T-ELMs (ITFR=0.62+0.15, P>0.05)
(Figures 40a and 40b). In 1 of the 7 tests
on P-ILMs and in 4 of the 6 tests on T-
ILMs, the motoneurones exhibited a gradual
increase in firing frequency with peak
activity near the end of the expiratory
pause. A similar pattern of discharge was
recorded in 3 tests on 2 T-ELMs during lung
inflation.

c) Type C response in 6 tests on 4 P-ILMs
(ITFR=0.28+0.06, P<0.05) (Figure 40b);

d) Type D response in 3 tests on 3 P-ILMs
(ITFR=2.88+1.02, ©P>0.05), 1 test on 1 T-

ILM (ITFR=6.9) (Figure 40c).

The effects of inflation on laryngeal discharge
were then classified on the basis of the above
response type:

I) "Classical" responses which are responses in

the same direction as the Hering-Breuer
reflex; i.e. inhibition of ILMs (Type A,B,C
response) and excitation of ELMs (Type D
response) activity. The inhibitory effects
of lung inflation were observed in 24 tests
on 20 ILMs and excitatory effects in 3

tests on 2 ELMs.

IT) "Paradoxical" responses which are responses
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in the opposite direction to the Hering-
Breuer reflex:i.e. excitation of ILMs (Type
D response) and inhibition of ELMs (Type
A,B,C response) activity. The excitatory
effects of lung inflation were
observed in 4 runs on 4 ILMs and the
inhibitory effects in 4 runs on 3

ELMs.

Regardless of the type of responses elicited, it
was noted that there was no rhythm in any of the types
of discharge during lung inflation. Although
different laryngeal motoneurones had similar phase
relation to the respiratory cycle, they Dbehaved

differently in response to lung inflation.

3.11413 Subsequent Effects

Immediately after lung inflation, a T-I pattern
of discharge was elicited in 7 out of 14 runs on 14 P-
ILMs. The increase in inspiratory and expiratory
discharges of P-ILMs was insignificant (Tables 3 and
4). However, there was a significant increase in the
duration of the first inspiratory discharge (mean

increase=26%, P<0.01l).

On the other hand, 3 out of 7 T-ILMs showed a
P-I pattern of discharge. Significant changes in the
mean frequency and duration of inspiratory activity

were noted (-55%, P<0.05 and 54%, P<0.05



Tablk $

Response of recurrent laryngeal motoneurones during the first breath

after lung inflation

Inspiratory Discharge

Expiratory Discharge

Pre-inflation 1st breath Change (%)

Pre-inflation 1st breath Change (%)

P-iLMs (N=14)
Frequency &
178+3.5 219+47 +23
(Imp/sec)

. &
Duration 049+ 003 0.62+0.07 +26%%

(sec)
T-ILMs (N=7)

Frequency
(Ump/sec) 87.0+ 196 513+ 152 -41

Duration
{sac) 051+ 0.02 1.03+0.10 +102%*

T-ELMs (N=2)

Freguency 16.5+59 452+ 38 +174
(Imp/sec)

Duration 077 +0.09 1.32 +0.02 +71
(sec)

06+£02 34+ 1.7 +499

008+004 0.13:0.05 +625

168231 170+ 3.5 +1

15920.11 084+ 0.16 -47%¥%

430+ 9.2 470+ 114 +9

-

181+01 064+ 005 -65

@ = velues ere means and standard errors. N refers to the number of fibres studied.
Significance of difference of response from pre-inflation values: ** P < 0.01.



Tabke 4

Data an recurrent laryngeal motoneurone activity after lung inflation

Before Infiation

P-ILMs T-1LMs T-ELMs
Insp. | Exp. Insp. | Exp. . Insp.| Exp.
®
Frequency 17.8 0.6 87.0 | 16.8 16.6 | 43.0
(Imp/sec) +35 1+0.2 +19.6 [+ 3.1 + 59 | +92
@
Duration 0.49 0.08 0511 1.59 0.69 1.76
{sec) +0.03 | +0.04 +0.02 [ 20.11 +0.11 | +0.10
N-14 N-7 N-2

After Infiation

Frequency ;56 | 32 388 | 9.7 38.1 | 44.4

{Imp/sec) +3.5 {215 +119 | +1.3 + 9.1 1110.0

Duration 80.53 0.16 0.79 0.57 1.03 0.69
{sec) +0.05 {:0.06 +0.06 |:0.14 +0.05 [+0.10

Change (%)

Frequency + 4 1 +433 - 55% | -42 + 130 +3

Duration + 8| +100 + 54% | - 4% + 49% | — GD¥

o = values are means and standard errors. N = Number of [fibres studied.
Insp. = Inspiratory discharge- Exp. =~ Expiratory discharge
Signilicance of difference of response after inflation to that before inflation:
*P¢0.05 = pP0.0l by Mann-Whitney test.
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respectively). The first inspiratory discharge showed
a greater increase in duration of firing (102%,
P<0.01). The duration of expiratory discharge showed a

significant decrease (-64%, P<0.01).

Changes in the pattern of firing were observed
in P-ELM (N=1 fibre) after lung inflation. The fibre
which usually fired only in expiration lost its phasic
activity and became tonically active. There was an
increase in frequency and duration of ‘inspiratory
discharge (909% and 933% respectively). Expiratory
activity was shortened (-20%) though there was an

increase in firing rate (549%).

As for T-ELMs, the increase in inspiratory and
expiratory discharge was insignificant. However, the
durations of discharge during inspiration and
expiration were significantly changed (49%, P<0.05 and

-60%, P<0.05 respectively).

3.1142 Responses to Lung Deflation

Two levels of deflation were used:

a) 20 cm H O negative pressure for 18
2
fibres (from 6 rabbits),
b) 10 cm H O negative pressure for 5
2

fibres (from 3 rabbits).

The laryngeal response to the effects of lung
deflation (Figure 41) was analysed as follows:

a) transient effects which were evaluated by
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spike counts within the first 0.2 seconds
during and after deflation (Figure 42).

b) initial effects, which were evaluated
based on laryngeal discharge i) during
the first breath immediately following
deflation, ii) during mid-deflation and
iii) immediately before the release of
deflation;

c) subsequent effects, which were assessed
based on the discharge pattern during
the first three breaths after the
release of deflation. The frequency of
inspiratory and expiratory discharge

was compared with that before deflation.

-

3.11421 Transient Effects

The recurrent laryngeal motoneurones showed
considerable variation in the size of their transient
responses to lung deflation (Table 5), however,

statistical analysis did not reach significant values.

In 18 of 24 tests on 20 ILMs, transient
responses were elicited following lung deflation, out
of which 12 showed increase in frequency of discharge
when compared to the inspiratory discharge during pre-
deflation breaths. There were no responses in 6
instances. The position of lung deflation and the

degree of transient response it elicited are shown in



Table §
Transient response of recurreni laryngeal motongurones

to deflation of the lungs

Fibre Type "On- Effect” " Off-Effect”

+ - X - X
ILMs 12 6 6 11 9 3
ELMs 3 1 1 0 4 1

"On-Effect” and "Off-Effect” . Determined by spikes counts
within the first 0.2 secs of the onset andrelease of lung
defiation. Numerical figures indicate the number of
instances when phenomenon was observed.

+ : increase in fregquency of motoneurone discharge relative

to contral (pre-deflation)
- : decrease in discharge frequency
X : No response
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Figures 33 and 34.

The effect of the release of lung deflation on
laryngeal activity was an increase in frequency of
discharge in 11 out of the 23 tests on 20 ILMs. There
was a decrease in activity in 9 tests and no response

in 3 tests (Figure 35).

Transient responses were also elicited in 4 of 5
tests on 3 ELMs following lung deflation, out of which
3 showed increase in discharge frequency relative to
the expiratory discharge before lung deflation. The
greatest response was elicited when lung deflation was
applied within the last 30% of the inspiration phase

(Figures 36 and 37).

-

Release of lung deflation also evoked responses
in 4 of 5 tests on 3 ELMs (Figure 38). None of these
tests exhibited increase in firing rate. There was no

discharge in one test.

3.11422 Initial Effects

Lung deflation stimulated breathing.

Inspiratory duration and the frequency of breathing

always increased (mean increase = 12% and 89%
respectively), whereas expiratory duration always
decreased (mean decrease = 76%) (Figure 41). The

increase 1in inspiratory duration was greatest in the
first breath during deflation  (mean increase in

duration = 52%) in 93% of all cases.



Following deflation, there was an increase in P-
ILM activity (Tables 6 and 7, Figure 43). Deflation
elicited an inspiratory excitatory response (mean
increase in frequency = 55%, P<0.01) with a
lengthening of the first inspiratory burst (mean
increase in frequency = 44%, P<0.0l1). However, the
increase in firing rate during the first inspiration
was lower than the mean increase during deflation (42%
vs 55%). The mean frequency of discharge during the
expiratory phase also increased (mean increase in
frequency=550%, ©P<0.05) (Figure 44). The increase in
discharge frequency was greatest in the first
e¥piration following deflation (581%, ©P<0.01 vs 550%,
P<0.05). The change in duration of P-ILM activity in
inspiration and expiration was not significantly

different from that before deflation.

In 9 out of 16 tests on 8 P-ILMs, the
motoneurones acquired a phase-spanning pattern (T-I)
of activity, discharging in the expiratory phase as
well. However, the P-ILMs continued to fire at a
higher frequency in the inspiratory phase. In the
other 7 tests on 5 P-ILMs, the neurones continued to

fire only in the inspiratory phase.

For T-ILMs, the frequency and duration of
discharge during the inspiratory phase were increased

by 61% (P>0.05) and 24% (P<0.0l1) respectively (Figures



Response of recurrent laryngeal motoneurones during the first breath

Table &

following lung deflation

P-ILMs (N=13) T-ILMs (N=7) T-ELMs (N-2)

Frequenc Duration Frequency Duration Frequenc Duration

(Imp/sec¥ (sec) (Imp/sec) (sec) (Imp/sec (sec
Insp. .

@ ®

Pre-dellation 17.3 : 4.3 0.48 + 0.03 75.0 + 189 0.49 » 0.02 174+ 0.1 0.65 + 0.06
1st breath 247 + 5.5 0.69 + 0.05 118.6+21.0 0.83 »+ 0.03 35.1 1+ 4.2 1.05 + 0.35
Change (%) + 42 + G4 + 58 + 69m« + 101 + 61
Exp.
Pre-deflation 1.6 + 0.5 0.16 + 0.08 10.7 + 2.5 1.20 + 0.20 33.6+ 3.8 2.08 + 0.29
fst breath 109 + 5.4 0.15 » 0.08 63.1 + 15.1 0.15 + 0.03 295+ 18.3 0.13+0.03
Change (%) +58 [ -6 + 49 - §7% - 12 - 93=

@ - values are means and standard errors. N - Number of fibres studied.

Insp. - Inspiratory discharge

Exp. - Expiratory discharge. Significance of diflerence [rom pre-deflation values: *P ¢ 0.05; * P« 0.01

by Mann-Whitney test.




Table 7

Effect of lung deflation on recurrent laryngeal motoneurone discharge

Inspiratory Discharge

Expiratory Discharge

Pre-deflation

Deflation Change (%)

Pre-deflation

Deflation

Change (%)

P-ILMs (N-13)

@
Frequency 7.3+ 4.3
(Imp/sec)

@
Duration 0.48 + 0.03
{sec)

T-1LMs (N-7)

Frequency 75.0+ 18.9
(lmp/sec)

Duration 0.49 + 0.02
{sec)

T-ELMs (N=2

Frequency 17.4 + 0.1
{Imp/sec)

Duration 0.65 + 0.06
{sec)

26.9 + 4.9

0.58 + 0.05 -

121.1 + 19.2

0.61 + 0.02

389+ 3.1

0.84 + 0.15

+ 55

+20

+123

+29

1.6+ 05

0.16+ 0.08

10.7 £+ 25

1.20 + 0.20

336+ 3.8

2.08 + 0.29

10.4 + 5.0

0.18 + 0.06

46..8 + 16.5

0.17 + 0.03

28,1+ 17.8

0.20 + 0.04

+550*%

+12

+*337%

-B6™

-16

-90*

® = values are means and standard errors.
difference of response to

#P¢0.01 by Mann-Whitney test.

N - Number of fibres studied. Significance of

lung deflation compared to pre-deflation values: * P« 0.05;
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41 and 44). The increase in duration was dJdreater
during the first inspiratory discharge (mean increase
in duration=69%, P<0.01). During expiration, there
were also significant changes in the mean frequency
(+337%, P<0.0l1) and duration of firing (-86%, P<0.01l).
In the first expiratory discharge the increase in
firing rate was greater than the mean firing rate

(491%, P<0.01 vs 337%, P<0.01).

P-ELM showed a decrease in frequency of discharge
during the inspiratory and expiratory phases (by -74%
and -93% respectively). There was also a decrease in
duration of firing during both phases of the

-

respiratory cycle (by -62% and -92% respectively).

Changes in the pattern of firing were also
observed in T-ELMs during lung deflation. These
fibres which wusually fired with higher frequency
during expiration showed higher frequency of discharge
durfng inspiration. There was an increase in mean
firing réte during inspiration (123%) but a decrease
during expiration (-16%) (Figures 41 and 45). However,
this was not statistically significant. The mean
duration of T-ELM discharge during expiration
decreased significantly by 90% (P<0.05) but that of

inspiratory discharge was not significantly affected.

3.11423 Subsequent Effects

After lung deflation, 5 P-ILMs lost their phasic
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activity and became tonically active. An increase in
frequency of P-ILM discharge during inspiration was
observed (54%, ©P<0.0l1), a larger response occurring
during the first inspiratory discharge after lung
deflation (74%, P<0.01) (Tables 8 and 9). The change
in firing rate during expiration was not statistically

significant.

The frequency of T-ILM activity during
expiration increased by 103% (P<0.05). No significant
change in discharge frequency was observed during

inspiration.

Both the frequency and duration of P-ELM

activity decreased during inspiration and expiration

(change in mean frequency = ~-26% and ~93%
respectively; change in mean duration = -78% and -99%
respectively).

The 2 T-ELMs exhibited a decrease in frequency
and duration of firing during inspiration (mean
decrease=-66% and -43% respectively) and expiration
(mean decrease = -7% and -3% respectively). On the
other hand, the activity of the first inspiratory
discharge was increased (frequency = 101%, duration =
61%) but not to a statistically significant degree. A
significant decrease in duration of the first

expiratory discharge was observed (-93%, P<0.05).



Tabke 8

Response of recurrent laryngeal motoneurones during the
first breath after lung deflation
Pre-dellation
T-1L.Ms P-1LMs T-ELMs
Insp Exp Insp Exp. Insp Exp
®
Frequency 75.0 10.7 17.3 1.6 17.4 33.6
(Imp/sec) + 189 | +25 +4.3 +0.5 +0.1 1 238
@
Duratipn 0.49 1.20 0.45 | 0.16 0.65 | 2.08
{sec) + 0.02 +0.20 +0.03 {:0.08 +0.06 | +0.29
N=- 7 N=-13 N=-2
1st breath
Frequency 125.2 20.6 29.5 2.0 35.1 29.5
(Imp/sec) +285 | +35 +4.9 | 09 +4.2 |+ 183
Duration 0.44 1.57 0.49 0.16 1.05 0.13
(sec) +0.03 | +0.13 +0.05 |+0.09 +0.35 |+0.03
Change (%)
Frequency +67 | +93 +7¥ 1 425 +101 ) -12
Duration -10 +31 +2 0 + 61 | -93%

@ =~ values are means and standard errors. N

Insp. = Inspiratory discharge

during control: *P < 0.05; * P<0.01 by Mann-Whitney test.

Number of fibres studied.
Exp. -~ Expiratory discharge
Significance of difference of response during Ist breath to that



Table 9

Data on recurrent laryvngeal motoneurone activity after lung deflation

Inspiratory Discharge Expiratory Dischargs
Control  After deffation Change (%) Controf After deflation Change (%)

P-ILMs (N~13)

@®
Fregquency 17.3:4.3 26.7:+4.4 + 54 [.6:05 1.8:0.9 +12
(Imp/sec) .

@
DL(!rati)on 0.48:0.03 0.47:0.04 ~2 0.16:0.08 0.14:0.08 ~-12
sec

T-1LMs (N=7

Frequency 75.0:18.9 119:26.7 +49 10.7:25 21.8:3.8 +103*
{Imp/sec) .

Dugatigm 0.49:0.02 0.43:0.03 -12 1.20:0.20 1.5620.11 +30
sec :

T-ELMs (N=2)
Frequency 17.4:+0.1 5.9:2.2 -66 33.6:3.8 31.4:7.3 -7
{Imp/sec)

Dl;rati)on 0.65+:0.06 0.37.0.08 -43 2.07+0.29 1.99:0.17 -3
sec

e ~ values are means and standard errors. N = Number of fibres studied.
*P¢0.05, *P<0.0! by Mann-Whitney test.
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3.12 Motoneurone Discharge Patterns During Pulmonary

Stretch Receptor Block

3.121 Degree of Stretch Receptor Block

Among the 24 motoneurones, 6 P-ILMs and 3 ELMs
from six rabbits were further studied during pulmonary

stretch receptor block with sulphur dioxide (SO ).
2

The degree of stretch receptor block after SO
2

administration was ascertained by the Hering-Breuer

inflation test before and after SO exposure (Table

2
10). When stretch receptors were intact, inflation
of the 1lungs of the six rabbits with a positive

pressure of 10 cm H O produced an average pause of

2
five times (9.99+1.11 sec) the duration of control
breath (2.24 + 0.09 sec). In the same animals, after

exposure to SO , inflation caused an average increase
in cycle durition by twice the previous breath
(3.03+0.17 sec). In 2 out of 9 runs on six rabbits,
the inhibitory ratio was reduced to unity 1i.e. the
Hering-Breuer reflex was completely abolished. The

rest of the rabbits had inhibitory ratios ranging from

2.5 to 7.9.

3.122 Spontaneous Laryngeal Motoneurone Activity

After inhalation of 80 , the mean frequency and
duration of inspiratory 2discharge of 6 P-ILMs
increased by 95%, (P<0.05) and 85% (P<0.01)
respectively (Figures 46a and 46b, Table II). On the

other hand, the increases in frequency and duration of



Table 10

Assessment of the degree of pulmonary stretch receptor (P3R)
block after sulphur dioxide administration

RABBIT FIBRE PSR INTACT PSR BLOCK
NUMBER NUMBER INHIBITORY RATIO INHIBITORY RATIO

3 10 14.3 43

3 12 15.3 33

4 14 20.7 7.9

5 15 7.4 2.0

5 16 11.9 6.1

6 17 21.6 2.5

7 20 8.6 3.4

9 23 5.0 1.1

9 24 8.2 0.9

Expiratory time during lung inflation

Inhibitory Ratio (ir.) = Control expiratory time

Hering-Breuer inflation reflex is completely abolished (complete
block of stretch receptor activity) if ir. ¢ 1.0 (Davies et al, 1981).




Tablke 11

Effect of pulmonary stretch receptor block on recurrent

laryngeal motoneurone discharge

Inspiratory Discharge

Expiratory Discharge

Frequency Duration Fregquency Duration
{Imp/sec) {sec) {Imp/sec) (sec)
P-1LMs (N - 6)
Control 205+ 8.2@ 050« 0.08@ 0.6:+0.3 0.01 +0.01
Receptor Block 40.1 + 129 094 + 0.08 6.1:+37 0.53 + 0.20
Change (%) +95* +85% +891 +3585
P-ELM (N = 1)
Control 2.2 0.06 4.3 1.37
Receptor Block 37.3 0.74 1.2 0.54
Change (% ) +1595 +1133 -72 -60
T-ELMs (N - 2)
Contral 16.6 + 5.9 0.61 + 0.12 43.0 + 9.2 1.67 »+ 0.07
Receptor Block 7.1 +38 1.28 + 0.12 26.2 + 5.7 1.99 + 0.39
Change (%) -57 +110 -39 +19

® = values are means and standard errors. N - Number of [ibres studied. Significance
of differences from controls: *P<0.05, ®P<0.01 by Mann-Whitney test.
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discharge during expiration were insignificant.
Moreover, changes in the pattern of firing were
observed in 3 of these neurones. These fibres, which
fired only in inspiration, became tonically active
during expiration (T-I pattern) (Figure 47). The

activity of T-ILMs during PSR block was not studied.

P-ELM (N = 1 fibre) lost its phasic acitivity
and acquired a T-I pattern of discharge during PSR
block (Figure 48). The frequency and duration of
inspiratory activity increased by 1595% and 1133%
respectively, whereas in expiration they decreased by
-72% and -60% respectively.

Exposure to SO decreased the firing rate of T-
ELMs during inspiration and expiration (Figuge 49) but
not to a statistically significant degree. The above

treatment also had no significant effects on the

duration of T-ELM discharge.

3.123 Patterns of Laryngeal Motoneurone Discharge

During Hering-Breuer Reflex

3.1231 Responses to Lung Inflation

3.12311 Transient Effects

In 7 out of 9 tests on 6 inspiratory laryngeal

motoneurones, lung inflation elicited a transient
response. An increase in the discharge frequency was
observed in 4 of the above tests. There was no

response in 2 tests. The position of lung inflation
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and the type of transient response elicited is shown

in Figures 33 and 34.

After the release 1lung inflation, transient
responses were elicited in 5 out of 9 tests on 6 ILMs,
among which 2 tests showed an increase in discharge
frequency (Figure 35). There was no response in 4

instances.

Following lung inflation, all 5 tests on 3 ELMs
exhibited increase in firing rate (Figures 36 and 37).
The maximum response was obtained when the above

manoeuvre was introduced during early expiration.

Following release of lung inflation, transient
responses were also triggered in all 5 tests on 3
ELMs, out of which 4 showed increase in firing rate

(Figure 38).

3.12312 Initial Effects

During lung inflation, the laryngeal
motoneurones continued to discharge in phase with the
respiratory cycle in 6 out of 10 tests on 6 P-ILMs
(Figures 50a and 50b). In 4 instances (3 P-ILMs), the
P-I motoneurones acquired a T-I pattern of discharge.
The increase in discharge frequency in inspiration and
expiration was not statistically significant. The
same motoneurones exhibited the type A response (as
defined earlier) in one test, and the type B response

in 2 tests in the intact state.
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Lung inflation also elicited:

i) Type A response in another 3 tests on 2 P-
ILMs which exhibited a Type A (in 2
instances) and Type C response (in one
instance) in the intact state;

ii) Type B response (ITFR = 0.04) in one test on
a P-ILM which showed a Type C response in

the intact state.

As for the expiratory motoneu;énes, lung
inflation elicited:

i) Type A response in one test on one P-ELM,
which showed a similar response in the
intact state;

ii) Type D response (ITFR = 2.10+40.42) in 3 out
of 4 tests on 2 T-ELMs which showed Type D
response 1in 1 instance and Type B response
in 2 instances prior to exposure to SO .
There was no change 1in frequency gf

discharge during lung inflation in one

case.

3.12313 Subsequent Effects

3 P-ILMs assumed a T-I pattern of discharge
after inflation and 1 P~ILM a T-E type. In the intact
state, only 2 of these P-ILMs exhibited a phase-
spanning pattern of firing. The increase in frequency

of inspiratory and expiratory discharges was not
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significant (Tables 12 and 13). With stretch receptor

activity inhibited by SO , there was no significant
2

difference 1in the response o0f P-ILMs after lung

inflation from that in the intact state.

The P-ELM (N=1 fibre) assumed a T-I discharge
after lung inflation. The same motoneurone had a T-E
discharge in the intact state. The frequency of
inspiratory discharge decreased by 16% whereas that
of expiratory discharge increased by 2250%. The
durations of firing were increased in both cases by

30% and 104% respectively).

- The frequency of inspiratory and expiratory
discharges of T-ELMs was not significantly changed.
The increase 1in duration of inspiratory discharge
during PSR intact (49%, P<0.05) became significantly
greater in the blocked state (83%, P<0.05). The
decrease in duration of expiratory discharge after
lung inflation during PSR block was significantly

smaller than that in the intact state (P<0.05).

3.1232 Responses to Lung Deflation

Lung deflation of 20 cm H 0 negative pressure
2
was applied in 4 tests on 3 P-ILMs (from 3 rabbits)

and 5 tests on 3 ELMs (from 2 rabbits). Negative
pressure of 10 cm H 0 was used in 6 tests on 3 P-ILMs

2
{from 2 rabbits).



€Table 12

Effect of lung inflation befare and during streich receptor bleck on
the first inspiratory and expiratory discharge after lung inflation

Control K02 - blockel

Pre-inflation ist breath

Pre-inflation i1st breath

Insp.

Fregquenc
(imp/sec

Duration
{sec)

Exp.
Freguency
(Imp/sec)

Duration
(sec)
P-ELM (N-1

Insp.

Frequency
(Imp/sec)

Duration
{sec)
Exp.

Fregquency
{Imp/sec)

Duration
{sec)

T-ELMs (N-2)
Insp.

Frequency
(Imp/sec)

Duration
{sec)

Exp.

Frequency
(Imp/sec)

Duration

20.5:8.2°

e
0.55 + 0.08

0.6:03

0.02 + 0.01

2.2

0.06

4.3

1.37

16.5+5.9

0.77+0.09

43.0:9.2

1.81+0.11

33.3:+7.6

0.64:0.09

3.6+ 18

0.18+0.10

18.8

0.81

28.8

1.28

45.2+3.8

1.32+0.02

47.0+11.4

0.64:0.05

40.1 + 129

0.99 + 0.07

6.1 +3.7

0.51+0.17

37.3

0.74

1.2

0.54

7.1+3.8

1.29+0.08

26.2:+5.7

2.06+0.28

465 + 16.9

1.19 + 0.07

11.0+ 68

0.32+ 0.14

27.0

1.04

35.4

20.616.3

2.62:0.29

31.7+25

1.73+0.20

¢ - values are means and standard errors. N refers to the number of [ibres studied.

Significance of difference from pre-infiation values; *P < 0.05.



Table 13

Data on recurrent laryngeal motoneurone activity after lung inflation
before and during stretch receptor block

Control soz-blocked
Before Aflter Change Before After Change
Inflation inflation (z) Inflation  Inflation (%)
P-1LMs {N~-6)
Insp.
Frequency 20.5 24.3 +18 40.1 45.5 +13
{Imp/sec) + 8.2 + 59 +129 +175
Duration 0.55 0.56 +2 0.98 1.02 +4
(sec) +0.08 +0.09 +0.07 +0.10
Exp.

1 0.6 2.1 +234 6.1 10.8 77
ffm 7secy +0.3 +0.9 +3.7 + 6.6 )
Dugrati 0.02 0.1 650 0.51 0.48 -6

(sec) 20,01 S8 % 077 0014
P-ELM (N~ 1
Insp.
F{equenc 2.2 22.2 +909 37.3 31.3 -16
{lmp/sec
Duration 0.06 0.62 +933 0.74 0.96 +30
sec
Exp.
Frequenc 4.3 27.9 +549 1.2 28.2 +2250
{lmp/sec
Duration 1.37 1.1 ~-20 0.54 i.10 + 104
(sec)
T-ELMs (N=2
Insp.
Frequenc 16.6 38.1 +130 7.1 20.5 +§89
(Imp/sec +5.9 +9.1 +3.8 +93
Durati 0.69 1.0% +49% 1.29 2.36 +83%
sec +0.11 +0.05 +0.08 +0.42
Exp.
rrequen y 43.0 44.4 +3 26.2 26.9 +3
Imp/sec +9.2 +10.0 5.7 +0.9
Duration 1.76 0.69 -60* 2.06 1.64 -21®
(sec) +0.10 +0.10 +0.28 +0.10

® = values are means and standard errors. N = Number of fibres studied. Significance of
difference from pre-inflation values : * P ¢ 0.05; significance of difference of response
during receptor block compared with receptor intact: #P < 0.05.
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3.12321 Transient Effects

In 8 of 9 tests on 6 P-ILMs, transient responses
were elicited following lung deflation, 2 of which
showed increase in frequency of discharge when
compared to the inspiratory discharge during pre-
deflation breaths. There were no responses in 1
instance. The position of 1lung deflation and the
degree of transient response it elicited is shown in

Figures 33 and 34.

Release of lung deflation triggered of £
responses in all 9 tests on 6 ILMs, out of which 6
tests showed increase in frequency of discharge and 3

showed a decrease in discharge (Figure 35).

Lung deflation elicited transient resgonses in
all 5 tests on 3 ELMs of which 4 showed increase in
discharge frequency. The highest response was
elicited when lung deflation was administered during

late expiration (76% of t ) (Figures 36 and 37).
E

All 5 tests on 3 ELMs showed transient responses
following the release of lung deflation, 4 of which
showed an increase in discharge frequency and 1 showed

a decrease (Figure 38).

3.12322 Initial Effects

The effects of 1lung deflation are shown inz

Figures 5la and S5lb. In 10 tests on 5 P-ILMs,
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deflation of the lungs with 20 cm H O or 10 cm H O
negative pressure during PSR bloci increésed tie
frequency and duration of discharge in the inspiratory
and expiratory phases but not to a statistically
significant degree (Tables 14 and 15, Figure 52). The
greater increase in duration of the first inspiratory
discharge seen with lung deflation in controls (i.e.
PSR intact) (67% vs 34%) continued to be observed in
the blocked state (25% vs 9%). In 6 tests on 4 P-
ILMs, the neurones became active during the expiratory
phase as well, thus assuming a Pattern T-I discharge.
One P-ILM assumed a T-E pattern of firing. In another
3 tests on 2 P-ILMs, there was no activity in the
expiratory phase. The change in frequency and
duration of P-ILM discharge in 1inspiration and

expiration in the blocked state was not significantly

greater than that in the intact state.

During stretch receptor block, one of the 2 T-
ELMs showed a T-I pattern of discharge following lung
deflation. In 4 tests on the 2 T-ELMs, negative
pressure of 20 cm H 0 increased the mean frequency
and duration of disciarge in the inspiratory phase by
230% (not significant) and 39% (P<0.05) respectively
(Figure 52), the increase in duration being greatest
in the first breath (53%, P<0.05 vs 39%, P<0.05}). On

the other hand, there was a decrease in mean frequency

and duration of expiratory discharge but this did not



Tabke 14

Response of recurrent laryngeal motoneurones during the first breath
following lung deflation before and during PSR block

PER, Inspivatory dischange Expiratory dischasrge
Freguenc Duration Frequenc, Duration
(Imp/sec (sec) (Imp/s6c (sec)
P-1LMs (N=6) Intact
Pre-deflation 17.3 + 4.3© 052+ 0.06° 16405 0.33 + 0.18
1st breath 247455 087+011 109:+:54 0.06 + 0.03
Change (%) 43 +B7% +58 1% -81
P-1LMs (N-§ fock
Pre-deflation 40.3 + 169 097+ 0.08 54+ 39 0.34 + 0.16
1st breath 58.4+ 23.1 1.22 + 0.13 9.1+55 0.72 + 0.19
Change (%) +45 +25 +67 +111
P-ELM {N=1) Intact
Pre-deflation +2.3 +0.14 +3.7 +1.01
Ist breath +1.7 +0.01 +1.3 +0.06
Change (%) -26 -92 -64 -94
P-ELM (N-1) Block
Pre-deflation +38.4 +0.78 +3.6 +1.53
ist breath +53.7 +0.35 +40.8 +1.93
Change (%) +40 -55 +1033 +26
T-ELMs (N=2) Intact
Pre-deflation 17.4 + 0.1 0.65 + 0.06 336+ 38 2.08 + 0.29
Ist breath 35:1 + 4.2 1.05 + 0.35 295+ 18.3 0.13 + 0.03
Change (%) +101 +61 -12 -93%
T-ELMs (N=2 Block
Pre-deflation 7.4+ 3.7 1.39 + 0.08 247+ 0.4 2.28 + 0.27
1st breath I8.4+ 28 2134+ 0.26 209 + 5.2 3.11 + 0.44
Change (%) +148 +53% -15 +36%

@ = values are means and sltandard errors.

Significance of difference from pre-deflation wvalues,
Significance of difference of response in blocked conditions compared with

that in the intact state;

# pP< 0.05.

* p<0.05,

N= Number of fibres studied.
®»% D <001



Table 15

Effect of lung deflation on recurrent laryngeal motoneurone discharge
before and during stretch receptor block

psfy  Imspivatory Discharge Expiratory Discharge
T Frequency Duratjion Frequenc Duration
{(Imp/sec) {sec) {(Imp/sec (sec)
P-Ilrs (N=5) [Inlact
Pre-deflation 23.5:8.9° 0.52:0.06°  2.2:0.8 0.33:0.18
Deflation 38.6+8.2 0.70+0.08 15.5+10.7 0.17+0.10
Change (%) +64% +34 +620 -48
P-IMNs (N=5) Block
Pre-deflation 40.3:16.9 0.99:0.07 5.4:4.0 0.29:0.14
Deflation 66.7+24.7 1.08:0.13 9.0:3.6 0.79+0.24
Change (%) +66 +9 +66 ' +168
P-£LM (N=1) Intact
Pre-dellation 2.3 0.14 3.7 1.01
Dellation 0.6 0.0! 1.4 0.08
Change (%) -74 " 93 -62 -92
P-£L1T (N=7)  Block
Pre-dellation 38.4 0.78 3.6 1.53
Deflation 62.6 0.52 22.4 1.24
Change (%) +63 -33 +522 ~-19
T-£lMNs (N=F) Jinlact
Pre-deflation 17.4+0.1 0.65:0.06 33.6:3.8 2.08+0.29
Deflation 38.9:3.1 0.84+0.15 28.1:17.8 0.20+0.04
Change (%) +123 +29 -16 -90*
T=-£LHs (N=F}) Block
Pre-deflation 7.4+3.7 1.39:0.08 24.7:0.4 2.28+0.27
Deflation 24.4:3.9 1.94:0.08 20.7+7.7 2.53:0.45
Change (%) +230 +39% # -16 +11*

@ = values are means and standard errors. N

deflation in blocked condition compared with control: # P < 0.05.

Number of fibres studied.
Significance of difference of response to lung deflation compered to pre-
deflation values: * P < 0.03. Significance of difference of response to lung
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reach a statistically significant level. The effects
of lung deflation on discharge frequency of T-ELM
before and during stretch receptor block were not
significantly different. However, with stretch
receptor activity inhibited by SO , the rabbits
responded to lung deflation with a griater increase in

duration of T-ELM activity during both the inspiratory

and expiratory phases (P<0.05 in both cases).

The one P-ELM exhibited a T-I ‘pattern of
discharge. The increase in frequency of inspiratory
and expiratory discharges (mean increase = 63% and
522% respectively) seen during stretch receptor
inhibition was greater than that in the intact state
(-74% and -62% respectively). It was not possible to
ascertain if the effects in the two conditfons were
significantly different due to the small sample of P-

ELM (N=1 fibre).

3.12323 Subsequent Effects

The activity of 4 P-ILMs was changed to a T-I
pattern after the release of lung deflation. The
frequency of P-IIM discharge in inspiration
increased significantly (54%, ©P<0.05) before stretch
receptor Dblock but not during block, while the
frequency of discharge in expiration was not
significantly altered in either condition (Takles 16

and 17).



Table 16

Response of recurrent laryngeal motoneurones during the
first breath after lung deflation

Control S02-blocked

Pre-deffation Ist breath Change(%) Pre-deflation  Ist breath Change(%)

P-1L.Ms (N-5)
Insp.

