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The larynx has considerable influence on the rate of 

respiratory airflow, particular] y 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 is little information on the role of the various 

groups of lung receptors in modulating the patterns of 

recurrent laryngeal motoneurone (RLM) discharge during 

# 

euphoeic breathing. 

The purpose of this investigation was to examine the 

effects of changes in 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-ILJ.!s) 

c) phasic-expiratory (P-ELMs) 

d) tonic-expiratory (T-ELMs) 
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and their firing patterns were described. 

It was found that the frequency and duration of F-ILM 

discharge in inspiration increased after the inhibition of 

FSR activity. lung inflation, some RLMs were 

inhibited whereas others showed either a low-frequency or a 

high frequency tonic discharge when FSR were intact. 

During FSR block, lung inflation failed to inhibit phasic F

ILM discharge. While ILM activity was increased during lung 

deflation, that of ELM was decreased. These responses 

persisted in a modified form during FSR block. Breathing 

through an added dead space increased the frequency of F

ILM discharge during inspiration. During augmented breaths, 

the frequency and duration of F-ILM activity greatly 

exceeded F-ILM activity during normal breaths, whereas the 

activity of T-ELM was reduced. 

Further experiments were carried out on rabbits 

during neuromuscular junction block artificial 

ventilation. With stretch receptors functioning, 

simultaneous recordings of the recurrent laryngeal nerve 

(RLN) and phrenic nerve (FN) 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 FSR block, RLN and FN 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 decreasing 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 is considered as a 

tezyiination of ELM activity. That RLN and PN responded in 

almost identical 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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1.1 A Brief History of Ideas About the Larynx 

"The larynx can close so accurately that 

the breath violently forced out of the 

thorax does not open it. Nature placed 

the epiglottis before the orifice of the 

larynx as a lid, 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"). In 

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 

records of Galen. 

a mention of the larynx in the 

Galen taught that the larynx 

comprises three cartilages namely thyroid, innominate 

(cricoid) and arytenoid. His explanation of effort 
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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 use of broad 

passageways to enter and leave the body, 

none of it is thrust aside into these 

cavities. But 

obstructed, the 

laterally with 

when the 

confined 

violence 

air 

and 

passage is 

is thrust 

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. 
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The 20th century, with the development of new 

methods of recording and of powerful new techniques, 

including 

photography, 

high-speed cinematography, X-ray 

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 

discharge, 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 
e 

The detailed internal structure of the 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. 
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The larynx is 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 ligaments and membranes and 

activated by the intrinsic laryngeal muscles. 

The rabbit's larynx is 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 

anrl 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 

midd'le 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, 

cricoarytenoid 

thyroarytenoid and 

muscles are attached to the 

dorsal 

arytenoid 
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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 

5 



known as the glottis. The width of the glottis is 

varied by the action of the intrinsic laryngeal 

muscles. 

The motor and afferent innervation of the body 

muscles is usually found in the same nerve trunk. 

The neural control of the intrinsic laryngeal muscles, 

however, is accomplished in a different way, since 

most of the motor fibres to these muscles travel in 

the recurrent laryngeal nerve (RLN), whereas the 

afferent limb 

sensory fibres 

also known as 

of this reflex is provided mainly by 

in the cranial laryngeal nerve (CLN, 

superior laryngeal nerve in man) 

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

The cranial and recurrent laryngeal nerves arise 

from the vagus 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 

the base of the vocal cords) comes out via the cranial 
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laryngeal nerve fibres (Ogura and Lam, 1953). The 

recurrent larynghal 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 

d~stribution of sensory receptors throughout the 

larynx is 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. 

1.3 Respiratory 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 
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when one considers certain behavioral facts. Violent 

heavy efforts such as hurling a stone, or 

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 closed 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 

eS1::aping 

ability to purposely 

the lungs at certain 

prevent 

times of 

air from 

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. 



1.31 Respiratory Movements of the Vocal Cords 

As far back 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." 

CZ('ermak (1861) made the following observations: 

II 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 study 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 
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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, 

lateral to the midline. 

respiratory movement 

a position just 

As the depth of 

increases, 

excursion becomes easily recognizable. 

lateral movements of the cords 

this 

The 

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 becomes 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 is 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 

1982b; 

and Bartlett, 1982; England et al, 1982a; 

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 narDowing 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 - abductJon during 

inspiration and relative adduction during expiration. 

What supplies the motive power for these movements? 

It is 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 muscles in the approximation of the 

vocal cords. 

The dorsal cricoarytenoid muscle of the larynx 

was f ir~:t named by Fabricius ( 16 00) 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 inspiration, 

whereas the lateral cricoarytenoid and thyroarytenoid 

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 cricothyroid, 

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 the 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. 

attributed the descent 

Rosenthal (1882) 

of the larynx to 

has 

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 laryngeal 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 important 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, Pl-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 = Pl-P2/V 

That is to say, the flow resistance is equal to the 

pressure drop per unit of fluw. 

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 lung 

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) 

report.~d 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 is 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 lung 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 in 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 

capillaries and facilitates the 

blood through the lungs by 

interpleural pressure. 

pulmonary 

flow of 

lowering 

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 loss 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 in 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 partia!lY 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 breathing, expiration is not 

passive but involves a braking of expiratory flow by 

the resistance of the upper airway and post

inspiratory contraction of the diaphragm which 

therefore slows the collapse of the lungs. (Brody, 

1954; Petit et al, 1960). The expiratory narrowing of 

the glottis by increasing expiratory ~esistance 

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. 

the tracheostomy during expiration 

opposite responses. 

Occlusion of 

produced the 

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 and 

respiratory frequency (since frequency is the 

of cycle duration which itself is the 

hence 

inverse 

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 

cbnsistent 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 

glottic narrowing constitutes a 

inexpensive aid to the modulation of 

expiratory 

metabolically 

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, 

diaphragm 

imperfect 

post-inspiratory contraction 

or other inspiratory muscles 

braking mechanism because it 

of the 

may be an 

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 

me€t 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 

lung~ 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 

7). The 

by a process of negative feedback (Figure 

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 th~ee main 

types of pulmonary rece~tors 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. 

those of 

receptors. 

Their properties were quite distinct from 

rapidly adapting and pulmonary stretch 

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 

Paintal 

the capillaries. Extensive research by 

(1973a) has documented the behavior of 

alveolar J-receptors. They are normally silent 

eupnoea in the animal and therefore play little 

in the normal control of breathing. However, 

in 

part 

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 back-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, 

bradycardia and inhibition of 

hypotension and 

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 in 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 oil 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 in 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 in 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 lungs 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 in 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 Widdicornbe, 1971) suggested that rapidly 

adapting receptors (RAR) lay in the epitheljurn 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 

extrapulrnonary airways (Hornberger, 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 extrapulrnonary 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 puch 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 

such 

by bronchoconstrictor 

as histamine (Mills et al, 

Sellick and Widdicombe, 1971); 

drugs 

1969; 

c) Mechanical changes in the lungs which 

lead to a greater pull on the airways and 

distortion of the wall of the airway 

during which a rapidly adapting irregular 

discharge is obtained if the volume 

change is maintained. Those in the 
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trachea usually show an "off effect" 

when the volume change is 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 is enhanced by a decrease in lung 

compliance (Sellick and Widdicombe, 1970) which is 

attributed to a greater mechanical pull 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 crr hypoxia 

or both (Sellick and Widdicombe, 1969). 

It has been postulated that RAR are responsible 

for the deep augmented breaths which normally 

punctuate 

tendency 

breathing 

to collapse 

and reverse the 

the lungs (Davies 

continuous 

and Roumy, 

1982). Studies on reflexes suggest that this view is 

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 rnotoneurones 

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 ph~se. 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 is believed to be the primary stimulus to 

the receptors (Sellick and Widdicombe, 1970). 

Although 

activated by 

the above laryngeal reflexes are 

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, 

discharge of 

1969) and brings about an increase in 

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 

resistance. 

reduction in inspiratory 

This discrepancy could be 

laryngeal 

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 

31 



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 lung 

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 anatomically). 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. 

higher 

For the rabbit, the receptors also have a 

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 lung 

inflation 

discharge. 

during quiet breathing increases their 

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 in 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 in 

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 until 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 

e~ty (Clark and von Euler, 1972). 

The way in 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 is 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. In 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 is believed to be that in situations in which 

an increased central respiratory drive increases the 

rate of build-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 

ventilation, 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). 
2 

However, the receptors are insensitive to blood-borne 

changes 

Bradley 

thought 

in 

et 

to 

pCO 

al, 

be 

(Bartlett 
2 

1976). 

direct or 

and Sant'Ambrogio, 1976; 

The action of co on PSR is 
2 

at least not secondary 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 

lung 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, in expiratory laryngeal fibres, lung 

inflation brought about an increase in discharge in 

some fibres (Green and Neil, 1955; Barillot and 

Dussardier, 1976), whereas in others it inhibited 

impulse 

reduced 

activity (Barillot and Bianchi, 1971), or 

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 during 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 just 

after inflation. This paramedian position was not 

seen under any other condi~ions. 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 by lung 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 lung 

inflation produces a tonic decrease in laryngeal 

resistance which is related to the degree of lung 

inflation. They explained that the effect of a 

decrease in laryngeal resistance with large lung 

inflat:ion 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 lung 

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 

muscles contract with phasic respiratory 

laryngeal 

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 
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extensively studied but there are a number of 

contradictory results in these studies. It is 

generally accepted that the afferent pathway of this 

reflex inhibition on RLN is indeed vagal and it is 

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 fo~thcoming. 

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. Therefor2 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 of 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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The rabbit was chosen for this study of the 

recurrent laryngeal nerve because it has strong lung 

reflexes. Moreover, it was intended from the beginning 

to make use of the established method developed by 

Davies et al (1978a) whereby the activity of pulmonary 

stretch receptors in 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 food 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 
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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 

needed to 

through the venous catheter.as and when 

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 lightly 

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 soaked 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 into. 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 

2.141 Recurrent Laryngeal Nerve Isolation 

The sternomastoid and cleidomastoid muscles were 

pushed aside and the right recurrent laryngeal nerve 

was identified 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 

nerve was not stretched. 

such a way that the 

The perineurium was 

carefully removed 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 ratio, 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 

using saline 

maintain a 

adjustments 

on the nerve was cleared when ~ecessary 

soaked filter paper or cotton buds to 

high signal to noise ratio. Fine 

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 left 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 ~ith fine 

forceps and clearing the tissue beneath with fine 

optical scissors. 

nerve. 

A loop of silk thread was placed around the 

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, 

described earlier were also followed. 

those procedures 
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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 

volµme. 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 
2 

and O were continuously monitored by an 
2 

infra-red gas analyser (Datex, Normocap). This was 

carried out by inserting a wide bore needle of the 

sampling tube into the tracheal cannula. The rate of 

sampling was 150 ml/min. End-tidal CO 
2 

and O 
2 

measurements were used to evaluate the effect of added 

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 
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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 



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 

trigger which was connected in sequence to a 

spike 

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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HO 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 of 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 
2 

mixture was drawn across the rabbit'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 SO 
2 

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 HO positive pressure lung 
2 

inflation. It was measured 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 HO or 10 cm 
2 

HO to the rabbit's lungs. 
2 

Each run consisted of a 

positive 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 
2 

motoneurone activity was studied by adding 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 co 
2 

and 0 
2 

had stabilized, the motoneurone 

activity and airflow were recorded du~ing 

breaths. 

three 

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 blocked 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 
2 

and O levels were noted. The animal was 

paralysed with 
2 

60 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 
2 

O close to the spontaneous breathing level. In 
2 

paralysed 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 100% 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 value 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. 
2 

Lung stretch receptors were blocked by causing 

the animals to breathe 200-300 ppm SO. Complete 
2 

abolition of the Hering-Breuer inflation reflex was 

taken as evidence of stretch receptor block. 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 its 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 

Tri chrome 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 cqmpared 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 after 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 of 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 analysis was 

used to determine the significant difference 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 

the 

were each divided into ten equal intervals and 

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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3.1 TESTS ON SPONTANEOUSLY 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 in 

• Figure 14. The recurrent laryngeal motoneurones were 

classified according to their phase relation of 

discharge to the respiratory cycle (Figure 15). The 

observed 

categories: 

patterns were grouped into 2 major 

a) "inspiration-related" patterns of discharge, 

of which there were 2 sub-groups: 

i) in which discharge occurred during 



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 ware labelled 

"tonic-inspiratory" (T-I) (Figure 17). 

Fibres which possessed pattern P-I or T-I 

were referred to as phasic-inspiratory 

motoneurones (P-ILMs) or tonic-inspiratory 

motoneurones (T-ILMs) respectively . 

discharge 

laryngeal 

laryngeal 

. b) "expiration-related" patterns of discharge, 

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 aphasic 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 
I 

expiratory duration (t ). Moreover, the motoneurone 
E 

did not fire at the same 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% oft (first quartile) (mean frequency = 
I 

24.1+1.6 and 112.5+10.0 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 oft (mean frequency= 18.8+1.4 
I 

and 23.2+5.6 impulses/sec respectively), the frequency 

of discharge of T-ILMs during the same period showed a 

gradual decline (mean frequency = 89.3+9.2 and 

79.5+9.7 impulses/sec respectively). The activity of 

both groups of fibres showed a sharp decrease during 

the last 25% oft (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 , 
E 

followed by a gradual increase of activity in late 

expiration and finally by a sharp increase of activity 

at the onset of the succeeding inspiratory phase. 

The pattern of laryngeal activity of T-I 

motoneurones during the expiratory phase was less 

variable than during the inspiratory phase. The 

activity at the beginning oft (first quartile) was 
E 

at its lowest (mean frequency= 9.1+1.4 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% oft (mean 
E 

frequency= 22.2+2.l 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 

expiratory phase (mean frequency = 26.2+3.0 

impulses/sec) followed by an increase in the second 

quartile of t 
E 

(mean frequency = 32.8+1.4 

impulses/sec) and a consistent frequency of discharge 

throughout the rest oft (mean frequency= 33.5+5.3 
E 
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impulses/sec). 

the frequency 

There was no significant difference in 

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 is 

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 

than 

the expiratory phase but with a lower frequency 

in inspiration. The remaining 2 fibres remained 

silent during the expiratory phase. 



ttabk l 

Effect of breathing through an added dead space on phasic-inspiratory 
laryngeal moto.neurone discharge (N • '.5 fibres) 

Frequency 
(Jmp/sec} 

Duration 
(sec) 

'lnspl..r11tory 1)i.6-cl1ar'}8-

Control During Added 
Dead Space 

It 19.4t2.3 38.8±7.3 

@I 
0.51±0.07 0.54±0.08 

Change (1) 

+ J0011t 

+5 

:Expt.rntonJ 1'au.d1m'}8-

Control 

0.5±0.4 

0.13±0.J I 

During Added Change (%. ) 
Dead Space 

6.7t3.0 +1240 

0.78±0.36 .o-515 

~ - vaJues a.re means and standard errors. Significance of difference from controls: 
1t 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 HO positive pressure for 
2 

fibres (from 6 rabbits); 

b) 10 cm H 0 positive pressure for 
2 

fibres (from 3 rabbits). ~ 

18 

6 

Inflation of the lungs with a positive pressure 

of 20 cm HO or 10 cm HO produced an average pause of 
2 2 

four times (9.13+1.21 sec) the duration of the pre-

inflation breath (2.27+0.08 sec). However, in one 

case, inflation of the lungs with 10 cm HO positive 
2 

pressure produced a pause of only 1.4 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 oefore the 

end of the Hering-Breuer reflex. 
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Based on the above spike counts, the mean 

C. 

frequency of discharge was determined; 

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 variable 

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 



ltabli 2 

1' i-ansient i-e.sponse of i-e.cu-rnmt W..-1j~ 1110~ones' 

to tnjratwn. of tn£ ~ 

Fibre Type "On-Effect" "Off-Effect" 

+ X + X 

ILMs 9 10 9 12 11 5 

RLMs 3 1 0 3 1 1 

"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 



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% oft elicited 
I 

an increase in response in 6 out of 10 cases. 

Following the release of inflation, 23 of 28 

tests on 21 ILMs exhibited transient resportses, 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 increase 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: 

frequency, 

the motoneurone shows a low 

long lasting discharge 

throughout the expiratory pause, ITFR < 

1. O; 

iii) Type C: the discharge disappears during 

the first one second of inflation apnoea 

but reappears and fires continuously 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 
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were 

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 

then classified on the 

laryngeal discharge 

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. 

II) "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 

ELMs. 

effects in 4 runs on 3 

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 behaved 

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<0.01). 

On the other hand, 

P-I pattern of discharge. 

3 out of 7 T-ILMs showed a 

Significant changes in the 

mean frequency and duration of 

were noted (-55%, P<0.05 

inspiratory activity 

and 54%, P<0.05 
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Response of recurrent laryngeal motoneurones during the first breath 
after lung inflation 

P-ILMs (N= 14) 

Frequency 

(Imp/sec) 

Duration 

(sec) 

T-ILMs (N=7) 

Frequency 
(Imp/sec) 

Duration 
(sec) 

T-ELMs (N=2) 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Pre-inflation 1st breath Change(~) 

0 
17.8 ± 3.5 21.9 ± 4.7 + 23 

0 
0.49 ± 0.03 0.62 ± 0.07 +26;.; * 

87 .0 t 19.6 5 1 .3 ± 15 .2 -4 1 

0.51 ± 0.02 1.03 ± 0.10 +102** 

16.5 ± 5.9 45.2 ± 3.8 +174 

0.77 ± 0.09 1.32 ± 0.02 +71 

Pre-inflation 1st breath Change (1.:) 

0.6± 0.2 3.4 ± 1.7 +499 

0.08 ± 0.04 0.13 ± 0.05 +62.5 

16.8 ± 3.1 17.0 ± 3.3 +1 

1.59 ± 0.11 0.84 ± 0.16 -47** 

43.0 ± 9.2 47 .0 ::!: 11.4 +9 

1.81 ± 0.11 0.64 ± 0.05 -65 

o = values are means and standard errors. N refers lo the number of fibres studied. 
Significance of difference of response from pre-inflation values: * * P < 0.01. 



Data o.n .recur.rent 1a..ry.ngea1 moto.neu.ro.ne activity after lung inflation 

Before. Inflation 

P-ILMs 

lnsp. Exp. 

Frequency • 17.8 0.6 
(Imp/sec) :!: 3.5 ;!:0.2 

@' 

Duration 0.49 0.08 

(sec) ;!:0.03 :t0.04 

N • 14 

After Inflation 

Frequency 

(Imp/sec) 

Duration 

(sec) 

Change(%) 

Frequency 

Duration 

18.6 
±3.5 

0.53 

:t0.05 

3.2 
±1.5 

0.16 

±0.06 

+ 4 + 433 

+ 8 + 100 

T-ILMs 

lnsp. Exp. 

87.0 16.8 
:!: 19.6 ± 3.1 

0.51 1.59 

,±0.02 ±0.11 

N-7 

38.8 
± 11.9 

0.79 

±0.06 

9.7 
±1.3 

0.57 

± 0.14 

- ss~ - 42 

T-ELMs 

Insp. Exp . 

16.6 43.0 

± 5.9 ± 9.2 

0.69 1.76 
±0.11 .±0.10 

N-2 

38.l 
± 9.1 

1.03 

±0.05 

44.4 
±JO.O 

0.69 

±0.10 

+ 130 + 3 

~ • values are means and standard errors. N • Number of fibres studied. 
Insp. • Inspiratory discharge· Exp.• Expiratory discharge 
Sign'ificance of difference of response after inflation to that before inflation: 
~ P < 0.05: "P < 0.01 by Mann-Whitney test. 



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=l 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. Ho~ever, 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 HO negative pressure for 18 
2 

fibres (from 6 rabbits), 

b) 10 cm HO negative pressure for 5 
2 

fibres (from 3 rabbits). 
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The laryngeal response to the effects of lung 

deflation (Figure 41) was analysed as follows: 

a) transient effects which were evaluated by 



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 
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1tab1i -5 
".T -ransisn.t i-esponse of i-wu.rren.t UKIJ~ motoneu.t"otwB 

to def[a,tum. of ~ ~ 

Fibre Type "On- Effect" .. Off-Effect" 

+ ][ + 

ILMs 12 6 6 11 9 

ELMs 3 1 1 0 4 

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

X 

3 

1 

+ : increase in frequency of motoneurone discharge relative 
to control ( pre-deflation) 

- : decrease in discharge frequency 
x : no response 



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, qut 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 in inspiratory duration was greatest in the 

first breath during deflation· (mean increase in 

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

73 



Following deflation, there was an increase in P

ILM activity (Tables 6 and 7, F!.gure 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<0.01). 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 

rnotoneurones 

out of 16 tests on 8 P-ILMs, the 

acquired a phase-spanning pattern (T-I) 

of activity, discharging in the expiratory phase as 

well. How~ver, 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<0.01) respectively (Figures 
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1J:abli ~ 

Response of recurrent laryngeal motoneurones during the fir'st breath fol lowing lung deflation 

P-ILMs (N-J 3) T-ILMs (N-7) T-ELMs (N-2) 

Frequenc) Duration Frequency Duration ~requencr Drat\on 
(Imp/sec (sec) (Imp/sec) (sec) Imp/sec sec 

Insp. 
@ @:I 

Pre-deflation 17 .3 .± 4.3 0.48 :!:. 0.03 7.5.0 :!: 18.9 0.49 ± 0.02 17.4 ± 0.1 0.6.5 ± 0.06 

1st breath 24.7 ± .5.5 0.69 ± 0.05 118.6 ± 21.0 0.83 ± 0.03 35.1 ± 4.2 1.05 ± 0.35 

Change(%) + 42 +<j<jU + .58 + 69" + IO 1 + 61 

Exp. 
Pre-def lat ion 1.6 ±: 0.5 0.16 :!: 0.08 10.7 :!: 2.5 1.20 + 0.20 33.6 ± 3.8 2.08 ! 0.29 

1st breath 10.9 ±: SA 0.15 :!:. 0.08 63.1 ± 15.1 0.15 ± 0.03 29.S ± 18.3 0.J 3 !: 0.03 

Change (1.) ♦ .58 Jtt - 6 + 491" -87" - 12 - 93* 

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

Exp ... Expiratory discharge. Significance of difference from pre-deflation values: iit P < 0.05: "P < 0.01 

by Mann-Whitney test. 



~bk 1 
Effect of lung deflation on 1·ecurrent laryngeal motoneurone discharge 

1-tt,,apua.rory :tti1sdKl-«Je :t~ '.lli.s(;oon_Je 

Prn-deftatio11 Deflation Change { % ) Pm-deflation Deflation Change(%) 

P-ILMs (N-13) 

Frequency 17.3 ± 4.3 
(Jmp/sec) 

@ 

26.9 ± 4.9 +55" .... · 1.6 ± 0.5 I 0.4 ± 5.0 +550* 

@ 

Duration 0.48 ± 0.03 0.58 ± 0.05 - +20 0. 16 ± 0.08 0.18 ± 0.06 + 12 
(sec) 

T-lLMs (N-7) 

Frequency 
(Imp/sec) 

75.0 ± 18.9 121.1 ± 19.2 +61 10.7 .:t 2.5 46 .. 8 ± 16.5 +337" 

Duration 
(sec) 

0.49 :!: 0.02 0.61 ± 0.02 +24'" 1.20 ± 0.20 0.17 ± 0.03 -86.., ..... 

T-ELMs (N-2) 

Frequency 17.4±0.l 38.9 ± 3.l +123 33.6 :! 3.8 28.l ± 17.8 - l 6 
(Imp/sec) 

Duration 0.65 ± 0.06 0.84 ± 0.15 +29 2.08 ± 0.29 0.20 ± 0.04 -90:tl 
(sec) 

I@ - values a.re means and standard errors. N - Number of fibres studied. Significance of 
difference of response to lung deflation compared to pre-deflation values: ;ti. P < 0.05; 

Yr.#. P < 0.0 I by Mann-Whitney test. 



41 and 44). The increase in duration was greater 

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<0.01) and duration of firing (-86%, P<0.01). 

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 usually fired with higher frequency 

during expiration showed higher frequency of discharge 

during inspiration. There was an increase in mean 

firing rate during inspiration (123%) but a decrease 

during expiration (-16%) (Figures 41 and 45). However, 

this was not statistically significant. 

duration of T-ELM discharge during 

The mean 

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<0.01), 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). 
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Response of recurrent laryngeal motoneurones during the 
first breath after lung deflation 

Pre-deflation 

Frequency 
(Imp/sec) 

Duration 
(sec) 

1st breath 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Change(%) 

Frequency 

Duration 

T-ILMs 

Insp. Exp. 
@' 

75.0 10.7 
.t 18.9 ± 2.5 

@l 

0.49 1.20 
± 0.02 ±0.20 

N - 7 

125.2 20.6 
± 28.5 ± 3.5 

0.44 1.57 
:0.03 :0.13 

+67 +93 

-10 +31 

P-ILMs T-ELMs 

Insp. Exp. Insp. Exp. 