@
Frequency 23.5:8.9 39.2:7.1 +66 40.3:16.9 81.3+:24.6 +102
{(Imp/sec) ®

Dlirati)on 0.52:0.06 0.51:0.09 -1 0.97:0.08 0.93+0.10
sec

t
-3

Exp.

Frequency 2.2:0.8 2.3:1.5 +5 5.4+:4.0 10.2+4.2 +87
(Imp/sec)

Duration 0.33:0.18 0.25+0.17 -24 0.341+0.16 0.62:0.15 +82
sec

P-ELM {N=1

Insp.

Frequenc 2.3 1.7 -26 384 73.3 +91
(Imp/sec

Duration 0.14 0.0t -93 0.78 0.54 -31
(sec) .

Exp.

Frequen 3.7 0.8 -78 3.6 7.2 +100
(Imp/sec

Duration 1.01 6.01 -89 1.53 0.55 ~-64
{sec)

T-ELMs (N=2)
Insp.

Frequency [17.4+0.1 5.6+1.9 -68 7.4+3.7 6.1+4.2 -18
{(Imp/sec)

thrati)on 0.65:0.06 0.42+0.07 -35 1.39:0.08 1.01+0.12 -27
sec

Exp.
Frequency 33.6:3.8 30.5+6.4 -9 24.7+0.4 22.8+1.6 -8
{(Imp/sec) )

lerati)(m 2.08:0.29 1.93:0.22 -7 2.28+0.27 1.75+0.12 -23
sec

@ - values are means and standard errors. N refers to the number of fibres studied.
Insp. = Inspiratory discharge Exp. = Expiratory discharge



Table 17
Data on recurrent laryngeal motoneurone activity after lung deflation
before and during stretch receptor block
Contiret SO2-blecked

Before Aflter Change Before Alter Change
Deflation Deflation (%) Deflation Deflation (%)

P-ILMs (N=6)
Insp.

Frequency 23.5
(Imp/sec) +89

B
o
[+ ]
+
W
oy
»*
b

74.5 +83
24.5

[
i
—

Duration ¢.
{sec 0.
Exp.

Frequency 2.2
{lmp/sec) +0.8

Duration 0.
(sec) +0.18

P-ELM (N-1

Insp.

Freguenc 23 1.7 -26 38.4 63.5 +65
(lmp/sec

Duration 0.14 0.01 ¢ -93 0.78 0.52 -33
{sec)

Exp.

Freguenc 3.7 0.8 -78 3.6 4.6 +28
(lmp/sec

Duration .01 0.01 -99 £.53 0.41 ~-73
(sec)

T-ELMs (N=2)
Insp.

Frequency 17.4
{(Imp/sec) + 0.1

f+
N
W
t+
on oo

*
14
P
g,
oo

+
oo

+35

1+
-

+52

1L 3
O
-
Y abe
I
W
o
oo !
Lt ]

+68

NLn

MO
1
o
)

4

Duration -27

0.6
(sec) to.og

Exp.

Frequency 33.6 3.4 -7 247 169 ~-32
{Imp/sec) +38 +7.3 + 0.4 4.3

Qo
g
3]
!

N
w

1+
0

i+

0

Duration 2.07 1.9 -3 2. .75 -23
(sec) +0. 0.1 0. 12

b
O
t+
~J
I+

@ = values are means and standard errors. N = Number of fibres studied.

insp. - Inspiratory discharge, Exp. ~ Expiratory discharge

Significance of difference from pre-deflation velues: *P < 0.05; significance of
difference of response during receptor block compared with that during receptor
intact: * P < 0.05.
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The frequency of P-ELM discharge was reduced
while PSR remained intact but during PSR block there
was an 1ncrease in the discharge frequency. The
duration of P-ELM discharge during inspiration and
expiration showed a smaller decrease in the blocked
state than in the intact state (-33% vs -93%; -73% vs

-99% respectively).

The frequency and duration of T-ELM activity
during inspiration and expiration ‘were not
significantly changed in the presence or absence of

stretch receptor activity.

3.124 Effects of Added Dead Space

Two tests were carried out on 2 P-ILMs after SO
exposure (Figure 53, records C and D). An increase ii
discharge frequency was observed during inspiration
and expiration (mean increase = 117% and 4616%
respectively) (Figure 54). However, the above changes
were not statistically significant. There was no
significant change in the duration of firing in both
phases of respiration. A comparison of the effect of
added dead space on laryngeal discharge before and
during stretch receptor block is shown in Figure 53.
The increase in firing rate in the inspiratory phase
in the PSR blocked state was less than that in the
intact state (0.4 : 1), whereas the increasge during

expiration in PSR blocked state was greater than that

in the intact state (1 : 0.3). Due to the small
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sample (N=1 fibre), it was not possible to determine

if the above changes were significant.

3.13 Laryngeal Activity During Augmented Breaths

During the course of the above experiments with
unparalysed rabbits, periodically some breaths with
very deep inspiration punctuated normal breathing in
rabbits with intact or blocked pulmonary stretch
receptors. Both the depth and duration of inspiration
exceeded those in normal breaths. Out of 13
augmented Dbreaths recorded from 6 rabbits with intact
PSR, 4 occurred during eupnoeic respiration (Figure
55), 4 immediately after lung deflation, 1 when added
dead space was imposed, 3 during the early stage of

lung inflation with 20 cm H O positive pressure and 1

2
immediately after 1lung inflation with 10 cm H O
2
positive pressure (Figures 56 and 57). During PSR

block, 3 augmented breaths were recorded, out of which
1 occurred during the fourth breath after the release
of 1lung deflation and 2 during lung inflation with 10

cm H O positive pressure (Figure 58).
2

The total inspiratory effort of the augmented
breath comprised two phases. The first phase
resembled that of a normal spontaneous inspiration
whereas the second started near the point where the
peak of a normal inspiration would have been. The

P-ILM activity during an augmented breath was also
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two-phased (Figures 59 and 60). The mean frequency
and duration of the inspiratory discharge greatly
exceeded that occurring during a normal breath (415%,
P<0.0l1; 83%, P<0.00l respectively) (Table 18, Figure
61). The build-up of discharge in the first half
resembled that for normal breaths. However, there was
a sudden acceleration in spike frequency during the
second half of the breath, an effect which was not
abolished by the absence of activity ig pulmonary

stretch receptors (Figures 58 and 62).

The discharge of P-ILMs in 6 out of 11 augmented
breaths (excluding 5 occurring during lung inflation
with prolonged expiratory pause) showed a T-I pattern
of discharge. The changes in duration and discharge
frequency during expiration were not staéistically
significant. In 9 of 16 augmented breaths, there was
a lessening of P-ILM discharge immediately before the
other half of the inspiratory breath began (Figure
63). In 4 out of the 9 augmented breaths for which
subsequent breaths were also recorded, the firing rate
of the P-ILMs dropped drastically during the

succeeding breaths which were rapid and shallow.

The prolonged and intense burst of P-ILM
activity during an augmented breath was not noted in
T-ELM (N=1 fibre) (Figures 64 and 65). Instead, there
was a decrease 1in frequency of inspiratory and

expiratory discharges during an augmented breath (-49%



Wable 138

Changes in recurrent laryngeal motoneurone discharge in inspiration

and expiration during augmented breath

Condition Inspiratory discharge Expiratory discharge
Frequency Duration Frequenc Duration
(Imp/sec) {sec) (Imp/sec (sec)
P-1LMs (N-10) i
® @
Controf 1261+ 1.2 0.49 + 0.06 04+02 0.33 + 0.22
Augmented
breath 64.9 » 13.3 0.90 : 0.06 14.0+ 7.5 0.62 + 0.23
Change (%) +415% +§ 4% +3400 +85
T-ELM (N=1)
Control 30.1 0.73 339 - 2.88
Augmented
breath 15.4 0.92 32.2 2.01
Change (%) -49 +26 -5 -30

@ - values are means and standard errors. N - Number of breaths.
Significance of differences from control values: * P ¢ 0.01, #* P 0.001
by Mann-Whitney test.
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and -5% respectively). The duration of expiratory

discharge also showed a decrease (-30%).

3.14 Spontaneous Laryngeal and Phrenic Discharge

Patterns
Simultaneous recordings from the right recurrent
laryngeal nerve (RLN) and left phrenic nerve (PN)
revealed differences between their overall discharge
patterns as illustrated in Figure 66, which shows
typical activity in an anaesthetized, spontaneously

breathing rabbit.

Bulk recordings of the RLN in all five rabbits
in this series of experiments showed activity during
inspiration. The discharge of RLN occurred
synchronously with that of PN. The RLN bur;t reached
a maximum near the start of the inspiratory phase and
maintained a constant level till the end of the phase.
Usually there was a gradual decrease in activity as

the inspiratory phase progressed.

In contrast, the PN burst started abruptly and
had a discharge pattern which appeared to reach a
maximum at the end of the inspiratory phase (Figure
66). No Dbursts of activity in RLN occurred during
expiration in any of the rabbits studied in this

series.

3.2 Tests on Artificially Ventilated Rabbits
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The following section of the chapter will
describe changes in the times of onset of the RLN and
PN discharges when the animals were paralysed with
gallamine triethiodide and artificially ventilated
with tidal volumes at whole, half and twice of
eupnoeic values before and during stretch receptor

block.

3.21 Discharge Patterns of Phrenic and Recurrent

Laryngeal Nerves with Pulmonary Stretch

Receptor Intact

3.211 Larvngeal and Phrenic Discharge At Spontaneous

Resting Tidal Volume

After the animals were paralysed with gallamine
triethiodide and artificially ventilated by ; positive
pressure with a frequency, tidal volume and with an
end-tidal pCO as near as possible to the unparalysed
state, the reipiratory rhythm of RLN and PN persisted
(Figures 67a and 67b). There was still no distinct
burst of expiratory activity in RLN recording. The
discharge of RLN and that of PN tended to become
synchronized with the ventilatory cycle. To
distinguish between the ventilatory and neural cycles,
the phases of the artificial ventilation cycle were
designated "inflation" (when the lungs were
expanding) and "deflation" (when the lung volume was

decreasing); and the phases of the neural cycle were

designated as "inspiratory" (the time from the abrupt
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onset of PN discharge to its abrupt decrease) and
"expiratory" (the portion of the «c¢ycle when PN
discharge was absent). In three out of the five
rabbits (No.l, 3 & 4), the onset of RLN and PN
discharges occurred within the first 80% of the
deflation phase of ventilation (Figure 68). In the
remaining two rabbits (No.2 & 5), the onset of RLN and
PN Dbursts occurred during the early stage of the lung
inflation phase. It should be noted that rabbit 5
actually had a higher end-tidal pCO (pCO = 6.0%, O

2 2 2

= 16.0%) than the other four (mean pCO = 4.3%, O =
2 2

16.5%).

The RLN and PN bursts were not initiated during
every pump cycle. The neural respiratory cycle was
not always locked in a 1l:1 relation to the p&mp cycle.
In 5 out of 25 instances, the onset of both RLN and PN
discharges occurred at the time of lung deflation, the
onset of pump inflation stroke then occurred in the
middle of the inspiratory phase and finally the RLN
and PN discharges terminated abruptly in the middle of
the inflation phase (Figure 67a, record A). In 5

instances, the onset of the RLN and PN discharges was

linked to the inflation phase of ventilation.

In 10 out of 25 cases, a 2 : 1 sychronization of
the pump and PN/RLN cycles was observed, during which
one inflation phase was associated with the

inspiratory phase while the second inflation phase
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occurred in the middle of late expiratory phase
(Figure 67b, record B). 10 cases showed a 3:1
synchronization of the pump and PN/RLN cycles (Figure
67b, record A). While one inflation phase was
associated with the inspiratory phase, the second and
third inflation phase occurred in the expiratory phase

of the neural cycle.

3.212 Responses of Phrenic and Laryngeal Nerves to

Different Ventilating Volumes

By decreasing the tidal volume to half, the
onset of RLN and PN still occurred during lung
deflation in 20 out of 25 cases (4 rabbits) (Figures
69 and 70). There was a lengthening of the inspiratory
activity of RLN and PN as both discharges terminated
at a later stage of the inflation phase, or even ended
during the deflation phase of another pump cycle.
The state of synchronization remained unchanged in 20
cases. However, in 5 cases, the state of
synchronization was disrupted and changed from a 1:1

to a 3:1 pump to neural respiratory cycle ratio.

In another 5 instances, the onset of RLN and PN
continued to be linked to the inflation phase. This
was noted in the same rabbit (No. 5) which had an

unusually high end-tidal pCO
2

Increasing the tidal volume by a factor of two

reinstated the 1 : 1 synchronization of the pump and
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neural cycle in all cases. The firing of the RLN and
PN which was initiated in late deflation in 20 out of
25 cases invariably stopped sharply in the middle of
the inflation phase (Figures 71 and 72). A reduction
of the inspiratory phase of RLN and PN followed and an
increase in baseline activity was noted in the RLN.
Eventually, both the PN and RLN discharges disappeared
due to hyperventilation. Record B of Figure 72 which
was taken from a different rabbit shows a depression
of RLN and PN inspiratory bursts. Shortly afterwards,
both the RLN and PN discharges disappeared but
gradually recovered their spontaneous activity. In 5
cases, the onset of RLN and PN was initiated in the

inflation phase (Figure 71, record C).

-

The effect on RLN and PN discharge during
inflation of the lungs with a positive pressure of 10
cm H O is shown in Figure 73. Inflation of the lungs
(during marker) inhibited the inspiratory bursts in
both RLN and PN. On the other hand, there was a slow

rise of tonic RLN discharge occurring during the

prolonged expiratory phase.

The response of the RLN and PN activity of
rabbit No.5 to different ventilating volumes differed
from that of the other rabbits. The onset of RLN and
PN discharge continued to occur during the early part

of the pump inflation phase after the animal had been
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paralysed and artificially ventilated. In spite of
the change in ventilating volume to half or twice
eupnoeic level, the onset of activity of the two
nerves continued to be locked to the ventilator

inflation stroke.

3.22 Discharge Patterns of Phrenic and Recurrent

Laryngeal Nerves During Pulmonary Stretch

Receptor Block

3.221 Laryngeal and Phrenic Discharge Duriﬁg Eupnoeic

Tidal Volume

During block of PSR, inflation of the lungs with
10 cm H O positive pressure failed to inhibit either
the RLé or PN discharge (Figure 73). The
disappearance of the Hering-Breuer inflation reflex

-

indicated that PSR had been blocked by SO . The
2

degree of stretch receptor block as indicated by the

inhibitory ratio in each of the five rabbits is shown

in Table 19.

Expiratory discharge of RLN was rarely seen in
recordings taken from spontaneously Dbreathing or

paralysed and artificially ventilated rabbits whose

PSR were intact. However, 1in rabbit 2, immediately

after SO inhalation, a distinct burst of late
2

expiratory activity appeared in the RLN. A similar

type of expiratory discharge also happened in rabbit 3

after SO block but was only elicited on increasing
2
the tidal volume by 100% greater than eupnoeic level.



Table 19

Evaluation of the degree of pulmonary sireich
receptor block ajter sulphur dioxide inhalation

RABBIT INHIBITORY RATIO
NUMBER PSR INTACT PSR BLOCK
4 1.3 2.5
2 4.1 1.4
3 S.7 0.9
1 14.3 1.1
S 18.9 1.1

Inhibitory Ratio (i.r.) = Expiratory time during lung Inflation

Control expiratory time

Hering-Breuer inflation reflex is completely abolished
(complete block of strelch receptor activity ) if ir.< 1.0
(Daviesetal, 1981).




The once "out-of-phase" timing of both RLN and
PN discharges with ventilation was disrupted during
PSR block. In four of the five rabbits, there was no
consistent link between the phase of the ventilating
pump and the onset of RLN and PN discharges (Figure
74). In 9 out of 25 cases (in 4 out of 5 rabbits),
the onset of RLN and PN bursts occurred during
inflation, whereas the rest occurred during deflation
(Figure 68). Furthermore, when onset of the RLN/PN
activity occurred in one of the phases of ventilation,
they did not consistently occur at the same time in
that phase. Among the above 9 cases (in 4 rabbits), 5
occurred during the first 25% (first quartile) of
inflation, 2 during the second quartile and 2 during
the third quartile. On the other hand, among the
other 11 cases (in 4 rabbits), 3 occurred during the
first quartile of deflation, 2 during the second

quartile and 6 in the last quartile.

The onset of RLN and PN activity continued to
occur synchronously with each other. However, in 10
cases (2 rabbits), the neural respiratory cycle

tended to go out of synchrony with the artificial

ventilation cycle during which a 2:1
synchronization between the two cycles became a 1 : 1
synchronization and back to 2 : 1 again (Figure 74,

record A). While 5 caseé maintained 1 : 1

94
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synchronization, there were another 5 instances when
the phase relation between the two cycles showed no
consistency, changing from 3:1 to 2:1 state, and back
to 3:1 again (Figure 74, record B). In such a "free
running" situation, the mean RLN or PN discharge and
pump frequencies were neither the same nor the

multiples of each other.

In 5 cases, (in the same rabbit), the onset of
RLN and PN activity was linked to the deflation phase
of ventilation and always occurred at the same time in

that phase.

3.222 Responses of Phrenic and Laryngeal Nerves to

Different Tidal Volumes

When the tidal volume was increased by 100% of
the spontaneous eupnoeic value, the "free running"
condition was converted to one in which the bursts of
RLN and PN activity were initiated by either the
inflation (5 cases in one rabbit) or deflation (20
cases 1in four rabbits) phase of the pump cycle
(Figures 72 and 75). The time of onset of the RLN and
PN discharge within inflation or deflation phase of

the ventilator tended to occur at the same time in

that phase.

Decreasing the tidal volume to half the
spontaneous eupnoeic value triggered off a '"free

running" condition in 15 cases (rabbits 1,3,5) where
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there was no consistent phase relationship between RLN
or PN bursts and pump cycle (Figure 76). The onset of
RLN and PN activity occurred during inflation in 5 of
the above cases (Figure 70) and during deflation in 10
of the above cases. When the above activity
occurred at one of the phases of ventilation, they did
not consistently occur at the same position in that
phase. Out of 5 cases during inflation, 2 occurred
during the first quartile of inflation, l:each in the
second, third and last quartiles. On the other hand,
among the 10 cases occurring during deflation, 3 took
place during the first quartile, 1 during the second,

4 during the third and 2 during the last quartile.

It was noted that the onset of RLN and PN
activity in 5 of the cases (in the same ragbit) was
changed from one which was initiated in the deflation
phase at eupnoeic tidal volume into a "free running"
pattern when- the ventilating volume was reduced to
half of eupnoeic value. However, when the tidal
volume was doubled, the onset of RLN or PN discharge
always occurred at the same time in the deflation

phase.

The commencement of RLN and PN activity in the
other 2 rabbits was linked to the inflation phase in 1
rabbit (rabbit No.2) (Figure 76, record B) and to the
late deflation phase in another (rabbit No. 5), and

they always occurred at the same time in that phase.
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The response of the RLN and PN of rabbit No. 5
differed from that of the other rabbits after SO
administration. The onset of RLN and PN bursti
continued to occur within the inflation phase but
their activities switchgd,to the deflation phase when

the tidal volume was increased to twice of eupnoeic

value or decreased to half of eupnoeic level.

In summary, among the five paralysed and
artificially wventilated rabbits used, RLN and PN
bursts were initiated during inflation in 10 cases (2
rabbits) when PSR were intact and tidal volume at
eupnoeic level; 5 cases (1 rabbit) both when PSR were
intact and tidal volumes were half and twice eupnoeic
values respectively; 9 cases (4 rabbits) when PSR were
blocked and tidal volume at eupnoeic level; 10 cases
(4 rabbits) and 5 cases (1 rabbit) when PSR were
blocked and tidal volumes at half and twice eupnoeic

levels respectively (Figure 77).

3.23 Laryngeal and Phrenic Activity During Cough

The results so far show that the inspiratory RLN
and PN discharges reacted in almost identical fashion
to different stimuli. However, it is noteworthy that

the RLN and PN responded differently to SO when it

2
was first administered. The animals usually coughed
on first introduction to the gas. Recordings of RLN

and PN (from rabbits 4 & 5) at this juncture showed
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that a short but powerful burst of activity (mean
duration = 0.34+0.03) was elicited between two
inspiratory RLN bursts (after a lapse of 0.28+0.03 sec
from the preceding inspiratory burst) (Figure 78). No
such phenomena occurred during the PN silence. There
was no difference in the time lapse between the two
inspiratory RLN/PN bursts as compared to that during
resting respiration. The occurrence of expiratory

bursts persisted for 2-3 cycles.

In rabbits 3 and 4, the inspiratory RLN and PN
bursts following the expiratory bursts were prolonged
and more powerful. The duration of the inspiratory
RLN and PN bursts increased by 50%. Moreover, the
period between these inspiratory bursts was:shortened
by 25%. In ohe rabbit, expiratory bursts were again
recorded immediately afterwards (Figure 78, record A).
There was no time lapse between the inspiratory
laryngeal discharge and the expiratory bursts which
were more intense than the ones recorded during the
earlier part of the cough. The expiratory laryngeal
discharge was not continuous but broken into 2 small
ones (Figure 78, record A). In another rabbit, such
expiratory bursts were not obtained but the time lapse
between two inspiratory bursts was increased by 100%

(Figure 78, record B).

3.3 Validation of Results

3.31 Histological Findings
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Light microscopy revealed two groups of fibres
occupying sharply defined areas in both the following
levels of the left and right RLN:

a) at the level of the clavicle (Plates 1-2)

b) near its entry to the larynx (Plates 3-4).

The first group consisted of large diameter,
heavily myelinated nerve fibres while the second group
was composed of small diameter, finely myelinated
fibres. The light microscopic techniques used in this

study did not demonstrate non-myelinated fibres.

There were distinct differences in the
distribution and population of the various nerve fibre
types depending on the level at which the nerve was
transected. At the level of the clavicle,; the RLN
contained many small diameter fibres and fewer large
diameter fibres. At the level of its entry into the
larynx, a change in fibre population of the RLN was
noted within the fascicle. The large diameter,
heavily myelinated nerve fibres formed a greater

proportion of the fibre population (Plate 3a).

There were no observable differences in the
diameters of large or small diameter, myelinated
fibres between the left and right RLN. The
distribution of large diameter to small diameter
fibres did not appear to be different between the two

nerves (Plates 3a and 4a).

MASSEY UNIVERSITY
LIBRARY
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3.32 Tests of Recording Equipment

It was observed that recordings of electrical
signals (produced by the Neurolog's pulse generator or
function generator) replayed from the tape recorder
onto the pen recorder weré identical with those

recorded directly onto the pen recorder.

3.33 Bilateral Vagotomy above Origin of Recurrent

Laryngeal Nerves

The disappearance of recurrent laryngeal nerve
activity from the oscilloscope monitor consequent on
cervical bilateral vagotomy confirmed the identity of

the nerve (Figure 79).
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Chapter Four ;. Bistussion

The purpose of this investigation was to
identify the efferent activity 1in the recurrent
laryngeal nerve (RLN) and to stimulate the pulmonary
stretch receptors (PSR) and rapidly adapting receptors
before and after inhibiting PSR activity with sulphur
dioxide in order to determine the role of the two
groups of receptors in modulating recurrent laryngeal

motoneurone (RLM) discharge.

4.1 Efferent Activity in the Recurrent Laryngeal

Nerve

In the present study, motoneurones in the
recurrent laryngeal nerve exhibited a variety of
discharge patterns which showed respiratory
periodicity. The onset and termination of discharge
of these motoneurones were closely time-locked to one
of the phase transitions of the respiratory cycle.
These observations are similar to those of previous
investigators (Green and Neil, 1955; Eyzaguirre and

&

Taylor, 1963).

It was observed that the majority of
motoneurones were of the inspiratory type (designated
as P-ILMs or T-ILMs in the previous chapter). A large
number of fibres had phasic-inspiratory (P-I) pattern
of discharge. A small minority were difficult to

classify as one or two spikes were obtained in the
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exXpiratory phase as well. Since these may be random
events, the following rule-of-thumb criterion was
applied: any fibre with less than or equal to three
spikes occurring during either expiration or
inspiration was classified as P-ILMs or P-ELMs
(phasic-expiratory laryngeal motoneurones as defined
in the previous chapter) respectively. Such fibres
amounted to about half of the 14 P-ILMs and one third
of the 3 ELMs recorded. It is not possible to draw
too fine a line between P-ILMs and T-ILMs or P-ELMs
and T-ELMs. At some stages during normal breathing,

P-IIMs often started firing with T-I pattern.

It was more difficult to detect fibres of the
expiratory type. The difficulty in detecting such
fibres has been attributed to the use of barbiturates
as anaesthetics (Eyzaguirre and Taylor, 1963). Studies
on laryngeal muscle activities showed that activity of
adductor muscles was also less frequently found in
eupnoea (Murakami and Kirchner, 1971, 1972; Remmers,
1973; Sherrey and Megirian, 1975). This is a probable
explanation for the difference of results from those
of Green and Neil (1955), who using chloralose-
urethane anaesthetized cats were able to find many
fibres firing during expiration. A more detailed
discussion of the effect of anaesthesia is given 1in

the later part of this chapter.

Motoneurones which exhibit cyclic inspiratory or
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expiratory activity with a tonic discharge in the
expiratory or inspiratory period respectively were
also detected. Such motoneurones were also recorded
by past investigators (Bianconi and Raschi, 1964;
Barillot and Dussardier, 1973; Glogowska et al, 1974;
Sica et al, 1985). The possibility that the tonic
firing of inspiratory fibres during expiration may be
due to recording from a filament containing
inspiratory and expiratory fibres cannot be entirely
ruled out although the methods used to obtain a single

fibre render this extremely unlikely.

A similar tendency for continuous activity has
also been reported by Bronk and Ferguson (1935) in
nerve fibres innervating the external intercostal
muscles (inspiratory) in cats, and also by Wright
(1954) in fibres of the phrenic nerve in the rabbit.
Motoneurones with phase-spanning types of discharge
(T-I and T-E) may function to promote a smooth
transition of the vocal cords from abduction to
adduction and vice versa in response to the change in
respiratory cycle. The T-I motoneurones could be
involved in the transition from adduction to abduction

and T-E from abduction to adduction.

It has been suggested that these bursts of
efferent impulses in phase with inspiration or

expiration may be produced by motoneurones which are
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driven by the respiratory centre (Green and Neil,
1955; Bianconi and Raschi, 1964). The characteristics
of the inspiratory discharges of the recurrent
laryngeal nerves appear similar to those of the
phrenic nerve. It has been reported however, that the
discharge of the recurrent Ilaryngeal motoneurone
constantly began earlier than the onset of activity in
the phrenic nerve (Bianconi and Raschi, 1964; Cohen,
1975; Sica et al, 1985). This corresponds with
observations in this study that there were signs of P~
ILM activity during the end-expiratory phase. In
contrast to Barillot and Dussardier's (1973) findings,
not all inspiratory bursts of ILMs showed early
firing. Within the same fibre, some bursts occurred
before the onset of inspiration whereas some.: occurred
simultaneously with the onset of the inspiratory
phase. Motoneurones whose activity starts well after
the onset of inspiration may have higher firing
thresholds and be more susceptible to PSR mediated
inhibition (Cohen, 1975). However, evidence to support

this hypothesis is still lacking.

The differences between the onset of phrenic and
recurrent laryngeal activity are functionally
appropriate for the differing respiratory roles of the
innervated muscles, namely the diaphragm and the
intrinsic laryngeal muscles respectively. Cohen

(1975) attributed the difference between the two kinds



of motor activity to differing temporal organisation

of the driving networks.

Teliologically, the -early onset of recurrent
laryngeal activity would be of advantage as the vocal
cords have to be ready for the inspiratory flow of
air. Using the analogy of the swing door again, those
doors have to be flung open earlier to receive the
incoming crowd. This is consistent with the findings
that the dorsal cricoarytenoid (DCA) muscles contract

earlier than the onset of inspiration.

In the present study, whole nerve recordings of
phrenic and recurrent laryngeal discharge also
appeared similar in their responses during different
experimental conditions. However, an accurate
comparison of their functional properties must be
complemented by observations on individual neurones.
Cohen (1975) has shown that the frequency of phrenic
discharge shows an increasing firing pattern whereas
the recurrent laryngeal discharge reaches a plateau
level early in the inspiratory phase and then
decreases. This corresponded to the finding of this
study that ILMs exhibited peak firing rate during the
first 75% of inspiratory duration (t ) followed by a
sharp decline during the laét 25% ofIt . Presumably
the pattern of discharge in the whole RiN observed by
Cohen (1975) could be attributed mainly to the

discharge of inspiratory fibres.
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As recordngs were made from whole phrenic and
recurrent laryngeal nerves, it was not possible to
determine how the firing patterns of individual fibres
of RLN differed from that of the phrenic. Based on
power spectral analysis of inspiratory activity of PN
and RLN of decerebrate cats, Richardson (1980) found
that the auto-correlogram of the phrenic nerve
differed from that of RLN. There were two spectral
peaks in the PN power spectral densities (PSDs) at
88.1 Hz and at 37.1 Hz and two spectral peaks in the
RLN PSDs at 87.4 Hz and at 55.4 Hz. Simultaneous
recording from single fibre and whole nerve of PN and
RLN showed that about 70% of the fibres recorded in a
nerve had PSDs similar to the whole nervesg . PSD. A
minority of PN fibres had lower spectral peaks like
RLN and conversely, a minority of laryngeal fibres had
lower spectral peaks like the PN. Richardson (1980)
therefore suggested that there may be two central
pattern generators in the brainstem with parallel
pathways to PN and RLN. On the other hand, Green and
Neil (1955) had suggested that the inspiratory
laryngeal and phrenic motoneurones are driven by
common structures in the respiratory centre. Further
evidence to support any of these hypotheses is still
lacking. Moreover, there is still uncertainty as to
whether or not the expiratory laryngeal neurones are

driven by expiratory neurones in the respiratory
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centre. Eyzaguirre and Taylor (1963) reported that
expiratory laryngeal discharge is enhanced by low
oxygen mixtures and depressed by inhalation of high
Co . This behaviour is different from that of
ceitral expiratory neurones which are stimulated by
high CO (Haber et al, 1957) and depressed by
overventilation {Burns and Salmoiraghi, 1960), as well

as being depressed by oxygen lack and stimulated by

pure oxygen (Baumgarten, 1956).

That the recurrent laryngeal motoneurones show
variations of discharge associated with fluctuations
in the respiratory cycle suggests that the recurrent
laryngeal-driving neurones and the respiratory centre
are functionally closely connected. The .recurrent
laryngeal motoneurones may be secondarily driven by
the respiratory centre. It is obvious that there is a
marked respiratory modulation present in the RLN
during quiet breathing. The respiratory rhythm in the
laryngeal motoneurones may be inherent in these
neurones and merely modified by interconnections and
interactions between them and neurones in the
respiratory centre. Conversely, the rhythm in the
laryngeal motoneurones may originate from interactions
involving an appropriately connected feedback system.
Though recurrent laryngeal discharge may be modulated
by medullary inspiratory and expiratory motoneurones,

extramedullary factors such as vagal afferents may
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also play a modulating influence on recurrent
laryngeal discharge. There are three known lung
receptors which have fibres in the vagus nerves, some
of which may possibly modulate recurrent laryngeal

discharge.

4.2 Vagal Modulation of Recurrent Laryngeal

Motoneurone Activity: Evidence from Laryngeal

Discharge Patterns

4.21 During Spontaneous Breathing

It 1is generally accepted that pulmonary stretch
receptors (PSR) play an important role in the breath
by breath regulation of breathing in some species.
The effect of lung stretch receptor activity is to
inhibit inspiration (see Bradley, 1977 for‘ review).
The decrease of firing rate of inspiratory laryngeal
motoneurones as the inspiratory phase progressed,
observed in this current study, could be due to this
negative feedback mechanism. However, it is also
possible that the decrease is the inherent pattern of
the ILM discharge, or that it is due to the
progressive increase in inspiratory terminating
influence (notably lung volume) inhibiting inspiratory
discharge shortly before the I-E transition. It is
already known that with various inspiratory
terminating inputs, such as lung volume (Clark and von

Euler, 1972; Grunstein et al, 1973), the stimulus
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strength needed to elicit I-E switching manifests

substantial temporal progression spanning the entire

inspiratory phase. When adequately activated, the
"off-switch" inhibits the inspiratory discharge
(Figure 80).

Similar effect of PSR input is believed to
account for the inhibition of phrenic (PN) discharge
near the end of the inspiratory phase, since during
occlusion at minimum lung volume, it is reported that
a moderate increase of PN activity may result during
the last third of the inspiratory phase (Cohen, 1975).
However, Cohen was recording from whole phrenic nerve
and the changes he observed may have arisen from
actions on discharge of "late" firing PN neurones
whose activity starts well after the onset of the PN
burst and which may be more susceptible to wvagally

mediated inhibition.

These changes are consistent with the analysis
of the mechanism of the inflation reflex in the cat by
Clark and von Euler (1972). The reflex has a volume
"threshold" which when reached terminates inspiration
and this threshold may be dependent on timing during
inspiration and other influences 1including Co
tension. As lung volume is monitored by stretci

receptors, this system depends on vagal integrity for

its function.
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Hence, during PSR block, the normally occurring
PSR input 1is eliminated and the nature of 1its
inhibitory effect 1is revealed by the pattern of
disinhibition, which is manifested as an increase in
frquency and duration of P-ILM discharge (Figures 81
and 82) but a decrease in frequency of T-ELM discharge
(Figures 83 and 84). The disinhibition of P-ILM
activity was apparent from the start of the
inspiratory phase: the early attainment of peak
activity was changed into one which showed an

increasing frequency of discharge (Figure 85).

The PSR input seems to act by determining the
level at which the P-ILM burst ceases. If this input
is removed, the effect is to allow the  discharge

to continue for a longer time and at a higher

frequency of firing.

Thus, normally PSR inhibitory effect on
inspiratory laryngeal motoneurones is operative
throughout the inspiratory phase and the effect seems
to be a graded function of lung expansion.
Presumably, as the inspiratory phase progresses, PSR
input gradually increases the activity of inhibitory
interneurones, for example the R beta neurones of the
dorsal infrasolitary nucleus (von Euler et al, l973a,b
). However, the activity of this group must rise to a
critical 1level in order to produce a shutoff of the

recurrent laryngeal-driving neurones. This argument
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is supported by the finding of this study that during
lung inflation, there was a complete disappearance of
ILM activity in 17.9% of the tests and a decrease 1in

ILM discharge in another 67.9% of the tests.

Cohen (1975) used whole nerve recordings of
recurrent laryngeal discharge and noted an increase of
laryngeal activity during the inspiratory phase when
the airway of decerebrate cats was occluded at minimum
lung volume. He attributed it to the removal of PSR
input and hence the recruitment of previously silent,
"late" firing laryngeal neurones. However, there is
a possibility that occlusion may have stimulated RAR
or other lung receptors at the same time. Moreover,
whole nerve recording in Cohen's study (1975) may
actually be the summated laryngeal activity and so the
increase in discharge frequency could be either an
increase in inspiratory discharge of inspiratory
fibres or an increase in tonic inspiratory activity of

expiratory motoneurones.

That the effect of phasic pulmonary afferent
input on laryngeal inspiratory activity is inhibitory
is also shown by the marked increases of activity when
this afferent input was removed by withholding

inflation (Sica et al, 1985).

In this study, if an increase in frequency and

duration of inspiratory discharge is observed
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subsequent to bilateral intrathoracic vagotomy in SO -
blocked animals, then it would suggest the existenie
of another wvagal pathway other than that for the
inflation reflex. The rapidly adapting receptors and
/or J-receptors would be likely candidates in this
pathway so that abolition of their activity should

further increase frequency and duration of P-ILM

activity.

4.22 During Lung Inflation

The inhibitory effect of PSR input on
inspiratory laryngeal discharge also operates during
the Hering-Breuer inflation reflex. Hering and Breuer
stated in 1868 that occlusion of the trachea during
lung inflation produces inspiratory-inhibitory and
expiratory-excitatory effects which proiong the
expiratory pause. The inhibitory effect of lung
inflation is produced by an increase discharge of PSR
carried to the respiratory centres via the vagi

(Larrabee and Knowlton, 1946).

The responses to lung inflation observed in
this study were varied. However, the majority of
ILMs exhibited responses in the same direction as
phrenic activity during the Hering-Breuer reflex. In
many cases, not only was the phasic activity
attenuated but a low frequency tonic discharge
appeared. A minority of 1ILMs showed increased

activity. The above observations were consistent with
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the findings of previous workers (Barillot and
Bianchi, 1971; Barillot and Dussardier, 1973). They
explained that the vagal inputs from PSR may produce
two opposite effects upon the ILMs:
i) they indirectly depress the discharge of
ILMs as a consequence of the inhibition of
the "inspiratory" centre;
ii) they simultaneously facilitate the discharge

of ILMs through a polysynaptic pathway.

The finding of this study that ELM activity was
inhibited during lung inflation is not in agreement
with Green and Neil's (1955) findings. These
researchers reported that lung inflation (50-100 mls
of air from a syringe) had an excitatory ?ffect on
ELM. Eyzaguirre and Taylor (1963) on the other hand,
found that inflation of the lungs (the volume used was
unreported) did not affect the discharge of expiratory
fibres. The difference in the results could be due to
the different degree of inflation wused, different

anaesthetics and animal species.

The finding of this study, that lung inflation
failed to inhibit the rhythmic discharge of P-ILMs
after sulphur dioxide exposure, confirms that the
reflex inhibition of phasic laryngeal discharge during
the above manoeuvre is mediated by PSR. On the other

hand, it also suggests the presence of a vagal
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inspiratory initiation influence on RLN exposed by the
block of PSR. As stretch receptors were inactivated,
RAR or J-receptors are the most likely source of this
effect. Past studies have established the involvement
of vagal afferents by bilateral intrathoracic vagotomy
(Eyzaguirre and Taylor, 1963). Since this manoeuvre
also eliminates other receptors in the vagi, the
extent to which PSR moaulate RLM discharge could not
be ascertained. Green and Neil (1955) recorded
activity of RLN and PSR simultaneously. Névertheless,
it is still not conclusive that PSR mediates the
effect of lung inflation on laryngeal activity since
the simultaneous occurrence of RLN and PSR activity
does not imply that they have any effect on each
other. On the other hand, single fibre recordings show
that sulphur dioxide can selectively ab;lish PSR
activity in rabbits while leaving the rapidly adapting
and J-receptors and their reflexes intact (Davies,

1976; Davies et al, 1978a).

Another finding of this study was that in some
P-ILMs, lung inflation continued to inhibit phasic
laryngeal discharge though PSR was blocked. This may
be attributed to insufficient exposure to sulphur
dioxide and/or to the degree of inflation of the lungs

with a positive pressure of 20 cm H O.
2

13

The above results are similar to those obtained
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by recording of electromyographic activity of
intrinsic laryngeal muscles. Fukuda et al (1973) and
Green and Neil (1955) reported that lung inflation
inhibits inspiratory activity of the DCA muscles.
Bartlett et al (1973) have also shown that not only
was there an attenuation of phasic discharge of DCA
muscle but also the appearance of tonic component
during lung inflation. The effect of such a tonic
discharge during the inflation apnoea is  perhaps to

maintain a patent airway.

4.23)1 During Artificial Ventilation

The hypothesis that PSR modulate inspiratory
laryngeal activity is supported by the observation
that the onset of recurrent laryngeal discharge occurs
during the phase of lung deflation in ar;ificially
ventilated rabbits. During sulphur dioxide block with
passive ventilation maintained at its previous control
level, the most frequent pattern was one of total
independence between pump and recurrent laryngeal
bursts. This "free running" phenomenon indicates the
absence o0of any sort of feedback: the inspiratory
output is driven neither by any of the remaining vagal
influences nor by extravagal inputs. On the other
hand, these results may also suggest the presence of a
vagal inspiratory initiatioh influence exposed by the
block of PSRl The coincidence of RLN and PN

discharges with either inflation or deflation or both
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during stretch receptor block may be due to RAR which
are still active at that time (Davies et al, 1978a).
Though there is no evidence from this study to support
this wview, nevertheless this is compatible with the
role of RAR in initiating inspiration and provoking
augmented breaths (Davies and Roumy, 1978; Davies et

al, 1981).

When stretch receptors were intact, the onset of
recurrent laryngeal discharge during the inflation
phase with reduced tidal volume indicates that the
stretch receptor input was of insufficient séimulus to
activate the "off-switch" mechanism and/or that some

other mechanism may be modulating RLN.

The coincidence of recurrent laryngeal and
phrenic discharge with either inflation or deflation,
and the similar effects observed for both nerves
during the manipulation of vagal input, suggests that
PSR modulates recurrent laryngeal discharge and
phrenic activity through a common intermediary of the
"off-switch" mechanism. Failure of the PSR input to
inhibit inspiratory laryngeal discharge through most
of 1inspiration probably indicates that PSR inputs do

not inhibit the motor output pool directly.

That rhythmical dischérge of the RLN continues
during PER block, indicates that the activity of

lung stretch receptors is not essential for rhythm,
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but that the receptors modify the pattern of laryngeal

motoneurone discharge.

The onset of recurrent laryngeal motoneurone
discharge during the deflation phase at tidal volume
100% greater than eupnoeic level after SO exposure

2
may be due to the stretch receptor activity not

completely inhibited by SO . It also suggedts that
RAR or J-receptors may ilso be involved in the
modulation of RLN discharge. If this hypothesis 1is
correct, it would follow that after bilateral

intrathoracic vagotomy, RLN dischérges would be "free-
running" with no set phase relationship to 1lung

inflations of any volume or frequency.

4.24 During Imposition of Added Dead Space

The significant increase in discharge of P-ILMs,
observed during inspiration when an additional dead
space was imposed (Figures 81 and 82), is partly in
agreement with Eyzaguirre and Taylor's (1963)
findings. These researchers reported that during the
administration of 6% CO in air to cats deprived of
chemoreceptor nerves, tﬁe activity of inspiratory

fibres was increased during inspiration but decreased

during expiration.

Dixon et al (1974) reported that hypercapnia
(using rebreathing tune with capacity of 80ml)

decreased laryngeal resistance to airflow in both the
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inspiratory and expiratory phases. The increase in
firing rate during inspiration and expiration found in
this study could possibly account for the decreased
laryngeal resistance during both phases of breathing
reported by Dixon et al (1974). They, however, noted
that breathing with a rebreathing tube increased
expiratory resistance when both vagi had been cut in

the chest.

The response of ILM to an added dead space,
observed in this study, is consistent with the finding
that the DCA (abductors) manifest an increase in
activity during hypercapnia (Suzuki and Kirchner,
1969; Bartlett et al, 1973). However, the effect of
hypercapnia on adductor muscle activity remains

-

obscure (Sherrey and Megirian, 1975).

The response of ILM to an increase in dead space
is probably not due to peripheral chemoreceptor
stimulation (Eyzguirre and Taylor, 1963), since carbon
dioxide acts mainly on respiratory centres (Heymans
and Neil, 1958). The increase of discharge in
inspiration and expiration of inspiratory fibres may
be attributed to removal of PSR input, since it is
known that carbon dioxide inhibits PSR activity
(Bartlett and Sant'Ambrogio, 1976; Bradley et al,

1976).

This study revealed that during PSR block, there
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was an increase in discharge of inspiratory laryngeal
motoneurones during inspiration and expiration.
However, the statistical significance of this finding
could not be established due to the small samples
used. Nevertheless, this suggests that RAR are
exéitatory if a subsequent bilateral intrathoracic
vagotomy produces a decrease in recurrent laryngeal

discharge.

4.25 During Augmented Breaths

From the preceding discussion, it appears that
the frequency and duration of inspiratory laryngeal
motoneurone discharge is governed by the activity of
pulmonary stretch receptors during eupnoea. However,
this may not be so during an augmented breath. Such
reflex deep breaths are taken by mammals pefiodically
(every 5-20 minutes in resting man). These breaths
are thought to reverse the slow collapse of the lungs

which gradually occurs in quiet breathing.

In the rabbits observed in this study, augmented
breaths occurred frequently during spontaneous
breathing, immediately following the release of lung
deflation, and during lung inflation. Block of
stretch receptors by sulphur dioxide did not suppress
augmented breaths although they were less frequently

produced.

Though there are various possible stimuli which
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can cause augmented inspiration, the most common seems
to be the decrease in compliance due to lung collapse
(Reynolds, 1962; Bendixen et al, 1964) possibly
mediated through RAR in the airway epithelium (Mills
et al, 1969; Sellick and Widdicombe, 1970). Pulmonary
stretch receptors seem unlikely to be the agent

(Davies and Roumy, 1982).

There is very 1little published information
regarding the Dbehaviour of recurrent laryngeal
motoneurones during an augmented breath. The increase
in firing rate of ILM during inspiration and
expiration during an augmented breath (Figures 81 and
82) can be attributed to the excitation of RAR
sensitized by collapse of the lungs. The augmentation
of ILM activity always occurred at the end Sf a normal
inspiration. Since there is little difference in the
rate of 1increase in ILM discharge between the
spontaneous breath and the initial part of the
augmented breath, perhaps the inspiratory-augmenting
effect on ILM discharge is only initiated at the peak

of a eupnoeic tidal volume.

It is possible that afferent activity from the
RAR causes the ‘'"inspiratory centres" to continue
firing beyond the time when lung volume information
would normally halt them (Knowlton and lLarrabee,
1946). The decrease in inspiratory laryngeal

discharge during the rapid shallow inspirations
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following an augmented breath suggests that the
"inspiratory centres" are for a short while more

sensitive to stretch receptor activity.

The decrease in T-ELM activity during an
augmented Dbreath (Figures 83 and 84) indicates that
the activity of RAR may have an inhibitory effect on

ELMs.

It is observed that inspiratory = laryngeal
discharge during spontaneous augmented breaths had

similar characteristics to the triggered responses.

That the discharge pattern in the inspiratory
laryngeal motoneurones corresponds to the biphasic
characteristics of the augmented response .indicates
that the firing rate is modulated by the inspiratory
rhythm. The reflexly induced discharge of ILMs during
an augmented breath suggests that besides PSR, RAR may
also play a physiological role by modulating the
activity of recurrent laryngeal nerve. That the
laryngeal response has similar characteristics to that
of the phrenic activity in Glogowska et al (1972)'s
study suggests that RAR input may be effected
indirectly through the same source, namely the
respiratory centre. It is interesting to note that P-
ILMs increase their activity despite large increases
in lung volume and an extended t , therefore

I
suggesting the existence of an inhibitory influence
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from RAR which could "overpower" PSR activity.

4.26 During Lung Deflation

It has been observed in this study that deflation
of the lungs shortens expiratory duration (t ) and
speeds up breathing. The reflex action of de?lation
on breathing is by stimulation of RAR sensitized by
collapse of the lungs. (Sellick and Widdicombe, 1969;
Mills et al 1970, ZKnox; 1973) However, part of this

response to deflation could be due to decreased PSR

activity (Knox, 1973; Bartoli et al, 1973).

Little information exists to-date concerning the
effect of lung deflation on recurrent laryngeal
discharge. The increase in inspiratory discharge of
ILMs during lung deflation and their brie% intense
bursts during expiration are reminiscent of RAR
activity. It is of interest that within the current
study, when the lungs were collapsed by removing air,
the first inspiratory effort and discharge were
greater than the subsequent ones. Furthermore, the
increase of discharge of ILM was much greater during
expiration than during inspiration. These effects may
be explained by the stimulation of RAR which
presumably induced the first inspiratory discharge by
a positive feedback. However, the maintained
inspiratory-excitatory effect may perhaps be the

consequence of the reduction of PSR input. Blocking
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PSR with sulphur dioxide altered but did not abolish
this effect. This further establishes that inhibition
of PSR discharge is not the main component of the
deflation reflex but that other vagal afferents such
as those from RAR or J-receptors may mediate the above

response.

The observation that there are almost identical
responses of P-ILMs to lung deflation before and
during PSR block (Figures 81 and 82), suggests that
RAR may have a primary role in the reflex response to
lung deflation, but does not eliminate the involvement

of other types of lung receptors.

The response of ILMs to 1lung deflation is
consistent with studies on respiratory movements of
the vocal cords. Murakami and Kirchner (1972)
reported that deflation of the lung induced

distinctive abduction of the vocal cord into an over-

abducted position. These positions of the vocal cord
were well explained by subsequent EMG studies. In the
same study, the above workers found that lung

deflation evoked a temporary activation of the DCA
muscle and over-abduction of the vocal cord. Sherrey
and Megirian (1975) also reported that lung deflation
markedly increases cyclic activity of laryngeal

abductor muscles.

The increase 1in inspiratory and expiratory
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discharge of ILMs during lung deflation presumably
brings about inspiratory dilatations of the larynx.
Dixon et al (1974) reported that pneumothorax (which
also stimulated RAR) caused inspiratory dilatations
and expiratory constriction of the larynx, the
responses of which were abolished by bilateral

vagotomy below the origin of the RLN.

In this study, the T-ELMs showed a decrease in
firing rate in the expiratory phase of the respiratory
cycle following lung deflation (Figures 83 and 84).
This is consistent with Murakami and Kirchner's (1972)
findings 1in cats that deflation of the 1lungs (100cc

room air) did not activate the adductors.

Under physiological conditions, RAR; activity
exists at functional résidual capacity while the tonic
activity of stretch receptors at this level of lung
inflation 1is low. Thus the onset of inspiratory
discharge of ILM may not only depend on a waning
central inhibition at end-expiratory level, but may
also be influenced by an inspiratory initiating drive
from RAR sensitized by the collapse of the lungs.
This activating mechanism may account for the
augmentation of inspiratory discharge of ILM during
an augmented breath, as discussed earlier. This role
is compatible with the inspiratory initiating role
postulated by Davies et al (1981). It may also

explain why the discharge of only the ILM was
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significantly increased during expiration, but not the

discharge of ELM,

Considering the mechanical effect of ILM
discharge which is to open the glottis to minimize
resistance to airflow, the increase in firing of ILM
would facilitate hyperpnoea and hyperventilation,
both of which are reflex actions of RAR. The close
correlation between the response of ILM and the change
in breathing pattern suggests that RAR inéuts do not
modulate RLN motor output pool directly, but rather,

they may do so through the respiratory centre.

4.27 During Transient Changes in Lung Volume

Immediately following lung inflation or
deflation and after its release, the ILMs “and ELMs
generally showed a brief intense and irregular
discharge. That this prompt and vigorous response is
more consistently elicited following lung inflation or
deflation at early inspiratory phase or end-expiratory
level, suggests the association of RLN with RAR which
may be stimulated by these rapid changes in 1lung

volume (Mills et al, 1970).

The early excitatory responses (lasting from

0.3 to 0.5 secs), appearing before the inhibitory
responses in some ILMs at the onset of lung
inflation, may be associated with the paradoxical

reflex described by Head (1889). These responses were
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more frequently seen during lung inflation with 20 cm
H O positive pressure, than with 10cm H O positive
piessure. RAR is also a likely candidati mediating
this reflex (Sellick and Widdicombe, 1970; Fillenz and

Widdicombe, 1972).

Davies and Roumy (personal communication) found
rapid inflation of the lungs during inspiration and
deflation during expiration to be the most potent
stimulus to RAR in rabbits. This may possibly explain
the sharper burst of ILM discharge when the
application of inflation was made during early
inspiration and deflation during expiration observed

in this study.

The observed transient changes in ;laryngeal
discharge after release of lung inflation are
consistent with those of McCaffrey and KXern (1980),
who noted that at the termination of lung inflation,
the rapid deflation of the lungs produced a large
increase 1in laryngeal resistance. They attributed
this response either to the rapid inhibition of
stretch receptor activity or to the stimulation of RAR
by rapid lung deflation. As block of stretch
receptors by sulphur dioxide did not suppress
transient laryngeal discharge, pulmonary stretch
endings seem unlikely to be mediating the above

effect.
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That ILMs and ELMs appear to be very rapidly
adapting to volume changes of the air passages in most
cases, suggests that RAR has an excitatory influence

on recurrent laryngeal motoneurone activity.

4.3 Role of J-receptors

This study did not examine the roles of type J-
receptors, previously studied by Paintal (1969), or
the C fibre endings, studied by Coleridge and
Coleridge (1977a), in the modulation of laryngeal
motoneurone discharge. They may have contributed to
the responses ascribed above to PSR or RAR.
Furthermore, it 1is not known if SO exposure may
stimulate or sensitize J~receptors. severtheless, it
is considered wunlikely that the sensory endings of
non-myelinated fibres can account for the r;sults in
this study. Guz and Trenchard (1971) have
demonstrated that J-receptors have no tonic reflex
effect on Dbreathing in rabbits with healthy lungs.
Coleridge and Coleridge (1977a) point out that these
receptors may be a heterogeneous collection of endings
and therefore be activated by a variety of stimuli.
However, in cats, inflations of up to four times tidal
volume fail to excite J-receptors (Paintal, 1969) and
in rabbits, they are not stimulated, or only very
weakly, by large maintained inflations or deflations

(Sellick and Widdicombe, 1970). The natural stimulus

suggested by Paintal (1973a) for J-receptors is
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"pulmonary congestion". The degree of inflation
needed to stimulate the receptors in cats (Armstrong
and Luck, 1974), rabbits (Sellick and Widdicombe,
1970) and dogs (Coleridge et al, 1965) and the "sparse
and irregular” activity of both bronchial and
pulmonary C-fibres reported by Coleridge and Coleridge
(1977a) for dogs, militates against, but does not
exclude, the possibility of their modulating recurrent
laryngeal motoneurone discharge under conditions of

near eupnoeic tidal volume.

Having eliminated the possibility of J-receptor
involvement, the most likely vagal afferents involved
in the reflexes studied are those from the pulmonary
stretch receptors and rapidly adapting Feceptors.
There does, however, remain a possibilit; of the
involvement of other unknown receptors with wvagal
fibres, which therefore warrants further
investigations. A study of the physiologic role of J-
receptors in modulating RLM discharge may be carried
out using some chemical stimuli such as phenyl
diguanide and capsaicin (Coleridge et al, 1965;

Paintal, 1969).

4.4 Role of other Modulating Factors other than Vagal

Inputs

As discussed in the preceding section, the

inputs affecting recurrent laryngeal discharge may
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arise 1in the lung and have their afferent pathways in

the vagal nerves.

In order to abolish lung vagal inputs without
interruption of the motor pathways to the larynx,
bilateral intrathoracic vagotomy has to be performed
in the chest just below the origins of the recurrent
laryngeal nerves. It would be necessary to open the
chest on both sides. In order to restore spontaneous
breathing, the chest would have to be closed. In view
of the complicated operative procedures involved and
the 1likelihood of inducing pneumothorax, bilateral
intrathoracic vagotomy was not carried out. Hence it
was not possible to ascertain the degree of importance
of RAR and other lung receptors in modulating RLM
discharge and also to know if there ate other
influences other than those from PSR and RAR
modulating RLM discharge. Thus it is not known 1if
other inputs from peripheral chemoreceptors and
intercostal afferents may interact with those from

vagal afferent fibres in modulating RLM discharge.

From the rhythmic discharge of RLN, it is quite
obvious that there is a respiratory modulation and
that RLN may be secondarily driven by the respiratory
centre. The experiments so far have also shown that
RLN reacts in almost identical fashion to different
experimental stimuli as the phrenic nerve (PN). It is

possible that RLN and PN may have common pathways in
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the medullary respiratory areas. Projections from the
dorsal respiratory group (DRG) to the ventral
respiratory group (site of 1laryngeal motoneurones)
have been described (Merrill, 1974) (Figure 86).
Conceivably, the DRG 1is also the site of laryngeal
premotor neurones. However, Feldman and Speck (1983)
did not find any case of a correlation peak in cross-
correlations between DRG inspiratory neurones and
ipsilateral RLN discharge. On the other hand, Cohen
and Feldman (1984) found that some DRG inspiratory
neurones have discharge patterns and inflation
responses similar to those of laryngeal inspiratory
neurones. It is therefore thought that such neurones
may be part of a premotor system that projects to ILMs

-

(Sica et al, 1985).

The ILMs may be modulated indirectly by vagal
inputs through the intermediary of the respiratory
centre. On the other hand, Richardson (1980} has
suggested that there might be two central rhythm
generators in the brainstem, with parallel pathways to
the phrenic and the recurrent laryngeal motoneurones,
in which case there might also be a possibility that
the PSR and RAR input project to the central generator
driving RLN and modulate it directly. Whether a
separate respiratory generator exists for recurrent

laryngeal motoneurones remains to be investigated.
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The picture that has been <created of the
mechanisms modulating RLN activity is certainly over
simplified. It must soon be modified or described in
finer detail to include the mode of action of other
vagal afferents and the effects of the central and
peripheral chemoreceptors upon laryngeal motoneurone

discharge.

&

4.5 Functional Advantage of Vagal Modulation

There is little question that the modulation of
RLN discharge does not depend exclusively on the
activity of pulmonary stretch receptors during
inspiration. Nevertheless, PSR and RAR modulation,
whether direct or indirect, may have an important
influence on the pattern of laryngeal discharge during
quiet breathing. It seems that vagal affefents not
only influence regulation of phrenic activity
corresponding to tidal volume and respiratory
frequency, but also patterns of inspiratory and
expiratory discharge in the RLN. This is not
surprising in view of the role of the larynx as an
effector respiratory organ, abducting during
inspiration to facilitate in-flow of air, and
adducting during expiration to retard expiratory flow.
The outcome of this modulation is that it adjusts the
pattern of Dbreathing to make it most economical in

terms of the work or force of breathing.

4.6 Laryngeal Discharge Pattern during Cough
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It 1is known that the larynx plays an important
role in cough. The cough observed in this study when
the animals were first introduced to sulphur dioxide
may be attributed to the activation of lung receptors.
Widdicombe (1954) attributed the sulphur dioxide
induced cough in his animals to irritant receptors

(which in this study are referred to as RAR).

In the current study, sulphur dioxide was
passed via the tracheal cannula, thereby bipassing the
larynx. From this it can be seen that the role of
laryngeal afferents mediating nociceptive and
proprioceptive inputs from the larynx probably plays a
small part. The animals stop coughing shortly after
SO inhalation. The cessation of coughing may be due
to2 the blocking of the airway stretch receptors by
sulphur dioxide. These receptors have been reported
by Sant'Ambrogio et al (1984) to play a role in the

genesis of coughing. However, there is insufficient

evidence in this study to confirm their findings.

One of the striking features observed in the
cough reflex was the short but powerful expiratory
bursts elicited in the RLN immediately following
sulphur dioxide administration. This can be
correlated to studies carried out by Bucher (1958),
Floersheim (1959) and Weber (1959) on the changes in

vocal cords and glottic aperture based on three
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phases of cough which have been distinguished as:
a) an initial inspiration phase
b) a compressive phase

c) an expulsive phase.

During the "initial inspiration" phase, it 1is

documented that the glottis dilates to a greater

degree than in resting respiration. The, upper airway
resistance drops sharply. When the inspiration is
over, the glottis narrows again, just -‘before the

pleural and tracheal pressures begin to rise as a
result of the contraction of the expiratory muscles.
In cough, this expiratory narrowing of the glottal
calibre is known to take place faster than in resting
respiration and results in complete <closure of the
glottis. The strong expiratory bursts, - observed
during sulphur dioxide inhalation in this study, could
probably account for the violent <closure of the
glottis. The glottal resistance created during the
compressive phase helps to intensify the expiratory
effort, both reflexly, via proprioceptive pathways,
and mechanically. The mechanical effect of expiratory
closure is probably to allow time for synchronization
of the various groups of expiratory muscles and also
to build up intrathoracic pressure so that the maximum

effect can be obtained (in:Korpas and Tomori, 1979).

The strong and prolonged inspiratory bursts of

RLN following the expiratory discharge noted in this



134

study may account for the events described in the
expulsive phase of cough which consists of an abrupt
widening of the glottal lumen beginning at the peak of
tracheal and pleural pressure. The glottal lumen then
remains opens for some time and afterwards narrows

again. The role of the expulsive phase is believed
to reduce the resistance in the glottal region against’
the air exhaled from the lungs, thereby speeding up
its expulsion (Bucher, 1958; Floersheim, 1959;

Yamashita and Urabe, 1960; Jimenes-Vargas et al 1962).

This sudden opening of the glottis, and the resultant
escape of air from the lungs, causes a sharp drop in
tracheal pressure, but does not immediately affect the

high pleural pressure.

The importance of the RLN in cough has been
demonstrated as expiratory glottal resistance in cough
disappeared after bilateral transection of this nerve
(in Korpas and Tomori, 1979). It is also reported in
the same book that following complete sensory and
motor denervation of the larynx, cough efforts slow
down and lose their sudden explosive character. The
loss of explosivity is due mainly to the elimination
of glottal closure which is dependent on activity of
the intrinsic laryngeal muscles supplied by the

recurrent laryngeal nerve.

The absence of similar response in PN during
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cough indicates that RLN and PN are not inevitably
linked and that lung reflexes may act on recurrent
laryngeal nerve by pathways other than via the

respiratory centres.

4.7 Role of Recurrent Laryngeal Nerve in Respiration

Eupnoeic breathing requires the temporal co-
ordination of activity in different groups of
respiratory motoneurones. The similarity in responses
to different stimuli of phrenic and recurrent
laryngeal nerves indicates that both populations of
motoneurones receive inputs from the central
inspiratory pattern generator(s). However, different
patterns of activity emerge as outputs, a phenomenon
which may be related to different functional roles of
these nerves in breathing and also to the éanner by
which their activities are modulated by pulmonary
afferent inputs. The effect of ILM discharge is to
maintain laryngeal patency during inspiration by
producing contraction of the glottic dilator muscles.
The attainment of peak activity early in the
inspiratory phase assures maximum patency in the

larynx at a time when diaphragm contraction is still

small and results in a similar pattern of glottic

dilatation, which reaches a maximum in early
inspiration (Bartlett et al, 1973; Sherrey and
Megirian, 1975). This minimizes resistance to airflow

during inspiration. On the other hand, the tonic
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activity of T-ILMs during expiration, which has also
been observed in the discharge of DCA muscle (a
glottis dilator), increases expiratory airflow by
producing glottis dilatation (Barillot and Bianchi,
1971; Bartlett et al, 1973; Sherrey and Megirian,

1975).

Hence, during an augmented breath, the glottis
reaches maximum dilatation due to the increase 1in
frequency and duration of P-ILM diécharge in
inspiration and a corresponding decrease in T-ELM

discharge.

During the addition of an added dead space, the
hypercapnic effect on P-ILMs promotes the egress of
Cco by widening the glottis due to both fac¢ilitation
ofzabduction and attenuation of adduction.

Though difficult to detect, the activity of ELMs
produces contraction of glottis constrictor muscles,
which prevents too sudden an increase of expiratory
airflow at the transition from the inspiratory to the
éxpiratory phase. Previous studies (Stransky et al,
1973; Szereda-Przestaszewska and Widdicombe, 1973;
Dixon et al, 1974; Glogowska et al, 1974) have shown
that changes in discharge of expiratory laryngeal
motor fibres can be correlated well with changes in

laryngeal resistance in the expiratory phase.

Furthermore, ELMs also have a protective
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function. Thus, their activity which causes
adduction of the vocal cords, prevents the aspiration
of foreign bodies. Moreover, as discussed earlier,
the contraction of the adductor muscles during the
compressive stage of the cough reflex, enables a high

intratracheal pressure to be developed.

4,8 Evaluation of Method

4.81 Data Collection and Processing

The methodology used in this study allowed
quantitative measurements of laryngeal discharge and
its variation in physiological conditions. However,
the manual process of counting spikes was rather time-
consuming and liable to human error. The sample size
was small and as such, may not be representative of
the population. The sample size may be seen as a

limiting factor of this study.

The recurrent laryngeal motoneurones show
considerable variation in spontaneous activity from
animal to animal and from time to time within each
fibre during the same experiment. As such, the
results were not pooled for analysis as some means
would be weighted by those animals with unusually high

spike frequency.

As the population of the motoneurones does not
appear to have normal distribution and therefore

assumptions underlying parametric statistical testing
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could not be fulfilled, a non-parametric statistical
test, namely Mann-Whitney test was used to provide a
means for analyzing the data. However, the Mann-
Whitney test has major limitations when the total
number of observations is less than six, for example,

if five observations are made: three controls and two

tests and u = 0 (i.e. there is no overlap between test
and control observations), P = 0.1 which is non-
significant.

There was no particular advantage in using
airflow, instead of integrated phrenic discharge, to
delineate inspiration and expiration in this study.
In fact, airflow signal became very poor when the
speed of the tape was reduced and that :o0f paper
increased in order to obtain individual spikes.
Nevertheless, it was convenient for practical reasons
to record single fibre activity from only one nerve
at any one time. Moreover, while there are many
studies which have recorded phrenic and recurrent
laryngeal motoneurones simultaneously, only a few
studies have been reported where airflow was recorded
at the same time as the recurrent laryngeal

motoneurone.

4.82 Histological Findings

The fibre types present in the nerve from which

recordings were made in this study were similar to
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those previousiy described by Evans and Murray (1954)
for the recurrent laryngeal nerve of the rabbit and by
Murray (1957) of the cat. These investigators had
shown that as the recurrent laryngeal nerve ascends
between the oesophagus and trachea, small diameter
fibres were distributed in tracheal, oesophageal and
other branches. Hence, the nerve sample at the level
of its entry into the larynx consisted mainly of large
diameter fibres (Plates 3a and 4a). Consideration was
therefore given to the level of the nerve from which
recordings were made. In order to avoid recording
action potentials from fibres innervating the trachea
and oesophagus, recordings were made from RLN cut

-

close to its entry into the larynx.

The right laryngeal motoneurone was chosen for
recording purposes for practical reasons, as it was
found to be more convenient to locate and to set up
for electroneurographic recording. Verification by
histological examination had shown that there was no
observable differences in structure between the left
and right RLN at the level of their entry into the

larynx (Plates 3a and 4a).

4.83 Difficulties Encountered in Obtaining a

Satisfactory Record

Background noise and interference posed a
problem to obtaining a clear record of recurrent

laryngeal discharge. Whitfield (1959) defined "noise
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level" as the degree of random movement of the
baseline due to spontaneous fluctuations in the

system.

Interference occurred as a result of the
recording system picking up unwanted signals either
from the preparation itself or the environment. This
interference was not completely avoidable. It is not
possible to generalise about the elimination of
interference. A high signal to noise ratio was
obtained by a system of trial and error in which the
positions of the preparation, leads and components of
the apparatus were altered until a satisfactory signal

was obtained.

To obtain the most convenient records of TTL
spikes and flow signal, a number of different
combinations of paper and tape speeds were
experimented with in the early stages of this
investigation. Finally, a compromise of a tape speed
of 3.75 cm/sec and a paper speed of 50 mm/sec was

made.

4.84 Effect of Anaesthesia and other chemicals

In interpreting the findings, it has to be borne
in mind that general anaesthetics modify both the
central sensitivity to vagally mediated afferent
information (Severinghaus and Larson, 1965), and the

activity of the lung receptors themselves (Coleridge
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et al, 1964). The exact pattern of the response
depends on the type and depth of anaesthetics
(Widdicombe, 1954). Frankstein (1970) reported that
the apnoea resulting from vagal stimulation was
consistently greater during sleep, than that obtained
in the same animal during wakefulness. Some similar
results were obtained by Bystrzycka et al (1970) in

the rabbit, and by Bouverot et al (1970) in the dog.

Eyzaguirre and Taylor (1963) reported that
expiratory units of RLN were sensitive to sodium
pentobarbital. Sherrey and Megirian (1974) showed
that intravenously injected pentobarbital (30mg/kg)
abolished periodic on-going thyroarytenoid and lateral
cricoarytenoid muscle activities. In additien, dorsal
cricoarytenoid muscle activity was transformed from a
tonically active muscle to a phasically active one
but with retention of tonic activity during the
expiratory phase. On the other hand, barbiturate
anaesthetized (Martensson, 1963; Nakamura et al 1958)
or unanaesthetized (Kawasaki et al, 1964, 1964a) dogs,
and highly anaesthetized cats under barbiturate
anaesthesia (Barillot and Bianchi, 1971), readily show
thyroaytenoid (adductor) activity during expiration,
whereas cats under relatively deep barbiturate
anaesthesia (Bartlett et al, 1973; Eyzaguirre and
Taylor, 1963; Murakami and Kirchner, 1971, 1972,;

Nakamura et al, 1958; Remmers and Tsiaras, 1973) do
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not manifest overt phasic adductor activity. On the
other hand, cats anaesthetized with chloralose-
urethane manifest thyroarytenoid muscle activity
during expiration (Green and Neil, 1955; Sherrey and
Megirian, 1974). Moreover, Sherrey and Megirian
(1974) also showed that in normocapnic, decerebrate
cats given ketamine hydrochloride, lateral crico~
arytenoid muscle was active in phase with expiration.
However, this activity was abolished by:amounts of
pentobarbital which when given alone to the cat would
normally induce only light anaesthesia. In short, it
appears that the species of the experimental animals,
and the type and level of anaesthesia used, may
determine if phasic adductor activity is detectable.
In view of all these, relatively ligﬁt sodium
pentobarbital anaesthesia was used to maintain the

animal in this study.

As regard the use of sulphur dioxide, Davies
et al (1978a) have shown that inhalation of 200ppm
sulphur dioxide abolished activity in PSR. The
mechanism of this inhibition has not yet been clearly
elucidated but from their histological findings, it
seems unlikely to be due to frank damage to the
airways. Moreover, in their studies, both the
receptors and the Hering-Breuer reflex recovered in
20-60 minutes and it was possible to repeat the

procedure several times without the loss of its
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effectiveness. Whether exposure to sulphur dioxide
changes the sensitivity of rapidly adapting and J-

receptors is not known (Davies et al, 1978a).

As to the use of gallamine, it is known to act
on the central nervous system (in Koelle, 1975), and

¢

could depress chemoreflexes.

4.85 Effect of Tracheostomy

In this study, tracheostomy was adopted as a
routine surgical procedure. The trachea was
cannulated and so the glottis and upper respiratory

tract did not play a part in respiration.