17.3 1.6 17.4 33.6 
± 4.3 ±0.5 :t 0.1 :t 3.8 

0.48 0. 16 0.65 2.08 
;:0.03 ;:0.08 .t0.06 ~0.29 

N - 13 N-2 

29.5 2.0 35.1 29.5 
:t 4.9 ;!:0.9 ± 4.2 :!: 18.3 

0.49 0.16 1.05 0.13 
:0.05 ;!:0.09 10.35 :t0.03 

+7 p:ir. +25 +101 -12 

+ 2 0 + 61 -93>1: 

@ - values are means and standard errors. N - Number of fibres studied. 
Insp. - lnspiratory discharge Exp. - Expiratory discharge 
Significance of difference of response during 1st. breath to that 
during control: * P < 0.05; n. P < 0.01 by Mann-Whitney test. 



Data on recurrent laryngeal motoneurone activity after lung deflation 

Inspiratory Discharge Expiratory Discharge 

Control After deflation Change (%) Control After deflation Change (X) 

P-ILMs {N- I~} 

Frequency 
(Imp/sec} 

@I 
17.3±4.3 26.7:t4.4 +54" 1.6:t0.5 1.8:t0.9 

I!' 
0.16±0.08 Duration 0.48±0.03 0.47±0.04 -2 0.14:!:0.08 

(sec) 

T-ILMs {N-7) 

Frequency 
Ump/sec) 

75.0:t 18.9 I 19t26.7 +49 l0.7±2.5 21.8±3.8 

Duration 
(sec) 

0.49±0.02 0.43±0.03 -12 1.20±0.20 1.56±0.11 

T-ELMs {N-2} 

Frequency 
(Imp/sec) 

17.4:t0.I .5.9:!;2.2 -66 33.6±3.8 31.4±7.3 

Duration 0.65t0.06 0.37±0.08 
(sec) 

-43 2.07±0.29 1.99±0.17 

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

»: P < 0.05: '"P < 0.01 by Mann-Whitney test. 

+12 

-12 

+ l03•· 

•30 

-7 

-3 



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 lungs of the six rabbits with a positive 

pressure of 10 cm HO produced an average pause of 
2 

five times (9.99+1.ll sec) the duration of control 

breath (2.24 + 0.09 sec). In the same animals, after 

exposure to SO, inflation caused an averag~ increase 
2 

in cycle duration 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 i.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 SO, the mean frequency and 
2 

duration 

increased 

of inspiratory discharge of 6 

by 95%, (P<0.05) and 85% 

P-ILMs 

(P<0.01) 

respectively (Figures 46a and 46b, Table II). On the 

other hand, the increases in frequency and duration of 
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1tablt 10 

~ oJ the. W1A}t"e.& oJ pUU1'1.o1'1(.U"y stn~tch. t"~-r (PSR.) 

filoci. a.Jim' suLphu.-r c£iD:x.uI.e. IMLtni.ntska.tion 

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

3 10 14.3 4.3 

3 12 15.3 3.3 
-

4 14 20.7 7.9 

5 15 7.4 2.0 

s 16 11.9 6.1 

6 17 21.6 2.5 

7 20 8.6 3.4 

9 23 5.0 I.I 

9 24 8.2 0.9 

Expiratory time during lung inflation 
Inhibitory Ratio (i.r.) • ,.. 

1 
. • 

ontro expiratory tune 

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



ltabk tt 

Effect of pulmonary stretch receptor block on. recurrent 
laryngeal .m.oto:neuro:ne discharge 

Inspiratory Discharge Expiratory Discharge 

Frequency Duration Frequency Duration 
(Imp/sec) (sec) (Imp/sec) (sec) 

P-ILMs (N • 6) 

@ @, 

Control 20.5 :!: 8.2 _0.50 :!: 0.08 0.6 ± 0.3 0.01 ± 0.01 

Receptor Block 40.1 ± 12.9 0.94 ± 0.08 6.1 ± 3.7 0.53 ± 0.20 

Change ('l) +95* +85" +891 +3585 

P-ELM (N - J) 

Control 2.2 0.06 4.3 1.37 

Receptor Block 37.3 0.74 l.2 0.54 

Change(%) +1595 + 1133 -72 -60 

T-ELMs (N - 2) 

Control 16.6 ± 5.9 0.61 :!: 0.12 43.0 ± 9.2 1.67 ± 0.07 

Receptor Block 7.1 ± 3.8 1.28 ± 0.12 26.2 .t 5.7 1.99 ± 0.39 

Change ('1) -57 + 110 -39 + 19 

I!> - values are means and standard errors. N • Number of fibres studied. Significance 
of differences from controls: * P < 0.05, "P < 0.01 by Mann-Whitney test. 



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). 

inspiratory activity 

The frequency and duration of 

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-
2 

ELMs during inspiration and expiration (Figu~e 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 lung 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 motoneurones, 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±0.421 in 3 out 

of 4 tests on 2 T-ELMs which showed Type D 

response in 1 instance and Type B response 

in 2 instances prior to exposure to SO. 
2 

There was no change in frequency of 

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 in the response of P-ILMs after lung 

inflation from that in the intact state. 

The P-ELM (N=l 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 in 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 HO 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 HO was used in 6 tests on 3 P-ILMs 
2 

(from 2 rabbits). 
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~lt 12 

Effect of lung inflation before and during stretch receptor block on 
the first inspiratory and expiratory discharge after lung inflation 

P-ILMs CN-6) 
lnsp. 

Frequency 
(imp/secJ 

Duration 
(sec) 

m... 
Frequency 
(Jmp/sec) 

Duration 
(sec} 

P-ELM (N-J) 

Jnsp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Frequency 
(Imp/sec) 

Duration 
(sec) 

T-ELMs (N-2) 

lnsp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Exp. 

Frequency 
(Imp/sec) 

Duration 

Pre-inflation 1st breath 

@> 
20.5±8.2 33.3 ± 7 .6 

~ 
0.55 ± 0.08 0.64±0.09 

0.6 ± 0.3 

0.02 ± 0.0J 

2.2 

0.06 

4.3 

1.37 

3.6 ± 1.8 

0.18 ± 0.10 

18.8 

0.81 

28.8 

1.28 

16.5.±5-9 45.2t3.8 

0.77:t0.09 1.32:t0.02 

43.0±9.2 47 .O:t 11.4 

1.81± 0.11 0.64:t 0.05 

Pre-inflation 

40.l .:!: 12.9 

0.99 ± 0.07 

6.1 ± 3.7 

0.51 ± 0.17 

37.3 

0.74 

1.2 

0.54 

7.1±3.8 

l.29:!:0.08 

26.2±5.7 

2.06:t0.28 

1st breath 

46.5 ± I 6.9 

1.19 ± 0.07 

I 1.0 ± 6.8 

0.32 ± 0.14 

27.0 

1.04 

35.4 

I.JO 

20.6,±6.3 

2.62:t0.29 

31.7±2.5 

t.73:t0.20 

• - values are means and standard errors. N refers to the number of fibres studied. 

Significance of difference from pre-inflation values; • P < 0.05. 



~bit i.~ 
Data on recurrent laryngeal motoneurone activity after lung inflation 

before and during stretch receptor block 

P-ILMs (N-6) 

lnfilh 
Frequency 
(Imp/sec) 

Duration 
(sec) 

Exp. 

ff&iYiRff 

Du,-atifn 
\sec 

P-ELM {N• I) 
.mfilh 

Fre.quencr 
(Imp/sec 

Du,rat~on 
\sec/ 

Frequencr 
(Imp/sec 

Duration 
(sec) 

T-ELMs (N-2) 

lnsp. 

Frequencr 
(Imp/sec 

Durati()fl 
\sec, 

Exp. 

frequenGY 
(Imp/secJ 

Duration 
(sec) 

Before 
Inflation 

20.5 
± 8.2 

0.55 
±0.08 

0.6 
±0.3 

0.02 
±0.01 

2.2 

0.06 

4.3 

1.37 

16.6 
±5-9 

0.69 
:t0. t t 

43.0 
t9.2 

1.76 
±0.10 

After Change 
Inflation (X) 

24.3 
± 5.9 

0.56 
:t0.09 

2. t 
±0.9 

0.15 
±0.0~ 

22.2 

0.62 

27.9 

I.I 

38.1 
±9.1 

1.03 
:t0.05 

44.4 
±10.0 

0.69 
+0.10 

-1- 18 

+234 

+909 

-20 

-1- I 30 

+49-"' 

+3 

-60"-

Before After Change 
Inflation Inflation (X) 

40.I 
± 12.9 

0.98 
±0.07 

6.1 
±3.7 

0.51 
:t0.f7 

37.3 

0.74 

1.2 

0.54 

7.1 
±3.8 

1.29 
±0.08 

26.2 
±5.7 

2.06 
±0.28 

45.5 
±17.S 

1.02 
±0.10 

10.8 
± 6.6 

0.48 
±0.14 

31.3 

0.96 

28.2 

I.JO 

20.5 
± 9.3 

2.36 
±0.42 

26.9 
±0.9 

1.64 
±0.10 

+77 

-6 

-16 

+30 

+2250 

+104 

+189 

+83* 

+3 

-21' 

I!' • values are means and standard errors. N • Number of fibres studied. Significance of 
difference from pre-inflation values : J'. P < 0.05: significance of difference of response 
during receptor block compared with receptor intact: "P < 0.0.5. 



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 lung deflation and the 

degree of transient response it elicited is shown in 

Figures 33 and 34. 

Release of lung deflation triggered off 

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 responses 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% oft ) (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 lung deflation are shown in 

Figures Sla and Slb. In 10 tests on 5 P-ILMs, 
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deflation of the lungs with 20 cm HO or 10 
2 

cm HO 
2 

negative pressure during PSR block increased the 

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 inspira~ion 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 HO increased the 
2 

mean frequency 

and duration of discharge 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 freque~cy 

and duration of expiratory discharge but this did not 
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tcabk 14 

Response of recurrent laryngeal motoneurones during the first breath 

following lung deflation before and during PSR block 

P-JLMs (N-6) 

Pre-def tat ion 

1st breath 

Change (%) 

P-lLMs (N-6) 

Pre-deflation 

1st breath 

Change(%} 

P-ELM (N-t) 

Pre-deflation 

1st breath 

Change (X) 

P-ELM (N-1) 

Pre-deflation 

1st breath 

Change (I) 

T-ELMs (N-2) 

P.re-def Jation 

J st breath 

Change(%) 

T-ELMs (N-2) 

P.re-def lation 

1st breath 

Change(%) 

Frequency 
(Imp/sec} 

17.3 ± 4_3@1 

24.7 ± 5.5 

+43 

40.3 ± 16.9 

58.4 ± 23.t 

+45 

+2.3 

+J.7 

-26 

+38.4 

+53.7 

+40 

17A ± O.J 

35.l ± 4.2 

+101 

7.4±3.7 

18.4 ± 2.8 

-"148 

Duration 
(sec) 

Frequency 
(Imp/sec} 

~ 
0.52 ± 0.06 t .6 ± 0.5 

0.87 ± 0.11 10.9 ± 5.4 

+67:t: +581-

0.97 ± 0.08 

1.22 ± 0.13 

+25 

+0.14 

+0.01 

-92 

+0.78 

+0.35 

-55 

0.65 ± 0.06 

1.05 ± 0.3.5 

+61 

1.39 ± 0.08 

2.13 ± 0.26 

+53-" 

5.4 ± 3.9 

9.1 ± s.s 
+67 

+3.7 

+1.3 

-64 

+3.6 

+40.8 

+1033 

33.6 ± 3.8 

29 . .5 .± 18.3 

-12 

24.7 :!: 0.4 

20.9 ± 5.2 

-15 

Duration 
(sec) 

0.33 ± 0.18 

0.06 ± 0.03 

-81 

0.34 ± 0.16 

0.72 ± 0.19 

+111 

+ 1.01 

+0.06 

-94 

+ 1.53 

+J.93 

+26 

2.08 ± 0.29 

0.13 ± 0.03 

-93.ir 

2.28 :!: 0.27 

3.11 :t 0.44 

+36" 

@=values are means and standard errors. N = Number of fibres studied. 
Significance of difference from pre-deflation values, * P < 0.05, * * P < 0.01. 
Significance of difference of response in blocked conditions compared with 
that in the intact state; # P< 0.05. 



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

P-IL/'ls (N=6.J 

Pre-deflation 

Deflation 

Change (%) 

Intact 

P-IL/-/s (N=6.J BlocJ: 

Pre-deflation 

Deflation 

Change (X) 

P-ELM {N=I) Intact 

Pre-deflation 

Deflation 

Change (X} 

P-ELM (N=I) 

Pre-deflation 

Deflation 

Change (1) 

Block 

Frequency 
(Imp/sec) 

@I 
23.5::!;8.9 

38.6;t8.2 

+64"' 

40.3± 16.9 

66.7±24.7 

+66 

2.3 

0.6 

-74 

38.4 

62.6 

+63 

T-EL/-/s (N=.:?.J Intact 

Pre-deflation 17.4±0. t 

Deftation 38.9±3. t 

Change (%) + 123 

T-EL/-1s (N=-2) BlocJ: 

Pre-deflation 

Deflation 

Change('%} 

7.4.±3.7 

24.4!3.9 

+230 

Duration 
(sec) 

~ 
0.52;t0.06 

0.7010.08 

+34 

0.99t0.07 

1.08±0.13 

+9 

0.14 

0.01 

-93 

0.78 

0.52 

-33 

0.65±0.06 

0.84±0.15 

+29 

1.39±0.08 

J.CH:t0.08 

Frequencr 
(Imp/sec 

2.2;t0.8 

15.5110.7 

+620 

5.4±4.0 

9.0,±3.6 

+66 

3.7 

1.4 

-62 

3.6 

22.4 

+522 

33.6,±3.8 

28. t ± 17.8 

-16 

24.7.±0.4 

20.7;t7.7 

-16 

Duration 
(sec} 

0.3310.18 

0.17;t0.10 

-48 

0.29±0.14 

0.79±0.24 

+168 

1.01 

0.08 

-92 

1.53 

1.24 

-19 

2.08;t0.29 

0.20:±0.04 

-90* 

2.28,±0.27 

2.53t0.45 

@=values are means and standard errors. N = Number of fibres studied. 
Significance of difference of response to lung deflation compared to pre
deflation values: * P < 0.05. Significance of difference of response to lung 
deflation in blocked condition compared with control: # P < 0.05. 



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, 
2 

the rabbits 

responded to lung deflation with a greater 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 conditions were 

significantly different due to the small sample of P

ELM (N=l fibre). 

3.12323 Subsequent Effects 

The activity of 4 P-ILMs was changed to a T-I 

pattern 

frequency 

after the release of lung deflation. The 

of P-ILM discharge in inspiration 

increased significantly (54%, P<0.05) before stretch 

receptor block but not during block, while the 

frequency of discharge in expiration was not 

significantly 

and 17). 

altered in either condition (Tables 16 
' 
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Response of recurrent laryngeal motoneurones during the 

first breath after lung deflation 

Control S02-bloct:ed 

Pre-deflation 1st breath Change(X) Pre-deflation 1st breath Change(%) 

P-ILMs (N-6) 

lnsp. 
(I) 

Frequency 23.5±8.9 
(Imp/sec} 

Duration 
(sec) 

Exp. 

@ 

0.52:!;0.06 

Frequency 2.2.t0.8 
Ump/sec) 

Duration 0.33:!:0.18 
(sec) 

P-ELM (N•I) 
Jnsp. 

Frequency 
Omp/secJ 

Duration 
(sec) 

Exp. 

Frequency 
(lmp/secJ 

Duration 
(sec) 

T-ELMs {N-2) 

1nfilL. 

2.3 

0.14 

3.7 

1.01 

Frequency 17.4_:0.I 
(Imp/sec) 

Duration 0.65;!:0.06 
(sec) 

Frequency 33.6:3.8 
(Imp/sec) 

Duration 2.08;!:0.29 
(sec) 

39.2:!: 7.1 

0.51 :t0.09 

0.25.:0.17 

L7 

0.01 

0.8 

0.01 

+66 

-I 

+5 

-24 

-26 

-93 

-78 

-99 

5.6_: 1.9 -68 

0.42,:0.07 -35 

30.5;:6.4 -9 

J.93_:0.22 -7 

40.3:!; 16.9 

0.97;:0.08 

0.34:0.16 

38.4 

0.78 

3.6 

J.53 

7.4.::3.7 

1.39;:0.08 

24.7+0.4 

2.28+0.27 

81.3.:24.6 

0.93!_0.IO 

I0.2;t4.2 

0.62:0.15 

73.3 

0.54 

7.2 

0.55 

6.1+4.2 

1.01:.0.12 

22.8:.1.6 

J.75:0.12 

+102 

-4 

+87 

+82 

+91 

-31 

+100 

-64 

-18 

-27 

-8 

-23 

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



tt:ablt 11 
Data on recurrent laryngeal motoneurone activity after lung deflation 

before and during stretch receptor block 

P-ILMs (N-6) 

Insp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Exp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

P-ELM (N-1) 

Insp. 

Frequency 
(Imp/sec} 

Duration 
(sec) 

Exp. 

Frequency 
(Imp/sec} 

Duration 
(sec) 

T-ELMs (N-2) 

Insp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Exp. 

Frequency 
(Imp/sec) 

Duration 
(sec) 

Coatrol 

Before 
Deflation 

~ 
23.5 

± 8.9 
@> 

0.52 
.t0.06 

2.2 
±0.8 

0.33 
±0.18 

2.3 

0.14 

3.7 

1.01 

17.4 
± 0.1 

0.65 
±0.06 

33.6 
± 3.8 

2.07 
±0.29 

After Change 
Deflation (X ) 

36.3 
±_7.5 

0.51 
±0.08 

2.3 
±1.4 

0.21 
.t0.18 

l.7 

0.01 

0.8 

0.01 

5.9 
±2.2 

0.37 
±0.08 

31.4 
.: 7.3 

1.99 
zO.J7 

-I 

-36 

-26 

-93 

-78 

-99 

-66 

-43 

-7 

-3 

so2-•1ec1ted 

Before After Change 
Deflation Deflation (X ) 

40.3 
:!: 16.9 

0.97 
±0.08 

5.4 
±4.0 

0.34 
±0.16 

38.4 

0.78 

3.6 

1.53 

7A 
±3.7 

1.39 
:,t0.08 

24.7 
± 0.4 

2.28 
:!:0.27 

74.5 
:,t24.5 

0.88 
±0.10 

7.3 
:!:2.5 

0.52 
±0.12 

63.5 

0.52 

4.6 

0.41 

12A 
±10.S 

1.01 
:t0.12 

16.9 
± 4.3 

1.75 
;t.0.12 

+85 

-9" 

+52 

+65 

-33 

+28 

-73 

+68 

-27 

-32 

-23 

te> - values are means and standard errors. N - Number of fibres studied. 
lnsp. - Inspiratory discharge, Exp. • Expiratory discharge 

Significance of difference from pre-deflation values: ~p < 0.05: significance of 
difference of response during receptor block compared with that during .receptor 
intact: " P < 0.05. 



The frequency of P-ELM discharge was reduced 

while PSR remained intact but during PSR block there 

was an increase 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 
2 

exposure (Figure 53, records C and D). An increase in 
# 

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 increasr 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=l 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 breaths 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 HO positive press~re and 1 
2 

immediately after lung inflation with 10 cm H 0 
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 lung deflation and 2 during lung inflation with 10 

cm HO 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<0.01; 83%, P<0.001 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 i~ 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 statistically 

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=l fibre) (Figures 64 and 65). Instead, there 

was a decrease in frequency of inspiratory and 

expiratory discharges during an augmented breath (-49% 
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ttabk ts 
Changes in recurrent laryngeal motoneurone discharge in inspiration 

and expiration during augmented breath 

Condition 

P-ILMs (N-10) 

Control 

Augmented 
breath 

Change (X) 

T-ELM (N-1) 

Control 

Augmented 
breath 

Change (X) 

Jnspirato.ry djscharge 

Frequency 
()mp/sec} 

• 12.6 ± 1.2 

64.9 ± 13.3 

+415" 

30.J 

15.4 

-49 

Duration 
(sec) 

~ 
0.49 .:!: 0.06 

0.90 ± 0.06 

+84~ 

0.73 

0.92 

+26 

Expiratory discharge 

Frequencr 
(Imp/sec 

0.4 ± 0.2 

14.0 :!: 7.5 

+3400 

33.9 

32.2 

-5 

Duration 
(sec) 

0.33 ± 0.22 

0.62 :!: 0.23 

+85 

2.88 

2.01 

-30 

tb - values ace means and standard errors. N - Number of breaths. 
Significance of differences from control values: n P < 0.0 J. 'U.11: P < 0.00 I 
by Mann-Whitney test. 



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 burst 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 bursts 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 

block. 

before and during stretch receptor 

3.21 Discharge Patterns of Phrenic and Recurrent 

Laryngeal Nerves with Pulmonary Stretch 

Receptor Intact 

3.211 Laryngeal 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 
2 

state, the respiratory 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 

synchronized 

RLN and that of PN tended to become 

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 cycle 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 bursts 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%, 0 
2 2 2 

= 16.0%) than the other four (mean pCO = 4.3%, 0 = 
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 1:1 relation to the pump 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 HO is shown in Figure 73. Inflation of the lungs 
2 

(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 During Eupnoeic 

Tidal Volume 

During block of PSR, inflation of the lungs with 

10 cm HO positive pressure failed to inhibit either 
2 

the RLN 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 breathing or 

paralysed and artificially ventilated rabbits whose 

PSR were intact. However, in rabbit 2, immediately 

after SO inhalation, 
2 

a distinct burst of late 

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. 
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ltablt 19 

~ of the. ~ee of pulanona.-ry skstGh 
T~toc bLxft. a.jmT suLphu:c dlox.id£ t-nfwla.tion 

INHIBITORY RATIO RABBIT 
NUMBER PSR INTACT PSR BLOCK 

4 

2 

3 

5 

7.3 

4. 1 

5.7 

14.3 

18.9 

2.5 

1.4 

0.9 

1. 1 

1.1 

I 
·b·t R . (. ) Expiratory time during lung Inflation 

nh1 1 ory at10 1.r. = 
Control expiratory time 

Hering-Breuer inflation reflex is completely abolished 
(complete block of stretch receptor activity) if i.r. ~ 1.0 
( Davies et al, 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 occu+red 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 

synchronization between the two cycles became a 1 

synchronization and back to 2 : 1 again (Figure 

record A). While 5 cases maintained 1 

2:1 

1 

74, 

1 
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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 

multiples of each other. 

nor the 

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 b~ 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 in 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, 1 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 rabbit) 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 
2 

administration. The onset of RLN and PN bursts 

continued to occur within the inflation phase but 

their activities switched 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 par~lysed and 

artificially ventilated 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) whep 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 one 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 
UBRARY 
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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 were 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). 

. 
* 

100 



4. I Efferent Activity in tile Recurrent LtlfYl7!}!JtJl Nerve 

4.2 Y@l Malulotion of Recurrent LorYll!):!81 Motoneurone Activity: 

Evidmce from LorYfl9:Jlil Oischor{71 Po/terns 

4.21 Ouring SpontlJfla7IJS Brelllhing 

4.22 Ouring Lung Inflation 

4.23 OUring Artificial Yentiletion 

4.24 During Imposition of AtiiKI Oet:d ~ 

4.25 Ouring Augmented Breoths 

4.26 Ouring Lung OefkJtion 

4.27 OUr,'ng Transient Chal1fl!!s in Lung Yolume 

4. 3 Role of J- R6C6f)tors 

4. 4 Role of other Moduloting FtJCtors other I/Jon YtJ{}!JI Inputs 

4. 5 Functional AdvfJIJIIJ(,)? of Y8f/8l Ma:luletion 

1,6 Loryn{7JOI Oisc/Jorf71 Pattern Ouring Coug/J 

4. 1 Role of Recurrent L8f'Yll{:tJ8I Nerve in Respiration 

4.8 Evalll8tion of Metha:I 

4. 8 I Ooto Collection 8lld Processing 

4. 82 Histolq;ical Findings 

4. 83 Difficulties £/lCOl/nterat in Obtaining A SetisftJCtory Record 

4.84 £fleet of A1188St/Jesit1 8lld other Chemicals 

4.85 Effect of TrtK;heostomy 

4. 9 a:JncltJSions and Implications 



The purpose of this investigation was to 

identify the efferent activity in 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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expiratory 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-ILMs often started firing with T-I pattern. 