Breathing through tracheal cannula bypassed the
larynx and so any change in laryngeal calib}e which
would otherwise impose a strong mechanical influence
on breathing would not have this effect. Moreover,
any alterations in upper airway resistance produced by
the nose, pharynx and larynx would not affect airflow.
Thus recordings of RLN discharge with the larynx "out
of circuit" may alter the pattern of breathing and
hence may not show the actual response of RLN when
breathing with larynx "in circuit”. According to
Bianconi and Raschi (1964), respiratory abductor
function of the larynx appears to be more susceptible
to central qalterations when the upper airway 1is
bypassed through tracheostomy. Sasaki et al (1973)

demonstrated from electromyographic measurement of the



144

DCA activity following tracheostomy that a significant
alteration in central processing of its regulatory
function was obtained. The efferent contribution from
the brainstem received by DCA established the
appropriate vocal cord position to maintain normal
physiclogic airway resistance within the respiratory

¢

cycle.

Mathew et al (1984) reported that whgn breathing
was diverted from tracheostomy to the upper airway in
dogs, the peak frequency and duration of the superior
laryngeal activity increased, reflecting the
introduction of pressure and flow stimuli to the
larynx as well as an increase in the activation of
laryngeal muscles ("drive stimuli"). This ipcrease in
laryngeal muscle activity is presumably dependent on
the increase in total airway resistance (Sasaki et al,
1973, as well as the introduction of negative
pressure into the larynx. Laryngeal negative pressure
is known to activate laryngeal abductor muscles
(Mathew,1984) which in turn may stimulate the "drive"
receptors (Sant'Ambrogio et al, 1983). In fact, in
the presence of a tracheostomy, which Mathew et al
(1984) considered as a partial functional de-
afferentation of the upper airway, there 1is an
impairment of the upper.airway muscle activity which
compromises airway patency (Sasaki et al, 1973;

Buckwalter and Sazaki, 1984).  Moreover, the longer
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the duration of the tracheostomy, the greater is the
difficulty encountered in re-establishing the lost
function (Sasaki et al 1973; Buckwalter and Sasaki,

1984).

In the dog, during spontaneous breathing when
ventilatory resistance 1s maximal, DCA activity
appears to be maximal (Buckwalter and Sasaki, 1984).
Following a change to mouth breathing, thgse workers
noted that DCA activity decreased, corresponding to a
decrease in intratracheal pressure. When spontaneous
breathing is shunted through a tracheostomy, abductor
activity gradually diminished and disappeared. When
the tracheostomy cannula was partially occluded and
breathing was in part resumed through the ypper air
passages, DCA activity slowly returned. These
findings may account for the lack of laryngeal
motoneurone discharge observed in some fibres at some
stages of this study. During those occasions, an
added dead space was imposed to drive the recurrent

laryngeal motoneurones.

4.9 Conclusions and Implications

When assumptions that

i) So exposure blocks the activity of PSR,
2
and

ii) during PSR block, RAR are the only

receptors spontaneously active,
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are accepted, the analysis of the results of this

study leads to the following conclusions:

I. The motoneurones in the recurrent laryngeal
nerve fire with different discharge patterns and the
modulation of their firing rate follows the

respiratory rhythm.

II. The responses of RLMs during PSR block, lung
inflation, and added dead space, all support the view
that PSR activity inhibits ILM discharge Qhereas RAR
activity initiates ILM discharge. The negative
feedback mechanism from PSR input and the inspiratory
initiating drive from RAR which exists at functional
residual capacity results in RLN discharge starting
during the phase of lung deflation in ar?ificially
ventilated animals. The activity of PSR 1is not

essential for rhythmical discharge of RLMs.

ITI. The responses of RLMs during augmented
breaths, lung deflation, and transient changes in lung
volume, are consistent with the view that RAR inputs
initiate and augment ILM discharge, but shorten ELM

activity.

Iv. The modulation by PSR and RAR may be
effected indirectly through the respiratory centre,
even though an additional and direct modulation cannot

be ruled out.
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V. Although J-receptors show little response to
volume changes of the lungs (Paintal, 1973a; Sellick
and Widdicombe, 1970), and have no tonic reflex effect
on breathing in rabbits with healthy lungs (Guz and
Trenchard, 1971), they may also have contributed to

the responses ascribed above to PSR and RAR.

IV. The patterns of RLM discharge and their
responses to changes in vagal afferent inputs are
probably related to the functional role of different
motoneurone populations in the control of airway

resistance.

What contribution might the present study makes
to the existing knowledge in the physiology of the
RLN? The findings of this study support the current
belief that the rhythmic discharge of RLM has
respiratory significance and that this discharge is
modified by pulmonary afferent inputs. However, the
current study has further shown that PSR and RAR are
the likely candidates reflexly modulating RILM
discharge during eupnoeic breathing. The influence of
RAR 1is further demonstrated by their initiating and
accelerating effects on RLM activity during a

differential block of PSR.

Furthermore, this study also validates the

usefulness and specificity of SO -differential block
2
which inhibits the activity of PSR while leaving RAR
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and J-receptors and their reflexes intact. However,

it is still not known if SO -exposure may also act to
2
stimulate or sensitize J-receptors.
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Summary of Findings

RESULTS OF INVESTIGATIONS ON SPONTANEOUSLY BREATHING

RABBITS

l. Action potentials were recorded from single laryngeal
motor fibres in 9 rabbits anaesthetized with pentobarbitone
and breathing through a tracheal cannula.

2. PFour types of recurrent laryngeal motoneurones (RLMs)
were observed: 1) phasic-inspiratory (P-ILMs); 1i) tonic—-
inspiratory (T—-ILMs); iii) phasic-expiratory (P-ELM); iv)
tonic-expiratory (T-ELMs).

3. During pulmonary stretch receptor (PSR) block with
sulphur dioxide, P-ILMs showed an increase in duration and
frequency of inspiratory discharge.

4. Breathing through an added dead space Iincreased the
frequency of inspiratory discharge of P-ILMs.

5. The response to lung inflation varied. However, phasic
recurrent laryngeal motoneurone activity was always
inhibited. When stretch receptors were blocked, lung
inflation failed to inhibit phasic recurrent laryngeal
discharge.

6. Lung deflation increased the activity of ILMs but
decreased that of FLMs. These responses persisted in a
modified form after the inhibition of PSR activity.

7. During augmented breaths, P-ILM activity was two-phased.
The duration and frequency of P-ILM discharge greatly
exceeded that during normal breaths while that of T-ELM

decreased.
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8. RILMs showed intense and irregular discharge during the
first (0.2 seconds following inflation or deflation and
immediately after their release. The transient responses
depended on the position of the respiratory cycle at which

inflation or deflation occurred.

RESULTS OF INVESTIGATIONS ON ARTIFICIALLY VENTILATED

RABBITS

1. Simultaneous recordings of recurrent laryngeal nerve
(RLN) and phrenic nerve (PN) were carried out on 5 rabbits
anaesthetized, paralysed and artificially ventilated with a
tidal volume and frequency identical to their spontaneous
breathing.

2. With stretch receptors intact, the onset of both RLN and
phrenic discharge occurred during the deflation phase of
ventilation. :

3. Decreasing the tidal volume by 50% or increasing it by
100% of the spontaneous eupnoeic value could not unlink RLN
and PN bursts from the deflation phase of the pump cycle.

4. During PSR block, the most frequent pattern was one of
total independence between pump and RLN/PN cycles. The
free-running condition was converted to one in which RLN and
PN bursts were initiated by either of the pump's phases,
more frequently by deflation. These timings were changed
into a free-running pattern by decreasing the tidal volume
to half the eupnoeic value.

5. Short but powerful expiratory laryngeal bursts were

elicited during cough at the beginning of exposure to
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sulphur dioxide. fhere was an increase in the frequency and
duration of laryngeal and phrenic discharges following such
expiratory bursts.

6. That selective . block of PSR could not unlink the
synchronization of RLN and PN activity indicates that both
nerves may be driven by common structures in the respiratory

centre.

The above results suggest that the activity of lung
stretch receptors has an inhibitory effect on ILM discharge
whereas that of RAR an activating and accelerating effect.
RAR may also play a part in shortening ELM discharge, an
effect compatible with the view that RAR may initiate ILM

discharge.

That RLN and PN reacted in almost identical fashion to
changes 1in vagal afferent inputs suggests that PSR and RAR
may operate via the same central mechanisms to modulate both

neural outputs.
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Raobbit (After Borone, 1976)
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Fig. 3 Scheme of action of laryngeal muscles on vocal cords

(b)
After Miller (1952)
a Action of the dorsal cricoarytenoid muscles as abductors of the vocal cords
b Action of the lateral intrinsic muscles as adductors of the vocal cords
A Arytenoid cartilage CD Dorsal cricoarytenoid muscle
C Cricoid cartilage 1 Lateral cricoarytenoid muscle
T Thyroid cartilage 2 Thyroarytenoid muscle
V Vocal cord



Fig. 4

A schemotic diogram of o Jrontal section of composite mammalian
farynx to show the main jeatres (After Rex, 1870)

A  Glottis o Folse cords

Ar  Aryepiglottic folds b True wocal cords
T  Fist trachenl cartilae Vv Vestibule

Ve Ventride t  TEpiglottis
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Fig. 56 Schematic drawing demonstrating course of right
and left recurrent laryngeal nerves



Fig. 6 Distribution of the recurrent Eaxgngzaf,
ond craniol laryngeal nerves. Lomina
of the thyroid cortilage wos cut ond

veflected (After McClure, 1964).
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componenis of the conirel sgstgm
and the breathing epprratus. Foacilitetory {(+) and
inhibitory (-) efjecis in the &r&m shown
where appropriate. Dashed f;%f;’ﬁu?g . indicaie
mechanical effest of lung wvolume cﬁaﬁggs o
muscles. <A : central chemoreceptors; B : peripheral

chemworeceptors. (After Bouhuys, 1977}
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Fig. 8 Receptor influence on the phases of breathing.
Alteration of receptor ectivity changes duration of
inspiration or expiretion.
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Fig. 11 Neuromuscular junction block series. Diagram of experimental
set up. RLN: recurrent laryngeal nerve, PN: Phrenic nerve.
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1 sec,
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Fig. 13 Schematic diagram showing how the duration of inspiration (t1) and
expiration (1E), number of spikes within each quartile (Q1 -Q4) of both respir-
atory phases and duration of Jiring (Dr.F) were measured Jrom the alrflow

(D) signal (upper trace) and recurrent laryngeal motoneurone (RLM) neurogram
{lower trace) records.



TMEPIRATORU LARUNGEAL EXPIRATORY LARUNGEAL
CURONE

fiillIE Il L |
HNHHIHHH iH H HH H HHH IHIUHHII il

Fig. 14 EBchematic classification of major disharge
of recusrent [osywmgeal motoneurones. Each petten is derived
jrom spike counts of o vepresentative motoneurore.
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Fig. 15 Spontaneous activity of recurrent laryngeal motoneurones with different patterns of discharge.
A: Phasic-inspiratory, B: Tonic-inspiratory, C: Phasic-expiratory, D: Tonic-expiratory. Rabbits
under pentobarbitone aneesthesia. In each record, upper trace: airflow (V) signal, inspiration upwards;
lower trace: recurrent laryngeal motoneurone electroneurogram (RLM. ENG).



Fig. 16

Histogram showing correlotion between
impulse frequency of o phasic- inspiratory
laryngeal motoneurone and the inspiratory
{1.P} and expiratory (E.P} phoses of the
respiratory oycle. Each of the tiwvo phases
is divided into 4 equal intervals {(quorti
Upper trace : Airflow signal

Lower trace : Recurrent laryngeal moto-

neurone electronsurogram
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Fig. 17 Histogram showing correlation between the
impulse frequency of o tonic — inspiratory
laryngeal motonsurone and the inspiratory
{1.P) ond expiratory (E.P) phoses of the
respiratory cycle. Each of the two phoses
is divided inio 4 egual intervals (quartiles).
Upper trace : Airflow signal
Lower trace : Recurvent [aryngenl moto—

neurone dectroneurogrom
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Fig. 18

Histogram showing correlation between
impulse frequency of o phosic— expiratory
loryngesl motoneurone and the inspiratory
{1.P} ond expiratory (E.P} phoses of the
respiratory cycle. Each of the two phases
is divided into 4 equal intervals {(quartifes).
Upper trace : Airflow signal
Lower trace : Recurvent [nryngeal moto-
newrone glectronevurogram
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Fig. 18 Histogram showing correlation between the
impulse frequency of o fonic — expiratory
loryngeal motoneurone ond the inspirotory
{1.P} ond expiratory (E.P} phoses of the
respirotory coycle. Each of the two phases
is divided into 4 egual intervals (guoartiles).
Upper trace : Airflow signal
Lower trace : Recurrent [nryngeal moto-

neurone electroneurogrom
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F1G. 20 FIBRE TYPES IN THE RECURRENT
LARYNGEAL NERVE SAMPLES
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RLM. ENG et

Fig. 21 Record showing the change in discharge pattern of a phasic-inspiratory laryngesl
motoneurone during eupnoeic bresthing: from a phasic-inspiratory pattern of discharge
into & tonic-inspiratory pattern and back to phesic-inspiratory again. Rabbit under
pentobarbitone ansesthesia. Upper trace: airflow (V) signal, inspiration upwards; lower
trace: recurrent laryngeal motoneurone electroneurogram (RLM.ENG).



RLM. ENG ;

ls

Fig. 22 Records from 3 phasic-inspiratory laryngeal motoneurones showing different times of onset of moto-
neurone discharge during eupnoeic breathing. A. The onset of motoneurone activity was synchronous with
the onset of inspiration. B. The onsst of motoneurone activity was earlier than the start of the inspiratory
phase. C. The onset of activity was later than the onset of inspiratory phase. In each record, upper trace: air -

flow (V) signel, inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram
(RLM. ENG). Rabbits under pentobarbitone aneesthesia.



Fig. 23 Mean frequency of P-1LM discharge in
dif ferent quartiles of the inspiratory
(1.P) oand expiratory (E.P) phases of

the respiratory cycle during eupnoeic
breathing (N=14 fibres). Vertical bars

represent standard errors.
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Expiratory discharge
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Fig. 24 Meoan frequency of T-ILM discharge in
different quartiles of the inspiratory
(1.P) and expiratory (E.P) phases of
the respiratory cycle during eupnoeic
breathing (N=7 fibres).
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Expiratory discharge
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Fig. 25 Mean frequency of tonic—expiratory
laryngeal motoneurone discharge in
different guartiles of the inspiratory
{1.P} and expiratory (E.P)} phoases of
the respiratory cycle during esupnoeic
breathing.

Inspiratory discharge

Expiratory discharge
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Fig. 26 Mean frequency of P-ELM discharge in
different quartiles of the inspiratory
(1.P) and expiratory (E.P) phases
of the respiratory cycle during eup-
nocic breathing.

% Expiratory discharge
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Fig. 27 Effect of breathing through an edded dead space on phasic-inspiratory laryngeal motoneurone
discharge . A: During control breathing, B: Bresthing through an added dead space. Rabbit under pento-
barbitone anesesthesia. In each record, upper trace: airflow (V) signal, inspiration upwards; lower
trace: recurrent laryngeal motoneurone electroneurogram (RLM. ENG).



Fig. 28 Instantoneous frequency plot of the
phasic—inspiratory [aryngeal motoneurone
in Fig. 27, showing how the impulse
frequency changed during hypereapnia
{caused by breathing through an added
dead space}. Arrow indicotes the end of
the inspiratory phase of the respiratory
cycle.
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Fig. 29 Effect of breathing through an added
dead space on the mean frequency of
phasic—inspiratory [aryngeal motoneu-
rone discharge in different quartiles
of the inspiratory (1.P) and expiratory
(EP) phases of the respiratory cycle.
Vertical bars represent standard errors.

During hypercapnia
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Fig. 30 Responses of phasic-inspiratory laryngeal motoneurones to lung inflation. A. Type A response,
B. Type B response, C. Type C response, D. Type D response. Arrows indicate the onset and the end

of lung inflation. Rabbits under pentobarbitone anaesthesia. The artifact produced by the opening and

closing of the magnetic valves is clearly seen on the airflow record. In each record, upper trace:

airflow (V) signal, inspiration upwards ;

lower trace: recurrent laryngesl motoneurone electroneu-
rogram (RLM. ENG).



i
t
- § . ) .
. b G b e [N .-
i : I | : i { t i R 1 i
: i ; ] L [ 'l o
— ~4
1 1 HE i i g oY : i
! | i i L i Jeutl ; -
[ i i 3 i : Pt t !
LY
S UL TR VU SRS S TP Y 5 PR P 3 R | "
| Bt AL R IERoR N1 QUG LS | Rt FEE AR R N R RIHEN HIURINEI T RAREE B
1 R 1! L SRR SRR G ) R R R R R R R R A AR
sy ] ; g

U e AR 1

KR R TTEN ) B 1 H + T
4 a

E——
is

Fig. 31 Responses of recurrent laryngesl motoneurones to inflation of the lungs. A: A type B response of a
tonic-inspiratory laryngeal motoneurone, B: A type D response of a tonic-inspiratory laryngeal motoneurone,
C. A type A responseof a phasic-expiratory laryngeal motoneurone, D: A type B response of & tonic-
expiratory laryngeal motoneurone. The ertifect produced by the opening and closing of the magnetic valves
is clearly seen on the sirflow record. Rabbits under pentobarbitone anaesthesis. Ineach record, upper

trace: airflow(V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone electro-
neurogram (RLM.ENG).
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Fig. 32 Typical transient response of & phasic-inspiratory laryngeal motoneurone to lung

inflation (between the arrows). Records B and C from the same motoneurone inrecord A

inflation. Rabbit under pentobarbitone snaesthesia. In each record, upper trace: sirflow (V)

show transient response immediately following lung inflation and after the release of lung
signal

inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram

(RLM.ENG).



Fig. 33 Changes in frequency of inspiratory
laryngeal motoneurone dischorge re—
lative to control inspirotory discharge
{Fir /Fo) dlicited by [ung inflation and
deflation ot different positions of the
inspiratory phase (1.P) of the respi-

ratory cycle.
1 During lung inflation
{PER intnct})

= During lung inflation
(PSR blocked)

O During lung defiotion
{PSR intact)

® Em*zm; iﬁmg deflation
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Fig. 34 Em@s in jqugfgm{,g aj? inspirotory

ia%:wz to mms{ inspiratory dischorge
{Ftr/¥Fc) elicited by lung inflation and
deflation ot different positions of the
expiratory phase (E.P) of the respi-

ratory cycle.

7 During lung inflotion
{ PSR intact)

w During lung inflation
{PE5R blocked)

O During lung deflation
{PESR intact}

@ ﬁmmf@ &mg deflation
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Fig. 35 Changes in the {requency of inspiratory
loryngeal motoneurone  discharge
reiotive to control inspiratory discharge
{Ftr / Fc) following the release of
lung inflation or deflation.

Lung deflation when PSR were

intact {-ve intact})

Lung inflotion when PSR were

intact {+ve intact)

Lung deflation when PER were

blocked {(-ve block)

Lung inflotion when PER were

blocked {(+ve block )

o

&
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Fig. 86 Chonges in ff@@msg of expirotory
laryngeal motoneurcne discharge re—
lative to smm’gi expiratory discharge
{Ftr /Fe) elicited by lung inflotion and
deflation ot different positions of the
inspiratory phase (1.P) of the respi-

ratory cycle.
1 During lung inflation
{PSH intoct)

& During [ung inflation
{PSR. blocked}

O During lung deflation
{FSR intoct)

o During [ung deflation
{PER blocked)
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Fig. 57 Changes in §w&my of expiratory
loryngeal motonzurone discharge re—
lative to mﬂ,tmi expiratory discharge
{Fir/Fo) elicited by lung inflation and
deflotion ot different positions of the
expiratory phase (E.P) of the respi-

ratory cycle.

7 During lung inflotion
(PSR intoct)

m During lung inflation
(PSR blocked)

O During lung deflation
{PER intoct)

& During fung deflation
{PER blocked)
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Fig. 38 Chonges in the f{requency of expiratory
loryngeal motoneurone discharge relative
to control expirotory discharge (Fir / Fo)
following the relense of lung inflation
or deflation.

Lung deflation when PER were intnct

{-ve intact}

0 Lung inflation when PSR were intact
{+ve intact)

@ Lung deflation when PSR were blocked
{-ve block)

g Lung inflation when PSR were blocked

{+ve block}

O
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FIG. 39 TYPES OF RESPONSE OF RECURRENT
LARYNGEAL MOTONEURONES TO LUNG INFLATION

= \ Legend

TYPE A (P—ELM)
TYPE A (P-ILMs)
TYPE B (P-ILMs)
TYPE B (T-ILMs)
TYPE B (T—ELMs)
TYPE C (P-ILMs)
TYPE D (P—ILMs)
TYPE D (T—ILMs)

N NN




Fig. 40a: Histogream showing changes in discharge frequency
during various responses to [ung inflation {(between
the arrows}):

i. o type B response of o phasic-inspiratory
loryngeal motonsurone
il. @ type B response of o tonic-inspiratory
laryngeal metoneurone
Abbreviations: cont. D end cont. ED: control
inspiratory dischorge ond control expiratory
distharge respectively; postinf. 1D end postinf.
ED: postinflation inspireiory end expiratory
discharges respectively.
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Fig. 40b: Histogram showing changes in discharge requency
during vorious vesponses to lung m}ia&zm {between
the nrrows):

i. o type B response of a i;ﬁm{;-axgnmmrg
laryngenl moloneurone
il. & type C response of o phesic-inspiratory
[aryngeal molonsurone
Abbreviations: cont. 1D and cont. ED: conirol
inspirniory dischorge and conlrol expiratory
discharge respectively; postinf. 1D and posting.
ED: postinflation inspiratory and ex;m’gimg;
discharges respeciively.
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Fig. 40c: Histogrom showing changes in discharge frequency
during verious responses to [ung mfﬂts&%m {betswreen
the srrows):

. @ type D responsz of o phasic-inspiraiory
laryngeal motonsurone
ii. o type D responise of o mm@m@
laryngesl motoneurone
Abbreviations: cont. 1D and cont. ED: control
inspiratory discharge and control expiratery
discharge respectively; postin. 1D end posting.
ED: postinflation inspiretory and expiratory
discharges respectively.



A "TYPE—D" RESPONSE OF P—ILM TO LUNG INFLATION

FREQUENCY (IMP/SEC)

80

70

80

50

40

30

20

10

0

A "TYPE—~D"” RESPONSE OF T-—ILM TO LUNG INFLATION

FREQUENCY (IMP/SEC)

110
100
20
80
70
80
50
40
30
20
10
0




Fig. 41 Response to lung deflation (between the arrows). A: phesic-inspiratory laryngésl
motoneurone, B: tonic-inspiratory laryngeal motoneurone, C: phasic-expiratory laryngesl
motoneurope, D: tonic-expiratory leryngeasl motoneurone. In each record, upper trace:
girflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone
electroneurogram (RLM.ENG), The artifsct produced by the opening and closing of the
magnetic valves is seen on the airflow trace. Rebbits under pentobarbitone sneesthesia.
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Fig. 42 Typical trensient responss of e phesic-inspiratory leryngeal motoneurons to
lung deflation (between the arrows). Records B and C from the same motoneurone in
record A, show transient response immediately following lung deflation and after the
release of lung deflation r%pectjvely. Rabbit under pentobarbitone ansesthesia. In each
record, upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent
laryngeal motoneurone electroneurogram (RLM. ENG).
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Fig. 43 ‘Instontoncous frequency plot of the
phasic-inspiratory laryngeal
in Fig. 41 (record A), showing how the
impulse frequency changed during [ung
deflation. Arrow indicates the end of
the inspiratory phase of the respiratory
cycle.
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Fig. 44 Effect of [ung deflation on the mean
frequency of recurrent laryngeal meoto-
neurone discharge during the inspiratory
{A) and expiratory (B) phases of the
respiratory cycle. Significance of
difference of response to [ung deflation
compared with control (before deflation):
*P<0.05, ** P<0.01.

N efore tung deflation
During [ung deflation
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Fig. 45 ‘instantonecous frequency plot of the tonic-
expiratory laryngeal motoneurone in Fig. 41
{record D), showing how the impulse
frequency changed during fung deflation.
Arrow  indicotes the emnd of the
inspiratory phase of the respiratory cycle.
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Spontaneous discharge of three recurrent laryngea

receptor block. A. Phasic-inspiratory laryngesl motoneurone

C. Tonic-

expiratory laryngeal motoneurone. Rabbits under pentobarbitone ansesthesia.
upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone

electroneurogram (RLM.ENG).

Fig. 468
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Fig 46b Effect of pulmonary stretch receptor block with sulphur dioxide on the spontaneous discharge
of the three motoneurones in Fig. 46a. A: A phasic-inspiratory laryngeal motoneurone. B: A phasic-
expiratory laryngeal motoneurone. C: A tonic-expiratory laryngeal motoneurone. In each record, upper trace:
airflow(V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurcne electroneurogram
(RLM. ENB). Rabbits under pentobarbitone ansesthesia.



Fig. 47 ‘Instontoneous frequency plot of  the
phasic—inspiratory loryngeal motoneurone
in TFigs. 46a.,b (records A), showing how
the impulse  frequency changed when
pulmonary stretch  receptors were
blocked. Arrow indicotes the end of the

inspiratory phase of the respiratory cycle.
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Fig. 48 Effect of pulmonary streich receptor
block by exposure to 200 ppm sulphur
éiﬁ%éd:@ o ﬂ:’w ?!' i i{f ?"EL%
discharge in different quartiles of the
inspiratory (1.P) and expiratory (E.P)
phases of the vespiratory oycle during
gupnoeic bremthing (N = 1 fibre).

{PER intoct)

(PSR blocked)

N
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Fig. 49 Effect of pulmonary stretch receptor
block by 20 minutes exposure to
200 ppm sulphur dioxide on the
menn frequency of tonic—expiratory
loryngeal motoneurone dischorge in
different quortiles of the inspiratory
{1.7) and expiratory (E.P) phoses of
the respiratory cycle. Verticol bors
represent standord ervors.

Stretch receptors intact

Streich receptors blocked
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Fig. 50a Response to lung inflation before stretch receptor block {arrows indicate onset and release
of lung inflation). A: Phasic-inspiratory laryngeal motoneurane (upper and lower panels are from
the same record), B: Phasic-expiratory laryngeal motoneurone, C: Tonic-expiratory laryngea! moto-
neurone. In each record, upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent
laryngeal motoneurone electroneurogram (RLM. ENG). Rabbits under pentobarbitone ansesthesis. The

artifact produced by the opening and closing of the magnetic valves is clearly seen on the airfiow
record
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Fig. 50b Response of the three motoneurones in Fig 50a to lung inflation (between the
arrows) during stretch receptor block. A: Phasic-inspiratory laryngesl motoneurone, B:
Phasic-expiratory laryngeal motoneurone, C: Tonic-expiratory lerynges! motoneurone. In
each record, upper and lower panels eare continuous record; upper trace: airflow v)
signal, inspiration upwards; lower trace: recurrent  laryngesl motoneurone
electroneurogram (RLM.ENG). The artifact produced by the opening and closing of the
magnetic valves is seen on the airflow record. Rabbits under pentobarbitone anaesthesia.
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Fig. S1a Response to lung deflation ( between the arrows) before stretch receptor block. A: Phasic-

inspiratory laryngeal motoneurone. B: Phasic-expiratory laryngeal motoneuronse. C: Tonic-expiratory
laryngeal motoneurone. In each record, upper trace: airflow (V) signal, inspiration upwards; lower
trace: recurrent laryngeal motoneurone electroneurogram (RLM. ENG). Rabbits under pentabarbitone

aneesthesia. The artifact produced by the opening and closing of the magnetic valves is clearly seen
on the airflow trace.



ls

Fig. 51b Response of the thres motoneurones in Fig. Sla to lung deflation (between the arrows) during
stretch receptor block. A: Phasic-inspiratory laryngeal motoneurone, B: Phasic- expiratory larynges!
motoneurone, C: Tonic-expiratory laryngeal motoneurone. in each record, upper and lower panels are
from the same record; upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal
motoneurone electroneurogram (RLM. ENG). Rabbits under pentabarbitone aneesthesia, The artifact produced
by the opening and closing of the magnetic valves is clearly seen on the airflow record.



Fig. 52 Mean percentage changes in frequency
and duration of recurrent [aryngeal
motoneurone discharge in  inspiration
and expiration caused by [ung
deflation before and during stretch
receptor block. Significance of difference
of response to [ung deflation : * P < 0.05.
Significance of difference of response to
fung deflation in blocked condition
compared iwth control : # P < 0.05.

A. ‘Inspiratory discharge
B. Expiratory discharge

2 Frequency (PSR intact)
L] Duration (PSR intact)
[] Frequency (PSR blocked)
~ | Duration (PSR blocked)
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Fig. ©3 Effect of breathing through an added dead space on the discharge patterns of a8 phasic-inspiratory
laryngeal motoneurone before and during stretch receptor(PSR) block A: During control breathing( PSR intact).
B: During hypercapnia (PSR intact). C: During control breathing (PSR block). D: During hypercapnia
(PSR block). In each record, upper trace: airflow (V) signal, inspiration upwards; lower trace:
recurrent laryngeal motoneurone electroneurogrem (RLM.ENG). Rabbit under pentobarbitone ansesthesis.
Artifacts are clearly seen on airflow traces.



Fig. 54 Effect of bremthing through
space on the mean frequend
discharge in different quartiles of the
inspiratory {1.P) and expiratory (E.P) phases
of the respiratory cycle during stretch
receptor block. Vertical bors vepresent
standard errors.

) During o control breath

| During hypercapnia
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Fig. S5 Discharge patterns of recurrent laryngeal motoneurones during spontaneous augmented breaths.

A: A phasic-inspiratory laryngeal motoneurone, B: A tonic —~expiratory laryngeal motoneurone. in each

record, upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal moto-

neurone electroneurogram (RLM.ENG). Rabbits under pentobarbitone anaesthesia.
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Fig. 56 Record showing the discharge patterns of phasic-inspirstory laryngeal motoneurones during
augmented breaths induced by various stimuli. A: After lung deflation (Arrow indicates release of
lung deflation), B: During hypercapnis (Arrow indicates the addition of dead space). C: Immediately
following lung inflation (indicated by errow). D: During lung inflation (Arrow indicetes relsase of
lung inflation). Rabbits under pentoberbitone anaesthesia. In esch record, upper trace: airflow (V)
signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram (RLM.ENG)
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Fig. 58 Discharge patterns of phasic-inspiratory larynges! motoneurcnes during augmented breaths when
stretch receptors were blocked by sulphur dioxide. A. Augmented breath occurring after lung deflation.
B: Augmented bresth occurring during lung inflation. Rabbits under pentobarbitone aneesthesia. In each
record, upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal moto-
neurone electroneurogram (RLM. ENG).
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Fig. 59 Record showing sudden acceleration in impulse frequency of a phasic-inspiratory
Jaryngeal motoneurone in the second half of inspiration during an augmented breath. A:
Control breath, B: Augmented breath. In each record, upper trace: airflow (V) signal,
inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram (RLM.
ENG). Rabbit under pentobarbitone anaesthesia.



Fig. 60 Iinstantoneous frequency plot of the
phasic-inspiratory [aryngeal mstemm
in Fig. 59, showing how the impulse
jrequency changed during an augmented
breath. Arrow indicates the end of the

inspiratory phose of the respiratory cycle.




INSTANTANEOUS IMPULSE FREQUENCY

IN A CONTROL BREATH
55 = FF 5 =1 &t &t~ 3
50 -
45 i —
40
35 —
30 —
25 —
20 —
15 —
10 — ) —

FREQUENCY (IMP/SEC)

5 +
lll_llalll,:l_n—I

0.0 0.44 0.8 1.2 1.6 2.0
TIME FROM FIRST IMPULSE (SEC)

o

INSTANTANEOUS IMPULSE FREQUENCY

IN A SPONTANEOUS AUGMENTED BREATH
220

L

R L L
200 -
180 -
1860 -

140 =
120 —

pad | ]
oo | il :

40 - o

20—/\ —
0]

S S T (S .
00 04 08 *12 18 2.0
TIME FROM FIRST IMPULSE (SEC)

FREQUENCY (IMP/SEC)




Fig. 61 Chonges in meoan frequency of phasic—
inspiratory laryngesl motoneurone
discharge in different quartiles of
the inspirotory (1.P) ond expiratory
{E.P) phases of the respiratory cycle
iiﬁfﬁ'iﬂg augmented breaths (8 brenths).
Vertical bors represent standard errors.

i Countrol breath

Augmented breath
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Fig. 62 Freguency of P-ILM discharge in
different quartiles of the inspirotory
{1.P} and expiratory (E.P} phoses of
the respiratory cycle during an oug-
mented breath ofter 20 minutes ex—
posure to 200 ppm sulphur dioxide.
{M=1 breath}.

{PER blocked

W During augmented breath
(PSR Blocked)
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RLM. ENG

Fig. 63 Record of an sugmented breath showing a lessening of phasic-inspiratory
laryngeal motoneurone activity before the augmented haif of the breath began. Rabbit under
pentobarbitone snaesthesia. Upper trace: airflow (V) signal, inspiration upwards; lower
trace: recurrent laryngeal motoneurone electroneurogrem (RLM. ENG). Arrow indicate the
end of lung deflation.
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Fig. 64 Discharge patterns of e tonic-expirstory leryngeal motoneurone during a
spontaneous augmented breath. A: Control breath (upper and lower panels are
continuous record), B: Augmented breath. In esch record, upper trace: airflow (V)
signal, inspiration upwards; lower trace: recurrent laryngeal motonsurone electro-
neurogram (RLM. ENG). Rabbit under pentobarbitone aneesthesia.




Fig. 65 nstantancous frequency plot of the
tonic— expiratory laryngenl motoneurone
in Fig. 64, showing how the impulse
frequency  changed  during  an

nented breath. Arrow indicates the
end of the inspiratory phase of the
respiratory cycle.
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Fig. 66 Spontaneous activity of the recurrent laryngeal and phrenic nerves in relation to
tidal volume. Rabbit under pentobarbitone aneesthesia. Upper trace: tidal volume (VT,

inflation upwards). Middle trace: recurrent laryngeal electroneurogram (RLN.ENG). Lower
trace: phrenic electroneurogram (PN.ENG).
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paralysed and artificially ventilated. Records showing the

Fig. 67a Aneesthetized rabbits

activity of recurrent laryngeal (RLN) and phrenic nerves (PN) in relation to the inflation

and deflation phases of the ventilator. A: 1:1 synchronization of pump and PN/RLN cycles.

B: 3:1 synchranization of pump and PN/RLN cycles.

upper trace: tidal

'

In each record

middle trace:

recurrent laryngeal electroneurogram (RLN. ENG); lower trace: phrenic electroneurogram

(PN.ENG).

:

volume (Vy), inflation upwards (with some integrator drift and resetting);



Fig. 67b Anaesthetized rabbits, peralysed and sertificially ventilated. Record showing the
activity of recurrent laryngeal (RLN) and phrenic nerves (PN) in relation to the inflation
and deflation phases of the ventilator. A: 3:1 synchronization of pump and PN/RLN cycles
(inflation downwards). B: 2:1 synchronization of pump and PN/RLN cycles (inflation
upwards). In each record, upper trace: tidal volume (Vy), with some integrator drift and

resetting; middle trace: recurrent laryngea! electroneurogram (RLN.ENG); lower trace:
phrenic electroneurogram (PN.ENG).