It was more difficult to detect fibres of the 

expiratory type. The difficulty in detect~ng 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 in 

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 i~tercostal 

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 laryngeal motoneurone 

constantly began earlier than the onset of activity in 

the phrenic nerve (Bianconi and Raschi, 1964; Cohen, 

1975; Sica et al, 1985). This corre$ponds 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 

intrinsic laryngeal muscles respectively. 

and 
¾ 

the 

Cohen 

(1975) attributed the difference between the two kinds 
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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 
I 

sharp decline during the last 25% oft. Presumably 
I 

the pattern of discharge in the whole RLN observed by 

Cohen (1975) could be attributed mainly to the 

discharge of inspiratory fibres. 



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 nerves _ 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. 
2 

This behaviour is different from that of 

central expiratory neurones which are stimulated by 

high CO (Haber et al, 
2 

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 is 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, 

progressive increase 

or that it is 

in inspiratory 

due to the 

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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substantial temporal progression spanning the entire 

jnspiratory phase. When adequately activated, the 

"off-switch" inhibits the inspiratory discharge 

( Figure 8 0 ) . 

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 

a~d 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 vagally 

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 

tension. 

and other influences including co 
2 

As lung volume is monitored by stretch 

receptors, this system depends on vagal integrity for 

its function. 
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Hence, during PSR block, the normally occurring 

PSR input is eliminated and the nature of its 

inhibitory effect is revealed by the pattern of 

disinhibition, which is manifested as an increase in 

frequency 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 

inspiratory 

activity 

was apparent 

phase: the 

was changed 

from the start of 

early attainment of 

into one which showed 

increasing frequency of discharge (Figure 85). 

the 

peak 

an 

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, 1973a,b 

). However, the activity of this group must rise to a 

critical level 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 in 

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 -
2 

blocked animals, then it would suggest the existence 

of another vagal 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 prolong 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, 

attenuated 

appeared. 

not only was the phasic 

but a low frequency tonic 

activity 

discharge 

A minority of ILMs 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 

~he "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 effect 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 used, 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 modulate RLM discharge could not 

be ascertained. Green and Neil (1955) recorded 

activity of RLN and PSR simultaneously. Nevertheless, 

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 abolish 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 HO. 
2 

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. 

4.231 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 artificially 

ventilated rabbits. During sulphur dioxide block with 

passive ventilation maintained at its previous control 

level, the most frequent pattern was one of total 

independence betwe~n pump and recurrent laryngeal 

bursts. This "free running" phenomenon indicates the 

absence of 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 initiation influence exposed by the 

block of PSR The coincidence of RLN and PN 

discharges with either inflation or deflation or both 

115 



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 view, 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 th~ inflation 

phase with reduced tidal volume indicates that the 

stretch receptor input was of insufficient stimulus to 

activate the "off-switch" mechanism and/or that some 

other mechanism may be modulating RLN. 

The coincidence of recurrent laryngeal and 

phrenic 

and the 

discharge with either inflation or deflation, 

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 inspiration probably indicates that PSR inputs do 

not inhibit the motor output pool directly. 

during 

lung 

That rhythmical discharge of the RLN continues 

PER block, indicates that the activity of 

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. 
2 

It also sugge~ts that 

RAR or J-receptors may also be involved in the 

modulation of RLN discharge. If this hypbthesis is 

correct, it would follow that after bilateral 

intrathoracic vagotomy, RLN discharges would be "free

running" with no set phase relationship to lung 

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 

findings. 

with Eyzaguirre and Taylor's (1963) 

These researchers reported that during the 

administration of 6% CO in air to cats deprived of 
2 

chemoreceptor nerves, the activity of inspiratory 

fibres was increased during inspiration but decreased 

during expiration. 

Dixon et al (1974) reported that hypercapnia 

(using rebreathing tuoe 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 

excitatory 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 periodically 

(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 

119 



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 

regarding 

is very little published information 

the behaviour 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 of a normal 

inspiration. Since there is little difference in the 

rate of increase 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 Larrabee, 

1946). 

discharge 

The decrease in inspiratory 

during the rapid shallow 

laryngeal 

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 breath (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 

suggesting 

volume and an extended t, 
I 

the existence of an inhibitory 

therefore 

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 

speeds up breathing. The reflex action of 

(t ) and 
E 

deflation 

on breathing is by stimulation of RAR sensitized by 

collapse of the lungs. (Sellick and Widdicombe, 1969; 

Mills et al 1970, Knox; 1973) However, part of this 

response to deflation could be due to decreased PSR 

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

effect 

Little information exists to-date concerning the 

of lung deflation on recurrent laryngeal 

discharge. 

ILMs during 

The increase in inspiratory discharge of 
# 

lung deflation and their brief 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 

consistent 

the vocal 

reported 

response of ILMs to lung deflation is 

with studies on respiratory movements of 

cords. Murakami and Kirchner (1972) 

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 in 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 

constriction of the 

dilatations 

larynx, the and expiratory 

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 in cats that deflation of the lungs (100cc 

room air) did not activate the adductors. 

Under physiological conditions, RAR; activity 

exists at functional residual capacity while the tonic 

activity of stretch receptors at this level of lung 

inflation is 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 

discharge which is to open the glottis to 

of ILM 

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 inputs 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 lung 

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 

HO positive pressure, 
2 

than with 10cm HO positive 
2 

pressure. RAR is also a likely candidate 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 

early application of inflation was made during 

inspiration and deflation during expiration observed 

in this study. 

The 

discharge 

observed 

after 

transient changes in -laryngeal 

release of lung inflation are 

consistent with those of Mccaffrey and Kern (1980), 

who noted that at the termination of lung inflation, 

the rapid deflation of the lungs produced a large 

increase in 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 

transient 

by sulphur dioxide did not suppress 

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 is not known if SO exposure may 
2 

stimulate or sensitize J-receptors. Nevertheless, it 

is considered unlikely that the sensory endings of 

non-myelinated fibres can account for the results in 

this study. Guz and Trenchard (1971) have 

demonstrated that J-receptors have no tonic reflex 

effect on breathing 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 receptors. 
~ 

There does, however, remain a possibility of the 

involvement of other unknown receptors with vagal 

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 

diguanide and capsaicin (Coleridge et al, 

Paintal, 1969). 

phenyl 

1965; 

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 in 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 likelihood 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 are other 

influences other than those from PSR and RAR 

modulating RLM discharge. Thus it is not known if 

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 laryngeal motoneurones) 

have been described (Merrill, 1974) (Figure 86). 

Conceivably, the DRG is 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 

only 

breathing. 

influence 

corresponding 

It seems that vagal afferents not 

regulation of phrenic activity 

to tidal volume and respiratory 

but also patterns of inspiratory and frequency, 

expiratory 

surprising 

effector 

inspiration 

discharge in the RLN. This is not 

in view of the role of the larynx 

respiratory organ, abducting 

to facilitate in-flow of air, 

as an 

during 

and 

adducting during expiration to retard expiratory flow. 

The outcome of this modulation is that it adjusts the 

pattern of breathing 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 is 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 bypassing 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 ~ay be due 
2 

to the blocking of the airway stretch receptors by 

sulphur dioxide. These receptors have been reported 

by Sant'Arnbrogio 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 is 

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 
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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 

134 

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). 

the same book that following 

It is also reported in 

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 



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 manner 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 

which reaches a maximum in early dilatation, 

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 in 

frequency and duration of P-ILM discharge 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 

CO by widening the glottis due to both fa~ilitation 
2 

of abduction 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 

expiratory 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 represen~ative 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 ;of 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 previously 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 

experimented 

investigation. 

of paper and tape speeds 

with in the early stages of 

were 

this 

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 additiQn, 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 

urethane 

hand, cats anaesthetized with chloralose-

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 light 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 calibre 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 alterations when the upper airway is 

bypassed through tracheostomy. Sasaki et al (1973) 

demonstrated from electromyographic measurement of the 
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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 

physiologic 

cycle. 

vocal cord position to maintain normal 

airway resistance within the respiratory 

Mathew et al (1984) reported that when 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 i:o.crease 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. 

is known to activate 

Laryngeal negative pressure 

laryngeal abductor muscles 

(Mathew,1984) which in turn may stimulate the "drive" 

receptors (Sant'Arnbrogio 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 is 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 is maximal, DCA activity 

appears to be maximal (Buckwalter and Sasaki, 1984). 

Following a change to mouth breathing, these 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 ~pper air 

DCA activity slowly returned. These passages, 

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 
2 

and 

exposure blocks the activity of PSR, 

ii) during PSR block, Rl,R 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 whereas 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 artificially 

ventilated animals. The activity of PSR is not 

essential for rhythmical discharge of RLMs. 

III. 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? 

belief 

The findings of this study support the current 

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 RLM 

discharge during eupnoeic breathing. The influence of 

RAR is 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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RESULTS OF INVESTIGATIONS ON SPONTANEOUSLY BREATHING 

RABBITS 

1. Action potentials were recorded from single laryngeal 

motor fibres in 9 rabbits anaesthetized with pentobarbitone 

and breathing through a tracheal cannula. 

2. Four types of recurrent laryngeal motoneurones (RLMs) 

were observed: i) phasic-inspiratory (P-ILMs); ii) tonic

inspiratory (T-ILMs); iii) phasic-expiratory (P-Ellf}; 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 increased 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 ELMs. 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. RLMs 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 dioxl.de . .. 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 

diflcharge. 

That RLN and PN reacted in almost identical fashion to 

changes in vagal afferent inputs suggests that PSR and RAR 

may operate via the same central mechanisms to modulate both 

neural outputs. 
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Fig. 15 Spontaneous activity of recurrent laryngeal motoneurones with different patterns of discharge. 
A: Phaslc-lnsptratory, B: Tonlc-1nsplratory, C: Phaslc-explratory, D: Ton1c-exp1ratory. Rabbits 
under pentobarbitone anaesthesia. In each record, upper trace: airflow (V) signal, inspiration upwards; 
lower trace: rocurrent laryngeal motoneurone electroneurogram ( RLM. EN0). 
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FIG. 20 FIBRE TYPES IN THE RECURRENT 
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Fig. 21 Record showing the change in dischar~ pattern of a phasic-inspiratory laryn~I 
motoneurone during eupnoeic breathing: from a phasic-inspiratory pattern of dischar~ 
into a tonic-inspiratory pattern and back to phasic-inspiratory again. Rabbit under 
pentobarbitone anaesthesia. Upper trace: airflow (V) signal, inspiration upwards; lower 
trace: recurrent laryngeal motoneurone etectroneurogram (RLM.EN0). 
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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 onset of motoneurone activity was earlier than the start of the inspiratory 
phase. C. The onset of activity was later than the onset of fnspfratory phase. In each record, upper trace: a1r
flow (V) signol, inspirotion upwards; lower trace: recurrent 1oryngea1 motoneurone electroneurogram 
(RLM. ENG). Rabbits under pentobarbitone anaesthesia. 
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Fig. 27 Effect of breathing through an added dead space on phesic-inspiratory laryngeal motoneurone 
discharge. A: During control breathing, B: Breathing through an added dead space. Rabbit under pento
barbitone aneesthesia. In eoch record, upper trace: airflow ( V) signal, Inspiration upwards; lower 
trace: recurrent laryngeal motoneurone electroneurogram ( RLM . ENG). 
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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 proouced by the opening and 
closing of the m!YJnetic valves is clearly seen on the airflow record. In each record, upper trace: 
airflow ( V) signal, inspiration upwards ; lower trace: recurrent laryngeal motoneurone electroneu
rogram ( RLM. EN0). 
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Fig. 31 Responses of recurrent laryngool motoneurones to inflation of the lungs. A: A type B response of o 
tonic-inspiratory laryngeal motoneurone, B: A type D response of a tonic-inspiratory laryngeal motoneurone, 
C: A type A response of a phasic-expiratory laryngeal motoneurone, D: A type B response of a tonic
expiratory laryngeal motoneurone. The artifact produced by the opening and closing of the magnetic valves 
is clearly seen on the airflow record. Rabbits under pentobarbitone anaesthesia. In each record, upper 
trace: airflow(V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone electro-

neurogram ( RLM.EN0). 
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Fig. 32 Typical transient response of a phasic-inspiratory laryngeal motoneurone to lung 
!nflation (between the arrows). Records B and C from the same motoneurone in record A, 
show transient response immediately following lung inflation and after the release of lung 
inflation. Rabbit under pentobarbitone anaesthesia. In each record, upper trace: airflow ( V) 
signal, inspiration upw6rds; lower trace: recurrent laryngettl motoneurone electroneurogrnm 
(RLM.ENG). 
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FIG. 39 TYPES OF RESPONSE OF RECURRENT 

LARYNGEAL MOTONEURONES TO LUNG INFLATION 
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Fig. 41 Response to lung deflation ( between the arrows). A: phasic-inspiratory laryngeal 
motoneurone, B: tonic-inspiratory laryngeal motoneurone, C: phasic-expiratory laryn()38l 
motoneurone, D: tonic-expiratory laryn~I motoneurone. In each record, upper trace: 
airflow (V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone 
electroneurogram ( RLM.EN0). The artifact produced by the opening and closing of the 
magnetic valves is seen on the airflow trace. Rabbits under pentobarbitone an8esthesia. 
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Fig. 42 Typical transient response of a phesic-inspiretory laryngeal motoneurone 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 respectively. Rabbit under pentobarbitone anaesthesia. In each 
record, upper trace: airflow (V) signal, Inspiration upwards; lower trace: recurrent 
laryngeol motoneurone electroneurogram ( RLM. ENG). 
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Flg. 46a Spontaneous dlscharge of three recurrent laryngeal motoneurones before pulmonary stretch 
receptor block. A. Phasic-inspiratory laryngeal motoneurone, B. Phasic-expiratory laryngeal motoneurone, 
C. Tonic-expiratory laryngeal motoneurone. Rabbits under pentobar·bitone anaesthesia. In each record, 
upper- trace: airflow ( V) signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone 

electroneurogram ( RU1.EN0). 
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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 phaslc-inspiratory laryngeal motoneurone. B: A phasic
expiratory laryngeal motoneurone. C: A tonic-expiratory laryngeal motoneurone. In each record, upper trace: 
airflow(¥) signal, Inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram 
( RLM. ENG). R6bbits under pentobarbitone anaesthesia. 
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Fig. SOa Response to lung inflation before stretch receptor block ( arrows indicate onset and release 
of lung inflation). A: Phasic-inspiratory laryngeal motoneurone ( upper and lower panels are from 
the same record), 8: Phaslc-expiratory laryngeal motoneurone, C: Tonic-expiratory laryngeal moto
neurone. In each record, upper trace: airflow (V) signal, inspiration upwards; lower trace: recurrent 
laryngeal motoneur·one electr-oneurogram ( RLM. EN6). Rabbits under pentobarbitone anaesthesia. The 
artifact produced by the opening and closing of the magnetic valves is clearly seen on the airflow 
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 larvni;eal motoneurone, B: 
Phasic-expiratory lary~l motoneurone, C: Tonic-expiratory lary~l motoneurone. In 
eoch record, upper and lower panels are continuous record; upper troce: airflow (V) 
signal, inspiration upwards; lower troce: recurrent Jaryn~l motoneurone 
electroneurogrem ( RLM.EHG). The ertifoct 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. 51 a Response to lung deflation ( between the arrows) before stretch receptor block. A: Phasic
inspiratory laryngeal motoneurone. B: Phasic-expiratory laryngeal motoneurone. 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 pentobarbitone 
anaesthesia. The artifact produced by the opening and closing of the magnetic valves is clearly seen 
on the airflow trace. 
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Fig. 51 b Response of the three motoneurones in Fig. 51 a to lung deflation ( between the arrows) during 
stretch receptor block. A: Phasic-lnspiratory laryngeal motoneurone, 8: Phasic- expiratory laryngeal 
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 pentobarbitone anaesthesia. The artifact produced 
by the opening and closing of the magnetic valves is cle.arly seen on the airflow record. 
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Fig 53 Effect of breathing through an added dead space on the discharge patterns of e 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 hypercapn1a 
(PSR block). In each record, upper trace airflow (V) signal, inspiration upwards; lower trace: 
recurrent laryngeal motoneurone electroneurogram ( RLM.ENG) Rabbit under pentobarbitone anaesthesia. 
Artifacts are clearly seen on airflow traces. 
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Fig. 55 Discharge patterns of recurrent laryngeal motoneurones during spontaneous augmented breaths. 
A: A phasic-lnsplratory laryngeal motoneurone, B: A tonic -expiratory laryngeal motoneurone. In each 
record, upper trace: airfiow (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-inspiratory laryngeal motoneurones during 
augmented breaths induced by various stimuli. A: After lung deflation (Arrow indicates release of 
lung deflation), B: During hypercapnta (Arrow Indicates the addition of dead space). C: Immediately 
following lung inflation ( indicated by arrow). D: During lung inflation (Arrow indicates release of 
lung inflation). Rabbits under pentobarbitone anaesthesia. In each record. upper trace: airflow ( V) 
signal. inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurograrn ( RLM.ENG) 
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Fig. 58 Discharge patterns of phaslc-insplratory laryngeal motoneurones during augmented breaths when 
stretch receptors were blocked by sulphur dioxide. A. Augmented breath occurring after lung deflation 
B: Augmented breath opcurring during lung inflation. Rabbits under pentobarbitone anaesthesia. 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 sud:len acceleration in impulse frequency of a phasic-inspiratory 
laryngeal motoneurone in the second half of inspiration during an augmented breath. A: 
Control breeth, B: Augmented breath. In each record, upper trace: airflow (~) signal, 
Inspiration upwards; lower trace: recurrent laryngeal motoneurone electroneurogram ( RLM. 
ENG). Rabbit under pentooorbitone aneesthesia. 
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Fig. 63 Record of an auomented breath showing a lessening of phasic-inspiratory 
laryngeal motoneurone activity before the augmented half of the breath begffll. Rabbit under 
pentobarbitone anaesthesia. Upper trace: airflow (V) signal, inspiration upwards; lower 
trace: recurrent laryngeal motoneurone electroneurogram ( RLM. EN6). Arrow indicate the 
end of lung deflation. 
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Fig. 64 Dischar~ patterns of a tonic-expiratory laryngeal motoneurone during a 
spontaneous augmented breath. A: Control breath ( upper and lower panels are 
continuous record), B: Augmented breath. In each record, upper troce: airflow (9) 
signal, inspiration upwards; lower trace: recurrent laryngeal motoneurone electro
neurl)Jfam (RLM. EN6). Rabbit unoor pentobarbltone anaesthesia. 
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Fig. 66 Spontaneous activity of the recurrent laryngeal and phrenic nerves in relation to 
tidal volume. Rabbit under pentobarbitone anaesthesia. Upper trace: tidal volume (Yr, 

inflation upwards). Mlo1le trace: recurrent laryngeal electroneurogram ( RLN.EN0). Lower 
trace: phrenic electroneurogram ( PN.ENG). 
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Fig. 6 7a Anaesthetized rabbits, paralysed and artificially ventilated. Records showing the 
activity of recurrent laryngeal ( RLN) and phrenic nerves ( PN) in relation to the inflation 
and deflation phases of the ventilator. A: I: I synchronization of pump and PN/RLN cycles. 
B: 3: 1 synchronization of pump and PN/RLN cycles. In eoch record, upper trace: tidal 
volume (VT), 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. 6 7b Anaesthetized rabbits, paralysed and artificially ventilated. Record showing the 
octivity 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 eoch record, upper trace: tidal volume (Yr). with some integrator drift and 

resetting; middle trace: recurrent laryngeal electroneurogram (RLN.ENG); lower trace: 
phrenic electroneurogram ( PN.EN6). 
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Fig. 69 Anresthetized rabbits, paralysed and artificially ventilated. Effect of decreasing 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 discharge during lung inflation ( inflation downwards). In eoch record, 
upper trace: tidal volume (Vr ), with some integrator drift and resetting; middle trace: 

recurrent laryngeal electroneur(X]ram (RLN.EN0); lower trace: phrenic electroneur(X]ram 
(PN.ENG). 
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Fig 71 Anaesthetized, paralysed and artificially ventilated rabbits. Phase relationship 
between RLN/PN discharge and pump cycle when tidal volume was I 00~ greater than 
eupnreic level. A: onset of RLN and PN activity occurring during lung reflation ( inflation 
upwards). B: depression and eventual disappearance of RLN and PN inspiratory bursts 
( Inflation upwards). C: onset of RLN and PN activity during lung tnflatlon ( inflation 
downwords). In each record, upper troce: tidol volume (Vr), with some integrator drift 

and resetting; micxlle trace: recurrent laryll!1l('ll electroneur~am ( RLN ENG); lower 
trace· phrenic electroneur~am ( PNENGl All three records were tal(en from different 

;!I;!!: 
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Fig. 73. Anaesthetized rabbits, paralysed and artificially ventilated. Effect of the 
Hering-Breuer inflation test with l O cm Ht) positive pressure on the recurrent laryngeal 
and phrenic activity before and during stretch receptor block ( records A and B 
respectively). In each record, upper trace: tidal volume (Vr); inflation upwards; mictlle 
trace: recurrent laryngeal electroneurcgram ( RLN.ENG); lower trace: phrenic 
electroneurcgram ( PN.ENG). The shift In baseline In the tidal volume trace was due to 
resetting the airflow integrator. 
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Fig. 74 Anaesthetized rabbits, paralys-ed and artificially ventilated. Effect of pulmonary 
stretch receptor block on the discharge 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: I to I: 1 and back to 2: I again. The 
oominlstration of sulphur dioxide recruited previously silent expiratory fibres in the 
RLN. B: depicts the change in pump to neural respiratory cycle ratio from 3: I to 2: I and 
back to 3:1 again. In each record, upper trace: tidal volume (Vr); inflation upwards(with 

some integrator drift and resetting); m icxlle troce: recurrent laryngeal electroneurogram 
(RLN.ENG); lower trace: phrenlc electroneurogram (PN.ENG) 



.,., 

f -1 ~ , l • i I ! , , • ! • • ~ • 1 t t • I I ! • ' t t-! • • I j 1 ill • • • • , • • ' • • • • t I l ! • t • i • • 1 • • ' • l • • • ; ' ' • • • 1 1 1 • • ' • ! ! • l • • 1 ' • • • A l"f ,,,.,..i, .... ,,., i,,,.,, ... ··; ., ... ··1,·' , ..... ··1 ··1·•··· . 'i' , .... , .....•.•... 

. i '11!' l:lu' Ii, 1·1{: t·Y I il:l II l ,I :: 11::r l:ii 1;1 I,:: 1·:1! 1111 1:j.t j1l ,i: Id 1:tJ iii,:.:( lj' I\ i:: i:11 I' Iii: ,::: ' ::~ 
' ' i'I . ' . I • • ... ' : " " 't . " . .. ' .. ' I ' . , " " ' t '. ' ' I i ' ,·t ' I" I ' l ' " . j :· ' '. ;; .. .. • i' . ,1 . . " '. : .. I ' . .. . :; iii l lit •1!t tjd p • /! , ,. I'\ dt " ; ... 1/j !I ,l I• ,i "I\ i di .i ,j .. , '1 · l••! )l " t 

20] 
' ''ll 11/I I'• 11•' L' 111 •· I• • 11 

,: ,, ... 1::1 ,.,, I' • il! ·;'I, "" "" 'i 1·' ; .. "I "l Ii! . ' 1
' • • , .• I ii jy;J 1· '11 . ' 11•, ,. I , ,. '" :'.1 ''" ... :11: 'Jt; t• .. ,,,, L ,i ,.,, •1• "·· • • .. •· .• , .... ..,,' , i;; iii i .. ; ;) i:: i:'.;: ·:i;: :; j: ::; ;.i ;( :: ; :: .. i',: i!;: ':; t;; ;;;: ;;; ,;;; ,:I· :; ::: :;::1:; !:!i;; :::: ;: ::::: VT (ml) 1 1~,!,,1 111 • l i1 •il1· ;';:'_ ·' 1• l til 11•i 1 " 1 ,i/, :,., i11 l1111 '"11 l ,1,. " 1' ·'I• t,., 1:ll Ir• 1:, ·:• .. ,,. ,, .. ,:;," ' ... .1....L.Ll.. N ! l It ·;J . Ii I• ! j I ' I HI ,: • Ii li I Ii 11 I I. I • l. I• i,(1 ! t 1 ! t I , ' • ! . ' . ( '.' t f' ) 'I •. 

o 1 ·::: m· · .. :.{:.Ll ••l!l ll l! 11,. 1Hl 
1
1 11

1
-1,,, •11 :,, •u • 1.1 :J· i ,·t ,1:: . u,·. i' 1' 11 1.11 ::, I:.:::.·::.,··· 

RLN.ENG 

PN.ENG 

B 

20] 
0 

•! I·",. ,1,.,i ',-,~ J+ I\ 1l .. , q I 1,, ';' . '" i·'l 11•11''' I .. L :L "" ''" .,, ,,,. ,., ,, .... It ,1, 1. • l ·H , l Ill' •· ., ,1 ,i i t• t;/ jl !H 1 •t \ il 11 ,,1, •t• t1't !l' !••• ! • 

11!\ : i!t' 11:1 1··1·1 i ! ·}'li :· '1!::·,11 :m. n :: ::: l'Ll· .11: 11·1 I l I :!; V.:1·1 1: !.II 1· !II! 11:'l n JI,! Iv.!' ::: ::·. Viii!' i ::: 
i
. 1 : t• , 11 , , t , ·1 1•• 11 ,r 1 1 •!";· ,, 1 ~ .:...!_' 1~ 1 .. 1, 1 1 1 11. i 1• 11•, •11: ,. 1, 1 .. 1 ! .i( '"• 1 . ii " 

\ , l ! t f ! • I • • ! , •l• •rt i • fl • • ! ,r, 1 ll ,; ,t • •• ! l, • , · I • •r i !•• I I i,j, 1. • L', t [~ 

111 j I '111: ,11: :;l. I ; ''11': 1·'L·1 11: l;!: 1·1:: Iii ·:· 1:: ::, -:-44. C:'' :, :.! 11:: {':I lN,1 Ji1 ii l'i 1·J· I ;:·: ':' t:· ! :::: : : i ,: :· 
' ''. I!" l ii 1 ' i i ' Jl I· I"' i I· "I 1 '. • · I"' ' . .;ii li ·t I l ·' 'II' ' I ·j' L ii 11 · · ·' ' " ·.. : ; · ',' I ': • .. · · 

I !: 1' !'11 ll'I 1'!1 ,: l l't' llil IP I j: ::;: ;i ii i ,::: 1:-ii 1'1' 1•:11 ~ iill' ~ . '': 1:1: ·:: Yi'.:: '1~: ' . 1:,: 'i' 1:• II : 
1
.~. 

l t•j• q, I , j ill < • ! , .,, ti!/,!! , f!,1 lj , +j f, "" ' •• 1:l i• i i+t 
'i' I .. 1 i1.1. 'I ii I .. , .. 11 1' ,.,. ·1· i. 1·i 1 .,, t· 1 i f11 1" ,., 'I '''I 11· "• I,_, : ... . j, I'" .... ,. ..L ! I I)+ , ·:·! j J/1• j, l' lij, • ' • t'! I 1( '. J• •J' I• It !,• •• ,1,, !••• •. i ,11. 'tt 1 •*;_.. 

I l· 11111 1 ... J: i•li lt .. J ll·J 1111 ,,, 1'" ,,,, ,I lli· I' !:·· "'• 111 11··· l:·' 1: 1+1Jd, 1•1: ,,,, .... 44 :::, I? ii'' 'I'--~-~ 'Ii •. 
' 1f 11:1 it! ' l! 111 HJ r:i '!li 1! 1 • 1 1:1::: :it! 1:,: ;\:J !i: ';i: Jit: ;;.!' 1: d•r 1-m ;;: 1:: :. 1·:; :;: r: I.'.:!:':~. 

1 I ·t 11! ,! · !· · 1 • t,! lt'l •ti I!• • • • ,, • t, fj, I>' • :• 'J!;1_t.LL.:..1.l.L;i ,,l+w..t y; •t ,_! .½l iil\ i .'' 

••1· ... rm N,,,,. !!) .... i.1.JJ.fl-.,! °11"4, 111 ',,, 
... ....__ .. ,\! ~; 11 1': 

,~•,.;.: 

s 

Fig. 75 Anaesthetized, paralysed and artificially ventilated rabbits. Two typical records of 
the changes in the actlvlty of recurrent laryngeal and phrenic nerves when stretch 
receptors were blocked and the tidal volume (VT) was I 00% greater than eupnoeic level. 
In A, a distinct expiratory discharge was also elicited. In each record, upper trace: tidal 
volume, inflation upwards ( with some integrator drift ) ; mick:lle trace: recurrent laryngeal 
electroneurogram ( RLN.ENG); lower trace: phrenlc electroneuroaram ( PN.ENG). 



., 
., 

A 
20] 

VT(ml)
0 

Bf::Ettl:!m~B±t~f!:lliui.wl'.tll.w.l:l±tlfi=filffl:lif!tttl±f~#rlfli=3cifui§#lfuif:TH4ffi:#~~W±tili?.rlffi~llil:ill*:.!LiliB:...,,,--

RLN.ENG 
PN.ENG 

B 

'---' 
1 s 

Fig. 76 Anaesthetized rabbits, paralysed and artificially ventilated. Effect of 03Creasing 
tidal volume ( indicated by arrow) to half the spontaneous eupnooic value on the phase 
relationship between recurrent laryn~I ( RLN) and phrenic nerves ( PN) and pump e,ycle 
during stretch receptor block. A: RLN and PN activty occurred with no phase relationship 
to pump e,ycle. B: RLN and PN bursts occurred during the inflation phase of the pump 
e,ycle. In each record, upper trace: tiool volume (Vr), inflation upwards (with some 

integrator drift); middle trace: recurrent laryn~I electroneur()Jram (RLN.ENG); lower 
trace: phrenic electroneurOQram ( PN.ENG). 



FIG. 77 ONSET OF RLN AND PN BURSTS DURING 
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Fig. 78 Records (A and B) showing the dlschar~ patterns of recurrent l6fYngeel and 
phrenic nerves during cough following sulphur dioxide ministration ( indicated by arrow). 
In each record, upper trace: tidal volume (Vr), Inflation upwards In A , inflation 
oownwards in B ( with some integrator drift and resetting); middle trace: recurrent 
lary~I electroneurogram (RLN.EN0); lower trace: phrenic electroneur~ram (PN.EH0). 
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Fig. 79 Record showing the disappearance of recurrent laryngeal nerve octivity consequent 
on bilateral cervical vagotomy (indicated by arrow). Upper troce: tidal volume(Vr). 
inflation upwards (with some integrator drift and resetting); middle troce: recurrent 
laryngeal electroneurogram ( RLN.ENG); lower troce phrenic electroneur()Jrern ( PN.ENG). 
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Data obtained from recordings of 24 recurrent laryngeal motoneurones from 9 rabbits 

were tabulated as follows: 

Rabbit Number: 

Condition Br. Ph. Ph.Dr 
No. (sec) 

Abbreviations: 

PSR: 

Br. No: 

Ph: 

Ph. Dr: 

Q1: 

02: 

Q3: 

04: 

Tot: 

Bg. F: 

End. F: 

Dr. F: 

Fmean: 

Freq. Range: 

' 

Fibre Number: PSR: I ntact/8 loci< 

No. of Sr,ikes Bg .F End.F Dr.F Fmeam 
Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) 

Pulmonary Stretch Receptor 

Breath Number 

Respiratory Phase; Inspiration (I) / 

Expiration (E) 

(Hz) 

lnspiratory (ti) I Expiratory Duration (tE) 

First Quartile (0-25% of tl/tE) 

Second Quartile (25-50% of tl/tE) 

Third Quartile (50-75% of tl/tE) 

Fourth Quartile (75-100~ of tl/tE) 

Total Number of Spikes 

Onset of Firing 

End of Firing 

Duration of Firing 

Me an Frequency 

Frequency Range 

Freq. Range 
{Hz) 



Rabbit Number: 1 Fibre Number: 1 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End. F Dr.F Fmean Freq.range 
No. (sec) Ql 02 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-In fl n 1 I 0.68 3 3 2 0 8 0.03 0.50 0.47 11.8 7.7- 50.0 
E 1.80 4 3 1 5 13 0.06 1.78 1.72 7.2 2.4-200.0 

2 I 0.67 4 3 3 1 11 0.04 0,56 0.52 16.4 14.3-100.0 
E 1.71 4 2 1 2 9 0.11 1.65 1.54 5.3 2.0- 40.0 

3 I 0.69 3 4 1 1 9 0.04 0.57 0.53 13.0 7.7- 66.7 
E 1.71 5 1 2 3 11 0.08 1.52 1.44 6.4 2.1- 50.0 

Inflation (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 

Post-Infln 1st 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 3.7- 50.0 

E 0.87 1 1 2 1 5 0.18 0.81 0.63 5.7 5.0- 11.1 
2 I 0.82 5 3 2 3 13 0 0.78 0.78 15.9 5.6-100.0 

E 0.88 1 1 1 1 4 0.18 0.85 o. 67 4.5 
3 I 0.82 2 3 5 0 10 0.05 0.59 0.54 12.2 5.6-200.0 

E 1.08 0 3 2 2 7 0.32 1.04 0.72 6.5 5.9- 14.3 

Pre-Defln 1 I 0.66 6 0 2 1 9 0 0.58 0.58 13.6 4.3-100.0 
E 1.74 4 1 1 5 11 0.07 1.65 1.58 6.3 2.1- 40.0 

2 I 0.66 4 4 2 1 11 0.01 0.54 0.53 16.7 7.7-200.0 
E 1.73 2 3 4 6 15 0.32 1.72 1.40 8.7 4.2-200.0 

3 I 0.67 3 4 1 1 9 0.02 0,53 0.51 13.4 5.6-200.0 
E 1.79 4 4 1 4 13 0.10 1.66 1.56 7.3 2.1-200.0 

Deflation: (Position: 12.6% tE) 
1st 0.1 sec: 8 
2nd 0.1 sec: 13 
1st I 0.89 23 29 25 24 101 0 0.88 0.88 113.5 50.0-200.0 

E 0.29 6 7 9 4 26 0 0.28 0.28 89.7 33.3-200.0 
Mid I 0.59 14 15 14 12 55 0 0.58 0.58 93.2 33.3-200.0 

E 0.28 8 5 6 7 26 0 0.27 0 .27 92.9 50.0-200.0 
End I 0.57 18 18 14 13 63 0 0.56 0.56 110.5 50.0-200.0 

E 0.31 5 7 7 7 26 0 0.30 0.30 83.9 66.7-200.0 

Post-Defln 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 8.3-200.0 

E 1.69 4 3 2 5 14 0.06 1.68 1.62 8.3 3.4- 28.6 

Rabb it Number: 1 Fibre Number: 2 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr,F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) ( Hz) (Hz) 

Pre-Infln 1 I 0.70 16 9 6 6 37 0 0.62 0.62 52.9 25.0-200.0 
E 1.45 7 10 11 12 40 0.09 1.44 1.35 27.6 11.1-200.0 

2 I 0.69 15 8 8 5 36 0.01 0.66 0.65 52.2 16.7-200.0 
E 1.57 8 11 13 16 48 0 1.56 1.56 30.6 16.7-100.0 

3 I 0.67 15 9 9 5 38 0.01 0.58 0.57 56.7 28.6-200.0 
E 1.58 6 13 14 14 47 0.14 1.56 1.42 29.7 10.0-200.0 

Inflation (Position: 30.1% tE: Duration of apnoea: 10.29 sec.) 
1st 0.1 sec: 5 
2nd 0.1 sec: 4 
1st 1.0 sec: 10 
Mid 1.0 sec: 44 
End 1. 0 sec: 59 

Post-Infln 1st 0.1 sec: 5 
2nd 0.1 sec: 6 
1 I 1.01 28 11 12 9 60 0.01 1.00 0.99 59.4 28.6-200.0 

E 0.67 2 4 5 6 17 0.06 0.66 0.60 25.4 12.5-200.0 
2 I 0.79 11 5 5 2 23 0.01 0.63 0.62 29.1 20.0-200.0 

E 0.77 0 0 0 1 1 0 0.75 0.75 
3 I 0.76 10 4 4 1 19 0.01 0.63 0.62 25.0 11.1-200.0 

E 0.85 0 0 0 1 1 0 0.84 0.84 



Pre-Defln 1 I 0.65 9 4 3 1 17 0.01 0.53 0.52 26.2 14.3-200.0 
E 1.43 2 4 6 10 22 0.08 1.42 1.34 15.4 4.8-200.0 

2 I 0.66 10 4 4 2 20 0.02 0.57 0.55 30.3 16.7-200,0 
E 1.49 3 7 6 13 29 0.01 1.48 1.47 19.5 2.8-200.0 

3 I 0.64 8 7 5 3 23 0 0.55 0.55 35.9 20.0-200.0 
E 1.55 1 8 10 11 30 0.31 1.54 1.23 19.4 11.1-100.0 

Deflation (Position: 4.6% tI) 
1st 0.1 sec: 10 
2nd 0.1 sec: 7 
1st I 0.90 16 14 12 8 50 0.02 0.87 0,85 55.6 28.6-200.0 

E 0.28 2 0 1 6 9 0.02 0.27 0.25 32.1 6.7-200.0 
Mid I 0.40 5 4 4 2 15 0.01 0.37 0.36 37.5 16.7-100.0 

E 0.34 0 0 3 3 6 0.18 0.33 0.15 17.6 25.0-200.0 
End I 0.51 5 6 4 2 17 0 0.44 0.44 33.3 25.0-200.0 

E 0.34 0 0 0 4 4 0.27 0.32 0.05 11.8 33.3-100.0 

Post-Defln 1st 0.1 sec: 4 
2nd 0.1 sec: 2 
1 I 0.58 11 5 7 4 27 0 0.54 0.54 46.6 20.0-200.0 

E 1.60 1 9 8 14 32 0.33 1.59 1.26 20.0 12.5-200.0 
2 I 0.54 12 5 5 2 24 0 0.46 0.46 44.4 20.0-200.0 

E 1.16 7 12 12 13 44 0.18 1.60 1.42 27 .3 14.3-200.0 

Rabbit Number: 1 Fibre Number: 3 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre- Infl n 1 I 0.64 2 1 3 0 6 0.03 0,46 0.43 9.4 6.7- 28.6 
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 5.3- 20.0 
E 1.45 0 0 0 0 

3 I 0.65 4 2 0 1 7 0.03 0.57 0.54 10.8 3.2-200.0 
E 1.41 0 0 0 1 1 

Inflation (Position: 44.1% tE; Duration of apnoea: 10. 54 sec.) 
1st 1,0 sec: 0 
Mid 1.0 sec: 25 
End 1.0 sec: 31 

Post-Infln 1 I 1.08 10 2 2 2 16 0.01 0.94 0.93 14.8 5.6-200.0 
E 0.58 0 0 0 0 0 

2 I 0.78 3 1 0 0 4 0.03 0.36 0.33 5.1 4.8- 25.0 
E 0.64 0 0 0 0 0 

3 I o. 71 2 1 1 0 4 0.04 0.41 0.37 5.6 4.8- 14.3 
E 0.72 0 0 0 0 0 

·, 

Pre-Defln 1 I 0.65 1 2 3 0 6 0.01 0.43 0.42 9.2 6.5-200.0 
E 1.32 0 0 0 0 0 

2 I 0.64 1 2 1 0 4 0.07 0.34 0.27 6.3 7.1- 20.0 
E 1.48 0 0 0 0 0 

3 I 0.65 4 1 2 0 7 0.02 0.42 0.40 10.8 8.3- 33.3 
E 1.51 0 0 0 0 0 

Deflation: (Position: 51.4%; tE) 
1st 0.1 sec: 4 
2nd 0.1 sec: 2 
1st I 0.88 1 1 4 3 9 0.11 0.83 0.72 10.2 4.0- 25.0 

E 0.24 0 0 2 1 3 0.14 0.22 0.08 12.5 14.3-200.0 
Mid I 0 .46 0 4 1 2 7 0.11 0.45 0.23 15.2 7 .7-100.0 

E 0.28 1 0 4 0 5 0.02 0.21 0.19 17.9 5.9-200.0 
End I 0.48 3 3 0 0 6 0 0.16 0.16 12.5 12.5-200.0 

E 0.26 1 0 2 1 4 0.03 0.21 0.18 15.4 6.7-100.0 

Post-Defln 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 10.0-200.0 

E 1.48 0 0 0 0 0 
2 I 0.50 8 0 1 0 9 0 0.27 0.27 18.0 6.3-200.0 

E 1.55 0 0 0 0 0 
3 I 0.51 3 2 4 1 10 0 0.44 0.44 19.9 11.1-100.0 

E 1.57 0 0 0 0 0 

Augmented I 0.79 7 1 7 10 25 0.04 0.72 0.68 31.6 4.4-200.0 



(J) 

Breath E 1.26 0 0 0 0 0 

Rabbit Number: 1 Fibre Number: 4 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes !3g.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre- Infl n 1 I 0.68 6 3 2 1 12 0 0.57 0.57 17.6 9.1-200.0 
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 4.8- 33.3 
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 14.3-200.0 
E 1.34 0 0 0 0 0 

Inflation (Position: 8.73% tE; Duration of apnoea: 7.80 sec.) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st 1.0 sec: 1 
Mid 1.0 sec: 2 
End 1.0 sec: 8 

Post-Infln 1st 0.1 sec: 17 100.0-200.0 
2nd 0.1 sec: 13 66.7-200.0 
1 I 0.86 1 1 0 0 2 0.19 0.31 0.12 2.3 9.1 

E 0.53 0 0. 0 0 0 
2 I 0.66 1 1 1 0 3 0.03 0.35 0.32 4.5 5.7- 7.1 

E 0. 57 0 0 0 0 0 
3 I 0.65 2 2 1 0 5 0.07 0.41 0.34 7.7 5.9- 20.0 

E 0.60 0 0 0 0 0 

Augmented 1 I 1.18 7 3 2 1 13 0.04 0.99 0.95 11.0 4.8-100.0 
Breath E 0.43 0 0 0 0 0 

Pre-Defln 1 I 0.63 3 1 0 0 4 0.03 0.21 0.18 6.3 11.1- 33.3 
E 1.09 0 0 0 0 0 

2 I 0.62 1 1 2 0 4 0.05 0.41 0.36 6.5 5.9- 12.5 
E 1. 21 0 0 0 0 0 

3 I 0.65 2 3 1 0 6 0.02 0.38 0.36 9.2 8.3- 20.0 
E 1.31 0 0 0 0 0 

Deflation (Position: 36.7% tE) 
1st 0.1 sec: 3 33.3-200.0 
2nd 0.1 sec: 1 
1st I 0.84 2 1 3 2 8 0.05 0.77 0.72 9.5 5.0- 28.6 

E 0.26 0 0 2 1 3 0.17 0.23 0.05 11.5 25.0-100.0 
Mid I 0.50 3 1 1 0 5 0.03 0.30 0.27 10.0 11.1- 25.0 

E 0.26 0 0 2 0 2 0.18 7.7 
End I 0.45 2 1 1 1 5 0.01 0.37 0.36 11.1 7.1- 25.0 

', E 0.29 0 0 1 2 3 0.21 0.24 0.03 10.3 50.0-200.0 

Post-Defln 1st 0.1 sec: 1 
(Augmented 2nd 0.1 sec: 1 
Breath) 1 I 0.86 7 3 6 11 27 0 0.84 0.84 12.8 7.7-200.0 

E 1.03 0 0 0 0 0 

Rabbit Number: 2 Fibre Number: 5 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End .F Dr.F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.61 29 21 10 1 61 0.01 0.57 0.56 100.0 33.3-200.0 
E 2.11 1 5 9 15 30 0.32 2.10 1.78 14.2 4.0-200.0 

2 I 0.54 23 17 17 8 65 0 0.53 0.53 120.4 33.3-200.0 
E 2.17 4 8 7 12 31 0.02 2.16 2.14 14.3 2.9-200.0 

3 I 0.57 26 16 12 7 61 0 0.55 0.55 107.0 33.3-200.0 
E 2.12 1 6 7 22 36 0.47 2.11 1.64 17.0 7.1-200.0 

Inflation (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 6.3- 66.7 
Mid 1.0 sec: 94 33.3-200.0 
End 1.0 sec: 141 40.0-200.0 

Post-Infl n 1st 0.1 sec: 12 50.0-200.0 
2nd 0.1 sec: 12 50.0-200.0 



1 I 1.48 31 22 21 10 84 0.03 1.42 1.39 56.8 14.3-200.0 
E 1.52 2 11 16 11 40 0.08 1.51 1.43 26.3 3.2-200.0 

- 2 I 0.91 7 5 8 4 24 0.04 0.90 0.86 26.4 8.3-200.0 
E 1.60 0 2 1 8 11 0.73 1.59 0.86 6.9 1.5-200.0 

3 I . 0.79 10 5 7 3 25 0.01 0.71 0.70 31.6 12.5-200.0 
E 1.93 0 0 0 11 11 1.84 1.92 0.08 5.7 0.1-200.0 

Pre-Defln 1 I 0.52 15 16 9 2 42 0 0.51 0.51 80.8 12.5-200.0 
E 1.91 0 0 0 12 12 1.86 1.90 0.04 66.7 6.3-200.0 

2 I 0.53 25 17 21 7 70 0.01 0.52 0.51 132.1 0.5-200.0 
E 2.00 0 0 ·o 10 10 1.85 1.99 0.14 5.0 0.1-200.0 

3 I 0.53 24 27 19 5 75 0 o. 47 0.47 141.5 40.0-200.0 
E 1.86 0 5 7 20 32 0.80 1.85 1.05 17. 2 6.3-200.0 

Deflation: (Position: 11.9% tE) 
1st 0.1 sec: 17 66.7-200.0 
1 I 0.81 38 50 42 17 147 0 0.78 0.78 181.5 28.6-200.0 

E 0.21 0 0 10 8 18 0.12 0.20 0.08 85.7 50.0-z'oo .o 
2 ·I 0.53 28 24 12 12 91 0.01 0.50 0.49 171.7 66.7-200.0 

E -0.26 0 0 1 0 2 0.18 
3 I 0.55 31 27 24 17 95 0 0.51 0.51 172.7 66.7-200.0 

E 0.48 1 2 0 0 3 0.01 0.21 0.20 6~3 5.3-200.0 

Post-Defln 1st 0.1 sec: 22 100.0-200.0 
2nd 0.1 sec: 8 25.0-200.0 
1 I 0.47 27 24 21 13 85 0 0·.45 0.45 180.9 66.7-200.0 

E 1.87 3 15 19 28 65 0.28 1.86 1.58 · 34.8 12.5-200.0 

Rabbit Number: 2 Fibre Number: 6 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec} (sec) (sec) (Hz} (Hz} 

Pre-Infln 1 I 0.58 24 21 15 12 72 0 0. 57 0.57 124.1 20.0-200.0 
E 2.38 4 7 12 18 41 0.40 2.37 1.97 17.2 5.0-200.0 

2 I 0.55 25 19 17 10 71 0 0.51 0.51 129.1 33.3-200.0 
E 2.23 5 12 20 24 61 0.29 2.22 1.93 27.4 8.3-200.0 

3 I 0.55 24 21 21 6 72 0 0.51 0.51 130.9 16.7-200.0 
E 2.26 3 9 12 21 45 0.26 2.25 1.99 19.9 4.4-200.0 

Inflation (Position: 58.93% tE) 
1st 0.1 sec: 7 33.3-200.0 
2nd 0.1 sec: 16 66.7-200.0 
1st 1.0 sec: 28 9.1-200.0 
Mid 1.0 sec: 88 25.0-200.0 
End 1.0 sec: 137 33.3-200.0 

Post-Infln 1st 0.1 sec: 13 50.0-200.0 

.......... 
2nd 0.1 sec: 7 50.0-200.0 
1 I 1.04 20 15 10 9 54 0 0.98 0.98 51.9 25.0-200.0 

E 1.05 2 0 6 7 15 0.02 1.01 0.99 14.3 1.7-200.0 
2 I 0.91 5 6 5 5 21 0.08 0.89 0.81 23.1 8.3-200.0 

E 1.18 0 0 1 6 7 0.86 1.16 0.30 5_9··· 7'~7-100.0 
3 I 0.82 3 4 2 1 10 0.01 0.79 0.78 12.2 4.8- 20.0 

E 1.33 0 0. ·1 1 2 o. 71 1.26 0.55 1.5 

Pre-Defln 1 I 0.54 12 16 8 3 39 0 0.44 0.44 72.2 25.0-200.0 
E 1.92 0 2 4 9 15 0.76 1.91 1.15 7.8 3.1-200.0 

2 I 0.51 21 15 12 3 51 0 0.44 0.44 100.0 25.0-200.0 
E 2.15 0 10 7 13 30 0.56 2.14 1.58 14.0 5.6-200.0 

3 I 0.50 14 18 15 5 52 0 0.44 0.44 104.0 40.0-200.0 
E 1.96 3 3 6 7 19 0.33 1.92 1.59 9.7 4.5- 50.0 

Deflation: (Position 100% tE} 
1st 0.1 sec: 16 100.0-200.0 
1st I 0.84 39 36 39 26 140 0 0.81 0.81 .166.7 28.6-200.0 