Fig. 68 The time of onset of the recurrent
laryngeal (RLM) and phrenic (PN)
bursts in relation to the inflati
and deflation phoses of the ventilotor
ot spontoneous vesting tidal volume
w‘fzq}' Each of the two phases was
divided into ten egual intervals and
the onsets of RIN and PN bursts
were  identifiel in  them. This
onafysis was applied to ench of the
five experiments in the controls and
in total stretch rteceptor block. Five
successive RBLM and PN bursis were
included. for each of the two
confitions in each of the five
rabbits.
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Fig. 69 Ansesthetized rebbits, peralysed and artificially ventilated. Effect of decressing tidal
volume to half of eupnoeic level on the phase relationship between RLN/PN discharge and
pump cycle. A: onset of RLN and PN bursts during lung deflation (inflation upwards). B:
onset of RLN and PN discherge during lung inflation (inflation downwards). In esch record,
upper trace: tidal volume (Vy), with some integrator drift and resetting; middle trace:

recurrent laryngeal electroneurogram (RLN.ENG); lower trace: phrenic electroneurogram
(PN.ENG).



Fig. 70 The time of onset of the recurrent
[oryngeal (RLN} ond phrenic (PN}
bursts in relation to the inflation
and deflation phases of the ventilator
when the tidal volume was at half
eupnoeic level (1/2 ngq}, Each of the
two phoses waos divided into ten
equal intervols ond the onsets of
REIN and PN bursts were identified
in them. This analysis wns applied
to each of the five experiments in
the controls ond in total stretch
receptor  block. Five successive RLIN
and PN bursts were included for
ench of the two conditions in each
of the five rabbits.
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Fig. 71 Aneesthetized, peralysed and ertificielly ventilated rabbits. Phsse relationship
between RLN/PN discharge and pump cycle when tidel volume wes 100% greater than
eupnoeic level. A:onset of RLN and PN activity occurring during lung deflation (inflation
upwerds). B: depression and eventual disappesrance of RLN and PN inspirstory bursts
(inflation upwards). C: onset of RLN and PN activity during lung Inflation (inflation
downwerds). In each record, upper troce: tidal volume (¥y), with some integrator drift

and reseting; middle trace: recurrent laryngeal electroneurogram (RLN.ENG); lower
trace: phrenic electroneurogrem (PN.ENG) All three records were taken from different

bl iio



Fig. 72 The time of onsei of the recurrent
laryngeal (RLN) and phrenic (PN}
bursts in relotion to the inflation
ond deflation phases of the ventifotor
when the tidal volume waos 100%
greater thon eupnogic [level {Zvﬁq}'
Each of the two phoses waes divided
into ten equal intervals ond the
onsets of RLM ond PN bursts were
identified in them. This anolysis
wos applied to each of the five
gexperiments in the controls and in
total stretch receptor block. Five
successive RIN ond PN bursts were
included for each of the wo
condditions in each of the five
rabbits.
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Fig. 73. Aneesthetized rebbits, paralysed and ertificially ventilated. Effect of the
Hering-Breuer inflation test with 10 cm Ho0 positive pressureon the recurrent laryngeal
and phrenic ectivity before and during stretch receptor block (records A and B
respectively). In each record, upper trace: tidel volume (¥7); inflation upwards; middle
trace: recurrent laryngeal electroneurogram  (RLN.ENG); lower trace: phrenic

electroneurogram (PN.ENG). The shift in baseline in the tidal volume trace was due to
resetting the airflow integrator.
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Fig. 74 Aneesthetized rabbits, paralysed and artificially ventilated. Effect of pulmonary
stretch receptor block on the discherge patterns of recurrent laryngeal and phrenic nerves
in relation to the inflation and deflation phases of the ventilator. A: depicts the change in
pump to neural respiratory cycle ratio from 2:1 to 11 and back to 21 again. The
administration of sulphur dioxide recruited previously silent expiratory fibres in the
RLN. B: depicts the change in pump to neural respiratory cyele ratio from 3:1 to 2:1 and
back to 3:1 again. In each record, upper trace: tidal volume (V1) inflation upwards (with

some integrator drift and resetting); middle trace: recurrent laryngeal electroneurogram
(RLN.ENG); lower trace: phrenic electroneurogram (PN.ENG)
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Fig. 75 Anaesthetized, paralysed and artificially ventilated rabbits. Two typical records of
the changes in the activity of recurrent laryngeal and phrenic nerves when stretch
receptors were blocked and the tidal volume (V) was 100% greater than eupnoeic level.

In A, a distinct expiratory discharge was also elicited. in esch record, upper trace: tidal
volume, inflation upwerds (with some integrator drift ); middle trace: recurrent laryngeal
electroneurogram (RLN.ENG); lower trace: phrenic electroneurogram (PN.ENG).
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Fig. 76 Anaesthetized rebbits, peralysed and artificially ventilated. Effect of decreasing
tidsl volume (indicated by arrow) to half the spontaneous eupnoeic value on the phase
relationship between recurrent larynges! (RLN) and phrenic nerves (PN) and pump cycle
during stretch receptor block. A: RLN and PN activty occurred with no phase relationship
to pump cycle. B: RLN and PN bursts occurred during the inflation phase of the pump
cycle. In each record, upper trece: tidal volume (Vy), inflation upwards (with some

integrator drift); middle trace: recurrent laryngeal electroneurogram (RLN.ENG); lower
trace: phrenic electroneurogram (PN.ENG).



FIG. 77 ONSET OF RLN AND PN BURSTS DURING

PUMP INFLATION STROKE AT DIFFERENT
VENTILATING TIDAL VOLUMES

Legend

1/2 VT (Intact)
2 VT (Intact)

VT (Intact)
1/2 VT (Blocked)
2 VT (Blocked)

NN
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Fig. 78 Records (A and B) showing the discherge patterns of recurrent laryngeal and
phrenic nerves during cough following sulphur dioxide edministration (indicated by arrow).
In each record, upper trace: tidal volume (Vy), inflation upwards in A, inflation

downwards in B (with some integrator drift and resetting); middle trace: recurrent
laryngea! electroneurogram (RLN.ENG); lower trace: phrenic electroneurogram (PN.ENG).
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Fig. 79 Record showing the disappearance of recurrent laryngeal nerve sctivity consequent
on bilateral cervical vagotomy (indicated by arrow). Upper trace: tidal volume (V).

inflation upwards (with some integrator drift and resetting); middle trace: recurrent
laryngeal electroneurogram (RLN.ENG); lower trace. phrenic electroneurcgram (PN.ENG).




Blate 1 A tronsverse section of the right recurrent
loryngeal nerve ot the level of the daovicle. The
sections were stained with Masson's blue
trichrome.

a. Showing the distribution of large and
small diameter, myelinated fibres in the
fascicle (x250).

b. A segment of the {ascicle at o higher
magnification showing the lorge and small
diameter, wmyelinated {ibres ococupying
velatively discrete orens of the nerve
{x620}.







$latc 2 A tronsverse section of the Ieft recurrent

laryngeal nerve at the level of the dovicle. The
sections were stoined with Maosson's blue
trichrome.

a. Showing fosciculor characteristics of the nerve
ot this [evel (x250). Compore with photo—

wmicrograph of right recurrent {mgmé Nerve
{Plate ia}.

b. One of the three jasgwizs {indicated by an arrow
in {a}) ot o higher magnification, showing the
distribution of large and smoll diameter, mye—
linated fibres (x620).







Plate 3 A tronsverse section of the right recurrent
laryngeal nerve near ifs entry into the lorynx.

The sections were staingd with Masson's blus
trichrome.

a. Showing the large and the smoll diamet

myelinated fibres occupying sharply gizé‘mgi
areas {x230).

b. Bhowing the fascicle comprising predominantly
inrge diometer, myelinated fibres (x620).






Blate 4 A tronsverse section of the left recurrent
{nryngeal nerve near its entry into the larynx.

The sections were stoined with Masson's Blug
trichrome.

a. Showing the dt&ﬁ%%&m of the large and
small diameter, myelinated fibres in the
fascide {x230).

b. Showing o higher magnification of the foscicle
which has a majority of the large diometer,
myelinated nerve fibres (x620).






g by eromesrones
Stretch
receptors muscie system
in the [ungs {servo system)

Fig. 80 S8chematic representstion of the junctional organimtion
of the basic inspiratory ‘off-switch' mechanism. NPBM = medial
pasabrachial nucleus (preumotasic centre). + signs denots
excitatory connections and — signs denote inhibitory connedions.
Hatched lines denote some ultanative possibilities for connations.
The 'pools' should be regurded as representing junctions rather
than the neural correlates to these functions. After von Euler
and Trippenbuch (1875).



Fig. 81 TMean percentage chonges in frequency
andl duration of phasic-inspiratory
laryngeal motoneurone discharge during
the inspiratory phase coused by vorious
interventions. Significance of change
compared with zero effect : * P < 0. @S
E* P ¢p.001.

7, Frequency of discharge

2 Duration of discharge
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Fig. 82 Mean percentage changes in frequency
and duration of phasic—inspiratory
laryngeal motoneurone discharge during
the expiratory phase caused by various
interventions.

V//,ﬁ Frequency of discharge
7] Duration of discharge
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Fig. 83 Mean percentage changes in frequency
and duration of tonic-expiratory laryngeal
motoneurone discharge during the
inspiratory phase caused by various
interventions (N = 2 fibres). Significance
of change compored with zero effect :
* P <0.05. Significance of change in
blocked condition compared with that
in intact state : # P < 0.05.

Frequency of discharge

-1 Duration of discharge
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Fig. 84 Meon percenioge changes in frequency

ol

duration of tonic-expiretory

laryngeal motoneurone discharge during

the

expiratory phase coused by

various interventions (N = 2 fibres).
Significance of change compared
with zero effect:* P < 0.05.
Significonce of chonge in blocked
condition compored with that in
intact state : # P < §.05.
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Fig. 85 Effect of pulmonnry stretch veceptor
block. by 20 wminutes exposure to
200 ppm sulphur dioxide on the
mean frequency of phasic-inspiratory
laryngenl motoneurone discharge in
different quarm&zs of the inspiratory
{1.P}) and expiratory (E.P) phases of
the respirotory cycle. Vertical bars
represent standord ervors.

2 Stretch veceptors intact

77 Stretch receptors blocked
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Gnpetidix

Data obtained from recordings of 24 recurrent laryngeal motoneurones from 9 rabbits

wers tabulated as follows:

Rabbit Number: __________ Fibre Number: PSR: Intact/Block
Condition Br. Ph. PhDr  MNo.of Spikes BgF EndF DrF Fmean Freg.Range
No. {sec) Q1 Q2 Q3 44 Tot. (sec) (sec) (sec) (Hz) {Hz}

Abbreviations:

PSR: Pulmonary Stretch Rsceptor

Br. No: Breath Number

Ph: Respiratory Phase; Inspiration (1) /

Expiration {E)

Ph. Dr: Inspiratory (L) / Expiratory Duration (tE)

G1: First Guartile  (0-287% of LI/LE)
02: Second Quartile (25-50% of tiIZtE)
G3: Third Quartile (50-75% of LI/LE)
04: Fourth Quartile (75-100% of tI/tE)
Tot: Total Number of Spikes

Bg.F: Onset of Firing

End.F: End of Firing

Dr.F: Duration of Firing

Fmean: Mean Frequency

Freq. Range: Freguency Range




Rabbjt Number: 1

Condition
Pre-Infln

Inflation

Post-Infin

Pre-Defln

Post-Defln

Rabbit Number:

Condition
Pre~Infin

Inflation

Post-Infln

Fibre Number: 1 PSR: Intact
Br. Ph, Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Qi Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 0.68 3 3 2 0 8 0.03 0.50 0.47 11.8
E 1.80 4 3 1 5 13 0.06 1.78 1.72 7.2
2 1 0.67 4 3 3 1 11 0.04 0.56 0.52 16.4
E 1.71 4 2 1 2 9 0.11 1.65 1.54 5.3
3 1 0.69 3 411 9 0.04 0.57 0.53 13.0
E 1.71 5 1 2 3 11 0.08 1.52 1.44 6.4
{Position: 83.3% tE; Duration of apnoea: 5.65 sec.)
1st 0.1 sec: 9
2nd 0.1 sec: 9
1st 1.0 sec: 94
Mid 1.0 sec: 96
End 1.0 sec: 95
I1st 0.1 sec: 1
2nd 0.1 sec: 1
1 I 1.10 4 2 1 3 10 0.05 1.08 1.03 9.1
E 0.87 11 2 1 5 0.18 0.81 0.63 5.7
2 1 0.82 5 3 2 3 13 ¢ 0.78 0.78 15.9
E 0.88 1111 4 0.18 0.85 0.67 4.5
3 I 0.8 2 3 5 0 10 0.05 0.59 0.54 12.2
E 1.08 0 3 2 2 7 0.32 1.04 0.72 6.5
1 I 0.66 6 0 21 9 0 0.58 0.58 13.6
E 1.74 4 1 1 5 11 0.07 1.65 1.58 6.3
2 I 0.66 4 4 2 1 11 0.01 0.54 0.53 16.7
£ 1.73 2 3 4 6 15 0.32 1.72 1.40 8.7
3 I 0.67 3 4 1 1 9 0.02 0,53 0.51 13,4
E 1.79 4 4 1 4 13 0.10 1.66 1.56 7.3
peflation: {(Position: 12.6% tE)
1st 0.1 sec: 8
2nd 0.1 sec: 13
1st I 0.89 23 292524101 O 0.88 0.88 113.5
E 0.29 6 7 9 4 26 0 0.28 0.28 89.7
Mid I 0.59 14151412 55 O 0.58 0.58 93.2
E 0.28 8 5 6 7 26 O 0.27 0.27 92.9
End I 0.57 18 18 1413 63 0 0.56 0.56 110.5
E 0.31 5 7 7 7 26 0 0.30 0.30 83.9
1st 0.1 sec: 0
2nd 0.1 sec: 1
1 I 0.57 7 2 3 3 15 0.02 0.51 0.49 26.3
E 1.69 4 3 2 5 14 0.06 1.68 1.62 8.3
1 Fibre Number: 2 PSR: Intact
Br, Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz)
1 I 0.70 16 9 6 6 37 0O 0.62 0.62 52.9
E 1.45 7 10 11 12 40 0.09 1.44 1.35 27.6
2 I 0.69 15 8 8 5 36 0.0l 0.66 0.65 52.2
E 1.57 811 1316 48 0 1.56 1.56 30.5
3 I 0.67 15 9 9 5 38 0.01 0.58 0.57 56.7
E 1.58 6 13 14 14 47 0.14 1.56 1.42 29.7
(Position: 30.1% tE: Duration of apnoea: 10.29 sec.)
Ist 0.1 sec: 5
2nd 0.1 sec: 4
1st 1.0 sec: 10
Mid 1.0 sec: 44
End 1.0 sec: 59
1st 0.1 sec: 5
2nd 0.1 sec: 6
1 I 1.01 281112 9 60 0.01 1.00 0.99 59.4
E 0.67 2 4 5 6 17 0.06 0.66 0.60 25.4
2 I 0.79 11 5 5 2 23 0.01 0.63 0.62 29.1
E 0.77 o001 1 ¢ 0.75 0.75
3 I 0.76 10 4 4 1 19 0.01 0.63 0.62 25.0
E 0.85 6 0 01 1 0 0.84 0.84

Freg.range
(Hz)
7.7- 50.0
2.4-200.0
14.3~100.0
2.0~ 40.0
7.7- 66.7
2.1- 50.0
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50.0-200.0
33.3-200.0
33.3-200.0
50.0-200.0
50.0-200.0
66.7-200.0

8.3-200.0
3.4~ 28.6

Freq.range
(Hz)
25.0-200.0
11.1-200.0
16.7-200.0
16.7-100.0
28.6-200.0
10.0~200.0

28.6-200.0
12.5-200.0
20.0-200.0

11.1-200.0



Pre-Defin

pDeflation

Post-Defln

Rabbit Number: 1

Condition
Pre-Infin

Inflation

Post=-Infin

Pre-Defln

Post-Defin

1 I 0.65 9 4 3 1 17 0.01 0.53 0.52 26.2
E 1.43 2 4 610 22 0,08 1.42 1.34 15.4
2 I 0.66 10 4 4 2 20 0.02 0.57 0.55 30.3
E 1.49 3 7 613 29 0.01 1.48 1.47 19.5
3 I 0.64 8 7 5 3 23 0 0.55 0.55 35.9
E 1.55 1 81011 30 0.31 1.54 1,23 19.4
(Position: 4.6% tI)
Ist 0.1 sec: 10
2nd 0.1 sec: 7
i1st T 0.90 16 14 12 8 50 0.02 0.87 0.85 55.6
E 0.28 2 01 6 9 0.02 0.27 0.25 32.1
Mid T 0.40 5 4 4 2 15 0.01 0.37 0.36 37.5
E 0.34 0 0 3 3 6 0.18 0.33 0.15 17.6
End I 0.51 5 6 4 2 17 O 0.44 0.44 33.3
E 0.34 0 0 0 4 4 0.27 0.32 0.05 11.8
1st 0.1 sec 4
2nd 0.1 sec 2
1 I 0,58 11 5 7 4 27 O 0.54 0.54 46.6
E 1.60 1 9 814 32 0.33 1.59 1.26 20.0
2 I 0.54 12 5 5 2 24 0 0.46 0.46 44.4
E 1.16 7 12 12 13 44 0.18 1.60 1.42 27.3
Fibre Number: 3 PSR: Intact
Br., Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) {(Hz)
1 I 0.64 2 1 3 0 6 0.03 0.46 0.43 9.4
E 1.50 1 0 0 0 1
2 I 0.65 1 2 2 0 5 0.01 0.43 0.42 7.7
E 1.45 0 0 0 O
3 1 0.65 4 2 0 1 7 0.03 0.57 0.54 10.8
E 1.41 000 1 1
(Position: 44.1% tE; Duration of apnoea: 10.54 sec.)
i1st 1.0 sec: 0
Mid 1.0 sec: 25
End 1.0 sec: 31
1 I 1.08 10 2 2 2 16 0.01 0.94 0.93 14.8
E 0.58 0 0 0 0 0
2 1 0.78 31 0 0 4 0.03 0.36 0.33 5.1
E 0.64 0 00 0 O
3 1 071 2 11 0 4 0,04 0.41 0.37 5.6
£ 0.72 0 0 0 0 O
1 I 0.65 1 2 3 0 6 0.01 0.43 0.42 9.2
E 1.32 00 0 0 O
2 1 0.64 1 21 0 4 0.07 0.34 0.27 6.3
E 1.48 0 0 0 0 0
3 1 0.65 4 1 2 0 7 0.02 0.42 0.40 10.8
E 1.51 0 0 0 0 0
Defiation: (Position: 51.4%; tE)
1st 0.1 sec: 4
2nd 0.1 sec: 2
1st I 0.88 11 4 3 9 0.11 0.83 0.72 10.2
E 0.24 0 0 2 1 3 0.14 0.22 0.08 12.5
Mid I 0.46 0 4 1 2 7 0.11 0.45 0.23 15.2
E 0.28 1 0 4 0 5 0.02 0.21 0.19 17.9
End I 0.48 3 300 6 0 0.16 0.16 12.5
E 0.26 1 0 2 1 4 0.03 0.21 0.18 15.4
1st 0.1 sec: -0
2nd 0.1 sec: 2
1 I 0.47 5 1 2 0 8 0 0.33 0.33 17.0
E 1.48 0 0 0 0 o©
2 I 0.50 g8 01 0 9 0 0.27 0.27 18.0
E 1.55 00 0 0 O
3 I 0.51 32 41 10 0 0.44 0.44 19.9
E 1.57 6 0 0 0 O
I 0.79 7 1 710 25 0.04 0.72 0.68 31.6

Augmented

14.3-200.0
4.8-200.0
16.7-200.0
2.8-200.0
20.0-200.0
11.1-100.0

Freq.range
(Hz)
6.7~ 28.6
5.3- 20.0

3.2-200.0

5.6-200.0
4.8- 25.0
4.8- 14.3

6.5-200.0
7.1- 20.0
8.3~ 33.3

10.0-200.0
6.3-200.0
11.1-100.0

4.4-200.0



Breath

Rabbit Number:

Condition
Pre-Infin

Inflation

Post-Infin

Augmented
Breath

Pre-Defln

Deflation

Post-Defln
(Augmented
Breath)

Rabbit Number: 2

Condition
Pre-Infin

Inflation

Post~Infin

Dr.F Fmean Freq.range

E 1.26 0 0 0 O 0
Fibre Number: 4 PSR: Intact
Br. Ph, Ph.Dr No. of Spikes B8g.F End.F
No. {sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz)
1 I 0.68 6 3 2 1 12 0 0.57 0.57 17.6
E 1.15 0 0 1 0 1 0.67 0.9
2 I 0.66 4 1 2 0 7 0.01 0.46 0.45 10.6
E 1.28 0 0 0 0 0
3 I 0.64 8 4 3 0 15 0.03 0.48 0.45 23.4
E 1.34 0 0 0 0
(Position: 8.73% tE; Duration of apnoea: 7.80 sec.)
1st 0.1 sec: 0
2nd 0.1 sec: 0
Ist 1.0 sec: 1
Mid 1.0 sec: 2
End 1.0 sec: 8
1st 0.1 sec: 17
2nd 0.1 sec: 13
1 I 0.86 1 1.0 0 2 0.19 0.31 0.12 2.3
E 0.53 0 0 0 0 0
2 I 0.66 1 1 10 3 0.03 0.3 0.32 4,5
E 0.57 0 0 0 O 0
3 I 0.65 2 2 1 0 5 0.07 0.41 0.34 7.7
E 0.60 0 0 0 O 0
1 I 1.18 7 3 2 1 13 0.04 0.99 0.95 11.0
E 0.43 0 0 0 0 0
1 I 0.63 31 00 4 0.03 0.21 0.18 6.3
E 1.09 0 0 0 0 0
2 I 0.62 11 2 0 4 0.05 0.41 0.36 6.5
E 1.21 0 0 0 O 0
3 I 0.65 2 31 0 6 0.02 0.38 0.36 9.2
E 1.31 0 0 0 0 0
(Position: 36.7% tE)
1st 0.1 sec: 3
2nd 0.1 sec: 1
1st T 0.84 2 1 3 2 8 0.05 0.77 0.72 9.5
E 0.26 0 0 2 1 3 0.17 0.23 0.05 11.5
Mid I 0.50 3110 5 0.03 0.30 0.27 10.0
E 0.26 0 0 2 0 2 0.18 7.7
End I 0.45 2 11 1 5 0.01 0.37 0.36 11.1
E 0.29 0 01 2 3 0.21 0.24 0.03 10.3
1st 0.1 sec: 1
2nd 0.1 sec: 1
1 I 0.86 3 611 27 0 0.84 0.84 12.8
E 1.03 0 0 0 0 0
Fibre Number: PSR: Intact
Br., Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 0.61 29 2110 1 61 0.01 0.57 0.56 100.0
E 2.11 1 5§ 915 30 0.32 2.10 1.78 14.2
2 I 0.54 23 17 17 8 65 0 0.53 0.53 120.4
E 2.17 4 8 712 31 0.02 2.16 2.14 14.3
3 I 0.57 26 16 12 7 61 0 0.55 0.55 107.0
E 2.12 1 6 722 36 0.47 2.11 1.64 17.0
(Position: 30.9% tE; Duration of apnoea: 10.26 sec)
1st 0.1 sec: 1
2nd 0.1 sec: 0
1st 1.0 sec: 13
Mid 1.0 sec: 94
End 1.0 sec: 141
1st 0.1 sec: 12
2nd 0.1 sec: 12

(Hz)
9.1-200.0

4.8- 33.3
14.3-200.0

100.0-200.0
66.7-200.0
9.1

5.7- 7.1

5.9~ 20.0
4.8-100.0

11.1- 33.3
5.9- 12.5
8.3~ 20.0

33.3-200.0

5.0~ 28.6
25.0-100.0
11.1- 25.0

7.1- 25.0
50.0-200.0

7.7-200.0

Freq.Range
(Hz)
33.3-200.0
4,0-200.0
33.3-200.0
2.9-200.0
33.3-200.0
7.1-200.0

6.3- 66.7
33.3-200.0
40.0-200.0

50.0-200.0
50.0-200.0



Pre-Defln

31

2
7
0
10
0
15

0
25

0

24
0

22
11

oo u,m

27
5

peflation: (Position: 11.9% tE)

Post-Defin

1 1 1.48
E 1.52
I 0.91
E 1.60
3 I.0.79
E 1.93
1 1 0.52
E 1.91
2 1 0.53
E 2.00
3 I 0.53
E 1.86
1st 0.1 sec:
1 1 0.81
E 0.21
2 -1 0.53
E -0.26
3 I 0.55
E 0.48
Ist 0.1 sec:
2nd 0.1 sec:
1 I 0.47
E 1.87

Rabbit Number: 2

Condition

Pre-Infin

Inflation

Post-Infin

Pre-Deflin

Deflation: (Position 100

Post-Defin

38

27

50

24

21
16

R
NO O OWw o~

o=y

42
10
12

24

21

31519

Br. Ph. Ph.Dr No.
No. (sec) Q1
1 I 0.58 24
E 2.38 4
2 I 0.5% 25
E 2.23 5
3 I 0.55 24
E 2.26 3
{Position: 58.93%
1st 0.1 sec:
2nd 0.1 sec:
1st 1.0 sec:
Mid 1.0 sec:
End 1.0 sec:
ist 0.1 sec:
2nd 0.1 sec:
1.1 1.04 20
E 1.05 2
2 1 0.91 5
E 1.18 0
3 I 0.8 3
E 1.33 0
1 I 0.54 12
E 1.92 0
2 I 0.51 21
E 2.15 0
3 I 0.50 14
E 1.96 3
tE)
1st 0.1 sec:
Ist I 0.84 39
E 0.23 0
Mid I 0.58 33
E 0.27 0
End I 0.58 30
E 0.45 1
1st 0.1 sec:
2nd 0.1 sec ‘
1 I 0.44 22
E 1.94 7

Qz
21

7
19
12
21

9

~

tE

of
Q3
15
12
17
20
21
12

)

B R R S W ]

b
DN~ 00

39
22
29

14

17
12
17

13
28

84
40
24
11
25
11

42
12
70
10
75
32

17
147
18
91

95

22

85
65

Fibre Number: 6

Spikes

04
12
18
10
24

6
21

Tot.

72
41
71
61
72
45

137

140

0.03 1.42 1.39
0.08 1.51 1.43
0.04 0.90 0.86
0.73 1.59 0.86
0.01 0.71 0.70
1.84 1.92 0.08
0 0.51 0.51
1.86 1.90 0.04
0.01 0.52 0.51
1.85 1.99 0.14
0 0.47 0.47
0.80 1.85 1.056
0 0.78 0.78
0.12 0.20 0.08
0.01 0.50 0.49
0.18
0 0.51 0.51
0.01 0.21 0.20
0  0.45 0.45
0.28 1.86 1.58
PSR: Intact
Bg.F End.F Dr.F
(sec) (sec) (sec
0 0.57 0.57
0.40 2.37 1.97
0 0.51 0.51
0.29 2.22 1.93
0 0.51 0.51
0.26 2.25 1.99
0 0.98 0.98
0.02 1.01 0.99
0.08 0.89 0.81
0.86 1.16 0.30
0.01 0.79 0.78
0.71 1.26 0.55
0 0.44 0.44
0.76 1.91 1.15
0 0.44 0.44
0.56 2.14 1.58
0 0.44 0.44
0.33 1.92 1.59
0 0.81 0.81
0.16 0.22 0.06
0 0.56 0.56
0.17 0.26 0.09
0 0.52 0,52
0.01 0.38 0.37
0 0.38 0.38
0 1.93 1.93

Fmean
) (Hz)
124.1
17.2
129.1
27.4
130.9
19.9
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Freq.range
(Hz)
20.0-200.0
5.0-200.0
33.3-200.0
8.3-200.0
16.7-200.0
4.

4-200.0

100.0-200.0
28.6-200.0
40.0-200.0
20.0-200.0
25.0-200.0
66.7-200.0



2 I 0.46 201819 5 62
E 2.03 3 91213 37
3 I 0.45 2117 13 4 55
E 2.21 2 41110 27
Rabbit Number: 2 Fibre Number: 7
Condition Br. Ph. Ph.Dr No. of Spikes
No. {sec) Q1 Q2 Q3 Q4 Tot.
Pre-Infiln 1 I 0,53 32 27 27 14 100
E 1.82 4 13 18 23 58
2 1 0.52 2020 26 21 87
E 1.99 10 10 12 22 54
3 I 0.50 19212212 74
E 2.32 0 0 0 5 5
Inflation (Position: 57.69% tE; Duration
1st 0.1 sec: 17
2nd 0.1 sec: 19
1st 1.0 sec: 8
Mid 1.0 sec: 25
End 1.0 sec: 77
Post-Infin 1st 0.1 sec: 12
2nd 0.1 sec: 7
1 I 0.80 26 25 3121103
E 0.64 1 1 113 16
2 1 0.99 24 29 28 23 104
E 0.64 001 2 3
3 I 0.77 102319 6 58
E 0.49 0 01 3 4
Pre-Defln 1 I 0.46 16 17 27 9 69
E 2.29 0 00 2 2
2 I 0.44 13 21 21 10 65
E 2.02 0 0 0 4 4
3 I 0.50 2118 1512 66
E 2.26 2 0 0 5 7
Deflation (Position: 13.24% tE)
I1st 0.1 sec: 5
2nd 0.1 sec: 13
st I 0.73 36383519 1
E 0.22 6 01 6 7
Mid I 0.52 19 21 2310 73
E 0.29 0 1 1 0 2
End T 0.51- 26 24 21 20 91
E 0.30 6 0 3 3 &6
post-Defin 1st 0.1 sec: 22
2nd 0.1 sec: 7
1 I 0.43 212417 14 76
E 1.93 6 10 10 16 42
2 I 0.44 24 26 16 12 78
E 1.91 8 9 410 31
Rabbit Number: 2 Fibre Number: 8
Condition Br. Ph., Ph.Dr No., of Spikes
No. {sec) Q1 Q2 Q3 Q4 Tot,
Pre-Infln 1 I 0.53 11 7 6 5 29
E 2.30 5 3 3 3 14
2 I 0,51 1110 8 3 32
E 2.00 2 2 4 5 13
3 I 0.56 912 5 4 30
E 1.96 2 3 6 4 15
Inflation (Position 78.0% tE; Duration of
1st 0.1 sec: 2
2nd 0.1 sec: 2
1st 1.0 sec: 14
Mid 1.0 sec: 11
End 1.0 sec: 7

0 0.41
0.30
0 0.38
0.25

PSR: Intact

Bg.F End.F
(sec) (sec)
0 0.52
0.01 1.81
0 0.51
0.02 1.98
0 0.47
2.30 2.32

0.52
1.80
0.51
1.96
0.47
0.02

of apnoea:

0.78
0.63
0.93
0.11
0.72
0.05

0.44

0.43
0.01
0.45
1.91

PSR: Intact
Bg.F End.F
(sec) (sec)
0 0.50
0.03 2.29
0.01 0.46
0.30 1.71
0 0.51
0.13 1.89

Dr.F

0.50
2.26
0.43
1.41
0.51
1.76

apnoea: 6.1 sec.)

0.41 134.8
1,72 18.2
0.38 122.2
1.95 12.2

Dr.F  Fmean
(sec)

7.56 sec.)