E 0.23 0 0 1 10 11 0.16 0.22 0.06 47.8 40.0-200.0 
Mid I 0.58 33 23 22 8 86 0 0.56 0.56 148.3 20.0-200.0 

E O·. 27 0 0 2 3 5 0.17 0.26 0.09 18.5 25.0-200.0 
End I 0.58 30 27 29 12 98 0 0.52 0,52 169.0 66.7-200.0 

E 0.45 1 0 0 1 2 0.01 0.38 0.37 4.4 

Post-Defln 1st 0.1 sec: 0 
2nd 0.1 sec: 1 134.8 
l I 0~44 22 27 14 4 67 0 0.38 0.38 152.3 40.0-200.0 

E 1.94 7 10 10 10 37 0 1.93 1.93 19.1 7.1-200.0 



2 I 0.46 20 18 19 5 62 0 0.41 0.41 134.8 50.0-200.0 
E 2.03 3 9 12 13 37 0.30 2.02 1.72 18.2 7.7-200.0 

3 I 0.45 21 17 13 4 55 0 0.38 0.38 122.2 28.6-200.0 
E 2. 21 2 4 11 10 27 0.25 2.20 1.95 12.2 1.8-200.0 

Rabbit Number: 2 Fibre Number: 7 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.53 32 27 27 14 100 0 0.52 0.52 188.7 50.0-200.0 
E 1.82 4 13 18 23 58 0.01 1.81 1.80 31.9 3.7-200.0 

2 I 0.52 20 20 26 21 87 0 0.51 0.51 167.3 66.7-200.0 
E 1.99 10 10 12 22 54 0.02 1.98 1.96 27.1 5.3-200.0 

3 I 0.50 19 21 22 12 74 0 0.47 0.47 148.0 40.0-200.0 
E 2.32 0 0 0 5 5 2.30 2.32 0.02 2.2 50.0-200.0 

Inflation (Position: 57.69% tE; Duration of apnoea: 7.56 sec.) 
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-Infln 1st 0.1 sec: 12 
2nd 0.1 sec: 7 50.0-200.0 
1 I 0.80 26 25 31 21 103 0.01 0.79 0.78 128.8 25.0-200.0 

E 0.64 1 1 1 13 16 0 0.63 0.63 25.0 3.2-200.0 
2 I 0.99 24 29 28 23 104 0 0.93 0.93 105.1 28.6-200.0 

E 0.64 0 0 1 2 3 0.47 0.58 0.11 4.7 12.5- 33.3 
3 I 0.77 10 23 19 6 58 0 0.72 0.72 75.3 20.0-200.0 

E 0.49 0 0 1 3 4 0.36 0.41 0.05 8.2 33.3-200.0 

Pre-Defln 1 I 0.46 16 17 27 9 69 0 0.44 0.44 150.0 25.0-200.0 
E 2.29 0 0 0 2 2 2.27 0.9 

2 I 0.44 13 21 21 10 65 0 0.43 0.43 147.7 33.3-200.0 
E 2.02 0 0 0 4 4 2.00 2.01 0.01 1.9 200.0 

3 I 0.50 21 18 15 12 66 0 0.45 0.45 132.0 50.0-200.0 
E 2.26 2 0 0 5 7 0.34 2.20 1.91 3.1 0.6-200.0 

Deflation (Position: 13.24% tE) 
1st 0.1 sec: 5 
2nd 0.1 sec: 13 
1st I 0.73 36 38 35 19 1 0 0.72 0.72 175.3 50.0-200.0 

E 0.22 0 0 1 6 7 0.16 0.21 0.05 31.8 33.3-200.0 
Mid I 0.52 19 21 23 10 73 0 0.47 0.47 140.4 100.0-200.0 

E 0.29 0 1 1 0 2 0.14 0.17 0.03 6.9 
End I 0. 51 · 26 24 21 20 91 0.01 0.47 0.46 178.4 40.0-200.0 

E 0.30 0 0 3 3 6 0.15 o. 26 0.11 20.0 28.6-200.0 

Post-Defln 1st 0.1 sec: 22 
2nd 0.1 sec: 7 
1 I 0.43 21 24 17 14 76 0 0.41 0.41 176.7 50.0-200.0 

E 1.93 6 10 10 16 42 0.04 1.92 1.88 21.8 7.1-200.0 
2 I 0.44 24 26 16 12 78 0 0.43 0.43 177 .3 33.3-200.0 

E 1.91 8 9 4 10 31 0.18 1.90 1.72 16.2 3.9-200.0 

Rabbit Number: 2 Fibre Number: 8 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.53 11 7 6 5 29 0 0. 50 0.50 54.7 16.7-200.0 
E 2.30 5 3 3 3 14 0.03 2.29 2.26 6.1 1.2-200.0 

2 I 0.51 11 10 8 3 32 0.01 0.46 0. 43 62.7 16.7-200.0 
E 2.00 2 2 4 5 13 0.30 1. 71 1.41 6.5 1.8-200.0 

3 I 0.56 9 12 5 4 30 0 0.51 0.51 53.6 25.0-200.0 
E 1.96 2 3 6 4 15 0.13 1.89 1.76 7.7 1.9- 25.0 

Inflation (Position 78.0% tE; Duration of apnoea: 6.1 sec.) 
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 



I> 

Post-Infl n 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 1.07 2 5 1 1 9 0.01 0.81 0.80 8.4 3.9- 66.7 

E 1.30 3 2 2 2 9 0.07 1.07 1.00 6.9 3.5- 50.0 
2 I 0.82 1 2 0 0 3 0.10 0.29 0.19 3.7 8.3- 14.3 

E 1.41 3 3 2 1 9 0.02 1.25 1.23 6.4 3.5- 25.0 
3 I 0.72 4 1 2 0 7 0.02 0.47 0.45 9.7 5.0-200.0 

E 1.36 3 1 0 3 7 0.01 1.34 1.33 5.1 1.6- 33.3 

Pre-Defln 1 I 0.61 7 7 3 1 18 0.02 0.52 0.50 29.5 6.7-200.0 
E 1.39 1 4 2 2 9 0.07 1.28 1.21 6.5 2.2-200.0 

2 I 0.60 5 6 4 2 17 0.01 0.54 0.53 28.3 12.5-200.0 
E 1.89 4 1 3 5 13 0.01 1.88 1.87 6.9 2.2-200.0 

Deflation (Position: 100.0% tE) 
1st 0.1 sec: 5 
2nd 0.1 sec: 8 
1st I 0.91 16 20 17 15 68 0 0.90 0.90 74.7 25.0-200.0 

E 0.30 0 1 0 6 7 0.11 0.29 0.18 23.3 7.1-200.0 
Mid I 0.57 13 14 10 6 43 0.02 0.56 0.54 75.4 25.0-200.0 

E 0.42 1 1 1 2 5 0.03 0.41 0.38 11.9 5.9-100.0 
End I 0.54 11 7 10 7 35 0.01 0.51 0.50 64.8 25.0-200.0 

E 0.40 0 2 2 1 5 0.15 0.38 0.23 12.5 8.3- 40.0 

Rabbit Number: 3 Fibre Number: 9 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec} Ql Q2 Q3 Q4 Tot. (sec} (sec} (sec} (Hz} (Hz} 

Pre- Infl n 1 I 0 .47 20 3 14 4 41 0 0,41 0.41 87.2 1. 1-200.0 
E 1.29 13 1 5 5 24 0.03 1.18 1.15 18.6 2.0-200.0 

2 I 0.48 17 2 4 3 26 0.04 0.47 0.43 54.2 6.7-200.0 
E 1.36 5 1 1 8 15 0.03 1.32 1.29 11.0 2.6- 50.0 

3 I 0.45 14 13 9 7 43 0 o. 41 0.41 95.6 25.0-200.0 
E 1.31 11 0 9 11 31 0.01 1.30 1.29 23.7 2.5-200.0 

Inflation (Position 100% tI; Duration of apnoea: 11.11 sec.) 
1st 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-Infln 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 1.27 14 13 15 15 57 0.04 1.24 1.18 44.9 11.1-200.0 

E 0.53 2 2 4 0 8 0.05 0.40 0.35 15.1 10.0- 66.7 
2 I 0.88 8 14 10 10 42 0.04 0.84 0.80 47.7 12.5-200.0 

E 0.54 0 3 1 6 10 o. 20 0.50 0.30 18.5 9.1-200.0 
3 I 0.77 7 5 10 7 29 0.02 0.73 0.71 37.7 10.0-200.0 

E 0.51 4 0 0 0 4 0 0.11 -0 .11 7.8 11.8-100.0 

Pre-Defln 1 I 0 .47 27 13 5 9 54 0 Q.46 0.46 114.9 20.0-200.0 
E 1.52 8 6 8 10 32 0.02 - 0.51" 0.49 21.1 6.3-200.0 

2 I 0.46 15 8 7 6 36 0 0.44 0 .44 8.3 25.0-200.0 
E 1.36 9 3 9 10 31 0 1.35 1.35 22.8 2.9-200.0 

3 I 0.50 21 7 16 5 49 0.01 0. 47 0.46 98.0 16.7-200.0 
E 1.26 5 7 5 5 22 0.01 1.21 1.20 17.5 4.4-200.0 

Deflation (Position: 73.9% tE) 
1st 0.1 sec: 12 
2nd 0.1 sec: 9 
1st I 1.06 5 30 20 12 67 0.02 0.92 0.90 63.2 10.0-200.0 

E 0.16 3 1 9 8 21 0.01 0.15 0.14 131.3 20.0-200.0 
Mid I 0.53 26 20 25 16 87 0 0.52 0.52 164.2 25.0-200.0 

E 0.25 4 6 19 6 35 0.01 0.24 0.23 140.0 33.3-200.0 
End I 0. 47 16 26 21 9 72 0 0.46 0.46 153.2 33.3-200.0 

E 0.26 2 0 8 19 29 0.01 0.25 0.24 111.5 7.7-200.0 

Post-Defln 1st 0.1 sec: 5 
2nd 0.1 sec: 3 
1 I 0 .41 29 19 12 9 69 0 0.39 0.39 168.3 33.3-200.0 

E 1.24 12 1 5 6 24 0.05 1.20 1.15 19.4 3.6-200.0 
2 I 0. 42 9 4 4 0 17 0 0.26 0.26 40.5 12.5-200.0 

E 1.10 5 12 12 14 43 0.01 1.09 1.08 39.1 9.1-200.0 
3 I 0.41 22 11 9 2 44 0 0.36 0.36 107.3 14.3-200.0 



E 1.22 13 1 8 10 32 0 1.18 1.18 26.2 2.5-200.0 

Rabbit Number: 3 Fibre Number: 10 PSR: Intact 

Condition Br. Ph. Ph.Dr. No. of Spikes Bg.F End.F Dr.F Fmean Freq-range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.45 12 8 9 4 33 0.40 0.85 0.45 73.3 20.0-200.0 
E 1.32 0 0 0 3 3 1.28 1.30 0.02 2.3 

2 I 0.45 8 3 7 2 20 0 0.42 0.42 44.4 14.3-200.0 
E 1.48 0 0 0 2 2 1.46 1.47 0.01 1.4 

3 I 0.48 9 10 8 4 31 0.01 0.46 0.45 64.6 25.0-200.0 
E 1.40 0 0 0 2 2 1.38 1.39 0.01 1.4 

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-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 0.98 6 6 11 9 32 0.03 0.75 0.72 32.7 20.0-200.0 

E 0.65 0 0 0 0 0 
2 I o. 57 5 4 3 6 18 0.04 0.74 0.70 31.6 16.7-200.0 

E 0.69 0 0 0 1 1 0.68 1.4 
3 I o. 67 8 6 5 5 24 0,03 0.64 0.61 35.8 14.3-200.0 

E 0.64 0 0 0 0 0 

Pre-Defln 1 I 0.45 7 6 8 6 27 0.02 0.43 0.41 60.0 25.0-200.0 
E 1.26 0 0 0 5 5 1.00 1.26 0.26 4.0 4.2-200.0 

2 I 0.46 9 11 5 4 29 0.04 0.42 0.38 63.0 33.3-200.0 
E 1.11 1 1 0 1 3 0.01 1.09 1.08 2.7 1.5- 2.3 

3 I 0.46 9 10 9 9 37 0.01 0.45 0.44 80.8 25.0-200.0 
E 1.09 0 0 0 3 3 1.05 1.08 0.03 2.8 50.0-100.0 

Deflation (Position: 33.0% tE) 
1st 0.1 sec: 8 
1st I 0.64 14 17 12 11 54 0.01 0.64 0.63 84.4 40.0-200.0 

E 0.23 1 0 6 10 17 0.02 0.22 0.20 73.9 7.7-200.0 
Mid I 0.45 10 5 8 5 28 0 0.41 0.41 62.2 25.0-200.0 

E 0.23 0 0 4 11 15 0.14 0.22 0.08 65.2 66.7-200.0 
End I 0.43 8 14 7 7 36 0 0.40 0.40 83.7 25.0-200.0 

E 0.23 0 0 5 10 15 0.14 1.04 0.90 65.2 

Post-Defln 1st 0.1 sec: 2 
2nd 0.1 sec: 0 

', 1 I 0.42 9 9 9 2 29 0 0.38 0.38 69.0 16.7-200.0 
E 1.13 0 0 0 1 1 1.11 0.9 

2 I 0.41 11 6 9 4 30 0 0.38 0.38 73.2 33.3-200.0 
E 1.12 0 0 0 3 3 1.09 1.11 0.02 2.7 50.0-200.0 

3 I 0.43 8 6 9 4 27 0 0.36 0.36 62.8 33.3-200.0 
E 1.08 0 0 0 2 2 1.06 1.07 1.01 1.9 

Rabbit Number: 3 Fibre Number: 10 PSR: Block 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq-range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.91 4 5 5 4 18 0 0.87 0.87 19.8 10.0-100.0 
E 1.48 10 10 13 6 39 0.01 1.36 1.35 26.3 12.5-200.0 

2 I 0.91 4 4 3 3 14 0.10 0.89 0.79 15.4 7.1- 50.0 
E 1.36 8 7 10 6 31 0.03 1. 35 1.32 22.8 10.0-200.0 

3 I 0.92 3 5 7 0 15 0 0.61 0.61 16.3 5.9-200.0 
E 1.31 9 8 6 6 29 0.01 1.22 1.21 22.1 12.5- 66.7 

Inflation (Position 33.3% tE; Duration of apnoea: 1.28 sec.) 
1st 0.1 ·sec: 1 
2nd 0.1 sec: 0 

Augmented 1 I o. 67 0 1 8 24 33 0.27 0.66 0.39 49.3 16.7-200.0 
Breath E 0.19 6 7 2 0 15 0 0.12 0.12 78.9 20.0-200.0 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 2 



1 I 1. 23 4 8 7 8 27 0.10 1. 21 1.11 22.0 11.1-200.0 
E 0.80 8 9 11 6 34 0.06 o. 77 0.71 42.5 20.0-200.0 

2 I 1.04 2 5 3 4 14 0. 01 1.03 1.02 13.5 4.8- 28.6 
E 1.05 13 11 17 11 52 0 1.04 1.04 49.5 18.2-200.0 

3 I .0.99 4 9 7 5 25 0.04 0.96 0.92 25.3 12.5-200,0 
E 0.99 8 9 12 8 37 0.02 0.93 0.91 37.4 16.7-200.0 

Pre-Defln 1 I 0.80 3 3 2 4 12 0.02 0.79 o. 77 15.0 11. 1- 50.0 
E 1.50 12 7 8 5 32 0.03 1.34 1.31 21.3 12.5- 66.7 

2 I 0,83 3 2 3 2 10 0.01 0.72 0.71 12.1 8.3- 50.0 
E 1.62 10 15 15 9 49 0.01 1.60 1.59 30.3 12.5-200.0 

3 I 0.85 3 4 2 3 12 0.12 0,83 0.71 14.1 8.3- 40.0 
E 1.61 9 10 10 8 37 0.04 1.54 1.50 22.0 12.5-200.0 

Deflation (Position: 27.4% tE) 
1st 0.1 sec: 4 
2nd 0.1 sec: 0 
1st I 0.66 4 6 4 3 17 0.02 0.63 0.61 25.8 14.3-100.0 

E 1.53 17 20 13 5 55 0.01 1.48 1.47 35.9 6.3-200.0 
Mid I 0.75 5 6 7 5 23 0.06 0.64 0,58 30.7 20.0-200.0 

E 1.46 11 12 10 4 37 0.04 1.44 1.40 25.3 4.3-200.0 
End I 0.88 8 13 14 11 46 0.01 0.87 0.86 52.3 25.0-200.0 

E 1.34 2 0 0 3 5 0.01 1.30 1.29 3.7 0.9-200.0 

Post-Defln 1st 0,1 sec: 0 
2nd 0.1 sec: 1 
1 I 0.67 10 12 13 9 44 0.02 0.63 0,61 65.7 28.6-200.0 

E 0.95 1 0 1 1 3 0.12 0.94 0,82 3.2 1.8- 3.7 
2 I 0.67 7 12 11 7 37 0.05 0.65 0.60 55.2 33.3-200.0 

E 1.11 0 1 4 3 8 0.52 0.89 0.37 7.2 9.1- 66.7 

Rabbit Number: 3 Fibre Number: 11 PSR: Intact 

Condition Br. Ph. Ph.Dr No of Spikes Bg,F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.51 3 4 2 2 11 0.05 0.39 0.33 21.6 16.7- 66.7 
E 1.59 0 0 0 0 0 

2 I 0.52 2 1 3 1 7 0.08 0.43 0.35 13.5 11.1-200.0 
E 1.54 0 0 0 0 0 

3 I 0.49 2 3 3 1 9 0.07 0.38 0.31 18.4 13.3-100,0 
E 1.60 0 0 0 0 0 

Inflation (Position: 49.7% tE; Duration of apnoea: 7.46 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 

·, 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 1.16 0 0 0 0 0 

E 0.91 0 0 0 0 0 
2 I 0,62 0 0 0 0 0 

E 0.96 0 0 0 0 0 
3 I 0.63 0 0 0 0 0 

E 0.95 0 0 0 0 0 

Pre-Defln 1 I 0.51 1 1 1 0 3 0.07 0.34 0.27 5.9 7.1 
E 1. 57 0 0 0 0 0 

2 I 0.50 2 1 1 0 4 0.06 0.30 0.24 8.0 8.3- 20.0 
E 1.30 0 0 0 0 0 

3 I 0.50 2 1 2 0 5 0.10 0.36 0.26 10.0 8.3-200.0 
E 1.21 0 0 0 0 0 

Augmented 1 I 1.11 6 14 26 35 81 0.07 1.10 1.03 73.0 11.1-200.0 
Breath E 0.96 6 2 6 2 16 0.01 0.79 0.78 16.7 3.3-200.0 

Deflation (Posit ion: 48.0% tI) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st I 0.92 0 3 5 3 11 0.27 0.87 0.60 12.0 6.3-100.0 

E 0.63 0 1 0 0 1 0.30 1.6 
Mid I o·. 61 4 5 5 2 16 0.04 0.48 0.44 26.2 16.7-200.0 

E 0.62 0 0 0 0 0 



End I 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-Defln 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 0 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 

Rabb it 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) Ql Q2 Q3 Q4 Tot~ (sec) (sec) (sec) (Hz) ( Hz) 

Pre-Infln 1 I 0.58 0 0 0 0 0 
E 1.52 4 0 0 1 5 o.oo 1.42 1.42 3.3 0.8- 25.0 

2 I 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 o.oo 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: 0 
2nd 0.1 sec: 0 
1st 1.0 sec: 0 
Mid 1.0 sec: 0 
End 1. 0 sec: 0 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 0.85 4 4 4 4 16 0.02 0.83 0.81 18.8 14.3- 25.0 

E 1.32 9 10 9 10 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-Defln 1 I 0.55 1 0 0 1 2 0.05 0.48 0.43 3.6 2.3 
E 1.44 5 0 1 4 10 o.oo 1.41 1.41 6.9 1.2- 25.0 

2 I 0.61 0 0 0 1 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 0 1 1 0.56 
E 1.68 3 0 0 0 3 0.07 0.15 0.08 1.8 16.7- 40.0 

Deflation (Position: 53.2% tE) 
1st 0.1 sec: ff 
2nd 0.1 sec: 0 
1st I 0. 59 0 0 0 1 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 0 

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 0 

E 1.37 2 0 0 0 2 0.03 0.11 0.08 1.5 12.5 

Post-Defln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 0.60 0 1 0 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) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre- Infl n 1 I 0.72 4 7 8 6 25 0.04 0.70 0.66 34.7 25.0-200.0 
E 1.67 3 0 0 1 4 0.02 1.65 1.63 2.4 0.8- 25.0 

2 I 0.76 7 7 10 7 31 0.03 0.75 0.72 40.8 25.0-200.0 
E 1.68 0 0 0 0 0 

3 I 0.88 6 9 9 8 32 o.oo 0.84 0.84 36.4 16.7-200.0 
E 1.56 1 0 0 1 2 9.55 1.3 

Inflation (Position: 6.3% tI; Duration of apnoea: 9.60 sec.) 
1st 0.1 ·sec: 3 



2nd 0.1 sec: 5 
1st 1.0 sec: 1 
Mid 1.0 sec: 3 
End 1.0 sec: 2 

Post-Infln 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 1.11 6 8 8 8 30 0.06 1.10 1.04 27.0 16.7-200.0 

E 1.13 7 3 16 14 40 0.01 1.11 1.10 35.4 4,6-200.0 
2 I 0.90 7 7 7 11 32 0.02 0.89 0.87 35.6 18.2-200.0 

E 1.14 8 0 6 10 24 0.02 1.12 1.10 21.1 2.2-200.0 

Pre-Defln 1 I 0.94 5 7 8 10 30 0.03 0,93 0.90 31.9 20.0-200.0 
E 1.56 2 3 1 1 7 0 .01 1.55 1.54 4.5 1.4-200.0 

2 I 0.69 6 8 8 9 31 0.03 0.68 0.65 44.9 28.6-200.0 
E 1.54 3 0 0 1 4 0.02 1.53 1.51 2.6 1. 0-100. 0 

Deflation (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 0.35 53.7 33.3-200.0 

E 1.96 2 4 37 37 80 0.01 1.94 1.93 40.8 1.2-200.0 
Mid I 0.63 12 10 9 8 39 0.02 0.62 0.60 61.9 22.2-200.0 

E 1.06 5 0 0 13 18 0.00 1.05 1.05 17.0 1.2-200.0 
End I 0.61 11 11 16 6 44 o.oo 0.60 0.60 72.1 28.6-200.0 

E 1.18 0 2 0 9 11 0.41 1.16 0.75 9.3 2.5-200.0 

Post-Defln 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 0.60 15 12 11 6 44 o.oo 0.54 0.54 73.3 40.0-200.0 

E 0.93 4 0 2 0 6 o. 02 0.57 0.55 7.2 2.6-100.0 
2 I 0.56 9 10 8 7 34 0.01 0.54 0.53 60.7 22.2-200.0 

E 0.77 2 1 0 2 5 0.06 0.75 0.69 6.5 2.6- 13.3 
3 I 0.55 8 8 10 5 31 0.02 0.51 0.49 56.4 20.0-200.0 

E 0.93 0 0 0 0 0 

Rabbit Number: 4 Fibre Number 13 PSR: Intact 

Condition Br. Ph. Ph.Or. No of Spikes Bg. F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre- Infl n 1 I 0.87 4 3 3 2 12 0.02 0.69 0.60 13.8 12.5- 66.7 
E 0.97 0 1 0 0 1 0.32 1.0 

2 I 0.66 3 4 2 1 10 0.01 0,50 0.49 15.2 12.5- 50.0 
E 0.96 0 0 0 0 0 

3 I 0.73 10 7 5 1 23 0.03 0.57 0.54 31.5 20.0-200.0 
E 1.00 0 0 0 0 0 

Inflation (Position: 28.0% tr; Duration of apnoea: 9.03sec,) 
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 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1 I 1.46 4 4 5 1 14 0.01 1.16 1.15 9.6 1.4- 12,5 

E 0.60 0 0 0 0 0 
2 I 0.91 2 1 3 1 7 0.03 0.70 0.67 7.7 3.9- 20.0 

E 0.70 0 0 0 0 0 
3 I 0.77 1 1 0 0 2 0.11 0.35 0.24 2.6 4.0 

Pre-Defln 1 I 0.62 3 3 1 0 7 0.02 0.35 0.33 11.3 12.5- 22.2 
E 1.16 1 0 0 0 1 0.01 0.9 