(sec)

Freq.range
(Hz)
50.0-200.0
3.7-200.0
66.7-200.0
5.3-200.0
40.0-200.0
50.0-200.0

50.0-200.0
25.0-200.0
3.2-200.0
28.6-200.0
12.5- 33.3
20.0-200.0
33.3-200.0

25.0-200.0

33.3-200.0
200.0

50.0-200.0

0.6-200.0

50.0~-200.0
33.3-200.0
100.0-200.0

40.0-200.0
28.6-200.0

Freq.range
(Hz)
16,7-200.0
16.7-200.0
-200.0
~200.0
- 25.0

1.
6.
1.
25.
1.
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23.3
75.4
11.9
64.8
12.5

(Hz)
87.2
18.6
54.2
11.0
95.6
23.7

Post-Infin 1st 0.1 sec: 0
2nd 0.1 sec: 0 :
1 I 1.07 2 5 1 1 ¢ 0.01 0.81 0.80
E 1.30 3 2 2 2 9 0.07 1,07 1.00
2 I 0.82 1 2 0 0 3 0.10 0.29 0.19
E 1.41 33 21 9 0.02 1,25 1,23
3 1 0.72 4 1 2 0 7 0,02 0.47 0.45
E 1.36 31 0 3 7 0.01 1.34 1.33
Pre-Defin 1 I 0.61 7 7 3 1 18 0.02 0.52 0.50
E 1.39 1 4 2 2 9 0.07 1,28 1.21
2 I 0.60 5 6 4 2 17 0.01 0.54 0.53
E 1.89 4 1 3 5 13 0.01 1.88 1.87
pDeflation (Position: 100.0% tE)
Ist 0.1 sec: 5
2nd 0.1 sec: 8
1st T 0.91 16 20 17 15 68 0 0.90 0.90
E 0.30 6 1 0 6 7 0.11 0.29 0.18
Mid I 0.57 131410 6 43 0.02 0.56 0.54
E 0.42 1 1 1 2 5 0.03 0.41 0.38
End I 0.54 11 710 7 35 0,01 0,51 0.50
E 0.40 0 2 2 1 5 0.15 0.38 0.23
Rabbit Number: 3 Fibre Number: 9 PSR: Intact
Condition Br, Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec)
Pre-Infln 1 I 0.47 20 314 4 41 0 0.41 0.41
E 1.29 13 1 5 &5 24 0.03 1.18 1.15
2 I 0.48 17 2 4 3 26 0,04 0.47 0.43
E 1.36 5 1 1 8 15 0,03 1.32 1.29
3 I 0.45 1413 9 7 43 0 0.41 0.41
E 1,31 11 0 911 31 0.01 1.30 1.29
Inflation (Position 100% tI; Duration of apnoea: 11,11 sec.)
i1st 0.1 sec: 1
2nd 0.1 sec: 2
1st 1.0 sec: 15
Mid 1.0 sec: 14
End 1.0 sec: 33
Post-Infin 1st 0.1 sec: 1
2nd 0.1 sec: 0
1 I 1,27 14131515 57 0.04 1.24 1.18
E 0.53 2 2 4 0 8 0.05 0.40 0.35
2 I 0.88 8 14 10 10 42 0.04 0.84 0.80
E 0.54 0 3 1 6 10 0.20 0.50 0.30
3 1 0.77 7 510 7 29 0.02 0.73 0.71
E 0.51 4 0 0 0 4 0 0.11 0.11
Pre~Defln 1 I 0.47 27 13 5 9 54 0 Q.46 0.46
E 1.52 8 6 810 32 0.02.-0.51 0.49
2 1 0.46 15 8 7 6 36 0 0.44 0.44
E 1.36 9 3 910 31 0 1.35 1.35
3 I 0.50 21 716 5 49 0.01 0.47 0.46
E 1.26 5 7 § 5 22 0.01 1.21 1.20
peflation (Position: 73.9% tE)
Ist 0.1 sec: 12
2nd 0.1 sec: 9
1st T 1.06 53020 12 67 0.02 0.92 0.90
E 0.16 31 9 8 21 0.01 0.15 0.14
Mid I 0.53 26 20 25 16 87 0 0.52 0.52
E 0.25 4 619 6 35 0.01 0.24 0.23
End I 0.47 162621 9 72 0 0.46 0.46
E 0.26 2 0 819 29 0.01 0,25 0.24
post-Deflin 1st 0.1 sec 5
2nd 0.1 sec 3
1 1 0.41 291912 9 69 0 0.39 0.39
E 1,24 12 1 5 6 24 0.05 l.20 1.15
2 I 0.4 9 4 4 0 17 0 0.26 0.26
E 1.10 512 12 14 43 0.01 1.09 1.08
3 1 0.41 2211 9 2 44 0 0.36 0.36
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Freq.range
(Hz)
1.1-200.0
2.0-200.0
6.7-200.0
6- 50.0

200.0

2.
25.0-
2.5-200.0

11.1-200.0
10.0- 66.7
12.5-200.0
9.1-200.0
10.0-200.0
11.8-100.0

20.0-200.0
6.3-200.0
25.0~-200.0
2.9-200.0
16.7-200.0
4.4-200.0

10.0-200.0
20.0-200.0
25.0-200.0
33.3-200.0
33.3-200.0

7.7-200.0



E 1.22 131 810 32 0 1.18 1.18
Rabbit Number: 3 Fibre Number: 10 PSR: Intact
Condition Br. Ph. Ph,Dr. No. of Spikes Bg.F End.F Dr,F
No. (sec) Q1 02 03 Q4 Tot.(sec) (sec} (sec)
Pre~Infin 1 I 0.45 12 8 9 4 33 0.40 0.85 0.45
E 1.32 0 0 0 3 3 1.28 1.30 0.02
2 I 0.45 8 3 7 2 20 0 0.42 0.42
E 1.48 0 0 0 2 2 1.46 1.47 0.01
3 I 0.48 910 8 4 31 0.01 O0.46 0.45
E 1.40 0 0 0 2 2 1.38 1.39 0.01
Inflation {Position 43.5% tI; Duration of apnoea: 10.3 sec.)
1st 0.1 sec: 4
2nd 0.1 sec: 4
1st 1.0 sec: 0
2nd 1,0 sec: 0
3rd 1.0 sec: 0
Post-Infin 1st 0.1 sec: 0
2nd 0.1 sec: 0
1 I 0.98 6 611 9 32 0.03 0.75 0.72
E 0.65 0 0 0 O 0
2 I 0.57 5 4 3 6 18 0.04 0.74 0.70
E 0.69 0 0 0 1 1 0.68
3 I 0.67 8 6 5 5 24 0.03 0.64 0.61
E 0.54 0 0 0 O 0
Pre-Defin 1 I 0.45 7 6 8 6 27 0.02 0.43 0.41
E 1.26 0 0 0 5 5 1.00 1.26 0.26
2 I 0.46 911 5 4 29 0.04 0.42 0.38
E 1.11 1 1 0 1 3 0.01 1.09 1.08
3 I 0.46 910 9 9 37 0.01 0.45 0.44
E 1.09 0 0 0 3 3 1.05 1.08 0.03
peflation (Position: 33.0% tE)
1st 0.1 sec: 8
1st 1 0.64 14 17 12 11 54 0.01 0.64 0.63
E 0.23 1 0 610 17 0.02 0.22 0.20
Mid I 0.45 10 5 8 5 28 0 0.41 0.41
E 0.23 0 0 411 15 0.14 0.22 0.08
End I 0.43 814 7 7 36 0 0.40 0.40
E 0.23 0 0 510 15 0.14 1.04 0.90
Post-Defin 1st 0.1 sec: 2
2nd 0.1 sec: 0
1 I 0.42 9 9 9 2 29 0 0.38 0.38
- E 1.13 00 0 1! 1 1.11
2 I 0.41 11 6 9 4 30 0 0.38 0.38
E 1.12 0 0 0 3 3 1.09 1.11 0.02
3 I 0.43 8 6 9 4 27 0 0.36 0.36
E 1.08 0 0 0 2 2 1.06 1.07 1.01
Rabbit Number: 3 fFibre Number: 10 PSR: Block
Condition Br. Ph, Ph.Or No. of Spikes Bg.F End.F
No. (sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec) ({sec)
Pre~Infin 1 I 0.91 4 5 5 4 18 0 0.87 0.87
. E 1.48 10 10 13 6 39 0.01 1.36 1.35
2 I 0.91 4 4 3 3 14 0,10 0.89 0.79
E 1.36 8 710 6 31 0.03 1.35 1.32
3 I 0.92 3 5 7 0 15 0 0.61 0.61
E 1.31 9 8 6 6 29 0.01 1.22 1.21
Inflation {Position 33.3% tE; Duration of apnoea: 1.28 sec.)
1st 0.1 sec: 1
2nd 0.1 sec: 0
Augmented 1 I 0.67 0 1 824 33 0.27 0.66 0.39
Breath E 0.19 6 7 2 0 15 0 0.12 0.12
pPost-Inflin 1st 0.1 sec: 0
2nd 0.1 sec: 2

26.2

Dr.F Fmean

(Hz)
19.8
26.3
15.4
22.8
16.3
22.1

2.5-200.0

Fregq-range
{Hz)
20.0-200.0

14,3-200.0
25.0-200.0

20.0-200.0
16.7-200.0
14.3-200.0

40.0-200.0

7.7-200.0
25.0-200.0
66.7-200.0
25.0-200.0

16.7-200.0

33.3-200.0
50.0-200.0
33.3-200.0

Freg-range
(Hz)
10.0-100.0
12.5-200.0
7.1- 50.0
10.0-200.0
5.9-200.0
12.5~ 66.7

16.7-200
20.0~200.0

.
o



Pre~Defin 1

Deflation (Posi
Ist
2nd
1st

Mid
End

Post-Defln 1st

2nd
1

2

Rabbit Number:

Br.
No.
Pre-Infin 1

Condition

2
3

Inflation  (Po
1st
2nd
1st
Mid
End
1st
2nd
1

2
3

Post-Infln

Pre-Defln 1

—

Augmented
Breath

Deflation (Po
1st
2nd
1st

Wid

I 1.23 4 8 7 8 27
E 0.80 g8 911 6 34
I 1.04 2 5 3 4 14
E 1.05 13 11 17 11 52
I .0.99 4 9 7 5 25
E 0.99 8 912 8 37
I 0.80 3 3 2 4 12
E 1.50 12 7 8 §5 32
1 0.83 3 2 3 2 10
E 1,62 101515 9 49
I 0.85 3 4 2 3 12
E 1.61 9 10 10 8 37
tion: 27.4% tE)
0.1 sec: 4
0.1 sec: 0
I 0.66 4 6 4 3 17
E 1.53 17 20 13 5 55
I 0.75 5 6 7 §5 23
E 1.46 11 12 10 4 37
I 0.88 8 13 14 11 46
E 1.34 2 0 0 3 5
0.1 sec: 0
0.1 sec: 1
I 0.67 1012 13 9 44
E 0.95 1 0 1 1 3
I 0.67 71211 7 37
E 1.11 0 1 4 3 8
3 Fibre Number: 11
Ph, Ph.Dr No of Spikes
(sec) Q1 Q2 Q3 Q4 Tot.
I 0.51 34 2 2 11
E 1.59 0 0 0 0 0
I 0.52 21 3 1 7
E 1.54 0 0 0 0 O
I 0.49 2 3 3 1 9
1.60 00 0 0 O
sition: 49.7% tE; Duration
0.1 sec: 0
0.1 sec: 0
1.0 sec: 0
1.0 sec: 0
1.0 sec: 0
0.1 sec: 0
0.1 sec: 0
I 1.16 0 0 0 0 0
E 0.91 0 0 0 0 O
I 0.62 00 0 0 O
E 0.96 0 0 0 0 O
I 0.63 0 0 0 0 0
E 0.95 0 0 0 0 O
I 0.51 111 0 3
E 1.57 ¢ 0 0 0 o0
I 0.50 21 1 0 4
E 1.30 0 0 0 0 O
I 0.50 21 2 0 5
E 1.21 ¢ 0 0 0 O
I 1.11 6 14 26 35 81
E 0.96 6 2 6 2 16
sition: 48.0% tI)
0.1 sec: 0
0.1 sec: 0
I 0.92 0 3 5 3 11
E 0.63 01 0 0 1
I 0.61 4 5 5 2 16
E 0.62 g0 0 0 0 O

0.10
0.06
0.01

0.04
0.02

0.02
0.03
0.01
0.01
0.12
0.04

0.02
0.01
0.06
0.04
0.01
0.01

0.02
0.12
0.05
0.52

Bg.F
(sec)
0.05
0.08

0.07

11.1-200.0
20.0-200.0
4,8~ 28.6
18.2-200.0
12.5-200.0
16.7-200.0

11.1- 50.0
12.5~ 66.7
8.3~ 50.0
12.5-200.0
8.3~ 40.0
12.5-200.0

28.6-200.0
1.8- 3.7
33.3-200.0
9.1~ 66.7

(Hz)
16.7- 66.7

11.1-200.0

1,21 1.11  22.0
0.77 0.71 42.5
1.03 1.02 13.%
1.04  1.04 49.5
0.96 0.92 25.3
0.93 0,91 37.4
0.79 0.77 15.0
1,34 1.31 21.3
0.72 0,71 12.1
1.60 1.59 30.3
0.83 0.71 14.1
1.54 1,50 22.0
0.63 0.61 25.8
1.48 1.47 35.9
0.64 0.58 30.7
1.44 1,40 25.3
0.87 0.86 52.3
1.30 1.29 3.7
0.63 0.61 65.7
0.94 0.82 3.2
0.65 0.60 55.2
0.89 0.37 7.2
PSR: Intact

End.F Dr.F Fmean Freq.range
{sec) (sec) (Hz)
0.39 0.33 21.6
0.43 0.35 13.5
0.38 0.31 18.4

of apnoea: 7.46 sec.)

0.07
0.06
0.10

0.34
0.30
0.36

1.10

0.87
0.48

0.27
0.24
0.26

0.60
0.44

5.9
8.0
10.0

13.3-100.0

7.1
8.3~ 20.0
8.3-200.0

6.3-100.0
16.7-200.0



End T 0.51 7 4 4 2 17 0.01 0.43 0.42 33.3 20.0-200.0
E 0.79 0 0 0 2 2 0.76 2.5
Post-pefln 1st 0.1 sec: 0
2nd 0.1 sec: 0
1 I 0.45 3 5 2 0 10 0.03 0.33 0.30 22.2 10.0-200.0
E 0.91 0 0 0 O 0
2 I 0.41 3 4 2 0 9 0.03 0.28 0.25 22.0 18.2-200.0
E 0.89 0 0 0 0 0
3 I 0.44 3 4 3 0 10 0.04 0.30 0.26 22.7 14.3-200.0
E 0.95 0 0 0 0 0
Rabbit Number: 3 Fibre Number: 12 PSR: Intact

Condition Br. Ph. Ph.Dr No. of Spikes  Bg.F End.F Dr.F Fmean Freq.Range
No. {sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz)

Pre-InflIn 1 I 0.58 0 0 0 0 O
E 1.52 4 0 0 1 5 0.00 1.42 1.42 3.3 0.8~ 25.0
2 1 0.61 0 0 1 1 2 0.46 0.56 0.10 3.3 10.0
E 1.43 6 0 0 2 8 0.00 1.26 1.26 5.6 1.1- 28.6
3 I 0.59 0 0 0 2 2 0.47 0.55 0.08 3.4 14.3
E 1.53 5 0 0 1 6 0.02 1.44 1.42 3.9 0.8~ 33.3
Inflation (Position: 53.7% tE; Duration of apnoea: 10.02 sec.)
1st 0.1 sec:
2nd 0.1 sec: 0
1st 1.0 sec: 0
Mid 1.0 sec: 0
End 1.0 sec: 0
Post-Infin 1st 0.1 sec: 0
. 2nd 0.1 sec: 0
1 I 0.85 4 4 4 4 15 0,02 0.83 0.81 18.8 14.3- 25.0
E 1.32 910 910 38 0.03 1.31 1.28 28.8 16.7- 50.0
2 I 0.52 4 3 3 4 14 0.02 0.49 0.47 26.9 18.1- 33.3
E 1.08 8 8 7 8 31 0.01 1.06 1.05 28.7 16.7- 40.0
3 I 0.62 4 3 3 3 13 0.01 0.60 0.59 21.0 16.7- 28.6
E 0.95 6 6 6 7 25 0.02 0.94 0.97 26.3 14.3- 29.5
Pre~pefin 1 I 0.55 i 001 2 0.05 0.48 0.43 3.6 2.3
E 1.44 5 0 1 4 10 0.00 1.41 1.41 6.9 1.2~ 25.0
2 1 0.61 g0 0 01 1 0.56 - 1.6
E 1.57 3 0 0 1 4 0.02 1.56 1.54 2.5 0.7-20.0
3 I 0.57 0 0 01 1 0.56
‘E 1,68 3 00 0 3 0.07 0.15 0.08 1.8 16.7- 40.0
peflation  (Position: 53.2% tE)
1st 0.1 sec: 0
2nd 0.1 sec: 0
1st T 0.59 0 0 01 1 0.58 1.7
E 1.49 2 0 0 0 2 0.05 0.11 0.06 1.3 16.7
Mid I 0.60 0 0 0 0 O
E 1.43 2 0 0 0 2 0.03 0.12 0.09 1.4 11.1
End I 0.60 0 0 0 0 O
E 1.37 2 0 0 0 2 0.03 0.11 0.08 1.5 12.5
Post-pefin 1st 0.1 sec: 0
2nd 0.1 sec: 0
1 I 0.60 01 0 ¢ 1 0.28
E 1.30 1 0 0 0 1 0.05
Rabbit Number: 3 Fibre Number: 12 PSR: Block

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.Range
No. (sec) QI Q2 Q3 Q4 Tot.(sec) {sec) (sec) (Hz) (Hz)
8

Pre-Infln 1 I 0.72 4 7 6 25 0.04 0.70 0.66 34.7 25.0-200.0
E 1.67 3001 4 0.02 1.65 1.63 2.4 0.8~ 25.0
2 1 0.76 7 710 7 31 0.03 0.75 0.72 40.8 25.0-200.0
E 1.68 0 00 0 0
3 I 0.88 6 9 9 8 32 0.00 0.84 0.84 36.4 16.7-200.0
" E 1.56 1 0 01 2 9.55 1.3

Inflatjon  (Position: 6.3% tI; Duration of apnoea: 9.60 sec.)
1st 0.1 sec: 3



Post-Inflin

Pre-Defln

Deflation

Post-Defln

Rabbit Number: 4

Condition

Pre~Infln

Inflation

Post-Infin

Pre-Defln

Deflation

2nd 0.1 sec: 5
1st 1.0 sec: 1
Mid 1.0 sec: 3
End 1.0 sec: 2
1st 0.1 sec: 1
2nd 0,1 sec: 0
1 I 1.11 6 8 8 8 30 0.06 1,10
E 1.13 7 31614 40 0.01 1.11
2 I 0.90 7 7 711 32 0.02 0.89
E 1.14 8 0 610 24 0.02 1.12
1 I 0.94 5 7 810 30 0.03 0.93
E 1.56 2 3 1 1 7 0.01 1,55
2 I 0.69 6 8 8 9 31 0.03 0.68
E 1.54 3 0 0 1 4 0.02 1.53
(position: 70.7% tI)
1st 0.1 sec: 7
2nd 0.1 sec: 8
1st I 0.41 5 8 5 4 22 0.02 0.37
E 1.96 2 43737 80 0.01 1.94
Mid I 0.63 1210 9 8 39 0.02 0.62
E 1.06 5 0 013 18 0.00 1.05
End I 0.681 111116 6 44 0.00 0.60
E 1.18 0 2 0 9 11 0.41 1.16
1st 0.1 sec: 1
2nd 0.1 sec: 0
1 I 0.60 151211 6 44 0.00 0.54
E 0.93 4 0 2 0 6 0.02 0.57
2 I 0.56 910 8 7 34 0.01 0.54
E 0.77 2 1 0 2 5 0.06 0.75
3 I 0.55 8 810 5 31 0.02 0.51
E 0.93 06 0 0.0 O
Fibre Number : PSR:
Br. Ph. Ph.Dr. No of Spikes Bg.F End.F
No. {sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec)
1 I 0.87 4 3 3 2 12 0.02 0.69
E 0.97 01 0 0 1 0.3
2 1 0.66 3 4 2 1 10 0.01 0.50
E 0.96 0 0 0 0 0
3 I 0,73 10 7 5 1 23 0.03 0.57
E 1.00 0 0 0 0 O
(Position: 28,0% tI; Duration of apnoea:
1st 0.1 sec: 2
2nd 0.1 sec: 2
1st 1.0 sec: 0
Mid 1.0 sec: 0
End 1.0 sec: 1
1st 0.1 sec: 0
2nd 0.1 sec: 1
1 I 1.46 4 4 5 1 14 0.01 1.16
E 0.60 0 0 0 0 O
2 I 0.91 21 3 1 7 0.03 0.70
E 0.70 00 0 0 O
3 I 0.77 1 1 0 0 2 0.11 0.35
1 I 0.62 3 31 0 7 0.02 0.35
E 1.16 1 0 0 0 1 0.01
2 I 0.62 4 2 1 2 9 0.01 0.58
E 1.20 4 0 0 0 4 0.00 0.16
3 I 0.64 2 2 2 2 8 0.03 0.62
E 1.20 3 0 0 0 3 0.00 0.06
(Position: 10.2% tE)
st 0.1 sec: 1
2nd 0.1 sec: 2
1st I 1,15 5 5 5 3 18 0.03 0.99
E 0.28 01 2 0 3 0.08 0.2
Mid T 0.73 3 4 5 1 13 0.07 0.59

1.04 27.0
1.10 35.4
0.87 35.6
1.10 21.1
0.90 31.9
1.54 4,5
0.65 44.9
1.51 2.6
0.35 53.7
1.93 40.8
0.60 61.9
1.05 17.0
0.60 72.1
0.75 9.3
0.54 73.3
0.55 7.2
0.53 60.7
0.69 6.5
0.49 56.4
Intact
Dr.F Fmean
{sec) (Hz)
0.60 13.8
1.0
0.49 15.2
0.54 31.5
9.03sec,)
1.15 9.6
0.67 7.7
0.24 2.6
0.33 11.3
0.9
0.57 14.5
0.16 3.3
0.59 12.5
0.06 2.5
0.96 15.7
0.12 10.7
0.52 17.8

f—y

U
RN N MNP N
OO O [ R Ron Non]

—
OOOO COOO

« o = e
i

e« & s o

n
00 O N OO POy

e« o o
&

[

OO\.‘:—? PN OY
OCOOO OOOw

et o o

Freq.range
(Hz)
12.5- 66.7
12.5- 50.0

20.0~-200.0

1.4- 12.5
3.9~ 20.0
4.0

12.5- 22.2
8.3~ 66.7
10.0- 33.3
6.3~ 20.0
28.6~ 40.0

11.1- 50.0
10.0- 66.7
16.7-200.0



‘s

post~Defln

Rabbit Number: 4

Condition
Pre-Infin

Augmented
Breath

Inflation

Post-Infln

Pre-Defin

Deflation

Post-Defln -

Rabbit Number: 4

Conditioen

E 0.33 00 0 2 2 0.25 0.31 0.06 6.1
End I 0.69 3 4 4 2 13 0.05 0.59 0.54 18.8
E 0.29 0 0 0 1 1 0.23 3.5
1st 0.1 sec: 0
2nd 0.1 sec: 1
1 (Augmented Breath)
I 0.94 11 81853 90 0.01 0.93 0.92 95.7
E 1.37 0 0 0 7 7 0.00 0.07 0.07 5.1
2 I 0.51 2 1.1 2 6 0.04 0.49 0.45 11.8
E 1.23 3 0 0 0 3 0.00 0.07 0.07 2.4
3 I 0.53 2 1 1 2 6 0,03 0.52 0.49 11.3
E 1.78 0 0 1 0 1 1.17 0.6
4 I 0.52 21 2 0 5 0.00 0.36 0.36 9.6
E 1.70 01 0 0 1 0.62
Fibre Number: 14 PSR: Intact
Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 0.66 8 2 4 0 14 0,01 0.43 0.42 21.2
E 1.42 0 0 0 O 0
2 1 0.67 6 6 3 0 15 0.02 0.48 0.46 22.4
E 1.50 00 0 0 O
3 I 0.60 4 1 1 0 6 0.04 0.38 0.34 10.0
E 1.47 c 0 0 0 0
1 I 1.15 10 8 44 66 128 0.02 1,14 1.12 111.3
E 1.43 17 0 0 0 17 0.00 0.26 0.26 11.9
(Position 12.3% tE; Duration of apnoea: 8.40 sec.)
1st 0.1 sec: 0 .
2nd 0.1 sec: 0
1st 1.0 sec: 0
Mid 1.0 sec: 0
End 1.0 sec: 0
1st 0.1 sec: 1
2nd 0.1 sec: N 0
1 I 1.8 1 0 0 0 1 0.17 0.6
E 0.54 0 0 0 O 0
2 I 0.76 00 0 0 O
E 0.64 0 0 0 O 0
3 1 0.66 0 0 0 6 O
E 0.71 6 0 00 O
1 I 0.58 5 2 1 2 10 0.01 0.50 0.49 17.2
E 1.61 0 0 0 O 0
2 I 0.60 3111 6 0,01 0.48 0.47 10.0
E 1.58 0 0 00 O
(Position: 81.1% tE)
1st 0.1 sec: 3
2nd 0,1 sec: 1
1st I 1.55 512 15 7 39 0.14 1.48 1.37 25.2
E 0.34 0 0 2 1 3 0.20 0.30 0.10 8.8
. Mid I 0.84 9 10 12 4 35 0.01 0.73 0.72 41.7
E 0.35 0 0 3 2 5 0.21 0.32 0.11 14.3
End I 0.72 11 13 8 5 37 0.00 0.65 0.65 51.4
E 0.31 0 0 0 7 -7 0.23 0.28 0.06 22.6
1st 0.1 sec: 7
2nd 0.1 sec: 6
1 I 0.53 g 5 2 0 15 0.01 6,37 0.36 28.3
E 1.32 0 0 0 0 O
2 I 0.54 7 7 2 1 17 0.02 0.50 0.48 31.5
E 1.34 6 0 0 0 O
3 I 0.56 5§ 3 1 1 10 0.02 0.42 0.40 17.9
E 1.38 0 0 0 1 1 1.37 0.7
Fibre Number: 14 PSR: Block
Br. Ph. Ph.Dr No, of Spikes Bg.F End.F Dr.F Fmean
No. {sec) Ql Q2 Q3 Q4 Tot. {sec) (sec) (sec) (Hz)

16.7
14.3- 33.3

Freq.range
(Hz)
10.0-100.0
9.1-100.0
7.7- 50.0

12.5-200.0
11.1-200.0

7.7- 66.7
7.7-200.0

11.1-200.0
14.3~- 50.0
16.7-200.0
14,3-100.0
16.7-200.0
33.3-200.0

12.5-200.0
7.1-200.0
12.5-100.0

Freq.range
(Hz)



Pre~Infln

Inflation

Post=-Infin

Pre-Defln

Deflation

Post~Defln

Augmented
Breath

Rabbit Number: 5

Condition

Pre~Infln
(Run 1)

Inflation
(Run 1)

Post-Infln
(Run 1}

6.7-200.0

1.2-200.0

6.7-100.0
10.0-200.0
7.1-200.0

5.0-100.0
5.3~ 66.7
6.7-200.0

7.7-200.0
9.1-200.0
12.5-200.0

Freg.range
(Hz)
33.3
50.0
40.0

7.1-
14.3~
5.9~
8.3~ 66.7
9.1- 50.0
16.7-100.0

33.3~ 66.7
28.6-100.0
20.0- 66.7
25.0- 66.7
16.7- 50.0

1 I 1.02 3 3 7 4 17 0.16 0.92 0.76 16.7
E 1.24 000 0 O
2 I 1,01 3 4 5 5 17 0.02 0.93 0.91 16.8 7.7~ 66.7
E 1.27 0 0 0 0 O
{Position 80.4% tI; Duration of apnoea: 8.65 sec.)
1st 0.1 sec: 1
2nd 0.1 sec: 1
Ist 1.0 sec: 0
Mid 1.0 sec: 0
End 1.0 sec: 1
1st 0.1 sec: 0
2nd 0.1 sec: 0
1 I 2.01 0 1 110 12 0.55 1.94 1.39 6.0
E 0.39 0 0 0 0 O
2 I 1.16 00 0 0 0
E 0.61 01 00 1 0.18 1.6
3 1 1.05 0 0 0 0 O
E 0.62 0 00 0 O
1 I 0.99 6 3 4 4 17 0.04 0.92 0.88 17.1
E 1.17 0 0 0 0 O
2 I 0.96 4 6 4 3 17 0.02 0.69 0.67 17.7
E 1.13 0 0 0 0 0
3 I 1,10 9 8 4 1 22 0,04 0.89 0.8 20.0
E 1.05 0 0 0 0 O
(Position: 66.1% tE)
Ist 0.1 sec: 0
2nd 0.1 sec: 0
ist I 2.39 7 711 4 29 0.1 2.05 1.89 12,1
E 0.34 6 0 0 0 O
Mid T 1.29 4 2 5 4 15 0.20 1.16 0.88 11.6
E 0.40 00 0 1 1 0.31 : 2.5
End I 0.99 1 6 9 7 23 0.12 0.94 0.82 23.2
E 0.52 00 0 0 o
1st 0.1 sec: 1
2nd 0.1 sec: 1
1 I 0.65 3 7 4 3 17 0.00 0.57 0.57 26.1
E 0.71 00 0 0 O
2 1 0.65 4 4 5 0 13 0.03 0.46 0.43 20.0
E 0.71 1 0 0 0 1 0.15 1.
3 I 0.69 0 4 4 0 8 0.18 0.47 0.29 11.6
E 0.70 0 0 0 0 O
1 I 1.36 6 7 3267 112 0.06 1.35 1.29 82.3
E 0.62 10 0 2 6 18 0.01 0.61 0.60 29.0
Fibre Number: 15 PSR: Intact
Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 0.68 31 2 3 9 0.05 0.66 0.61 13.2
E 1.81 7 151517 54 0.12 1,79 1.67 29.8
2 1 0.64 2 2 2 3 9 0.04 0.62 0.58 14.1
E 1.99 1017 20 17 64 0.03 1.98 1.36 32.2
3 I 0.67 2 3 4 4 13 0.01 0.66 0.65 19.4
E 1.89 16 21 26 24 87 0.02 1.88 1.86 46.0
{Position: 27.3% tI; Duration of apnoea: 8.71 sec.)
1st 0.1 sec:
2nd 0.1 sec: 0
1st 1.0 sec: 7
Mid 1.0 sec: 13
End 1.0 sec: 17
ist 0.1 sec: 2
2nd 0.1 sec: 5
1 I 1.34 14161516 61 0.02 1.33 1.31 45.5
"E 0.56 6 7 8 8 29 0.01 0.55 0.54 51.8
2 I 0.96 1010 910 39 0.01 0.94 0.93 40.6
E 0.65 6 9 7 8 30 0.01 0.63 0.62 46.2
3 I 0.61 4 7 4 6 21 0.03 0.60 0.57 34.4



E 0.90 6 9 9 9 33 0.01 0.89 0.88 36.7 16.7- 66.7

Pre-Defiln 1 I 0.63 3 3 1 4 11 0.05 0.61 0.56 17.5 7.1-33.3
(Run 1) E.2.04 1317 1819 67 0.08 2.01 1.93 32.8 14.3~ 50.0
2 I 0.61 4 2 2 2 10 0.00 0.54 0.54 16.4 7.1~ 40.0

E 2.16 14192021 74 0.07 2.15 2,08 34.3 16.7- 66.7

3 1 0.64 5 123 11 0.01 0.61 0.60 17.2 7.1~ 50.0

E 1.79 14 17 2315 69 0.01 1,77 1.76 38.5 9.1-100.0

peflation (Position: 41.5% tE)

(Run 1) 1st 0.1 sec: 4
2nd 0.1 sec: 2
1st T 1.35 6 21318 39 0.05 1.34 1.29 28.9 2.9-100.0
E 0.20 2 3 3 2 10 0.01 o0.19 0.18 50.0 40.0-100.0
Mid I 0.77 611 8 9 34 0.02 0.75 0.73 44.2 14.3-100.0
E 0.26 3 5 3 1 12 0.01 0.22 0.21 46.2 25.0-100.0
End I 0.69 8 612 8 34 0.05 0.68 0.63 49.3 16.7-100.0
E 0.20 4 3 1 1 9 0.00 0.18 0.18 45.0 14.3-100.0
Post~Defin 1st 0.1 sec: 3
{(Run 1) 2nd 0.1 sec: 0
1 I 0.54 1 0 1 0 2 0.10 0.40 0.30 3.7
E 1.95 6 18 21 21 66 0.19 1.94 1.75 33.8 8.3-100.0
2 I 0.57 2 0 2 0 4 0.05 0.34 0.29. 7.0 4.8~ 25.0
E 2.03 12 21 21 22 76 0.03 2.01 1.98 37.4 7.7- 66.7
Pre-Infin 1 I 0.59 2 0 2 0 4 0.01 0.34 0.33 6.8 3.9- 40.0
(Run 2) E 1.66 10 14 15 19 58 0.01 1.63 1.62 34.9 9.1-100.0
2 I 0.65 1 01 1 3 0.09 0.60 0.51 4.6 3.2- 5.0
E 1.58 71418 20 59 0.04 1.57 1.53 101.7 6.7-100.0
Inflation (Position: 71.0% tI; Duration of apnoea: 7.39 sec.)
(Run 2) 1st 0.1 sec: 3
2nd 0.1 sec: 0
Ist 1.0 sec: 6
Mid 1.0 sec: 13
End 1.0 sec: 18
Post-Infin 1st 0.1 sec: " 4
(Run 2) 2nd 0.1 sec: 4
1 I 1.41 17 18 19 20 74 0.00 1.40 1.40 52.5 28.6-100.0
E 0.43 6 9 8 5 28 0.01 0.42 0.41 65.1 33.3-100.0
2 I 1.11 18 16 15 17 66 0.01 1.10 1.09 59.5 25.0-100.C
E 0.44 7 7 8 7 29 0.00 0.43 0.43 65.9 50.0-100.0
3 I 0.95 1312 11 12 48 0.01 0.94 0.93 50.5 28.6-100.0
E 0.43 6 7 6 7 26 0.00 0.42 0.42 60.5 40.0-100.0
Pre~Defin 1 I 0.64 6 3 1 5 15 0.01 0.61 0.60 23.4 7.1- 50.0
(Run 2) B 2.09 22 27 30 23 102 0.01 2.08 2.07 48.8 16.6-100.0
2 I 0.61 1 2 2 2 7 0.06 0.54 0.48 11.5 5.3~ 40.0
E 1.89 16 13 14 14 57 0.03 1.88 1.85 30.2 5.6-100.0
Deflation (Position: 32.7% tE)
(Run 2) ist 0.1 sec: 2
2nd 0.1 sec: 2
1st T 1.25 4 11 12 14 41 0.17 1.21 0.04 32.8 14.3-100.0
E 0.24 4 4 3 0 11 0.00 0.15 0.15 45.8 50.0-100.0
Mid I 0.69 8 611 7 32 0.01 0.68 0.67 46.4 16.7-100.0
E 0.24 5 4 1 1 11 0.00 0.19 0.19 45.8 16.7-100.0
End T 0.58 8 510 6 29 0.02 0.57 0.55 50.0 20.0-100.0
E 0.26 4 4 3 0 11 0.01 0.19 0.18 42.3 25.0-100.0
Post-Defln 1st 0.1 sec: 3
(Run 2) 2nd 0.1 sec: 0
1 I 0.53 3111 6 0.01 0.46 0.45 11.3 4,.8- 40.0
E 1.60 7 16 20 21 64 0.18 1.58 1.40 40.0 16.7-100.0
2 I 0.51 3 0 2 0 5 0.01 0.34 0.33 9.8 4.8- 33.3
E 2.03 _ 12 23 26 28 89 0.01 2.02 2.01 43.8 7.7-100.0
Rabbit Number: 5 Fibre Number: 15 PSR: Block
Condition Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean Freq.Range
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) {sec) (sec) (Hz) (Hz)
Pre~Infln 1 I 1l.46 11 2 1 5 0.15 1.38 1.23 3.4 3.2

{Run 1) E 1.97 811 8 4 31 0.08 1.8 1.81 15.7 5.9~ 33.3



Infiation
(Run 1)

Post-Infln
(Run 1)

Pre~Defln
(Run 1)

Deflation
{Run 1)

Pre-Infln

(Run 2)

Inflation
(Run 2)

Post-Infin
(Run 2)

Pre-Deflin
{Run 2)

Deflation
(Run 2)

Post-Def1n
(Run 2)

Rabbit Number:5

Condition
Pre-Infin

2 1 1.69 2 01 2 5
E 2.24 111311 7 42
(Position 7.6% tE; Duration of
1st 0.1 sec: - 1
2nd 0.1 sec: 1
1st 1.0 sec: 10
Mid 1.0 sec: 6
End 1.0 sec: 11
1st 0.1 sec: 1
2nd 0.1 sec: 2
1 I 2.62 131110 7 41
E 1.70 11 1311 9 44
1 I 1.50 21 0 3 6
E 2.60 1218 14 10 54
{Position: 15.0% tI)
1st 0.1 sec: 1
2nd 0.1 sec: 0
st I 2.71 9 12 16 17 54
E 2.25 9 9 5 3 26
End I 1.69 11 15 12 15 &3
E 2.17 4 5 4 3 16
1 I 1.32 0 2 11 4
E 1.60 6 11 10 8 35
2 I 1,42 1 11 2 5
E 1.53 5§11 12 11 39

(Position 50.0% tI; Duration

Ist 0.1 sec: 1
2nd 0.1 sec: 1
1st 1.0 sec: 4
Mid 1.0 sec: 8
End 1.0 sec: 9
I1st 0.1 sec: 1
2nd 0.1 sec: 3
1 I 2.41 11 8 7 5 31
E 1.36 10 12 12 10 44
2 I 1.49 21 2 1 6
E 1.50 6 12 12 12 42
3 I 1.39 21 11 5§
E 1.60 7 131313 46
1 I 1.37 1 111 4
E 1.62 7 131312 45
2 I 1.39 21 1 1 5
E 1.87 716 12 14 49
3 I 1.30 21 1 1 5
E 1.19 4 10 10 11 35
(Position: 76.3% tE)
1st 0.1 sec: 1
2nd 0.1 sec: 2
ist I 2.49 8 14 16 18 56
E 2.18 12 1411 6 43
Mid I 1.62 10 12 14 17 53
E 2.05 11 7 8 3 29
End I 1.30 10 12 13 13 48
E 0.65 6 2 0 2 10
1st 0.1 sec: 2
2nd 0.1 sec: 1
1 I 1.02 01 01 2
E 1.54 611 6 8 31

Fibre Number:16

Br. Ph, Ph.Dr No of Spikes
No. {sec) Q1 Q2 Q3 Q4 Tot

1 I 0.88 2 4 2 5 13
E 1.78 4 13 11 13 41

0.09
0.03

0.01
0.01
0.02
0.02

0.33
0.10
0.20
0.02

1.64
2.22

2.68
2.06
1.67
2.10

1.26
1.57
1.34
1.52

1.55
2.19

apnoea: 7.53sec.)