2 I 0.62 4 2 1 2 9 0.01 0.58 0.57 14.5 8.3- 66.7 
E 1.20 4 0 0 0 4 0.00 0.16 0.16 3.3 10.0- 33.3 

3 I 0.64 2 2 2 2 8 0.03 0.62 0.59 12.5 6.3- 20.0 
E 1.20 3 0 0 0 3 o.oo 0.06 0;06 2.5 28.6- 40.0 

Deflation (Position: 10.2% tE) 
1st 0.1 sec: 1 
2nd 0.1 sec: 2 
1st I 1.15 5 5 5 3 18 0.03 0.99 0.96 15.7 11.1- 50.0 

E 0,28 0 1 2 0 3 0.08 0.20 0.12 10.7 10.0- 66.7 
Mid I 0.73 3 4 5 1 13 0.07 0.59 0,52 17.8 16.7-209,0 



E 0.33 0 0 0 2 2 0.25 0.31 0.06 6.1 16.7 
End I 0.69 3 4 4 2 13 0,05 0.59 0.54 18.8 14.3- 33.3 

E 0.29 0 0 0 1 1 0.23 3.5 

Post-Defln 1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1 (Augmented Breath) 

I 0.94 11 8 18 53 90 0.01 0.93 0.92 95.7 16.7-200.0 
E 1.37 0 0 0 7 7 0.00 0.07 0.07 5.1 40.0-200.0 

2 I 0.51 2 1 1 2 6 0.04 0,49 0.45 11.8 5.3- 33.3 
E 1.23 3 0 . 0 0 3 0.00 0.07 0.07 2.4 25.0- 33.3 

3 I 0.53 2 1 1 2 6 0.03 0.52 0.49 11.3 5.0- 40.0 
E 1.78 0 0 1 0 1 1.17 0.6 

4 I 0.52 2 1 2 0 5 o.oo 0.36 0.36 9.6 
E 1.70 0 1 0 0 1 0.62 

Rabbit Number: 4 Fibre Number: 14 PSR: Intact 
.. 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End,F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.66 8 2 4 0 14 0.01 0.43 0.42 21.2 10.0-100.0 
E 1.42 0 0 0 0 0 

2 I 0.67 6 6 3 0 15 0.02 0.48 0.46 22,4 9.1-100.0 
E 1.50 0 0 0 0 0 

3 I 0.60 4 1 1 0 6 0.04 0.38 0.34 10.0 7.7- 50.0 
E 1 .47 0 0 0 0 0 

Augmented 1 I 1.15 10 8 44 66 128 0.02 1.14 1. 12 111.3 12.5-200.0 
Breath E 1.43 17 0 0 0 17 o.oo 0.26 0.26 11.9 11.1-200.0 

Inflation (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 

Post-Infln 1st 0.1 sec: 1 
2nd ·0.1 sec: 0 
1 I 1.80 1 0 0 0 1 0.17 0.6 

E 0.54 0 0 0 0 0 
2 I 0.76 0 0 0 0 0 

E 0.64 0 0 0 0 0 
3 I 0.66 0 0 0 0 0 

E 0.71 0 0 0 0 0 

Pre-Defln 1 I 0.58 5 2 1 2 10 0.01 0.50 0.49 17.2 7.7- 66.7 
E 1.61 0 0 0 0 0 

'· 2 I o. 60 3 1 1 1 6 0.01 0.48 0.47 10.0 7.7-200.0 
' E 1.58 0 0 0 0 0 

Deflation (Position: 81.1% tE) 
1st 0.1 sec: 3 
2nd 0.1 sec: 1 
1st I 1. 55 5 12 15 7 39 0.14 1.48 1.37 25.2 11.1-200.0 

E 0.34 0 0 2 1 3 0.20 0.30 0.10 8.8 14.3- 50.0 
Mid I 0.84 9 10 12 4 35 0.01 0.73 0.72 41.7 16.7-200.0 

E 0.35 0 0 3 2 5 0.21 0.32 0 .11 14.3 14.3-100.0 
End I 0.72 11 13 8 5 37 0.00 0.65 0,65 51.4 16.7-200.0 

E 0.31 0 0 0 7 7 0.23 0.29 0.06 22.6 33.3-200.0 

Post-Defln · 1st 0.1 sec: 7 
2nd 0.1 sec: 6 
1 I 0.53 8 5 2 0 15 0.01 0.37 0.36 28.3 12.5-200.0 

E 1.32 0 0 0 0 0 
2 I 0.54 7 7 2 1 17 0.02 0.50 0.48 31.5 7.1-200.0 

E 1.34 0 0 0 0 0 
3 I 0.56 5 3 1 1 10 0.02 0.42 0.40 17.9 12.5-100.0 

E 1.38 0 0 0 1 l 1.37 0.7 

Rabbit Number: 4 Fibre Number: 14 PSR: Block 

Condition Br. Ph. Ph.Or No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec} (sec) (sec) (Hz) (Hz) 



Pre-Infln 1 I 1.02 3 3 7 4 17 0.16 0.92 0.76 16.7 6.7-200.0 
E 1.24 0 0 0 0 0 

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 0 

Inflation (Position 80.4% tI; Duration of apnoea: 8.65 sec.) 
1st 0.1 sec: 1 
2nd 0.1 sec: 1 
1st 1.0 sec: 0 
Mid 1.0 sec: 0 
End 1.0 sec: 1 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 2.01 0 1 1 10 12 0.55 1.94 1.39 6.0 1.2-200.0 

E 0.39 0 0 0 0 0 
2 I 1.16 0 0 0 0 0 

E 0.61 0 1 0 0 1 0.18 1.6 
3 I 1.05 0 0 0 0 0 

E 0.62 0 0 0 0 0 

Pre-Defln 1 I 0.99 6 3 4 4 17 0.04 0.92 0.88 17.1 6.7-100.0 
E 1.17 0 0 0 0 0 

2 I 0.96 4 6 4 3 17 0.02 0.69 0.67 17.7 10.0-200.0 
E 1.13 0 0 0 0 0 

3 I 1.10 9 8 4 1 22 0.04 0.89 0.85 20.0 7.1-200.0 
E 1.05 0 0 0 0 0 

Deflation (Position: 66.1% tE) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st I 2.39 7 7 11 4 29 0.16 2.05 1.89 12.1 5.0-100.0 

E 0.34 0 0 0 0 0 
Mid I 1.29 4 2 5 4 15 0.20 1.16 0.88 11.6 5.3- 66.7 

E 0.40 0 0 0 1 1 0.31 2.5 
End I 0.99 1 6 9 7 23 0.12 0.94 0.82 23.2 6.7-200.0 

E 0.52 0 0 0 0 0 

Post-Defln 1st 0.1 sec: 1 
2nd 0.1 sec: 1 
1 I 0.65 3 7 4 3 17 o.oo 0.57 0.57 26.1 7.7-200.0 

E o. 71 0 0 0 0 0 
2 I 0.65 4 4 5 0 13 0.03 0.46 0.43 20.0 9.1-200.0 

E 0.71 1 0 0 0 1 0.15 1.4 
3 I 0.69 0 4 4 0 8 0.18 0 .47 0.29 11.6 12.5-200.0 

E 0.70 0 0 0 0 0 

Augmented 1 I 1.36 6 7 32 67 112 0.06 1.35 1.29 82.3 6.3-200.0 
Breath E 0.62 10 0 2 6 18. 0.01 0.61 0.60 29.0 4.4-200.0 

Rabbit Number: 5 Fibre Number: 15 PSR: Intact 

Condit ion Br. Ph. Ph.Dr No of Spikes Bg.F End,F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) ( Hz) ( Hz) 

Pre- Infl n 1 I 0.68 3 1 2 3 9 0.05 0.66 0.61 13.2 7.1- 33.3 
( Run 1) E 1.81 7 15 15 17 54 0.12 1.79 1.67 29.8 14.3- 50.0 

2 I 0.64 2 2 2 3 9 0.04 0.62 0.58 14.1 5.9- 40.0 
E 1.99 10 17 20 17 64 0.03 1.98 1.36 32.2 8.3- 66.7 

3 I 0.67 2 3 4 4 13 0.01 0.66 0.65 19.4 9.1- 50.0 
E 1.89 16 21 26 24 87 0.02 1.88 1.86 46.0 16.7-100.0 

Inflation (Position: 27.3% tI; Duration of apnoea: 8.71 sec.) 
( Run 1) 1st 0.1 sec: 2 

2nd 0.1 sec: 0 
1st 1.0 sec: 7 
Mid 1.0 sec: 13 
End 1.0 sec: 17 

Post-Infln 1st 0.1 sec: 2 
( Run 1) 2nd 0.1 sec: 5 

1 I 1.34 14 16 15 16 61 0.02 1.33 1.31 45.5 33.3- 66.7 
E 0.56 6 7 8 8 29 0.01 0.55 0.54 51.8 28.6-100.0 

2 I 0.96 10 10 9 10 39 0.01 0.94 0.93 40.6 20.0- 66.7 
E 0.65 6 9 7 8 30 0.01 0.63 0.62 46.2 25.0- 66.7 

3 I 0;61 4 7 4 6 21 0.03 0.60 0.57 34.4 16.7- 50.0 



E 0.90 6 9 9 9 33 0.01 0.89 0.88 36.7 16.7- 66.7 

Pre-Defln 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 13 17 18 19 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 14 19 20 21 74 0.07 2.15 2.08 34.3 16.7- 66.7 

3 I 0.64 5 1 2 3 11 0.01 0.61 0.60 17.2 7.1- 50.0 
E 1.79 14 17 23 15 69 0.01 1.77 1.76 38.5 9.1-100.0 

Deflation (Posit ion: 41.5% tE) 
( Run 1) 1st 0.1 sec: 4 

2nd 0.1 sec: 2 
1st I 1.35 6 2 13 18 39 0.05 1.34 1.29 28.9 2.9-100.0 

E 0.20 2 3 3 2 10 0.01 0.19 0.18 50.0 40.0-100.0 
Mid I o. 77 6 11 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 6 12 8 34 0.05 0.68 0.63 49.3 16.7-100.0 

.E 0.20 4 3 1 1 9 o.oo 0 .18 0.18 45.0 14.3-100.0 

Post-Defln 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-Infln 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 0 1 1 3 0.09 0.60 0.51 4.6 3.2- 5.0 
E 1.58 7 14 18 20 59 0.04 1.57 1.53 101.7 6.7-100,0 

Inflation (Position: 11.0% tr; Duration of apnoea: 7 .39 sec.) 
(Run 2) 1st 0.1 sec: 3 

2nd 0,1 sec: 0 
1st 1.0 sec: 6 
Mid 1.0 sec: 13 
End 1.0 sec: 18 

Post-Infln 1st 0.1 sec: 4 
(Run 2) 2nd 0.1 sec: 4 

1 I 1.41 17 18 19 20 74 o.oo 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 25.0-100.0 
E 0.44 7 7 8 7 29 0.00 0.43 0.43 65.9 50.0-100.0 

3 I 0.95 13 12 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-Defln 1 I 0.64 6 3 1 5 15 0.01 0.61 0.60 23.4 7.1- 50.0 
(Run 2) E 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) 1st 0.1 sec: 2 

2nd 0.1 sec: 2 
1st I 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 6 11 7 32 0.01 0.68 0.67 46.4 16.7-100.0 

E 0.24 5 4 1 1 11 o.oo 0 .19 0.19 45.8 16.7-100.0 
End I 0.58 8 5 10 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 3 1 1 1 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 

Condit ion Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean Freq.Range 
No. Csec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 1.46 1 1 2 1 5 0.15 1.38 1.23 3.4 3.2 
( Run 1) E 1.97 8 11 8 4 31 0.08 1.89 1.81 15.7 5.9- 33.3 



2 I 1.69 2 0 1 2 5 0.09 1.64 1.55 3.0 1.6- 3.5 
E 2.24 11 13 11 7 42 0.03 2.22 2.19 18.8 7.1- 40.0 

Inflation (Position 7.6% tE; Duration of apnoea: 7.53sec.) 
(Run 1) 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 

Post-Infln 1st 0.1 sec: 1 
(Run 1) 2nd 0.1 sec: 2 

1 I 2.62 13 11 10 7 41 0.01 2.50 2.49 15.6 4.8- 40.0 
E 1.70 11 13 11 9 44 0.06 1.63 1.57 25.9 16.7- 40.0 

Pre-Defln 1 I 1.50 2 1 0 3 6 0.02 1.48 1.46 4.0 1.6- 22.2 
( Run 1) E 2.60 12 18 14 10 54 0.07 2.52 2.45 20.8 9.1- 50.0 

Deflation (Position: 15.0% tI) 
(Run 1) 1st 0.1 sec: 1 

2nd 0.1 sec: 0 
1st I 2.71 9 12 16 17 54 0.01 2.68 2.67 19.9 4.2- 50.0 

E 2.25 9 9 5 3 26 0.01 2.06 2.05 11,6 3.2- 50.0 
End I 1.69 11 15 12 15 53 0.02 1.67 1.65 31.4 16.7- 66.7 

E 2.17 4 5 4 3 16 0.02 2.10 2.08 7.4 3.2- 50.0 

Pre- Infl n 1 I 1.32 0 2 1 1 4 0.33 1.26 0.93 3.0 3.2 
( Run 2) E 1.60 6 11 10 8 35 0.10 1.57 1.47 21.9 14.3- 40.0 

2 I 1.42 1 1 1 2 5 0.20 1.34 1.14 3.5 3.2- 5.0 
E 1.53 5 11 12 11 39 0.02 1.52 1.50 25.5 4.4- 50.0 

Inflation (Position 50.0% tI; Duration of apnoea: 12.19 sec.) 
( Run 2) 1st 0.1 sec: 1 

2nd 0.1 sec: 1 
1st 1.0 sec: 4 
Mid 1.0 sec: 8 
End 1.0 sec: 9 

Post-Infln 1st 0,1 sec: 1 
( Run 2) 2nd 0.1 sec: 3 

1 I 2 .41 11 8 7 5 31 0.05 2.32 2.27 12.9 4.8- 33.3 
E 1.36 10 12 12 10 44 o.oo 1.30 1.30 32.4 20.0- 50.0 

2 I 1.49 2 1 2 1 6 0.10 1.42 1.32 4.0 2.9- 9.1 
E 1.50 6 12 12 12 42 0.13 1.49 1.36 28.0 11.1- 40.0 

3 I 1.39 2 1 1 1 5 0.02 1.30 1.28 3.6 3.1 
E 1.60 7 13 13 13 46 0.11 1.59 1.48 28.8 9.1- 50.0 

Pre-Defln 1 I 1.37 1 1 1 1 4 0.17 1.15 0.98 2.9 2.9- 3.1 
( Run 2) E 1.62 7 13 13 12 45 0.09 1.60 1.51 27.8 11.1- 50.0 

2 I 1.39 2 1 1 1 5 0.01 1.28 1.27 3.6 2.9- 3.2 
E 1.87 7 16 12 14 49 0.05 1.85 1.80 26.2 6.7- 50.0 

3 I 1.30 2 1 1 1 5 0.01 1.23 1.22 3.8 3.2 
E 1.19 4 10 10 11 35 0.09 1.18 1.09 29.4 11.1- 50.0 

Deflation (Position: 76.3% tE) 
(Run 2) 1st 0.1 sec: 1 

2nd 0.1 sec: 2 
1st I 2.49 8 14 16 18 56 0.01 2.47 2,46 22.5 5.3- 50.0 

E 2.18 12 14 11 6 43 o.oo 2.15 2.15 19.7 3.5- 50,0 
Mid I 1.62 10 12 14 17 53 0.00 1.61 1.61 32.7 10.0- 66.7 

E 2.05 11 7 8 3 29 0.01 1.77 1.76 14.2 4.8- 50.0 
End I 1.30 10 12 13 13 48 0.01 1.29 1.28 36.9 16.7- 66.7 

E 0.65 6 2 0 2 10 0.00 0.62 0.62 15.4 3.9 100.0 

Post-Defln 1st 0.1 sec: 2 
( Run 2) 2nd 0.1 sec: 1 

1 I 1.02 0 1 0 1 2 o.oo 0.81 0.81 2.0 2.0- 3.2 
E 1.54 6 11 6 8 31 0.00 1.52 1.52 20.1 5.9- 40.0 

Rabbit Number:5 Fibre Number:16 PSR: Intact 

Condit ion Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.88 2 4 2 5 13 0.09 0.81 0.72 14.8 5.9- 50.0 
E 1.78 4 13 11 13 41 0.10 1. 77 1.67 23.0 3.7- 50.0 



2 I 0.93 5 5 3 3 16 0.08 0.86 0.78 17.2 6.3- 66.7 
E 2.37 13 17 16 24 70 0.03 2.36 2.33 29.5 6.7- 66.7 

3 I 0.88 10 12 7 10 39 0.00 0.87 0.87 44.3 16.7- 66.7 
E 1.42 16 15 19 15 65 0.01 1.41 1.40 45.8 16.7- 66.7 

Inflation (Position: 76.8% tE; Duration of apnoea: 9.55 sec.) 
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 

Post-Infln 1st 0.1 sec: 3 
2nd 0.1 sec: 2 
1 I 1.40 16 16 17 17 66 0.01 1.38 1.37 47.1 25.0-100.0 

E 0.74 7 7 8 5 27 0.00 o. 71 0.71 36.5 16.7-100.0 
2 I 1.02 9 8 11 10 38 0.01 1.00 0.99 37.3 12.5- 66.7 

E 0.83 8 7 4 1 20 0.02 0.79 o. 77 24.1 9.1- 50.0 
3 I 0.94 7 8 8 10 33 o.oo 0.92 0.92 35.1 16.7- 66.7 

E 0,93 6 9 9 7 31 0.01 0,92 0.91 33.3 16.7- 66.7 

Pre-Defln 1 I 0.83 5 5 6 9 25 0.04 0.82 0.78 30.1 9.1-200.0 
E 2.95 22 26 25 27 100 0.01 2.94 2.93 33.9 11.1-100.0 

2 I 0.82 5 6 6 4 21 0.05 0.81 0.76 25.6 10.0- 50.0 
E 3.80 27 31 32 22 112 0.03 3.79 3.76 29.5 4.6- 66.7 

3 I 0.94 2 0 3 0 5 0.06 0.70 0.64 5.3 2.4- 33.3 
E 1.97 10 15 17 20 62 0.02 1.96 1.94 31.5 10.0- 66.7 

Deflation (Position: 74.4% tI) 
1st 0.1 sec: 5 
2nd 0.1 sec: 5 
1st I 1.26 12 17 17 15 61 0.01 1.25 1.24 48.4 20.0-100.0 

E 0.25 2 1 0 0 3 0.01 0.07 0.06 12.0 25.0- 50.0 
Mid I 1.09 6 10 12 10 38 0.06 1.08 1.02 34.9 16.7- 66.7 

E 0.23 1 1 0 1 3 0.02 0.20 0.18 13.0 11.1- 12.5 
End I 1.05 7 11 14 17 49 0.02 1.04 1.02 46.7 7.7- 66.7 

E 0.16 1 0 0 0 1 0.01 6.3 

Post-Defln 1st 0.1 sec: 1 
2nd 0.1 sec: 2 
1 I 0.69 1 1 0 2 4 0.06 0.66 0.60 5.8 3.5- 7.7 

E 2.78 12 18 21 23 74 o. 27 2.74 2.47 26.6 12.5- 50.0 

Pre-Infln 1 (Augmented Breath) 
(Run 2) I 1.30 7 5 3 5 20 0.02 1.25 1.23 15.4 8.3- 66.7 

E 1.80 7 19 17 15 58 0.01 1.79 1.78 32.2 4.6-200.0 
2 I 0.67 4 4 2 3 13 0.01 0.61 0.60 19.4 10.0- 33.3 

E 2.33 14 19 24 24 81 0.09 2.32 2.23 34.8 10.0-200.0 

Inflation (Position: 35.8% tI) 
(Run 2) 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 

Post-Infln 1st 0.1 sec: 2 
( Run 2) 2nd 0.1 sec: 2 

1 I 1.32 9 11 11 12 43 o.oo 1.29 1.29 35.6 14.3-100.0 
E 0.72 3 8 10 4 25 o.oo 0.66 0.66 34.7 6.7-100.0 

2 I 0.91 5 7 7 4 23 0.09 0.87 0.78 25.3 9.1- 50.0 
E 0.88 4 5 6 7 22 0.01 0.87 0.86 25.0 11. 1- 50.0 

3 I 0.88 4 4 4 5 17 0.07 0.87 0.80 19.3 5.6- 66.7 
E 1.04 3 7 8 10 28 0.02 1.03 1.01 26.9 8.3- 50.0 

Pre-Defln 1 I 0.88 5 3 4 5 17 0.06 0.86 0.80 19.3 10.0- 66.7 
E 1.33 6 11 11 11 39 0.08 1.32 1.24 29.3 12.5- 50.0 

2 I 0,84 2 5 4 6 17 0.05 0.82 o. 77 20.2 8,3- 50.0 
E 1.60 8 13 13 8 42 0.05 1.58 1.53 26.3 6.3- 50.0 

3 I 0.91 1 1 1 1 4 0.05 0.77 0.72 4.4 3.2- 5.9 
E 1.92 7 12 18 17 54 0.04 1.90 1.86 28.1 7.7- 66.7 

Deflation: (Position: 13.7% tE) 
1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1st I 1.67 12 9 14 15 50 0.01 1.66 1.65 29.9 14.3- 66.7 



E 0.39 
Mid I 0.76 

E 0.47 
End I 0.66 

E 0.53 

Post-Defln 1st 0.1 sec: 
2nd 0.1 sec: 
1 I 0.66 

E 2.18 

3 1 0 0 4 0.02 0.14 0.12 
4 5 7 5 21 0.01 0.71 0.70 
4 0 0 2 6 0.00 0.45 0.45 
2 5 5 6 18 0.07 0.65 0.58 
3 0 0 1 4 0.07 0.47 0.40 

1 
0 

10.3 25.0- 66.7 
27.6 14.3- 66.7 
12.8 2.9- 50.0 
27.3 16.7- 50.0 
7.5 2.9-100.0 

0 0 1 0 1 0.04 0.37 0.33 1.5 
6 15 15 11 47 0.28 2.17 1.89 21.6 7.1- 40.0 

Rabb it Number: 5 Fibre Number: 16 

No. of Spikes Condition 

Pre-Infln 

Br. Ph. 
No. 

Ph.Dr 
(sec) 

I 1.56 
E 2.47 
I 1.56 
E 2.97 

PSR: Block 

Bg.F 
(sec) 
0.00 
0.07 
0.01 
0.00 

End.F Dr.F Fmean 
(sec) (sec) (Hz) 
1.34 1.34 9.6 
2.45 2.38 26.7 
1.47 1.46 9.6 
2.93 2.93 30.0 

Freq.range 
(Hz) 

3.6-200.0 
8.3- 66.7 
5.9- 25.0 

Inflation 

1 

2 

Ql Q2 Q3 Q4 Tot. 
7 5 1 2 15 

14 17 20 15 66 
5 3 4 3 15 

22 26 22 19 89 

(Position: 19.2% tI; 
1st 0.1 sec: 

Duration of apnoea: 14.52 sec.) 
1 

2nd 0.1 sec: 1 
1st 1.0 sec: 7 
Mid 1.0 sec: 10 
End 1.0 sec: 12 

2 
3 

11.1- 50.0 

Post-Infln 1st 0.1 sec: 
2nd 0.1 sec: 
1 I 3.54 

E 1.86 
23 26 24 21 94 0.06 3.53 
15 15 15 16 61 0.04 1.85 

3.47 26.6 8.3- 50.0 
1.81 32.8 11.1-200.0 

Pre-Defln 

Deflation 

1 

2 

3 

I 1.56 
E 2.76 
I 1.55 
E 2.46 
I 1.57 
E 2.74 

4 4 4 3 15 0.07 1.51 
20 13 19 20 72 0.11 2.75 
7 5 6 3 21 0.01 1.53 

·17 16 20 20 73 0.01 2.45 
4 4 4 4 16 0.01 1.46 

17 13 10 13 53 0.01 2.72 

(Position: 53.8% tI) 
1st 0.1 sec: 2 

0 2nd 0.1 sec: 
1st I 1.64 

E 3.09 
End I 2.46 

E 3.14 

4 4 5 5 
18 21 15 20 
3 6 12 15 

16 28 18 21 

18 0.02 1.61 
74 0.01 3.05 
36 0.32 2.43 
83 o.oo 3.13 

5 
4 

1.44 9.6 
2.64 26.1 
1.52 13.5 
2.44 29.7 
1.45 10.2 
2.71 19.3 

1.59 11.0 
3.04 23.9 
2. 11 14.6 
3.13 26.4 

5.3- 33.3 
7.7-200.0 
4.6- 33.3 
6.7- 66.7 
5.6- 25.0 
3.7- 50.0 

4.5- 28.6 
7.7- 50.0 
4.2- 50.0 
5.6-200.0 

Post-Defln 1st 0.1 sec: 
2nd 0.1 sec: 
1 I 1.35 

E 1.93 
1 2 2 3 8 0.27 1.28 1.01 5.9 3.2- 20.0 
9 15 16 19 59 0.03 1.92 1.89 30.6 6.7- 66.7 

Pre- Infl n 

Inflation 

Post-Infln 

1 

2 

3 

I 1.38 
E 2.24 
I 1.50 
E 2.52 
I 1. 51 
E 2.22 

2 2 3 5 12 0.13 1.37 
16 16 20 20 72 0.03 2.23 
1 2 2 5 10 0.21 1.48 

20 25 23 19 87 0.01 2.47 
3 3 6 14 26 0.06 1.50 

26 19 20 14 79 0.03 2.18 

1.24 8.7 
2.20 32.1 
1.27 6.7 
2.46 34.5 
1.44 17 .2 
2.15 35.6 

(Position: 8.0% tI; 
1st 0.1 sec: 

Duration of apnoea: 
3 

20.15 sec.) 