2.67
2.05
1.65
2.08

0.93
1.47
1.14
1.50

of apnoea: 12.19 sec.)

0.05
0.00
0.10
0.13
0.02
0.11

0.17
0.09
0.01
0.05
0.01
0.09

Bg.F
.{sec)
0.09
0.10

2.32
1.30
1.42
1.49
1.30
1.59

1.15
1.60
1.28
1.85
1.23
1.18

2.47
2.15
1.61
1.77
1.29
0.62

PSR:

End.F
(sec)
0.81
1.77

2.27
1.30
1.32
1.36
1.28
1.48

0.98
1.51
1.27
1.80
1.22
1.09

2.46
2.15
1.61
1.76
1.28
0.62

Intact

Dr.F
(sec)
0.72
1.67

N W
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Fmean
(Hz)
14.8
23.0

5.3~ 50.0
3.5~ 50.0
10.0~ 66.7
4.8~ 50.0
16.7- 66.7
3.9 100.0

Freq.range
(Hz)
5.9~ 50.0
3.7- 50.0



Inflation

Post-Infin

Pre-Defin

Deflation

Post-Deflin

Pre-Infin
(Run 2)

Inflation

(Run 2)

Post-Infin
(Run 2)

Pre-Defin

peflation:

2 I 0.93 5 5 3 3 16
E 2.37 131716 24 70
3 1 o0.88 1012 710 39
E 1.42 16 15 19 15 65
(Position: 76.8% tE; Duration
1st 0.1 sec: 6
2nd 0.1 sec: 1
1st 1.0 sec: 27
Mid 1.0 sec: 15
End 1.0 sec: 16
1st 0.1 sec: 3
2nd 0.1 sec: 2
1 I 1.40 16 16 17 17 66
E 0.74 7 7 8 5 27
2 1 1.02 9 811 10 38
E 0.83 g8 7 4 1 20
3 1 0.94 7 8 810 33
E 0.93 6 9 9 7 31
1 I 0.8 5 5 6 9 25
E 2.95 22 26 25 27 100
2 1 0.82 5 6 6 4 21
E 3.80 27 31 32 22 112
3 1 0.94 2 0 3 0 5
E 1.97 10 15 17 20 62
(Position: 74.4% tI)
ist 0.1 sec: 5
2nd 0.1 sec: 5
1st I 1.26 12 17 17 15 61
E 0.25 2 1.0 0 3
Mid I 1.09 6 10 12 10 38
E 0.23 1101 3
End T 1.05 7 11 14 17 49
E 0.16 1 0 0 0 1
1st 0.1 sec 1
2nd 0.1 sec: 2
1 I 0.69 1 10 2 4
E 2.78 12 18 21 23 74
1 (Augmented Breath)
I 1.30 7 5 3 5 20
E 1.80 7 1917 15 58
2 I 0.67 4 4 2 3 13
E 2.33 14 19 24 24 81
(Position: 35.8% tI)
1st 0.1 sec: 5
2nd 0.1 sec: 1
1st 1.0 sec: 3
Mid 1.0 sec: 4
End 1.0 sec: 8
1st 0.1 sec: 2
2nd 0.1 sec: 2
1 I 1.32 911 11 12 43
E 0.72 3 810 4 25
2 1 0,91 5 7 7 4 23
E 0.88 4 5 6 7 22
3 I 0.88 4 4 4 5 17
E 1.04 3 7 810 28
1 I 0.88 5 3 4 5 17
E 1.33 611 11 11 39
2 I 0.84 2 5 4 6 17
E 1.60 8§ 1313 8 42
3 1 0,91 1 1 1 1 4
E 1.92 7 12 18 17 54
(Position: 13.7% tE)
1st 0.1 sec: 0
2nd 0.1 sec: 1
1st I 1.67 12 9 1415 50

of apnoea:

0.01
0.00
0.01
0.02
0.00
0.01

0.04
0.01
0.05
0.03
0.06
0.02

0.00
0.00
0.09
0.01
0.07
0.02

0.06
0.08
0.05
0.05
0.05
0.04

0.01

1.25
0.07
1.08
0.20
1.04

1.29
0.66
0.87
0.87
0.87
1.03

0.86
1.32
0.82
1.58
0.77
1.90

1.66

0.78
2.33
0.87
1.40

9.55
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1.24
0.06
1.02
0.18
1.02

0.66
0.78
0.86
0.80
1.01

0.80
1.24
0.77
1.53
0.72
1.86

1.65

17.2
29.5
44.3
45.8

sec,)
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6.3~
6.7~
16,7~
16.7~

25.0-
16.7-
12.5~

9.1-
16.7~
16.7-

9.1~
11.1-
10.0-
4.6-
2.4~
10.0-

20.0~
25.0-
16.7-
11.1-

7.7

3.5~
12,5~

8.3~
4.6-
10.0-

66.7
66.7
66.7
66.7

100.0
100.0
66.7
50.0
66.7
66.7

200.0
100.0
50.0
66.7
33.3
66.7

100.0
50.0
66.7
12.5
66.7

7.7
50.0
66.7

200.0
33.3

10.0-200.0

14.3-
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I N OO

O OoOOOO, OO OOTO
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Post-Deflin

Rabbit Number: 5

Condition

Pre-Infin

Inflation

Post~Infin

Pre-Dgf1n

Deflation

Post-Defln

Pre-Infin

Inflation

Post-Infin

E 0.39 31 0 0 4 0.02 0.14 0.12 10.3
Mid I 0.76 4 5 7 5 21 0.01 0.71 0.70 27.6
E 0.47 4 0 0 2 6 0.00 0.45 0.45 12.8
End I 0.66 2 5 5 6 18 0.07 0.65 0.58 27.3
E 0.53 3 0 01 4 0.07 0.47 0.40 7.5
1st 0.1 sec: 1
2nd 0.1 sec: 0
1 1. 0.66 6 01 0 1 0.04 0.37 0.33 1.5
E 2.18 6 1515 11 47 0.28 2.17 1.8% 21.6
Fibre Number: 16 PSR: Block
Br. Ph, Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. {sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 1.56 7 5 1 2 15 0.00 1.34 1.34 9.6
E 2.47 14 17 20 15 66 0.07 2.45 2.38 26.7
2 I 1.5 5§ 3 4 3 15 0,01 1.47 1.46 9.6
E 2.97 22262219 89 0.00 2.93 2.93 30.0
(Position: 19.2% tI; Duration of apnoea: 14.52 sec.)
1st 0.1 sec: 1
2nd 0.1 sec: 1
1st 1.0 sec: 7
Mid 1.0 sec: 10
End 1.0 sec: 12
1st 0.1 sec: 2
2nd 0.1 sec: 3
1 I 3.54 23262421 94 0.06 3.53 3.47 26.6
E 1.86 15151516 61 0.04 1.85 1.81 32.8
1 I 1.56 4 4 4 3 15 0.07 1.51 1.44 9.6
E 2.76 20131920 72 0.11 2.75 2.64 26.1
2 1 1.55 7 5 6 3 21 o0.01 1,53 1.52 13.5
E 2.46 17 16 20 20 73 0.01 2.45 2.44 29.7
3 I 1.57 4 4 4 4 16 0.01 1.46 1.45 10.2
E 2.74 17 1310 13 53 0.01 2.72 2.71 19.3
(Position: 53.8% tI)
1st 0.1 sec: 2
2nd 0.1 sec: 0
1st I 1.64 4 4 5 5 18 0,02 1.61 1.59 11.0
E 3,09 18211520 74 0.01 3.05 3.04 23.9
End I 2.46 3 61215 36 0.32 2.43 2.11 14.6
E 3.14 16 28 18 21 83 0.00 3.13 3.13 26.4
1st 0.1 sec 5
2nd 0.1 sec 4
1 I 1.35 1 2 2 3 8 0.27 1.28 1.01 5.9
E 1.93 9 15 16 19 59 0.03 1.92 1.89 30.6
1 I 1.38 2 2 3 5 12 0.13 1.37 1.24 8.7
E 2.24 1616 2020 72 0.03 2.23 2,20 32.1
2 I 1.50 1 2 2 5 10 0.21 1.48 1,27 6.7
E 2.52 20252319 87 0.01 2.47 2.46 34.5
3 I 1.51 3 3 614 26 0,06 1.50 1.44 17.2
E 2.22 26192014 79 0.03 2.18 2.15 35.6
{Position: 8.0% tI; Duration of apnoea: 20.15 sec.)
1st 0.1 sec:
2nd 0.1 sec: 2
1st 1,0 sec: 13
Mid 1.0 sec: 13
End 1.0 sec: 23
1st 0.1 sec: 4
2nd 0.1 sec: 3
1 I 2.29 211715 9 62 0.01 2,25 2.24 27.1
E 1.50 9 16 15 13 53 0.02 2.25 2.23 35.3
2 I 1.74 12 8 3 6 29 0.01 1.72 1.71 16.7
E 1.53 7 1314 14 48 0.00 1.52 1,52 31.4
3 1 1.69 9 4 5 5 23 0.06 1.63 1.57 13.6
E 1.72 9 16 1516 56 0.04 1.69 1.65 32.4

25.0-
14.3-

66.7
66.7
2.9- 50.0
16.7- 50.0
2.9-100.0

7.1- 40.0

Freq.range
(Hz)
3.6-200.0
8.3~ 66.7
5.9~ 25.0
11,1~ 50.0

8.3~ 50.0
11.1-200.0

5.3- 33.3
7.7-200.0
4.6- 33.3
6.7 66.7
5.6~ 25.0
3.7- 50.0



Deflation (Position: 22.8% tE)

1.25 5 3 3 7 18 0.02 1.24 1.22 14.4 3.6- 40.0
1,95 1116 5 3 35 0,01 1.86 1.8 17.9 4.0~ 66.7

1

1st 0.1 sec:
2nd 0.1 sec: 3
1st T 1.93 611 11 11 39 0.13 1.92 1.79 20.2 8.3~ 50.0
E 4.40 34 31 27 31 123 0.03 4.32 4.29 28.0 7.1- 66.7
End I 2.14 19 18 20 20 77 ©0.01 2.11 2.10 36,0 11.1-100.0
E 2.68 23292419 95 0.02 2.65 2.63 35.4 9.1- 83.3
Post-Defin 1st 0.1 sec: ] 3
2nd 0.1 sec: 1
I
E

Rabbit Number: 6 Fibre Number: 17 PSR: Intact

Condtion Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freg.Range
No. (sec) Q1 Q2 03 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz)
0

Pre-Inf1 1 I 0.56 1 4 2 7 0.15 0.51 0.36 12.5 7.7-200.0
(Run 1) E 1.35 0 0 0 0 O
I 0.57 6 4 3 013 0.00 0.54 0.54 22.8 11.8-100.0
E 1.34 0 0 0 0 O
Inflation (Position 52.6% tE; Duration of apnoea: 10.15sec.)
(Run 1) 1st 0.1 sec: 0
2nd 0.1 sec: 0
1st 1.0 sec; ]
Mid 1.0 sec: 0
End 1.0 sec: 6
Post-Infl 1st 0.1 sec: 1
(Run 1) 2nd 0.1 sec: 0
1 I 0.82 6 5 3 3 17 0.04 0.77 0.73 20.7 5.9-200.0
E 0.41 0 1 0 O 1 0.20
2 I 0.64 5 2 8 2 17 0.00 0.52 0.52 26.6 9.1-200.0
E 0.43 0 0 0 O 0 .
3 I 0.62 3 3 6 4 16 0.02 0.54 0.52 25.8 10.0-200.0
E 0.46 0 0 0 O 0
Pre-Defin 1 I 0.59 31 0 2 6 0.03 0.48 0.45 10.2 4.4~ 28.6
(Run 1) E 1.60 0 0 0 O 0
2 I 0.57 5 3 4 1 13 0.07 0.54 0.47 22.8 6.3-200.0
E 1.56 0 0 0 0 0
3 I 0.57 2 4 3 1 10 0.02 0.53 0.51 17.5 7.7-200.0
E 1.52 0 0 0 0 0
Deflation (Position : 26.3% tI)
(Run 1) 1st 0.1 sec: 0
1st I 0.74° 6 6 3 9 24 0,03 0.69 0.66 32.4 12.5-200.0
E 0.23 0 0 1 0 1 0.16
Mid I 0.60 4 3 6 1 14 0.00 0.46 0.46 23.3 9.,1-200.0
E 0.24 0 0 0 O 0
End I 0.51 6 3 2 5 16 0.02 0.46 0.44 31.4 12.5-200.0
E 0.25 0 0 0 2 2 0.20 0.24 0.04
Post-Defln 1st 0.1 sec: ’ 4 33.3- 50.0
(Run 1) 1 I 0.49 3 4 6 2 15 0.02 0.42 0.40 30.6 13.3-100.0
E 0.86 c 0 0 O 0
2 I 0.48 1 4 4 2 11 0.06 0.45 0,39 22.9 8,3-200.0
E 0.89 0 0 0 O 0
3 I 0.48 2 4 5 2 13 0.02 0.44 0.42 27.1 11.1-200.0
E 0.87 0 0 0 0 0
Added Dead Space
1 I 0.55 2 3 4 1 10 0.04 0.46 0.42 18.2 9.5~ 40.0
E 0.78 1 1 11 4 0.19 0.63 0.44 5.1 4,8~ 8.3
2 I 0.56 4 4 7 3 18 0.00 0.50 0.50 32.1 7.7-200.0
E 0.70 0 0 3 0 3 0.21 0.29 0.08
3 I 0.55 3 4 4 0 11 0.10 0.41 0.31 20.0 14.3-100.0
E 0.69 1 3 0 1 5 0.09 0.66 0.57
Condition Br. Ph, Ph.Dr HNo. of Spikes Bg.F End.F Dr:F Fmean Freq.Range
No. {sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz)
Pre-Inflin 1 I 0.54 4 1 4 3 12 0 0.47 0.47 22.2 7.1-200.0
(Run 2) E 1.3 0 0 0 0 0
2 I 0.53 3 3 2 0 8 0.02 0.40 0.38 15.1 7.7-200.0



Inflation

Post-Infin

Pre~-Deflin

peflation

Post-Defln

Rabbit Number:

Condition

Pre~Infin

Inflation

Post~Infln

Pre-Defln

0 0 0
2 1 0
0 0 0
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No. of Spikes
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E 1.10
3 I 0.55
E 0.94
(Position: 55.5% tI;
Ist 0.1 sec:
1st 1.0 sec:
Mid 1.0 sec:
End 1.0 sec:
1st 0.1 sec:
2nd 0.1 sec:
1 1 0.77
E 0.35
2 I 0.64
E 0.32
3 I 0.62
E 0.37
1 1 0.53
E 1.18
2 I 0.57
E 0.92
3 L 0.57
(Position : 15.
1st 0.1 sec:
Ist T 0.95
E 0.19
Mid I  0.60
E 0.21
End I 0.59
E 0.20
Ist 0.1 sec:
2nd 0.1 sec:
1 1 0.51
E 0.78
2 I 0.48
E 0.89
31 0.49
E 0.90
6
Br. Ph. Ph.Dr
No. (sec)
1 I 0.99
E 1.86
2 I 1.03
E 1.77
3 1 0.99
E 1.76
(Position: 26.
ist 0.1 sec:
2nd 0.1 sec:
1st 1.0 sec:
Mid 1.0 sec:
End 1.0 sec:
1st 0.1 sec:
1 I 1,38
E 0.95
2 I 1.03
E 1.03
3 I 0.99
E 1.10
1 I 0.97
E 1.65
2 I 0.96
E 1.54
3 1 0.95
E 1.61

OMNOO

SWYWONO~N

4.3~ 22.2

apnoea; 10.65 sec.)

0 0
1 4 0.02 0.43 0.41 7.3
0 0
Duration of inflation
0
0
0
8
1
1
5 19 0.06 0.75 0.69 24.7
1 4 0.15 0.34 0.19 11.4
3 9 0.16 0.60 0.44 14.1
0 0
3 9 0.18 0.56 0.38 14.5
0 1 0.22 2.7
0 9 0.01 0.40 0.39 17.0
0 0
0 9 0.01 0.41 0.40 15.8
0 0
2 11 0.02 0.48 0.46 19.3
1
6 25 0.07 0.92 0.85 26.3
1 1 0.15 5.3
2 19 0.01 0.54 0.53 31.7
0 0
4 12 0.01 0.58 0.57 20.3
0 0
0
0
1 8 0.04 0.40 0.36 15.7
0 0
2 9 0.00 0.42 0.42 18.8
1 1 0.87 1.1
2 11 0.03 0.42 0.39 22.4
0 1 0.38 1.1
17 PSR: Block
Bg.F End.F Dr.F Fmean
Q1 Q2 Q3 Q4 Tot.{sec) (sec) (sec) (Hz)
8 32 0.00 0.%6 0.96 32.3
0 3 0.19 0.28 0.09 1.6
7 34 0.00 0.96 0.96 33.0
0 10 0.00 0.38 0.38 5.6
7 33 0.03 0.89 0.86 33.3
2 13 0.12 1.64 1.52 7.4
Duration of apnoea: 7.0 sec.)
: 4
3
1
0
0
1
13 33 0.02 1.35 1.33 23.9
0 0 0.26 0.42 0.16 3.2
7 25 0.08 1.00 0.92 24.3
0 3 0.20 0.86 0.66 8.7
7 32 0,02 0.92 0.90 32.3
0 14 0.20 0.54 0.34 12.7
8 31 0.02 0.96 0.94 32.0
0 7 0.02 0.25 0.23 4.2
7 33 0.00 0.88 0.88 34.4
0 6 0.34 0.52 0.18 3.9
8 32 0.00 0.88 0.88 33.7
1 6 0.28 1.24 0.96 3.7
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9.1-200.0
7.7- 40.0
7.7 33.3

9.1-200.0

6.7-200.0
10.0-200.0
10.0-100.0

10.0-200.0
14.3-200.0
7.7-200.0

7.7-200.0
7.1-100.0
16.7-200.0

Freq. Range
(Hz)

10.5-200.0

11.1-200.0
7.7-100.0
11.1-200.0
1.3-050.0

10.0-200.0
10.0- 16.7
8.3-200.0
2.8~ 50.0
12.5-200.0
16.7-200.0

11.1-200.0
15.4- 50.0
16.7-200.0
16.7- 50.0
16.7-200.0
1.6~ 25.0



Deflation (Position: 23.2% tI)

Ist 0.1 sec: 2
2nd 0.1 sec: 3 :
Ist I 0.91 31311 9 36 0.00 0.83 0.83 39.6 10.0-200.0
E 1.49 4 1 0 6 11 0.24 1.42 1.18 7.4  1.1-200.0
Mid I 1.00 g 7 9 8 33 0.00 0.93 0.93 33.0 15.4-200.0
E 1.60 2 0 011 13 0.20 1.52 1.32 8.1 0.9-200.0
End I 0.95 8 10 18 5 41 0.00 0.76 0.76 43.2 33.3-200.0
E 1.50 2 0 0 7 9 0.24 1l.46 1.22 6.0 1.0-200.0
Post-Defiln 1st 0.1 sec: 3
2nd 0.1 sec: 5
1 I 0.8 11 1412 14 51 0.00 0.82 0.8 59.3 20.0-200.0
E 0.85 2 6 0 1 9 0.00 0.66 0.66 10.6 2.1-200.0
2 I 0.76 12 81512 47 0,00 0.73 0.73 61.8 18.2-200.0
E 0.81 356 0 0 8 0.16 0.33 0.17 9.9 20.0-100.0
3 1 0.79 12 9 813 42 0.00 0.73 0.73 53.2 16.7-200.0
E 0.88 4 5 0 0 9 0.18 0.43 0.25 10.2 25.0-200.0
Pre~Infln 1 I 0.80 7 4 5 9% 25 0.02 0.74 0.72 31.3 10.0-200.0
(Run 2) E 1.08 4 4 0 3 11 o0.12 1.06 0.94 10.2 1.9-100.0
2 1 0.74 6 8 7 6 27 0.04 0.70 0.66 36.5 12.5-200.0
E 1.06 3 4 01 8 0.22 1.00 0.78 7.5 14.3-200.0
3 I 0.84 6 8 613 33 0.02 0.8 0.80 39.3 12.5-200.0
E  1.12 5 5§ 0 1 11 0.18 1.04 0.86 9.8 1.7-200.0
Inflation (Position: 77.8% tE; Duration of apnoea: 9.9 sec)
1st 0.1 sec: 0
2nd 0.1 sec: 0
1st 1 sec: 3
Mid 1 sec: 0
End 1 sec: 4
Post-Infin 1st 0.1 sec: 0
2nd 0.1 sec: 0
1 1 1.08 81116 16 51 0.04 1.06 1.02 47.2 10.0-200.0
E 0.62 0 5 0 0 5 0.18 0.28 0.10 8.1 25.0-200.0
2 1 0.8% 8 510 7 30 0.00 0.8 0.80 35.7 6.3-100.0
E 0.64 1 2 1 0 4 0.00 0.42 0.42 6.3 5.0~ 25.0
3 I 0.86 8 9 512 34 0.04 0.82 0.78 39.5 16.7-200.0
E 0.74 0 7 0 0 7 0.20 0.30 0.10 9.5 25.0-200.0
pre-Defln 1 I 0,82 7 9 7 6 29 0.00 0.76 0.76 35.4 16.7-200.0
E 1.12 2 5 0 0 7 0.22 0.36 0.14 6.3 16.7-200.0
2 1 0.8 9 7 710 33 0.00 0.78 0.78 41.3 16.7-200.0
E 1.12 4 3 0 0 7 0.20 0.40 0.20 6.3 16.7-200.0
3.1 0.84 5 412 5 26 0.00 0.80 0.80 31.0 10.0-200.0
E 1.12 3 7 0 0 10 0.16 0.54 0.38 8.9 12.5-100.0
Deflation: (Position: 35.7% tE)
© 1st 0.1 sec: 2
2nd 0.1 sec: 0
1st T 1.02 6 10 11 8 35 0.00 0.98 0.98 34.3 11.1-200.0
E 1.12 0 0 0 0 0
Mid I 1.02 11 51110 37 0.02 0.98 0.96 36.3 10.0-200.0
E 1.16 2 4 0 0 6 0.24 0.44 0.20 5.2 8.3-100.0
End I 1.08 8 131314 48 0.04 1.04 1.00 44.4 10.0-200.0
E 1.26 1 7 2 0 10 0.22 0.80 0.58 7.9 6.3-200.0
Post-Defin 1st 0.1 sec: 0
2nd 0.1 sec: 2
1 I 0.76 12131111 47 0.00 0.74 0.74 61.8 14.3-200.0
E  0.76 4 7 1 1 13 0.12 0.74 0.62 17.1 3.1-200.0
2 1 0.70 8 8 711 34 0.04 0.66 0.62 48.6 16.7-200.0
E 0.72 2 7 2 1 12 0.14 0.70 0.56 16.7 4.5-200.0
3 I 0.70 10 8 710 35 0.00 0.64 0.64 50.0 16.7-200.0
E  0.76 3 9 1 0 13 0.14 0.38 0.24 17.1 14.3-200.0

Rabbit Number: 6 Fibre Number: 18 PSR: Intact

Condition Br. Ph. Ph.Dr. No. of Spikes Bg.F End.F Dr.F Fmean Freq.Range
No. (sec) 01 Q2 Q3 Q4 Tot., (sec) (sec) (sec) (Hz) (Hz)
Pre-Inf1 1 I 0.72 0 0 3 4 7 0.38 0.63 0.25 9.7 9.1-200.0
E 1.02 0 0 0 0 O



Added Dead Space

Post-Inf1

Pre-Defl

Deflation

(Run 1)

Post-Defl

Pre=-Def1

pDeflation

(Run 2)

Post-Defl

2 I 0.71 3 6 3 415
E 1.07 2 0 0 0 2
3 I 0.72 2 3 4 110
E -1.07 0 0 0 0 O
1 I 0.63 5§ 4 5 216
E 0.61 0 01 0 1
2 I 0.64 6 3 4 215
E 0.63 1 00 0 1
3 I 0.66 3 56 3 415
E 0.59 0 0 0 0 O
Inflation (Position: 14.1%
1st 0.1 sec: 2
2nd 0.1 sec: 2
ist 1.0 sec: 5
Mid 1.0 sec: 2
End 1.0 sec: 0
1st 0.1 sec: 0
2nd 0.1 sec: 0
1 1 0.70 4 2 5 213
E 0.48 0 0 0 1 1
2 1 0.70 2 3 2 2 9
E 0.51 0 2 3 0 5
3 I 0.67 4 2 4 313
E 0.49 0 0 0 0 O
1 I 0.73 4 4 3 213
E 0.84 1 01 0 2
2 I 0.70 1 4 3 311
E  0.95 0 2 0 0 2
3 I 0.73 5 6§ 3 215
E 0.90 01 0 0 1
(Position : 16.7% tE)
1st 0.1 sec: 0
i1st I  0.75 4 5 3 315
E 0.91 3 3 0 2 8
Mid I 0.55 2 1 4 512
E 0.94 1 11 6 9
End I 0.49 3 1 5 312
E 1.06 0 01 45
1st 0.1 sec: 1
2nd 0.1 sec: 0
1 I 0.67 4 1 3 210
E 0.49 00 2 2 4
2 I 0.63 5 3 5 417
E 0.46 0 01 1 2
3 I 0.61 5 1 4 212
E 0.45 1 0 2 1 4
(Run 2)
1 I 0.67 2 3 4 211
E 0.80 0 0 0 0 O
2 I 0.68 6 3 2 213
E 0.83 0 0 0 0 O
3 I 0.69 1 3 3 1 8
E 0.86 0 01 01
(Position : 84.1% tI)
1st 0.1 sec: 2
2nd 0.1 sec: 1
ist I  0.62 32 0 1 6
E 1.17 111 4 7
Mid I 0.50 2 2 0 2 6
E 1.16 21 2 2 7
End I  0.51 2 2 1 1 6
E 0.98 01 0 2 3
1st 0.1 sec: 5
2nd 0.1 sec: 0
1 I 0.65 4 2 4 212
E 0.53 0 01 0 1

tI; Duration of apnoea:

0.12
0.02

0.08
0.50

0.68 0.64
0.21 0.15
0.57 0.47
0.59 0.59
0.53 0.52
0.64 0.61
8.00 sec.)
0.61  0.51
0.62 0.49
0.33 0.18
0.66 0.57
0.67 0.65
0.52 0.51°
0.53 0.53
0.44 0.13
0.62 0.62
0.72 0.67
0.87 0.82
0.54 0.52
0.92 0.90
0.45 0.43
0.96 0.24
0.64 0.63
0.44 0.13
0.59 0.57
0.43 0.11
0.54 0.53
0.36 0.28
0.57 0.45
0.66 0.64
0.57 0.49
0.56 0.54
1.13 1.11
0.04 0.03
1.13 0.08
- 0.39 0.39
0.94 0.49
0.55 0.52

16.0-200.0
12.5-200.0

8.3-200.0
6.7-200.0
10.0-200.0

7.7-200.0
8.3~ 33.3

12.5- 40.0
6.7-100.0

6.7-100.0

5.6-200.0
12.5~ 50.0

7.7- 40.0
3.0- 50.0
7.7-200.0
3.9~ 50.0
10.0- 50.0
10.0- 33.3

6.7- 40.0
20,0~ 33.3
14.3-200.0

5.6~ 50.0

5.0- 40.0
12.5- 50.0

5.9-200.0

4,4-200.0

9.1-40.0



Pre-Inf1l

Inflation

Post-Inf1

Rabbit Number:

Condition

Pre-Infin

Inflation

Post-Infln

Augmented
Breath

Added Dead
Space

Pre-Defln

pDeflation

2 I 0.62 2 3 4 514 0.10 0.59 0.58 22.6
E 0.52 1 3 0 0 4 0.02 0.25 0.23 7.7
3 I 0.59 2 3 4 110 0.07 0.53 0.46 16.9
E 0.53 0 0 3 0 3 0.30 0.35 0.05 5.7
1 1 0.71 2 3 2 411 0.00 0.70 0.70 15.5
E 0.94 0 0 0 0 O
2 I 0.70 32 3 311 0.06 0.67 0.61 15.7
E 0.91 01 0 3 4 0.06 0.89 0.83 4.4
3 1 0.71 01 6 2 9 0.32 0.69 0.37 12.7
E 0.8 30 0 0 3 0.00 0.21 0.21 3.4
(Position: 66.7% tE; Duration of apnoea: 6.63 sec.)
1st 0.1 sec: 0
2nd 0.1 sec: 0
1st 1.0 sec: 1
2nd 1.0 sec: 5
3rd 1.0 sec: 2
1st 0.1 sec: 0
2nd 0.1 sec: 1
1 I 0.97 4 3 2 514 0.00 0.89 0.89 14.4
E 0.40 00 0 0 O
2 I 0.65 2 4 1 310 0.11 0.63 0.52 15.4
E 0.45 0 01 1 2 0.35 0.40 0.05 4.4
3 1 0.64 2 21 2 7 0.00 0.62 0.62 10.9
E 0.51 1 0 0 0 1 0.06 2.0
Fibre Number: 19 PSR Intact
Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
1 I 0.58 4 5 3 0 12 o0.01 0.41 0.40 20.7
E 3.57 0 0 0 0 0
2 I 0.62 8 4 4 0 16 0.01 0.41 0,40 25.8
E 2.16 0 0 0 0 O
3 I 0.57 4 3 4 0 11 0.03 0.44 0.41 19.3
E 2.70 0 0 0 0 0
(Position: 73.3% tE; Duration of apnoea: 13.9 sec.)
1st 0.1 sec: 0
2nd 0.1 sec: 0
Ist 1.0 sec: 0
Mid 1.0 sec: 13
End 1.0 sec: 22
1st 0.1 sec 9
2nd 0.1 sec 9
1 I 0.68 9 6 5 3 23 0.03 0.66 0.63 33.8
E 0.93 0 2 1 1 4 0.28 0.91 0.63 4,3
2 I 0.63 6 6 6 0 18 0.02 0.42 0.40 28.6
E 1.03 0 1 2 2 5 0.50 1.02 0.52 4.9
3 1 0.58 6§ 7 5 1 19 0.00 0.55 0.55 32.8
E 0.97 1 3 4 6 14 0.14 0.96 0.82 14.4
1 I 0.95 812 820 48 0.00 0.92 0.92 50.5
E 1.48 0 1 7 7 15 0.63 2.08 1.45 10.1
1 I 0.55 7 6 7 2 22 0.00 0.43 0.43 40.0
E 1.86 1 4 6 9 20 0.41 1.85 1.44 10.8
2 1 0.57 6 8 5 3 22 0.04 0.52 0.48 38.6
E 1.79 1 5 6 7 19 0.37 1.78 1.41 10.6
3 I 0.57 7 6 4 0 17 0.02 0.37 0.35 29.8
E 1.93 1 5§ 5 8 19 0.42 1.93 1.51 9.8
1 1 0.60 5 3 2 0 10 0.01 0.37 0.36 16.7
E 2.06 0 0 0 0 0
2 1 0.63 4 4 1 0 9 0.01 0.33 0.32 14.3
E 1.63 0 0 0 0 O
3 I 0.68 6 6 4 1 17 0,00 0.57 0.57 25.0
E 1.36 0 0 2 5 7 0.77 1.34 0.57 5.2
(Position : 60.3% tI)
I1st 0.1 sec: 3

13.3-200.0
6.7-33.3
7.7-100.0
33.3-50.0
6.3-66.7
10.0~-40.0

2.3-40.0
8.3-200.0

7.7-200.0
6.7-100.0
7.7-14.3

Freq.Range
(Hz)

12.5-200.0

15.4-200.0

12.5~ 66.7
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16.7-100.0
5.3-100.0



Post-Defln

Pre-Infin
(Run 2)

Inflation:

Pre-Deflin

Deflation:
(Run 2)

Post-Deflin

Rabbit Number: 8

Condition
Pre-Infin

Inflation
(Run 1)

2nd 0.1 sec:

1st T 0.60 6 5
E 0.34 0 0

Mid I 0.61 4 3
E 0.41 0 0

End T 0.60 4 3
E 0.45 0 0

ist 0.1 sec:

2nd 0.1 sec

1 1 0.54 7 7
E 1.78 0 0

2 I 0.53 6 6
E 1.96 0 1

3 I 0.52 7 6
E 2.13 0 0

1 I 0.59 4 3
E 2.48 0 0

2 1 0.66 5 4
E 1.29 0 0

3 1 0.69 7 4
E 1.59 0 0

(Position: 31.3% tI;

1st 0.1 sec:

2nd 0.1 sec:

1st 1 sec:

Mid 1 sec:

End 1 sec:

1 1 0.69 6 9
E 0.86 0 0

2 1 0.64 3 2
E 1.19 0 0

3 I 0.60 6 5
E 1.34 0 0

1 I 0.67 7 5

"E 1.78 0 0

2 1 0.69 6 5
E 2.25 00

(Position: 6.9% tE)

1st 0.1 sec:

ist I 0.77 5 5
E 0.34 0 0

Mid T 0.70 4 4
E 0.35

End I 0.71 2 3
E 0.52 0 0

1st 0.1 sec:

2nd 0.1 sec:

1 I 0.56 7 4
E 2.07 0 0

2 1 0.97 5 5
E 2.37 00

3 I 0.58 5 4
E 2.17 0 0
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Fibre Number: 20

Duration 18.20 sec.)