2nd 0.1 sec: 
1st 1.0 sec: 
Mid 1.0 sec: 
End 1.0 sec: 

1st 0.1 sec: 
2nd 0.1 sec: 
1 I 2.29 

E 1.50 
2 I 1.74 

E 1.53 
3 I 1. 69 

E 1.72 

2 
13 
13 
23 

4 
3 

21 17 15 9 62 0.01 
9 16 15 13 53 0.02 

12 8 3 6 29 0.01 
7 13 14 14 48 o.oo 
9 4 5 5 23 0.06 
9 16 15 16 56 0.04 

2.25 
2.25 
1.72 
1.52 
1.63 
1.69 

2.24 27.1 
2.23 35.3 
1.71 16.7 
1.52 31.4 
1.57 13.6 
1.65 32.4 

5.9- 22.2 
6.7- 20.0 
3.3- 25.0 
7.1- 66.7 
5.6-100.0 
7.7-100.0 

12.5-100.0 
7.7-100.0 
3.7- 40.0 
7.1- 50.0 
4.6- 40.0 

10.0-100.0 



Deflation (Position: 22.8% tE) 
1st 0.1 sec: 3 
2nd 0.1 sec: 3 
1st I 1.93 6 11 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 23 29 24 19 95 0.02 2.65 2.63 35.4 9.1- 83.3 

Post-Defln 1st O.l sec: 3 
2nd 0.1 sec: 1 
1 I 1.25 5 3 3 7 18 0.02 1.24 1.22 14.4 3.6- 40.0 

E 1.95 11 16 5 3 35 0.01 1.86 1.85 17.9 4.0- 66.7 

Rabb it Number: 6 Fibre Number: 17 PSR: Intact 

Condtion Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infl 1 I 0.56 0 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 0 

2 I 0.57 6 4 3 0 13 0.00 0.54 0.54 22.8 11.8-100.0 
E 1.34 0 0 0 0 0 

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; 0 
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 0 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 0 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 0 0 

Pre-Oefln 1 I 0.59 3 1 0 2 6 0.03 0.48 0.45 10.2 4.4- 28.6 
( Run 1) E 1.60 0 0 0 0 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 o. 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 0 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-Oefln 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 0 0 0 0 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 0 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 1 1 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. Or No, of Spikes Bg.F End. F Or,,F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre- Infl n 1 I 0.54 4 1 4 3 12 0 0.47 0. 47 22.2 7.1-200.0 
( Run 2) E 1.36 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 



E 1.10 0 0 0 0 0 
3 I 0,55 2 1 0 1 4 0.02 0.43 0.41 7.3 4.3- 22.2 

E 0.94 0 0 0 0 0 

Inflation (Position: 55.5% tI; Duration of inflation apnoea: 10.65 sec.) 
1st 0.1 sec: 0 
1st 1.0 sec: 0 
Mid 1.0 sec: 0 
End 1.0 sec: 8 

Post-Infln 1st 0.1 sec: 1 
2nd 0.1 sec: 1 
1 I o. 77 5 5 4 5 19 0.06 0.75 0.69 24.7 9.1-200.0 

E 0.35 0 1 2 1 4 0.15 0.34 0.19 11.4 7.7- 40.0 
2 I 0.64 1 3 2 3 9 0.16 0.60 0.44 14.1 7.7- 33.3 

E 0.32 0 0 0 0 0 
3 I 0.62 0 4 3 3 9 0.18 0.56 0,38 14.5 9.1-200.0 

E 0.37 0 0 1 0 1 0.22 2.7 

Pre-Defln 1 I 0.53 2 1 6 0 9 ' o. 01 0,40 0,39 17.0 6.7-200.0 
E 1.18 0 0 0 0 0 

2 I 0,57 5 2 2 0 9 0.01 0.41 0.40 15.8 10.0-200.0 
E 0.92 0 0 0 0 0 

3 I. 0.57 4 3 2 2 11 0.02 0.48 0,46 19.3 10.0-100.0 

Deflation (Position : 15.9% : tE) 
1st 0.1 sec: 1 
1st I 0.95 5 5 9 6 25 0.07 0.92 0.85 26.3 10.0-200.0 

E 0.19 0 0 0 1 1 0.15 5.3 
Mid I 0.60 5 7 5 2 19 0.01 0.54 0.53 31.7 14.3-200.0 

E 0.21 0 0 0 0 0 
End I 0.59 3 2 3 4 12 0.01 0.58 0.57 20.3 7.7-200.0 

E 0.20 0 0 0 0 0 
Post-Defln 1st 0.1 sec: 0 

2nd 0.1 sec: 0 
1 I 0.51 5 1 1 1 8 0.04 0.40 0.36 15.7 7.7-200.0 

E 0.78 0 0 0 0 0 
2 I 0.48 5 0 2 2 9 o.oo 0.42 0.42 18.8 7.1-100.0 

E 0.89 0 0 0 1 1 0.87 1.1 
3 I 0.49 3 3 3 2 11 0,03 0.42 0,39 22.4 16.7-200.0 

E 0.90 0 1 0 0 1 0.38 1.1 

Rabb it Number: 6 Fibre Number: 17 PSR: Block 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End,F Dr.F Fmean Freq. Range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.99 9 6 9 8 32 0.00 0.96 0.96 32.3 10.5-200.0 
E 1.86 2 1 0 0 3 0.19 0.28 0.09 1.6 

2 I 1.03 7 9 11 7 34 0.00 0.96 0 .96 33.0 11.1-200.0 
E 1.77 8 2 0 0 10 0.00 0.38 0.38 5.6 7.7-100.0 

3 I 0.99 6 8 12 7 33 0,03 0.89 0.86 33.3 11.1-200.0 
E 1.76 7 4 0 2 13 0.12 1.64 1.52 7.4 1. 3-050. 0 

Inflation (Position: 26.1% tE: Duration of apnoea: 7.0 sec.) 
1st 0,1 sec: 4 
2nd 0.1 sec: 3 
1st 1,0 sec: 1 
Mid 1,0 sec: 0 
End 1.0 sec: 0 

Post-Infln 1st 0.1 sec: 1 
1 I 1.38 5 8 7 13 33 0.02 1.35 1.33 23.9 10.0-200.0 

E 0.95 0 3 0 0 0 0.26 0.42 0.16 3.2 10.0- 16.7 
2 I 1.03 5 7 6 7 25 0.08 1.00 0.92 24.3 8.3-200.0 

E 1.03 0 3 0 0 3 0.20 0.86 0.66 8.7 2.8- 50.0 
3 I 0.99 9 7 9 7 32 0.02 0.92 0.90 32;3 12.5-200.0 

E 1.10 3 11 0 0 14 0.20 0.54 0.34 12.7 16.7-200.0 

Pre-Defln 1 I 0.97 8 4 11 8 31 0.02 0.96 0.94 32.0 11.1-200.0 
E 1.65 4 3 0 0 7 0.02 0.25 0.23 4.2 15.4- 50.0 

2 I 0.96 12 6 8 7 33 0.00 0.88 0.88 34.4 16.7-200.0 
E 1.54 2 4 0 0 6 0.34 0.52 0.18 3.9 16.7- 50.0 

3 I 0.95 7 8 9 8 32 0.00 0.88 0,88 33.7 16.7-200.0 
E 1.61 1 4 0 1 6 0.28 1.24 0.96 3.7 1.6- 25.0 



Deflation (Position: 23.2% tI) 
1st 0.1 sec: 2 
2nd 0.1 sec: 3 
1st I 0.91 3 13 11 9 36 o.oo 0.83 0.83 39.6 10.0-200.0 

E 1.49 4 l 0 6 11 0.24 1.42 1.18 7.4 1.1-200.0 
Mid I 1.00 9 7 9 8 33 0.00 0.93 0.93 33.0 15.4-200.0 

E 1.60 2 0 0 11 13 0.20 1.52 1.32 8.1 0.9-200.0 
End I 0.95 8 10 18 5 41 o.oo 0.76 0.76 43.2 33.3-200.0 

E 1.50 2 0 0 7 9 0.24 1.46 1.22 6.0 1.0-200.0 

Post-Defln 1st 0.1 sec: 3 
2nd O .1 sec: 5 
l I 0.86 11 14 12 14 51 o.oo 0.82 0.82 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 8 15 12 47 o.oo 0.73 0.73 61.8 18.2-200.0 

E 0.81 3 5 0 0 8 0.16 0.33 0.17 9.9 20.0-100.0 
3 I 0.79 12 9 8 13 42 o.oo 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 0.12 1.06 0.94 10.2 1.9-100.0 

2 I 0.74 6 8 7 6 27 0.04 0.70 0.66 36.5 12.5-200.0 ,_ 

E 1.06 3 4 0 1 8 0.22 1.00 0.78 7.5 14.3-200.0 
3 I 0.84 6 8 6 13 33 0.02 0.82 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 (Posit ion: 77 .8% tE; Duration of apnoea: 9.9 sec) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st l sec: 3 
Mid l sec: 0 
End 1 sec: 4 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
l I 1.08 8 11 16 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 I 0.84 8 5 10 7 30 o.oo 0.80 0.80 35.7 6.3-100.0 

E 0.64 1 2 1 0 4 o.oo 0.42 0.42 6.3 5.0- 25.0 
.3 I 0.86 8 9 5 12 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 o.oo 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 I 0.80 9 7 7 10 33 o.oo 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. I 0.84 5 4 12 5 26 o.oo 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 I 1.02 6 10 11 8 35 o.oo 0.98 0.98 34.3 11.1-200.0 

E 1.12 0 0 0 0 0 
Mid I 1.02 11 5 11 10 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 13 13 14 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-Defln 1st 0.1 sec: 0 
2nd 0.1 sec: 2 
1 I 0.76 12 13 11 11 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 I 0.70 8 8 7 11 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 7 10 35 o.oo 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 Sr. Ph. Ph.Dr. No. of Spikes Bg .F End.F Dr.F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infl 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 0 



2 I 0.71 3 5 3 4 15 0.04 0,68 0.64 21.1 10.0-200.0 
E 1.07 2 0 0 0 2 0,06 0.21 0.15 1.9 

3 I 0.72 2 3 4 1 10 0.10 0.57 0.47 13.9 12.5-200.0 
E · 1.07 0 0 0 0 0 

Added Dead Space 
1 I 0.63 5 4 5 2 16 0.00 0.59 0.59 25.4 8.3-200.0 

E 0.61 0 0 1 0 1 0.41 
2 I 0.64 6 3 4 2 15 0.01 0.53 0.52 23.4 6.7-200.0 

E 0.63 1 0 0 0 1 0.04 1.6 
3 I 0.66 3 5 3 4 15 0.03 0.64 0.61 22.7 10.0-200.0 

E 0.59 0 0 0 0 0 

Inflation (Position: 14.1% tI; Duration of apnoea: 8.00 sec.) 
1st 0.1 sec: 2 
2nd 0.1 sec: 2 
1st 1.0 sec: 5 
Mid LO sec: 2 
End 1.0 sec: 0 

Post-Infl 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 0.70 4 2 5 2 13 0.10 0.61 0.51 18.6 7.7-200.0 

E 0.48 0 0 0 1 1 0.43 2.1 
2 I 0.70 2 3 2 2 9 0.13 0.62 0.49 12.9 8.3- 33.3 

E 0.51 0 2 3 0 5 0.15 0.33 0.18 9.8 12.5- 40.0 
3 I 0.67 4 2 4 3 13 0.09 0.66 0.57 19.0 6.7-100.0 

E 0.49 0 0 0 0 0 

Pre-Defl 1 I 0.73 4 4 3 2 13 0.02 0.67 o. 65 17.8 6.7-100.0 
E 0.84 1 0 1 0 2 0.01 0.52 0.51' 2.4 

2 I 0.70 1 4 3 3 11 o.oo 0.53 0.53 15.7 5.6-200.0 
E 0.95 0 2 0 0 2 0.31 0.44 0.13 . 2.1 

3 I 0.73 5 5 3 2 15 o.oo 0.62 0.62 20.5 12.5- 50.0 
E 0.90 0 1 0 0 1 0.24 

Deflation (Position : 16.7% tE) 
( Run 1) 1st 0.1 sec: 0 

1st I 0.75 4 5 3 3 15 0.05 0.72 0.67 20.0 7.7- 40.0 
E 0,91 3 3 0 2 8 0.05 0.87 0.82 8.8 3.0- 50.0 

Mid I 0.55 2 1 4 5 12 0.02 0.54 0.52 21.8 7,7-200.0 
E 0.94 1 1 1 6 9 0.02 0.92 0.90 9.6 3.9- 50.0 

End I 0.49 3 1 5 3 12 0.02 0.45 0.43 24.5 10.0- 50.0 
E 1.06 0 0 1 4 5 0.72 0.96 0.24 4.7 10.0- 33.3 

Post-Defl 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 0.67 4 1 3 2 10 0.01 0.64 0.63 14.9 6.7- 40.0 

E 0.49 0 0 2 2 4 0.31 0.44 0.13 8.2 20.0- 33.3 
2 I 0.63 5 3 5 4 17 0.02 0.59 0.57 27.0 14.3-200.0 

E 0.46 0 0 1 1 2 0.32 0.43 0.11 4.3 
3 I 0.61 5 1 4 2 12 0.01 0.54 0.53 19.7 5.6- 50.0 

E 0.45 1 0 2 1 4 0.08 0.36 0.28 8.9 5.0- 40.0 

Pre-Defl ( Run 2) 
1 I 0.67 2 3 4 2 11 0.12 0. 57 0.45 16.4 12.5- 50.0 

E 0.80 0 0 0 0 0 
2 I 0.68 6 3 2 2 13 0.02 0.66 0.64 19.1 5.9-200.0 

E 0.83 0 0 0 0 0 
3 I 0.69 1 3 3 1 8 0.08 0.57 0.49 11.6 4.4-200.0 

E 0.86 0 0 1 0 1 0.50 

Deflation (Position : 84.1% tI) 
( Run 2) 1st 0.1 sec: 2 

2nd O. 1 sec: 1 
1st I 0.62 3 2 0 1 6 0.02 0.56 0.54 9.7 3.6-28.6 

E 1.17 1 1 1 4 7 0.02 1.13 1.11 6.0 2.1-50.0 
Mid I 0.50 2 2 0 2 6 0.01 0.04 0.03 12.0 5.9-200.0 

E 1.16 2 1 2 2 7 0.05 1.13 0.08 6.0 3.6-20.0 
End I 0.51 2 2 1 1 6 o.oo 0.39 0.39 11.8 7.7-40.0 

E 0.98 0 1 0 2 3 0.45 0.94 0.49 3.0 4.8-74.0 

Post-Defl 1st 0.1 sec: 5 
2nd 0.1 sec: 0 
1 I 0.65 4 2 4 2 12 0.03 0.55 0.52 18.5 9.1-40.0 

E 0.53 0 0 1 0 1 0.37 1.9 



2 I 0.62 2 3 4 5 14 0.10 0.59 0,58 22.6 13.3-200.0 
E 0.52 1 3 0 0 4 0.02 0.25 0.23 7.7 6.7-33.3 

3 I 0.59 2 3 4 1 10 0.07 0.53 0.46 16.9 7.7-100.0 
E 0.53 0 0 3 0 3 0.30 0.35 0.05 5.7 33.3-50.0 

Pre-Infl 1 I 0.71 2 3 2 4 11 0.00 0.70 0.70 15.5 6.3-66.7 
E 0.94 0 0 0 0 0 

2 I 0.70 3 2 3 3 11 0.06 0.67 0.61 15,7 10.0-40.0 
E 0.91 0 1 0 3 4 0.06 0.89 0.83 4.4 2.3-40.0 

3 I o. 71 0 1 6 2 9 0.32 0.69 0.37 12.7 8.3-200.0 
E 0.87 3 0 0 0 3 o.oo 0.21 0.21 3.4 

Inflation (Position: 66.7% tE; Duration of apnoea: 6.63 sec.) 
1st 0.1 sec: 0 
2nd O .1 sec: 0 
1st 1.0 sec: 1 
2nd 1. 0 sec: 5 
3rd 1. 0 sec: 2 

Post-Infl 1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1 I 0.97 4 3 2 5 14 O.DO 0.89 0.89 14.4 7.7-200.0 

E 0.40 0 0 0 0 0 
2 I 0.65 2 4 1 3 10 0.11 0.63 0.52 15.4 6.7-100.0 ,, 

E 0.45 0 0 1 1 2 0.35 0.40 0.05 4.4 
3 I 0.64 2 2 1 2 7 o.oo 0.62 0.62 10.9 7.7-14.3 

E 0.51 1 0 0 0 1 0.06 2.0 

Rabbit Number: 7 Fibre Number: 19 PSR Intact 

Condition Br. Ph. Ph.Dr No of Spikes Bg.F End .F Dr.F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-In fl n 1 I 0.58 4 5 3 0 12 0.01 0.41 o. 40 20.7 12.5-200.0 
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 15,4-200.0 
E 2.16 0 0 0 0 0 

3 I 0.57 4 3 4 0 11 0.03 0.44 0,41 19.3 12.5- 66.7 
E 2,70 0 0 0 0 0 

Inflation (Position: 73.3% tE; Duration of apnoea: 13.9 sec.) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st 1.0 sec: 0 
Mid 1.0 sec: 13 
End 1.0 sec: 22 

Post-Infln 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 12,5-200.0 

E 0.93 0 2 1 1 4 0.28 0.91 0.63 4.3 3.6- 7,7 
2 I 0.63 6 6 6 0 18 0.02 0.42 0.40 28.6 14.3-200,0 

E 1.03 0 1 2 2 5 0.50 1.02 0.52 4.9 4.4- 50.0 
3 I 0.58 6 ' 5 1 19 0.00 0.55 0.55 32.8 8.3-200.0 

E 0.97 1 3 4 6 14 0.14 0,96 0.82 14.4 5.6-200.0 

Augmented 1 I 0.95 8 12 8 20 48 o.oo 0.92 0.92 50.5 14.3-200.0 
Breath E 1.48 0 1 7 7 15 0.63 2.08 1.45 10.1 6.7- 25.0 

Added Dead 1 I 0.55 7 6 7 2 22 0.00 0.43 0.43 40.0 20.0-200.0 
Space E 1.86 1 4 6 9 20 0.41 1.85 1.44 10.8 5.0- 40.0 

2 I 0.57 6 8 5 3 22 0.04 0.52 0.48 38.6 25.0-200.0 
E 1.79 1 5 6 7 19 0.37 1.78 1.41 10.6 5.6-200.0 

3 I 0.57 7 6 4 0 17 0.02 0.37 0.35 29.8 25.0-200.0 
E 1.93 1 5 5 8 19 0.42 1.93 1.51 9.8 5.0-200.0 

Pre-Defln 1 I 0.60 5 3 2 0 10 0.01 0.37 0.36 16.7 14.3-200.0 
E 2.06 0 0 0 0 0 

2 I 0.63 4 4 1 0 9 0.01 0.33 0.32 14,3 14.3- 50.0 
E 1.63 0 0 0 0 0 

3 I 0.68 6 6 4 1 17 o.oo 0.57 0,57 25.0 16.7-100.0 
E 1.36 0 0 2 5 7 0.77 1.34 0.57 5.2 5.3-100.0 

Deflation (Position : 60.3% tI) 
1st 0.1 sec: 3 



2nd 0.1 sec: 3 
1st I 0.60 6 5 2 1 14 0.00 0.45 0.45 23.3 12.5- 66.7 

E 0,34 0 0 1 0 1 0.25 2.9 
Mid I 0.61 4 3 5 2 14 0.02 0.57 0,55 23.0 

E 0.41 0 0 0 1 1 0.36 2.4 
End I 0,60 4 3 4 2 13 0.04 0.51 0.47 21.7 14.3-100.0 

E 0.45 0 0 2 0 2 0.31 0.33 0.02 4.4 

Post-Defln 1st 0.1 sec: 2 
2nd 0.1 sec: 3 
1 I 0.54 7 7 4 3 21 0.01 0.48 0.47 38.9 20.0-200.0 

E 1.78 0 0 1 6 7 1.22 1.76 0.54 3.9 7.7- 16.7 
2 I 0.53 6 6 4 1 17 0.01 0.48 0.47 32.1 15.4-100.0 

E 1.96 0 1 5 6 12 0.87 1.90 1.03 6.1 3.5- 16.7 
3 I 0.52 7 6 4 3 20 0.00 0.46 0.46 38.5 22.2-200.0 

E 2.13 0 0 0 2 2 2.10 2.13 0.03 0.9 

Pre-Infln 1 I 0.59 4 3 2 0 9 0.02 0.37 0.35 15.3 14.3- 40.0 
( Run 2) E 2.48 0 0 0 0 0 

2 I 0.66 5 4 1 0 10 0.02 0.35 0.33 15.2 16.7- 33.3 
E 1.29 0 0 0 0 0 

3 I 0.69 7 4 5 0 16 0.01 0.50 0.49 23.2 16.7-100.0 
E 1.59 0 0 0 0 0 

Inflation: (Position: 31.3% tI; Duration of apn.oea: 10.65 sec) 
1st 0.1 sec: 3 
2nd 0.1 sec: 1 
1st 1 sec: 0 
Mid 1 sec: 0 
End 1 sec: 18 
1 I 0.69 6 9 5 2 22 0.00 0.58 0.58 31.9 14.3-200.0 

E 0.86 0 0 0 0 0 
2 I 0.64 3 2 0 0 5 0.06 0.23 0.17 7.8 20.0- 28.6 

E 1.19 0 0 0 0 0 
3 I 0.60 6 5 4 0 15 0.02 0.45 0.43 25.0 14.3-200.0 

E 1.34 0 0 0 0 0 

Pre-Defln 1 I 0.67 7 5 3 0 15 0.02 0.48 0.46 22.4 16.7-200.0 
. E 1.78 0 0 0 0 0 

2 I 0.69 6 5 2 0 13 0.01 0.42 0.41 18.8 20.0-100.0 
E 2.25 0 0 0 0 0 

Deflation: (Position: 6.9% tE) 
(Run 2) 1st 0.1 sec: 0 

1st I o. 77 5 5 1 0 11 0.01 0.42 0.41 14.3 12.5-100.0 
E 0.34 0 0 0 0 0 

Mid I 0.70 4 4 3 1 12 0.05 0.56 0.51 17.1 11. 1- 40.0 
E 0.35 1 0.33 2.9 

End I 0.71 2 3 4 4 13 0.13 0 .67 0.54 18.3 12.5-200.0 
E 0.52 0 0 0 0 0 

Post-Defln 1st 0.1 sec: 2 
2nd 0.1 sec: 2 
1 I 0.56 7 4 3 1 15 0.02 0.45 0.43 26.8 16.7-200.0 

E 2.07 0 0 0 0 0 
2 I 0.57 5 5 3 0 13 0. 01 0.40 0.39 22.8 25.0-200.0 

E 2.37 0 0 0 0 0 
3 I 0.58 5 4 3 0 12 0.02 0.40 0.38 20.7 20.0-200.0 

E 2.17 0 0 0 0 0 

Rabbit Number: 8 Fibre Number: 20 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr.F Fmean Freq.Range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.60 5 0 1 0 6 0.07 0.34 0.27 10.0 4.8-100.0 
E 2.25 0 0 0 0 0 

2 I 0.61 7 2 1 1 11 0.03 0.51 0.48 18.0 6.3-200.0 
E 1.95 0 0 0 0 0 

3 I 0.63 6 2 3 1 12 0.02 0.57 0.55 19.0 6.3-200.0 
E 2.18 0 0 0 0 0 

Inflation (Position: 74.1% tI; Duration 18.20 sec.) 
( Run 1) 1st 0.1 sec: 0 

1st 1.0 sec: 0 
Mid 1.0 sec: 2 



End 1.0 sec: 8 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1 I 0 .61 20 7 6 6 39 0.00 0.60 0.60 63.9 16.7-200.0 