Br. Ph, Ph.Dr No. of Spikes
No. (sec) Q1 Q2 Q3 Q4 Tot.
1 I 0.60 5 0 1 0 &6
E 2.25 0 0 0 0 0
2 I 0.61 7 2 1 111
E 1,95 0 0 0 0 O
3 I 0.63 6 2 3 112
E 2.18 0 0 0 0 O
(Position: 74.1% tI;
ist 0.1 sec: 0
1st 1.0 sec: 0
Mid 1.0 sec: 2

0.00 0.45 0.45 23.3
0.25 2.9
0.02 0.57 0.55 23.0
0.36 2.4
0.04 0.51 0.47 21,7
0.31 0.33 0.02 4.4
0.01 0.48 0.47 38.9
1.22 1.76 0,54 3.9
0.01 0.48 0.47 32.1
0.87 1.90 1.03 6.1
0.00 0.46 0.46 38.5
2.10 2.13 0.03 0.9
9.02 0.37 0.35 15.3
0.02 0.35 0.33 15.2
0.01 0.50 0.49 23,2
of apnoea: 10,65 sec)

0.00 0.58 0,58 31.9
0.06 0.23 0.17 7.8
0.02 0.45 0.43 25.0
0.02 0.48 0.46 22.4
0.01 0.42 0.41 18.8
0.01 0.42 0.41 14.3
6.05 0.56 0,51 17.1
0.33 2.9
0.13 0.67 0,54 18.3
0.02 0.45 0.43 26.8
0.01 0.40 0,39 22.8
0.02 0.40 0.38 20.7

PSR: Intact

Bg.F End.F Dr.F Fmean
(sec) (sec) (sec) (Hz)
0.07 0.34 0.27 10.0
0.03 0.51 0.48 18.0
0.02 0.57 0.55 19.0

12.5~ 66.7

14.3-100.0

20.0-200.0
7.7~ 16.7
15.4-100.0
3.5~ 16.7
22.2-200.0
14.3- 40.0
16.7- 33.3

16.7-100.0

14.3-200.0
20.0~ 28.6
14.3-200.0

16.7-200.0
20.0-100.0

12.5-100.0
11.1- 40.0
12.5-200.0

16.7-200.0
25.0-200.0
20.0-200.0

Freq.Range
(Hz)

4,8-100.0

6.3-200.0

6.3-200.0



Post-Infin

Added Dead
Space

Pre-Defln
(Run 1)

Deflation

Post-Defln
(Run 1)

Pre~Infin

(Run 2)

Inflation
(Run 2)

Post-Infin
(Run 2)

Rabbit Number: 8

Condition
Pre-Inflin

End 1.0 sec:

0.60
0.38
0.39

0.38
0.50
0.48

0.51
0.29
0.46

0.61
0.60
0.61

0.41
0.44
0.39

0.37

0.80

0.43
0.23
0.42

0.34

Block

End.F
(sec)
1.01

1.01
1.40

i1st 0.1 sec: 0
2nd 0.1 sec: 1
1 I 0.61 20 7 6 639 0.00
E 0.62 0 01 01
2 1 0.52 5 3 2 010 0.03
E 0.95 00 0 0 O
3 I 0.55% 6 4 3 013 0.04
E -1.19 0 0 0 0 O
1 I 0.583 6 9 7 022 0.03
E 1.60 0O 0 0 0 O
2 1 0.52 7 511 427 0.03
E 1.56 0o 01 0 1 0.8
3 I 0.,52 14 8 4 127 0.02
E 1.80 00 0 0O
1 1 0.54 33 21 9 0.03
E 2.53 00 0 0 O
2 1 0.56 7 2 1 010 0.0
E 2.45 0 0 0 0 O
3 1 0.57 3 3 6 213 0.03
E 2.12 0 0 0 0O
{Position: 9.3% tE)
1st 0.1 sec: 0
i1st I 0.71 2 3 6 112 0.03
E 0.49 0 0 0 0 O
Mid I 0.67 2 6 2 212 40.08
E 0.68 0 0 0 0 O
End I 0.67 4 3 3 313 0.08
E 0.74 00 0 0 O
1st 0.1 sec: 0
1 I 0.5 10 4 1 116 0.00
E 1.86 0 0 0 0 O
2 I 0.51 6 4 0 111 0.03
E 2.00 0 0 0 0 O
3 I 0.53 5 2 4 011 0.03
E 2.07 0 0 0 0 O
1 I 0.56 0 0 01 1 0,52
E 1.53 00 0 0 0
2 I 0.59 5 3 4 012 0.02
E 1.63 0 0 0 00
(Position : 100% tE; Duration of apnoea:
1st 0.1 sec: 5
2nd 0.1 sec: 3
1st 1.0 sec: 0
Mid 1.0 sec: 4
End 1.0 sec: 5
Augmented Breath (During Inflation)
1 I 0.85 8 613 936 0.01
ist 0.1 sec: 10
2nd 0.1 sec: 8
1 I 0.43 14 9 6 231 0.02
E 0.64 1 1 0 0 2 0.00
2 I 0.54 5 1 1 1 8 0.02
E 0.88 0 0 0 0 O
3 I 0.5% 7 2 2 011 0.02
E 1.10 0 0 0 0 O
Fibre Number : 20 PSR:
Br. Ph. Ph.Dr No of Spikes Bg.F
No. (sec) Q1 g2 Q3 Q4 Tot.(sec)
1 I 1,05 1217 17 14 60 0.02
E 1.86 1 0 0 0 1 0.28
2 I 1,03 10 18 19 14 61 0.03
E 1,70 0 0 0 2 2 1.31
3 I 1.07 1319221872 0.01

1.06

0.60 63.9
1.6
0.35 19.3
0.35 23.6
0.35 41.5
0.47 51.9
0.6
0.46 51.9
0.48 16.7
0.28 17.9
0.43 22.8
0.58 16.9
0.52 17.9
0.53 19.4
0.41 30.8
0.41 21.6
0.36 20.8
1.8
0.35 20.3
15.95 sec)
0.79 42.4
0.41 72.1
0.23 3.1
0.40 14.8
0.32 20.0

Dr.F Fmean

(sec)
0.99

0.98

1.05

(Hz)
57.1

0.5
59,2

67.3

16.7-200.0
9.1-200.0
11.1-200.0

18.2-200.0
16.7-200.0
10.0-~200.0

6.7-200.0
9.1-200.0
9.1-100.0

5.6-200.0
6.7-200.0
11.1-100.0

7.7-200.0
5.3-200.0
9.1~ 50.0

20.0-100.0

12.5-200.0

14.3-200.0
4.8-200.0
7.7-200.0

Freg.range
{Hz)
22.2-200.0
25.0-200.0

14.3-200.0



Inflation

Post-Inflin

Pre-Defin

Deflation

Post-Defln

Inflation
(Run 2)

Post-Infln
(Run 2)

Pre~Deflin

Deflation
(Run 2)

E 1.77

{pPosition 78.5% tE;

0 0 0 O

0

]
0
1
3
3

16 22 120 140 298 0.03 1.69

1st 0.1 sec:
2nd 0.1 sec:
1st 1.0 sec:
Mid 1.0 sec:
End 1.0 sec:
Augmented Breath (During Inflation)
1 I 1,70
ist 0.1 sec:
2nd 0.1 sec:
1 I 1.50 18 24 2919
E 1.50 0 0 01
1 I 0.94 24 333518
E 1.81 01 0 O
2 I 0.95 25 26 36 30
E1.77 0 2 0 1
3 I 0.90 30 3341 22
E 1.54 0 01 2
(Position: 16.5% tE)
1st 0.1 sec:
1st I 1.01 54 55 53 37
E 0.86 0 1 0 0
‘Mid I 0.89 30 48 47 36
E 1.01 0 01 0
End I 0.86 30 43 51 43
E 1.01 0 0 0 O
Ist 0.1 sec
2nd 0.1 sec
1 1 0.76 30 40 36 35
E 0.91 0 0 0 O
2 I 0.75 38 37 42 32
E 0.93 1 0 0 0
3 I 0.77 36 42 44 31
E 0.85 1 0 00
(Position: 24.1% tI)
ist 0.1 sec:
1st I 0.63 26 27 18 16
E 1.80 0 1 0 O
End I 0.63 19 25 24 23
E 1.50 1 1 0 2
1st 0.1 sec
2nd 0.1 sec:
1 I 0.8 26 36 42 32
E 1.01 0 0 0 0
2 I 0.81 3538 40 29
E 1.15 0 1 2 0
3 I 0.81 40 40 45 21
E 1.23 01 0 0
1 1 0.8 28283121
E 1.50 1 0 0 0O
2 I 0.87 22223225
E 1.62 0 0 2 0
3 I 0.8 27 29 25 24
E 1.57 00 0 0
(Position: 7.3% tI)
1st 0.1 sec:
1st I 1.03 31 46 37 29
E 0.93 1 0 1 0
Mid I 0.86 35 41 39 31
E 0.98 0 0 0 O
End I 0.81 37 40 44 40
E 0.94 00 0 0
1st 0.1 sec:

Post-Deflin

2nd 0.1 sec:

15
11
90
1
110
1
117
3
126
3

199
161
167
1
18
16
141
149

153

14
87

91

17
16
136
142

146

108
101
105

16
143

146
161

18
14

0.04

0.01
0.71
0.03
0.53
0.00
1.06

0.02
0.02

0.13

0.01
0.01

0.03

0.00
0.31
0.01
0.53

0.02
0.18
0.03
0.05
0.02

0.02
0.22
0.00

0.10

1.44

0.89
0.91
1.58

0.90
1.44

0.98
0.88
0.85

0.78
0.72
0.76

0.58

0.61
0.98

0.84

0.81
0.67
0.78

0.86
0.85

0.08
0.87

1.02
0.57
0.84

0.79

1.66

1.40

0.88
0.88
1.05

0.90
0.38

0.98
0.85

0.84

1 0.76

0.70
0.75

0.58

0.61
0.98

0.81

0.81
0.36
0.77

0.84
0.82

0.03
0.85

1.00
0.35
0.84

0.69

Duration of apnoea: 17.4 sec.)

25.0-200.0

20.0-200.0

33.3-200.0
40.0-200.0
1.4- 2.9

20.0-200.0
3.0- 16.7

50.0-200.0
50.0-200.0
66.7-200.0

50.0-200.0
66.7-200.0
100.0~200.0

33.3-200.0

33.3-200.0
1.6~ 66.7

50.0-200.0
33.3-200.0
3.3~ 16.7
50.0~200.0
40.0-200.0
50.0-200.0

33.3-200.0

33.3-200.0
50.0-200.0
40.0-200.0



Rabbit Number: 9

Condition

Augmented
Breaths

Pre-Infln

Inflation

Post-Infln

Pre-Infln
(Run 2)

Inflation
(Run 2)

Post-Infin
{Run 2)

Rabbit Number: 9

Condition
Pre-Infin

Inflation

1 I 0.73 35 38 46 26 145 0,02 0.72 0.70 198.6
, E 1.05 1 0 0 0 1 0,03 1.0
2 I 0.72 38 42 35 31 146 0.01 0.71 0.70 202.8
E 1.12 01 1 0 2 0.29 0.82 0.53 1.8
3 I 0.78 2321 38 23105 0.03 0.76 0.73 134.6
E 1.27 00 0 0 O
Fibre Number: 21 PSR: Intact
Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean
No. (sec) Q1 02 Q3 Q4 Tot.(sec) (sec) (sec) (Hz)
1 1 0.69 5 82637 76 0.01 0.6%9 0.68 110.1
E 0.28 8 7 3 2 20 0.00 0.23 0.23 71.4
1 I 0.73 7 5 2 3 17 0.00 0.67 0.67 7.1
E 0.91 00 0 0 O
2 I 0.65 6 4 5 1 16 0.00 0.53 0,53 16.7
E 1.11 0 1 0 1 2 0.38 1.09 0.71 1.8
3 1 0.68 5 4 7 6 22 0.01 0.65 0.64 32.4
E  1.07 01 1 1 3 0.46 1.05 0.59 2.8
{Position: 30.4% tI; Duration of apnoea: 2.36 sec.)
Ist 0.1 sec: 4
2nd 0.1 sec: 1
1st 1.0 sec: 0
End 1.0 sec: 8
Augmented Breath (During lung inflation)
1 I 0.84 8 7 7 7 29 0.00 0.79 0.79 34.5
E  2.20 5 4 5 5 19 0.03 1.93 1.90 8.6
1st 0.1 sec: 1
2nd 0.1 sec: 0
1 I 0.77 5 6§ 4 3 17 0.00 0.67 0.67 12.5
E  0.47 1 01 1 3 0.01 0.37 0.36 5.0
2 1 0.66 7 5 9 4 25 0.02 0.55 0.53 25.0
" E 0.68 0 2 0 0 2 0.23 0.32 0.09 2.9
3 1 ©0.62 6 6 6 2 20 0,01 0.52 0.51 32.3
E 0.82 01 0 0 1 0,22 1.2
1 I 0.8 2 1 4 1 8 0.06 0.73 0.67 10.0
E  1.35 00 0.0 O
2 I 0.77 2 31 2 8 0.02 0.59 0.57 10.4
E 1.32 00 00 O
(Position 100% tI; Duration of apnoea: 2.25 sec.)
1st 0.1 sec: 1
2nd 0.1 sec: 0
ist 1.0 sec: 10
End 1.0 sec: 25
1st 0.1 sec: 7
2nd 0.1 sec: 5
1 I 0.8 10 6 6 8 30 0.03 0.8 0.83 33.7
E 0.58 00 0 0 O
2 I 0.73 5 2 5 4 16 0.04 0.71 0.67 21.9
E 0.68 1 0 0 0 1 0.06 1.5
3 1 0.72 § 2 6 4 17 0.00 0.67 0.67 23.6
E 0.71 00 0 0 O
Fibre Number:22 PSR: Intact
Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr,F Fmean
Ho. (sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz)
1 I 0.69 3 3 3 2 11 0.01 0.60 0.59 15.9
E 1.58 0 0 0 0 O
2 I 0.71 1 0 2 3 6 0.02 0.63 0.61 8.5
E 1.15 0 2 0 1 3 0.30 0.91 0.61 2.6
3 1 0.71 0 2 2 1 5 0.28 0.53 0.25 7.0
E 1.45 0 0 0 0 O
(Position: 28.6% tI; ODuration of apnoea: 3.46 sec.)
1st 0.1 sec: 4
2nd 0.1 sec: 5

66.7-200.0
66.7-200.0
40.0-200.0

Freq.range
(Hz)
16.7-200.0
33.3-200.0

0.7- 7.1
0.5~ 24.6

12.5-200.0
2.6- 4.5

14.3-200.0
3.0~ 25.0

2

1
4
.9
0

OOO

7=
4=
5= 3

(=] NN

16.7-20

5.3- 50.0
4.3- 40.0

15.4-200.0
9.1-100.0
10.0-200.0

Freq.range
(Hz)
12.5- 40.0

3.0- 20.0
2.2- 6.7
10.0- 40.0



1st 1.0 sec: 29
Mid 1.0 sec: 58
End 1.0 sec: 69
Post-Infln 1st 0.1 sec: . 8
2nd 0.1 sec: 6
1 1 0.64 7 6 6 6 25 0.01 0.61 0.60 39.1 33.3-100.0
E 0.62 8 8 6 7 29 0.00 0.61 0.61 46.8 40.0-200.0
2 1 0.61 7 6 6 5 24 0.02 0.59 0.57 39.3 33.3-200.0
E 0.87 9 911 8 37 0.01 0.85 0.84 42.5 33.3-200.0
3 1 0.65 7 7 8 5 27 0.01 0.63 0.62 41.4 33.3-200.0
E 0.69 6 7 7 6 26 0.01 0.67 0.66 37.7 20.0- 50.0
Pre-Defln 1 I 0.65 3 3 21 6 0.06 0.60 0.54 9.2 6.3~ 50.0
E 1.55 0 0 3 0 3 1.07 1.08 0.01 1.9 100.0-200.0
2 I 0.62 5 1 4 1 11 0.02 0.51 0.49 17.7 6.7-200.0
E 1.37 0 01 1 2 1.36 0.7
3 1 0.66 3 5 2 4 14 0.00 0.65 0.65 21.2 8.3-200.0
E 1.43 0 0 0 0 O

Deflation  {(Position: 15.9% tE)
1st 0.1 sec: 16
Augmented Breath (immediately following deflation)
1

1 0.95 253815 6 84 0.01 0.89 0.88 88.4 13.3-200.0
E 0.67 5 001 1 7 0.04 0.65 0.61 10.4 3.7~ 66.7
1st I 0.70 4 2 3 3 12 0.01 0.63 0.62 17.1 12.5- 50.0
E 1.11 01 0 0 1 0.5 0.9
Mid I 0.61 5 6 2 3 16 0.00 0.55 0.55 26.2 8.3-100.0
E 1.11 0 0 0 0 O
End I 0.65 5 5 3 2 15 0.01 0.59 0.58 23.1 12.5-200.0
E 1.16 00 0 0 O
Post-Defln 1st 0.1 sec: 1
2nd ).1 sec: 2
1 1 0.54 4 3 3 1 11 0.00 0.41 0.41 20.4 11.1-100.0
E 1.56 0 1 0 0 1 0.73 0.6
2 I 0.58 2 2 31 8 0.03 0.51 0.48 13.8 10.5~ 50.0
E 1.58 0 0 0 0 O
3 I 0.63 3 3 4 1 11 0.04 0.50 0.46 17.5 16.7- 50.0
Pre-Infln 1 I 0.78 2 1 1 1 5 0.05 0.66 0.61 6.4 3.2- 14,3
(Run 2) E 1.52 0 0 0 0 O
I 0.79 2 1 2 1 6 0,01 0.63 0.62 7.6 5.6~ 20.0
E 1.65 0 0 00 O
3 I 0.75 31 2 0 6 0.06 0.55 0.49 8.0 5.0- 40.0
E 1.59 0 0 1 1 2 0.91 1.40 0.49 1.3
Inflation (Position 26.0% tI, Duration of apnoea: 5.75 sec.)
(Run 2) 1st 0.1 sec: 1
2nd 0.1 sec: 3
1st 1.0 sec: 3
Mid 1.0 sec: 1
End 1.0 sec: 3
Post-Infin 1st 0.1 sec: 0
(Run 2) 1 I 0.8 2 1 2 2 7 0.08 0.67 0.59 8.2 4.3- 50.0
E 0.67 0 0 0 0 O
2 I 0.72 2 1 1 1 5 0.11 0.61 0.50 16.9 4.2- 20.0
E 0.96 01 1 0 2 0.45 0.53 0.08 2.1
3 I 0.71 1 0 4 0 5 0.01 0.53 0.52 7.0 2.6- 40.0
E 1.19 0001 1 1,11 0.8 ,
Pre-Defln 1 I 0.77 1 1 3 1 6 0.00 0,73 0.73 7.8 2.8~ 40.0
(Run 2) E 1.47 0 01 0 1 1.02 0.7
I 0.77 0 1 1 1 3 0.37 0.72 0.35 3.9 5.6 6.3
E 1.45 00 0 0 0
3 I 0.75 11 2 0 4 0.01 0,50 0.49 5.3 3.8~ 33.3
E 1.58 0 0 0 0 O©
Deflation (Position: 2% tE)
(Run 2) 1st 0.1 sec: 0
ist I 0.91 6 4 4 4 18 0.01 0.8 0.8 19.8 9.1-100.0
E 0.32 0 0 01 1 0.29 3.1
Mid I 0.68 3 3 11 8 0.02 0.61 0.59 11.8 6.3- 50.0
E 0.39 0 0 0 0 O
End I 0.73 1 0 4 1 6 0.45 0.66 0,21 8.2 2.3-100.0



E 0.40 0
Post Defin 1st 0.1 sec:
2nd 0.1 sec:
1 I 0.70 2
E 1.39 0
2 I 0.70 3
E 1.55 0
3 1 0.69 2
E 1.62 0
Rabbit Number: 9 Fibre
Condition Br. Ph. Ph.Dr No.
No. (sec) Q1
pre-Infln 1 I 0.82 0
E 1.78 0
2 1 0.85 3
E 1.70 0
3 I 0.8 0
E 1.70 0
Inflation  (Position: 36.1%
1st 0.1 sec:
2nd 0.1 sec:
1st 1.0 sec:
Mid 1.0 sec:
End 1.0 sec:
Post-Infin 1st 0.1 sec:
2nd 0.1 sec:
1 I 0.90 7
E 0.76 0
2 I 0.73 5
E 1.06 0
3 1 0.70 4
E 1l.22 0
Pre-Defln 1 I 0.85 4
E 1.19 1
2 I 0.77 3
E 1.59 0
3 I 0.78 2
E 1.58 2
peflation  (Position: 32.5%
Ist 0.1 sec:
1st I 0.96 9
E 0.31 0
Mid T 0.69 8
E 0.38 0
End I 0.72 6
E 0.50 1
post-Defin 1st 0.1 sec:
2nd 0.1 sec:
1 1 0.78 9
E 1.47 2
2 1 0.68 8
E 1.60 5
3 I 0.78 6
E 1.54 3
Rabbit Number: 9 Fibre Num
Condition Br. Ph. Ph.Dr No.
No. (sec) Q1
Pre-Infin 1 I 1.46 4
E 1.62 0
2 1 1.5% 6
E 1.50 0
3 1 1l.46 4
E 1.76 0

0 0 0 O
0
1
2 5 3 12 0.00 0,62 0.62 17.1
0 1 0 1 0.94 0.7
2 31 9 0.06 0.58 0,52 12.9
0 0 0 0
3 4 0 9 0.01 0.42 0.41 13.0
1 0 0 1 0.72 0.6
Number: 23  PSR: Intact
of Spikes Bg.F End.F Dr.F Fmean
Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz)
3 3 3 9 0.25 0.81 0.56 11.0
0 0 0 O
0 1 0 4 0.01 0.56 0.55 4.7
0 00 O
3 0 0 3 0.23 0.39 0.16 3.7
1 0 0 1 0.75 0.6
tI; Duration of apnoea: 4.18 sec.)
1
0
3
10
14
1
1
6 4 4 21 0.01 0.82 0.81 23.3
0 0 0 O
2 1 1 9 0.01 0.61 0.60 12.3
1 00 1 0.9
2 3 1 10 0.01 0.62 0.61 14.3
0 0 0 O
4 4 3 15 0.00 0.76 0.76 17.6
3 31 8 0.22 1.09 0.87 6.7
2 31 9 0,01 0.71 0.70 11.7
0 01 1 1.58 0.6
4 1 3 10 0.05 0.70 0.65 12.8
2 2 1 7 0.32 1.56 1.24 4.4
tE)
0 .
410 7 30 0.00 0.87 0.87 31.3
0 01 1 0.27 3.2
12 7 3 30 0.03 0.64 0.61 43.5
0 0 2 2 0.31 0.36 0.05 5.3
6 9 3 24 0.01 0.64 0.63 33.3
0 0 0 1 0.12 2.0
3
0
7 7 9 32 0.01 0.71 0.70 41.0
8 3 3 16 0.21 1,37 1,16 10.9
6 5 1 20 0.00 0.62 0.62 29.4
5 2 4 16 0.27 1.59 1.32 10.0
3 5 5 19 0.02 0.74 0.72 24.4
4 2 2 11 0,12 1.38 1.26 7.1
ber: 23 PSR: Block
of Spikes Bg.F End.F Dr.F Fmean
02 03 Q4 Tot. (sec) (sec) (sec) (Hz)
7 12 14 37 0.02 1.44 1.42 25.3
1 0 0 1 0.5 0.6
9 1315 43 0.11 1.47 0.03 27.7
0 0 0 0
10 14 10 38 0.02 1.41 1.39 26.0
0 00 O

6.7-200.0
10.0-100.0
7.7-100.0

Freq.Range
(Hz)

5.0-200.0

2.0-100.0

12.5~ 14.3

11.1-200.0
5.6-200.0
5.6-200.0

1

5.9-200.0
14.3-200.0
11.1-200.0

Freq.range
(Hz)

6.3-200.0

9.1-200.0

4.8-200.0



Inflation

Post-Infln

Pre-Defln

Deflation

Post=Defln

Pre-Inflin

Inflation
(Run 2)

Post~Infin 1st

Pre-Defln

2
1

2
3

(Position: 22.0%

1st 0.1 sec:
2nd 0.1 sec:
1st I 1.08
E 1.87
Mid I 1.08
E 1.62
End T 1.11
E 1.66
1st 0.1 sec:
2nd 0.1 sec:
1 I 1.45
E 1.33
2 I 1.33
E 1.35
3 I 1.29
E 1.34
1 I 1.41
E 1.74
2 I 1.37
E 1.81
3 I 1.44
E 1.76
{Position :
1st 0.1 sec:
2nd 0.1 sec:
1st I 1.60
E 1.49
Mid I 1.54
E 1.56
End I 1.63
E 1.15
1st 0.1 sec:
2nd 0.1 sec:
1 I 1.24
E 1.20
2 I 1.15
E 1.29
3 I 1.18
E 1.28
1 I 1.37
E 1.30
2 I 1.23
E 1.39
3 I 1.33
E 1.57
(Position:
1st 0.1 sec:
2nd 0.1 sec:
Ist T 0.95
E 1.82
Mid I 0.94
E 1.70
End I 0.95
E 1.51
0.1 sec
nd 0.1 sec
I 1.39
E 1.44
I 1.25
E 1.34
I 1.19
E 1.46
I 1.25
"E 1.62
I 1.29
E 1.64
I 1.38
E 1.71
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24 30
40 50

40 41
10 6

33 31
21 31
22 29

19 32
24 22
35 30

tI)

22 84
19 24
19 20

33 43
28 32
12 5
27 30
13 8
14 15

11 15
0 0

N WO O

29
35

23
57

32
19
29

33
25
36

18
15
15

37
25
16

16
21

13
1

109

150
53
180
31

13

126
27
99
19

103
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122
10
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86
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0.00
0.00
0.00
0.16
0.00
0.12

0.03
0.57
0.01
0.81
0.02
1.69

1.04

0.98
1.60
1.00
1.64

1.41
1.32
1.32
1.33
1.24
1.32

1.35
1.73
1.27

1.35
0.55

1.62
1.48
1.53

1,55

1.62

1.14

1.22
1.19
1.14
1.28
1.17
1.26

1.35
1.28
1.19
1.32
1.30
1.56

0.90
1.81
0.89
1.60
0.89
1.49

1.37
1.43
1.22
1.32
1.15
1.44

1.20
1.26
1.32

1.04

0.96
1.16
0.93
1.11

1.40
1.19
1.32
0.99
1.23
1.08

1.35
0.47
1.26

1.35
0.34

1.61
1.25
1.53
1.36
1.61
1.05

1.21
1.08
1.14
1.06
1.16
1.01

1.35
1.11
1.18
0.94
1.29
1.47

5.0-200.0
20.0-200.0
1.1- 20.0

11.1-200.0
2.9- 12.5

6.7-200.0
7.1-200.0

8.3-200.0
3.6- 20.0
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Deflation:

Post-Defln

Added Dead
Space

Rabbit Number: 9

Condition

Pre-~-Infin

Inflation

Post-Infin

Pre-Defln

Deflation

Post-Defln

(Position: 8.9% tE)

ist 0.1 sec: 0
2nd 0.1 sec: 0
1st I 1,73 22 28 38 23 111 0.05 1.68 1.63 4,2
E 1.53 0 0 2 5 7 0.90 1,52 0.62 4,6
Mid 1 1.55 32 40 46 34 152 0.00 1.49 1.49 98.1
E 1.35 5 5 3 7 20 0.13 1.33 1.20 14.8
End I 1.41 32 30 44 31 137 0.00 1.40 1,40 97.2
E 1.38 6 9 011 26 0.14 1.37 1.23 18.8
1st 0.1 sec: 10
2nd 0.1 sec: 13
1 I 1.33 333242 33 140 0.00 1.27 1.27 105.3
E 1.29 6 8 6 8 28 0.20 1.28 1.08 21.7
2 1 1.13 23 28 32 21 104 o0.01 1,10 1,09 92.0
E 1.33 3 4 4 4 15 0.15 1.29 1.14 11.3
3 I 1.24 23262420 93 0.00 1.17 1.17 75.0
E 1.33 2 21 4 9 0,21 1.32 1.11 6.8
1 I 1,06 19 31 27 20 97 0.00 1,03 1.03 91.5
E 1.41 8 4 5 7 24 0.00 1.40 1.40 17.0
I 1.14 18 223026 96 0.01 1,10 1.09 84.2
E 1.39 1212 816 48 0.14 1.38 1,24 34.5
3 I 1.56 35 41-42 35 153 0.00 1,55 1.55 98.1
E 1.05 45 34 14 15 108 0.00 1.03 1.03 102.9
Fibre Number: 24 PSR: Intact
Br. Ph. Ph.Dr  No of Spikes Bg.F End.F Dr.F Fmean
No. {sec) Q1 Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz)
1 I 1.04 2 2 2 2 8 0.01 0.92 0.91 7.7
E 1.72 0 0 0 1 1 1.44 0.6
2 1 0.99 31 3 411 0.00 0.94 0.94 11.1
E 1.75 0 0 0 0 O
3 I 1.07 2 1 9 113 0.02 1.04 1.02 12.1
E 1.68 0 4 0 0 4 0.42 0,71 0,29 2.4
(Position: 32.0% tI; Duration of apnoea: 6.37 sec.)
1st 0.1 sec: 1
2nd 0.1 sec: 2
1st 1.0 sec: 6
Mid 1.0 sec: 3
End 1.0 sec: 5
1st 0.1 sec: 4
2nd 0,1 sec: 0
1 I 1,02 3 4 4 7 18 0.11 0.97 0.8 17.6
E 1,22 0 3 0 0 3 0.34 0.60 0.26 2.5
2 I 0.98 7 7 8 7 29 0.01 0.93 0.92 29.6
E 1,27 0 5 1 2 8 0.41 1,24 0.83 6.3
3 I 0.96 8 3 6 7 24 0.00 0.90 0.90 25.0
E 1,33 2 2 1 0 5 0.25 0.68 0.43 3.8
1 I 1,02 2 3 3 6 14 0.07 0.96 0.89 13.7
E 1.77 o0 1 0 1 1 0.72 1.60 0.98 1.1
2 I 1,07 0 2 7 4 13 0.45 0.91 0.46 12.1
E 1.74 2 0 1 0 3 0.21 0.90 0.69 1.7
3 I 1,01 2 1 5 6 14 0.0l 0.99 0.98 13.9
. E 1,70 0 2 0 0 2 0.75 0.83 0.08 1.2
(Position: 10.4% tE)
1st 0.1 sec: 2
2nd 0.1 sec: 1
1st I 1.22 6 91512 42 0.04 1.19 1.15 34.4
E 0,80 0 3 0 0 3 0.25 0.38 0.13 3.7
Mid I 1,15 5 813 & 31 0.01 1.14 1.13 27.0
E 0.8 0 1 0 0 1 1.2
End I 0.99 5 912 13 39 0.02 0.97 0.95 39.4
E 1,25 4 1 0 2 7 0.00 1.24 1.24 5.6
1st 0.1 sec 8
2nd 0.1 sec: 9
1 I 0.95 17 1114 14 56 0.00 0.95 0.95 58.9
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Freg.range

2.6-200.0

3.6-100.0
5.0~ 25.0

6.7-100.0
9.1-200.0
2.2-100.0
8.3-200.0
6.7~ 20.0
5.3-200.0
7.7-200.0

2.9-200.0

16.7-200.0



E 1.26 0 0 2 3 5
2 I 0.9%4 6 7 11 16 40
E 1.44 0 0 0 O 1
3 I 0.94 8 91112 40
E 1.47 1 0 0 0 1
Inflation (Position: 20.2% tI;
1st 0.1 sec:
2nd 0.1 sec: 1
1st 1.0 sec: 6
Mid 1.0 sec: 13
End 1.0 sec: 28
Post-Infln 1st 0.1 sec: 9
(Run 2} 2nd 0.1 sec: 3
1 I 0.97 7 917 10 43
E 1.02 6 5 1 2 14
2 I 0.93 1310 17 13 &3
E 1.11 2 6 2 1 11
3 I 0.8 15 91512 51
E 1.18 21 1 0 4
Added Dead 1 I 0.8 16 7 16 12 51
Space E 1.24 1 4 3 3 11
2 I 0,90 11 13 11 11 46
E 1.15 4 6 5 3 18
3 I 0.96 1510 21 13 67
E 0.98 7 8 6 2 23
Rabbit Number: 9 Fibre Number: 24
Condition Br. Ph. Ph.Dr No. of Spikes
No. (sec) Q1 Q2 Q3 Q4 Tot.
Pre-Infin 1 I 1.35 3 6 8 6 23
(Run 1) E 2.06 1 1 0 0 2
2 I 1.40 4 6 811 29
E 2.17 2 0 0 1 3
3 I 1.40 5 6 7 9 27
E 2.25 01 0 0 1
Inflation (Position: 18.8% tI)
ist 0.1 sec: 6
2nd 0.1 sec: 2
1 I 1.08 7 710 7 31
E 2.35 3 1 1 5 10
Post~-Infln 1st 0.1 sec: 0
2nd 0.1 sec: 0
1 I 1.38 2 9 9 6 26
E 1.62 2 1 0 0 3
2 I 1.26 5 9 811 33
E 1.56 5 3 1 1 10
3 I 1.24 7 6 9 8 30
E 1.76 1 0 1 0 2
Inflation 1 I 1.08 6 812 7 33
(Run 2) E 2.00 4 3 2 0 9
Post-Infin 1lst 0.1 sec: 0
(Run 2) 2nd 0.1 sec: 0
1 I 1.35 210 512 29
E 1.81 1 0 0 1 2
2 I 1.27 6 410 6 26
E 1.86 0 3 1 0 4
3 I 1.23 3 3 810 24
E 1.96 01 01 2
Pre~Defln 1 I 1.39 2 1 916 28
E 1.97 0 0 0 0 0
2 I 1.25 4 811 3 26
E 1.50 0 0 0 0 0
3 I 1.24 31 7 5 16
E 1.78 1 0 9 9 1

0.68
0.01
1.06
0.02
0.31

1.24
0.92

0.92

puration of apnoea:
4

0.02
0.06
0.01
0.11
0.02
0.18

0.00
0.27
0.01
0.13
0.00
0.01

Bg.F
(sec)
0.03
0.01
0.01
0.25
0.02
0.80

. .

-0 OCOOOOO

— O WO ODOWWO
(7S N OMN =W

0.26
0.23
0.00
0.55
0.08
0.51

0.03
0.0z

0.00
0.29

0.95
1.00
0.84
0.94
0.85
0.62

0.78
1.23
0.85

'1.09

0.93

10.97

PSR:

End.F
(sec)
1.31
0.80
1.35
2.11
1.38

0.56 4.0
0.91 42.6
0.7
0.90 42.6
0.7
9.80 sec)
0.93 44.3
0.94 13.7
0.83 57.0
0.83 9.9
0.83 57.3
0.44 3.4
0.78 63.8
0.96 8.9
0.84 51.1
0.26 15.7
0.93 69.8
0.96 23.5
Block
Dr.F Fmean
(sec) (Hz)
1.28 17.0
0.79 1.0
1.34  20.7
1.86 1.4
1.36  19.3
0.95 28.7
2.01 4.3
1.23 18.8
0.15 1.9
1.19 26.2
1.52 6.4
1.20 24.2
0.81 1.1
1.00 30.6
0.25 4.5
1.01  21.5
0.53 1.1
1.16 20.5
0.39 2.2
1.09  19.5
1.44 1.0
1.35 20.1
1.17  20.8
1.15  12.9
0.6

3.2- 40.0
12.5~200.0

14.3-200.0

Freg.range
(Hz)

5.3-200.0

3.3-200.0

0.6~ 12.5
5.9-200.0

7.1-200.0
6.7-200.0
3.2~ 40.0
6.3-200.0
2.2-200.0
3.7-200.0

2.9-200.0



Deflation: (Position: 10.1% tE)

Post-Defln

Added Dead
Space

Deflation:

Post~Defln

g 15
8 5
15 14
2 2
9 16
1 4

o9
11 23
10 11

©

-
DTN O 00 =

W N =Ny

10.4% tE)

511
4 1
11 16
1 2
10 19
2 7

—

ist T 1.35
E 1.38
Mid I 1.40
E 1.58
End I 1.35
E 1.14
1st 0.1 sec
2nd 0.1 sec
1 I 1.33
E 1.30
2 I 1.57
E 1.16
3 I 1.16
E 1.28
1 1 1.24
E 1.63
I 1.24
E 1.46
3 I 1.21
E 1.42
(Position:
1st 0.1 sec:
1 I 1.56
E 1.77
2 I 1.%2
E 1.85
3 1 1.57
E 1.45
1st 0.1 sec:
2nd 0,1 sec:
1 I 1.39
E 1.20
2 I 1.20
E 1.32
3 I 1.24
E 1.42

© 0N O W
[
O Oy OO

22
18
14

. e
O~

—
[l v oIS I S Ve ] [N,

Lo B B W IC RS,

00 M0 O

68
19
65
11
52

54
43
54

34

29

32
12
34

50

54
10
65
16

54
12
42

31

1.30
1.27
1.55
1.00
1.15

1.21
1.18
1.22
1.44
1.18
1.26

1.53
1.02
1.51
1.85
1.55
1.44

1.37
0.84
1.19
0.76
1.23
1.34

1.32
0.69
1.19
0.55
1.17
0.89