E 0.62 0 0 1 0 1 1.6 
2 I 0.52 5 3 2 0 10 0.03 0.38 0.35 19.3 9.1-200.0 

E 0.95 0 0 0 0 0 
3 I 0.55 6 4 3 0 13 0.04 0.39 0.35 23.6 11.1-200.0 

E 1.19 0 0 0 0 0 

Added Dead 1 I 0.53 6 9 7 0 22 0.03 0.38 0.35 41.5 18.2-200.0 
Space E 1.60 0 0 0 0 0 

2 I 0.52 7 5 11 4 27 0.03 0.50 0.47 51.9 16.7-200.0 
E 1.56 0 0 1 0 1 0.86 0.6 

3 I o. 52 14 8 4 1 27 0.02 0.48 0.46 51.9 10.0-200.0 
E 1.80 0 0 0 0 0 

Pre-Defln 1 I 0.54 3 3 2 1 9 0.03 0.51 0.48 16.7 6.7-200.0 
( Run 1) E 2.53 0 0 0 0 0 

2 I o. 56 7 .2 1 0 10 0.01 0.29 0.28 17.9 9.1-200.0 
E 2.45 0 0 0 0 0 

3 I 0.57 3 3 6 2 13 0.03 0.46 0.43 22.8 9.1-100.0 
' E 2.12 0 0 0 0 0 

Deflation (Position: 9.3% tE) 
1st 0.1 sec: 0 
1st I 0.71 2 3 6 1 12 0.03 0.61 0.58 16.9 5.6-200.0 

E 0.49 0 0 0 0 0 
Mid I 0.67 2 6 2 2 12 0.08 0.60 0.52 17.9 6.7-200.0 

E 0.68 0 0 0 0 0 
End I 0.67 4 3 3 3 13 0.08 0.61 0.53 19.4 11.1-100.0 

E 0.74 0 0 0 0 0 

Post-Defln 1st 0.1 sec: 0 
( Run 1) 1 I 0.52 10 4 1 1 16 o.oo 0.41 0.41 30.8 7.7-200.0 

E 1.86 0 0 0 0 0 
2 I 0.51 6 4 0 1 11 0.03 0.44 0.41 21.6 5.3-200.0 

E 2. 00 0 0 0 0 0 
3 I 0.53 5 2 4 0 11 0.03 0.39 0.36 20.8 9.1- 50.0 

E 2. 07 0 0 0 0 0 

Pre- Infl n 1 I 0.56 0 0 0 1 1 0.52 1.8 
( Run 2) E 1.53 0 0 0 0 0 

2 I 0.59 5 3 4 0 12 0.02 0.37 0.35 20.3 20.0-100.0 
E 1.63 0 0 0 0 0 

Inflation (Position : 100% tE; Duration of apnoea: 15.95 sec) 
( Run 2) 1st 0.1 sec: 5 

2nd 0.1 sec: 3 
1st 1.0 sec: 0 
Mid 1.0 sec: 4 
End LO sec: 5 

Augmented Breath (During Inflation) 
1 I 0.85 8 6 13 9 36 0.01 0.80 0.79 42.4 12.5-200.0 

Post-Infln 1st 0.1 sec: 10 
( Run 2) 2nd 0.1 sec: 8 

1 I 0.43 14 9 6 2 31 0.02 0.43 0.41 72.1 14.3-200.0 
E 0.64 1 1 0 0 2 o.oo 0.23 0.23 3.1 

2 I 0.54 5 1 1 1 8 0.02 0.42 0.40 14.8 4.8-200.0 
E 0.88 0 0 0 0 0 

3 I 0.55 7 2 2 0 11 0.02 0.34 0.32 20.0 7.7-200.0 
E 1.10 0 0 0 0 0 

Rabbit Number: 8 Fibre Number : 20 PSR: Block 

Condition Br. Ph. Ph .Dr No of Spikes Bg.F End.F Or.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 1.05 12 17 17 14 60 0.02 1.01 0.99 57.1 22.2-200.0 
E 1.86 1 0 0 0 1 0.28 0.5 

2 I 1.03 10 18 19 14 61 0.03 1.01 0.98 59.2 25.0-200.0 
E 1.70 0 0 0 2 2 1.31 1.40 

3 I 1.07 13 19 22 18 72 0.01 1.06 1.05 67.3 14.3-200.0 



E 1.77 0 0 0 0 0 

Inflation (Position 78.5% tE; Duration of apnoea: 17.4 sec.) 
1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1st 1.0 sec: 1 
Mid 1.0 sec: 3 
End 1.0 sec: 3 

Augmented Breath (During Inflation) 
1 I 1.70 16 22 120 140 298 0.03 1.69 1.66 175.3 25.0-200.0 

Post-Infln 1st 0.1 sec: 15 
2nd 0.1 sec: 11 
1 I 1.50 18 24 29 19 90 0.04 1.44 1.40 60.0 20.0-200.0 

E 1.50 0 0 0 1 1 

Pre-Defln 1 I 0.94 24 33 35 18 110 D.01 0.89 0.88 117 .o 33.3-200.0 
E 1.81 0 1 0 0 1 0.71 0.6 

2 I 0.95 25 26 36 30 117 0.03 0.91 0.88 123.2 40.0-200.0 
E 1.77 0 2 0 1 3 0.53 1.58 1.05 1.7 1.4- 2.9 

3 I 0.90 30 33 41 22 126 o.oo 0.90 0.90 140.0 20.0-200.0 
E 1.54 0 0 1 2 3 1.06 1.44 0.38 1.9 3.0- 16.7 

Deflation (Position: 16.5% tE) 
1st 0.1 sec: 1 
1st I 1.01 54 55 53 37 199 o.oo 0.98 0.98 197.0 50.0-200.0 

E 0.86 0 1 0 0 1 0.35 1.2 
Mid I 0.89 30 48 47 36 161 0.03 0.88 0.85 180.9 50.0-200.0 

E 1.01 0 0 1 0 1 0.67 1.0 
End I 0.86 30 43 51 43 167 0.01 0.85 0.84 194.2 66.7-200.0 

E 1.01 0 0 0 0 1 0.96 1.0 

Post-Defln 1st 0.1 sec: 18 
2nd 0.1 sec: 16 
1 I 0.76 30 40 36 35 141 0.02 0.78 0.76 185.5 50.0-200.0 

E 0.91 0 0 0 0 0 
2 I 0.75 38 37 42 32 149 0.02 0.72 0.70 198.7 66.7-200.0 

E 0.93 1 0 0 0 1 0.13 1.1 
3 I o. 77 36 A2 44 31 153 0.01 0.76 0.75 198.7 100.0-200.0 

E 0.85 1 0 0 0 1 0.01 1.2 

Inflation (Position: 24.1% tr) 
( Run 2) 1st 0.1 sec: 14 

1st I 0.63 26 27 18 16 87 0.00 0.58 0.58 138.1 33.3-200.0 
E 1.80 0 1 0 0 1 0.46 0.6 

End I 0.63 19 25 24 23 91 o.oo 0.61 0.61 144.4 33.3-200.0 
E 1. 50 1 1 0 2 4 o.oo 0.98 0.98 2.7 1.6- 66.7 

Post-Infln 1st 0.1 sec: 17 
(Run 2) 2nd 0.1 sec: 16 

1 I 0.86 26 36 42 32 136 0.03 0.84 0.81 158.1 50.0-200.0 
E 1.01 0 0 0 0 0 

2 I 0.81 35 38 40 29 142 o.oo 0.81 0.81 175.3 33.3-200.0 
E 1.15 0 1 2 0 3 0.31 0.67 0.36 2.6 3.3- 16.7 

3 I 0.81 40 40 45 21 146 0.01 0.78 0.77 180.2 50.0-200.0 
E 1. 23 0 1 0 0 1 0.53 0.8 

Pre-Defln 1 I 0.88 28 28 31 21 108 0.02 0.86 0.84 122.7 40.0-200.0 
E 1.50 1 0 0 0 1 0.18 0.7 

2 I 0.87 22 22 32 25 101 0.03 0.85 0.82 116. l 50.0-200.0 
E 1.62 0 0 2 0 2 0.05 0.08 0.03 1.2 

3 I 0.89 27 2~ 25 24 105 0.02 0.87 0.85 118.0 33.3-200.0 
E 1.57 0 0 0 0 0 

Deflation (Position: 7.3% tI) 
( Run 2) 1st 0.1 sec: 16 

1st I 1.03 31 46 37 29 143 0.02 1.02 1.00 138.8 33.3-200.0 
E 0.93 1 0 1 0 2 0.22 0.57 0.35 2.2 

Mid I 0.86 35 41 39 31 146 o.oo 0.84 0.84 169.8 50.0-200.0 
E 0.98 0 0 0 0 0 

End I 0.81 37 40 44 40 161 0.10 0.79 0.69 198.8 40.0-200.0 
E 0.94 0 0 0 0 0 

Post-Defln 1st 0.1 sec: 18 
2nd 0.1 sec: 14 



1 I 0.73 35 38 46 26 145 0.02 0.72 0.70 198.6 66.7-200.0 
E 1.05 1 0 0 0 1 0.03 1.0 

2 I 0.72 38 42 35 31 146 0.01 o. 71 0.70 202.8 66.7-200.0 
E 1.12 0 1 1 0 2 0.29 0.82 0.53 1.8 

3 I 0.78 23 21 38 23 105 0.03 0.76 0.73 134.6 40.0-200.0 
E 1.27 0 0 0 0 0 

Rabb it Number: 9 Fibre Number: 21 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Augmented 1 I 0.69 5 8 26 37 76 0.01 0.69 0.68 110.1 16.7-200.0 
Breaths E 0.28 8 7 3 2 20 o.oo 0.23 0.23 71.4 33.3-200.0 

Pre-Infln 1 I 0.73 7 5 2 3 17 0.00 0.67 0.67 7.1 0.7- 7.1 
E 0.91 0 0 0 0 0 

2 I 0.65 6 4 5 1 16 - 0. 00 0.53 0.53 16.7 0.5- 24.6 
E 1.11 0 1 0 1 2 0.38 1.09 o. 71 1.8 

3 I 0.68 5 4 7 6 22 0.01 0.65 0.64 32.4 12.5-200.0 
E 1.07 0 1 1 1 3 0.46 1.05 0.59 2.8 2.6- 4.5 

Inflation (Position: 30.4% tI; Duration of apnoea: 2.36 sec.) 
1st 0.1 sec: 4 
2nd 0.1 sec: 1 
1st 1.0 sec: 0 
End 1.0 sec: 8 

Augmented Breath (During 1 ung inflation) 
1 I 0.84 8 7 7 7 29 0.00 0.79 0.79 34.5 14.3-200.0 

E 2.20 5 4 5 5 19 0.03 1.93 1.90 8.6 3.0- 25.0 

Post-Infln 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 0.77 5 5 4 3 17 o.oo 0.67 0.67 12.5 0.7- 22.1 

E 0.47 1 0 1 1 3 0.01 0.37 0.36 5.0 0.4- 6.4 
2 I 0.66 7 5 9 4 25 0.02 0.55 0.53 25.0 0.5- 37.9 

E 0.68 0 2 0 0 2 0.23 0.32 0.09 2.9 
3 I 0.62 6 6 6 2 20 0.01 0.52 0.51 32.3 16.7-200.0 

E 0.82 0 1 0 0 1 0.22 1.2 

Pre-Infln 1 I 0.80 2 1 4 1 8 0.06 0.73 0.67 10.0 5.3- 50.0 
( Run 2) E 1.35 0 0 0 0 0 

2 I 0.77 2 3 1 2 8 0.02 0.59 0.57 10.4 4.3- 40.0 
E 1.32 0 0 0 0 0 

Inflation (Position 100% tI; Duration of apnoea: 2.25 sec.) 
', ( Run 2) 1st 0.1 sec: 1 

2nd 0.1 sec: 0 
1st 1.0 sec: 10 
End 1.0 sec: 25 

Post-Infln 1st 0.1 sec: 7 
( Run 2) 2nd 0.1 sec: 5 

1 I 0.89 10 6 6 8 30 0.03 0.86 0.83 33.7 15.4-200.0 
E 0.58 0 0 0 0 0 

2 I 0.73 5 2 5 4 16 0.04 0.71 0.67 21.9 9.1-100.0 
E 0.68 1 0 0 0 1 0.06 1.5 

3 I 0.72 5 2 6 4 17 o.oo 0.67 0,67 23.6 10.0-200.0 
E 0.71 0 0 0 0 0 

Rabbit Number: 9 Fibre Number:22 PSR: Intact 

Condition Br. Ph. Ph.Dr No. of Spikes Bg. F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 0.69 3 3 3 2 11 0.01 0.60 0.59 15.9 12.5- 40.0 
E 1.58 0 0 0 0 0 

2 I 0.71 1 0 2 3 6 0.02 0.63 0.61 8.5 3.0- 20.0 
E 1.15 0 2 0 1 3 0.30 0.91 0,61 2.6 2.2- 6.7 

3 I o. 71 0 2 2 1 5 0.28 0.53 0.25 7,0 10.0- 40.0 
E 1.45 0 0 0 0 0 

Inflation (Position: 28.6% tI; Duration of apnoea: 3.46 sec.) 
1st 0.1 sec: 4 
2nd 0.1 sec: 5 



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 I 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 o.oo 0.61 0.61 46.8 40.0-200.0 
2 I 0. 61 7 6 6 5 24 0.02 0.59 0.57 39.3 33.3-200.0 

E 0,87 9 9 11 8 37 0.01 0.85 0.84 42.5 33.3-200.0 
3 I 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 2 1 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 0 1 1 2 1.36 0.7 

3 I 0.66 3 5 2 4 14 o.oo 0.65 0.65 21.2 8.3-200.0 
E 1.43 0 0 0 0 0 

Deflation (Position: f5.9% tE) 
1st 0.1 sec: 16 

Augmented Breath (immediately following deflation) 
1 I 0.95 25 38 15 6 84 0.01 0.89 0.88 88.4 13.3-200.0 

E o. 67 5 O· 1 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 0 1 0 0 1 0.55 0.9 
Mid I 0,61 5 6 2 3 16 o.oo 0.55 0.55 26.2 8.3-100.0 

E 1.11 0 0 0 0 0 
End I 0.65 5 5 3 2 15 0.01 0.59 0.58 23.1 12.5-200.0 

E 1.16 0 0 0 0 0 

Post-Defln 1st 0.1 sec: 1 
2nd ).1 sec: 2 
1 I 0.54 4 3 3 1 11 o.oo 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 3 1 8 0.03 0.51 0.48 13.8 10.5- 50.0 

E 1.58 0 0 0 0 0 
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 0 

2 I 0,79 2 l 2 1 6 0.01 0.63 0.62 7.6 5.6- 20.0 
E 1.65 0 0 0 0 0 

3 I 0,75 3 1 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% tl, 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-Infln 1st 0.1 sec: 0 
( Run 2) 1 I 0.85 2 1 2 2 7 0.08 0.67 0.59 8.2 4.3- 50.0 

E 0.67 0 0 0 0 0 
2 I 0.72 2 1 1 1 5 0.11 0,61 0.50 16.9 4.2- 20.0 

E 0.96 0 1 1 0 2 0,45 0,53 0.08 2.1 
3 I o. 71 1 0 4 0 5 0.01 0.53 0.52 7.0 2.6- 40.0 

E 1.19 0 0 0 1 1 1.11 0.8 

Pre-Defln 1 I 0.77 1 1 3 1 6 o.oo 0.73 0.73 7.8 2.8- 40.0 
( Run 2) E 1.47 0 0 1 0 1 1.02 0.7 

2 I 0.77 0 1 1 1 3 0,37 0.72 0.35 3.9 5.6- 6.3 
E 1.45 0 0 0 0 0 

3 I 0.75 1 1 2 0 4 0.01 0,50 0.49 5,3 3.8- 33.3 
E 1.58 0 0 0 0 0 

Deflation (Position: 2% tE) 
( Run 2) 1st 0.1 sec: 0 

1st I 0.91 6 4 4 4 18 0.01 0.86 0.85 19.8 9.1-100.0 
E 0.32 0 0 0 1 1 0.29 3.1 

Mid I 0.68 3 3 1 1 8 0.02 0.61 0.59 11.8 6.3- 50.0 
E 0.39 0 0 0 0 0 

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 0 0 0 0 

Post Defln 1st 0.1 sec: 0 
2nd 0.1 sec: 1 
1 I 0.70 2 2 5 3 12 o.oo 0.62 0.62 17.1 6.7-200.0 

E 1.39 0 0 1 0 1 0.94 0.7 
2 I 0.70 3 2 3 1 9 0.06 0.58 0.52 12.9 10.0-100.0 

E 1.55 0 0 0 0 0 
3 I 0.69 2 3 4 0 9 0.01 0.42 0.41 13.0 7.7-100.0 

E 1.62 0 1 0 0 1 0.72 0.6 

Rabbit Number: 9 Fibre Number: 23 PSR: Intact 

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) 

Pre-Infln 1 I 0.82 0 3 3 3 9 0.25 0.81 0.56 11.0 5.0-200.0 
E 1.78 0 0 0 0 0 

2 I 0.85 3 0 1 0 4 0.01 0.56 0.55 4.7 2.0-100.0 
E 1.70 0 0 0 0 0 

3 I 0.82 0 3 0 0 3 0.23 0.39 0.16 3.7 12.5- 14.3 
E 1.70 0 1 0 0 1 0.75 0.6 

Inflation (Position: 36.1% tI; Duration of apnoea: 4.18 sec.) 
1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1st 1.0 sec: 3 
Mid 1.0 sec: 10 
End 1.0 sec: 14 

Post-Infln 1st 0.1 sec: 1 
2nd 0.1 sec: 1 
1 I 0.90 7 6 4 4 21 0.01 0.82 0.81 23.3 11.1-200.0 

E 0.76 0 0 0 0 0 
2 I 0.73 5 2 1 1 9 0.01 0.61 0.60 12.3 5.6-200.0 

E 1.06 0 1 0 0 1 0.9 
3 I 0.70 4 2 3 1 10 0.01 0.62 0.61 14.3 5.6-200.0 

E 1.22 0 0 0 0 0 

Pre-Oefln 1 I 0.85 4 4 4 3 15 o.oo 0.76 0,76 17.6 10.0-100.0 
E 1. 19 1 3 3 1 8 0.22 1.09 0.87 6.7 4.0- 20.0 

2 I 0.77 3 2 3 1 9 0.01 0.71 0.70 11. 7 5.0- 50.0 
E 1.59 0 0 0 1 1 1.58 0.6 

3 I 0.78 2 4 1 3 10 0.05 0.70 0.65 12.8 5.6-100.0 
E 1.58 2 2 2 1 7 0.32 1.56 1.24 4.4 1.6- 13.0 

Deflation (Position: 32.5% tE) 
1st 0.1 sec: 0 
1st I 0.96 9 4 10 7 30 o.oo 0.87 0.87 31.3 5.9-200.0 

E 0.31 0 0 0 1 1 0.27 3.2 
Mid I 0. 69 8 12 7 3 30 0.03 0.64 0.61 43.5 14.3-200.0 

E 0.38 0 0 0 2 2 0.31 0,36 0.05 5.3 
End I 0.72 6 6 9 3 24 0.01 0.64 0.63 33.3 11.1-200.0 

E 0.50 1 0 0 0 1 0.12 2.0 

Post-Defln 1st 0.1 sec: 3 
2nd 0.1 sec: 0 
1 I 0.78 9 7 7 9 32 0.01 0.71 0.70 41.0 11.1-200.0 

E 1.47 2 8 3 3 16 0.21 1.37 1.16 10.9 3.6-200.0 
2 I 0.68 8 6 5 1 20 o.oo 0.62 0.62 29.4 9.1-200.0 

E 1.60 5 5 2 4 16 0.27 1. 59 1.32 10.0 3.1-100.0 
3 I 0.78 6 3 5 5 19 0.02 0.74 0.72 24.4 10.0- 66.7 

E 1.54 3 4 2 2 11 0.12 1.38 1.26 7.1 2.7- 50.0 

Rabbit Number: 9 Fibre Number: 23 PSR: Block 

Condition Br. Ph. Ph.Or No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 1.46 4 7 12 14 37 0.02 1.44 1.42 25.3 6.3-200.0 
E 1.62 0 1 0 0 1 0.52 0.6 

2 I 1.55 6 9 13 15 43 0.11 1.47 0.03 27.7 9.1-200.0 
E 1.50 0 0 0 0 0 

3 I 1 .46 4 10 14 10 38 0.02 1.41 1.39 26.0 4.8-200.0 
E 1.76 0 0 0 0 0 



Inflation (Position: 22.0% tI) 
1st 0.1 sec: 6 
2nd 0.1 sec: 3 
1st I 1.08 5 11 13 7 36 o.oo 1.04 1.04 33.3 5.0-200.0 

E 1.87 0 1 0 0 1 0.70 1.1 
Mid I 1.08 10 7 15 9 41 0.03 0.98 0.96 38.0 20.0-200.0 

E 1.62 0 1 0 3 4 0.44 1.60 1.16 2.5 1.1- 20.0 
End I 1.11 5 11 16 11 43 0.07 1.00 0.93 38.7 11.1-200.0 

E 1.66 0 3 2 2 7 0.53 1.64 1.11 4.2 2.9- 12.5 
Post- Infl n 1st 0.1 sec: 0 

2nd 0.1 sec: 0 
1 I 1.45 18 26 23 27 94 0.01 1.41 1.40 64.8 16.7-200.0 

E 1.33 5 1 0 1 7 0.13 1.32 1.19 5.3 1.4- 40.0 
2 I 1.33 21 25 27 23 96 0.00 1.32 1.32 72.2 20.0-200.0 

E 1.35 0 5 3 1 9 0.34 1.33 0.99 6.7 2.6-100.0 
3 I 1.29 17 14 20 14 65 0.01 1.24 1. 23 50.4 14.3-200.0 

E 1.34 2 0 0 1 3 0.24 1.32 1.08 2.2 1.0- 33.3 

Pre-Defln 1 I 1.41 6 10 13 12 41 0.00 1.35 1.35 29.1 6.7-200.0 
E 1.74 0 0 0 2 2 1.26 1.73 0 .47 1.2 

2 I 1.37 5 11 15 12 43 0.01 1.27 1.26 31.4 7.1-200.0 
E 1.81 0 0 0 1 1 1.78 0.6 

3 I 1.44 12 11 22 17 62 o.oo 1.35 1.35 43.1 8.3-200.0 
E 1.76 2 1 0 0 3 0.21 0.55 0.34 1.7 3.6- 20.0 

,, 

Deflation (Position : 9.1% tE) 
1st 0.1 sec: 0 
2nd 0.1 sec: 2 
1st I 1.60 26 24 30 29 109 0.01 1.62 1.61 68.l 16.7-200.0 

E 1.49 4 1 0 3 8 0.23 1.48 1.25 5.4 1. 3-200. 0 
Mid I 1.54 25 40 50 35 150 o.oo 1.53 1.53 97.4 20.0-200.0 

E 1.56 9 8 13 23 53 0.19 1.55 1.36 34.0 9.1-200.0 
End I 1.63 42 40 41 57 180 0.01 1.62 1.61 110.4 33.3-200.0 

E 1.15 6 10 6 9 31 0.09 1.14 1.05 27.0 5.9-200.0 

Post-Defln 1st 0.1 sec: 13 
2nd 0.1 sec: 13 
1 I 1.24 30 33 31 32 126 0.01 1.22 1. 21 101.6 28.6-200.0 

E 1.20 4 11 3 9 27 0.11 1.19 1.08 22.5 6.7-200.0 
2 I 1.15 28 21 31 19 99 o.oo 1.14 1.14 86.1 25.0-200.0 

E 1.2°9 4 4 3 8 19 0.22 1.28 1.06 14.7 4.2-200.0 
3 I 1.18 23 22 29 29 103 0.01 1.17 1.16 87.3 33.3-200.0 

E 1.28 3 3 5 5 16 0.25 1.26 1.01 12.5 6.3-400.0 

Pre-Infln 1 I 1.37 21 19 32 33 105 o.oo 1.35 1.35 76.6 14.3-200.0 
E 1.30 4 1 1 2 8 0.18 1.29 1.11 6.2 5.3- 40.0 

2 I 1.23 25 24 22 25 96 0.01 1.19 1.18 78.1 16.7-200.0 
E 1.39 0 2 2 5 9 . 0.38 1.32 0.94 6.5 2.0- 20.0 

3 I 1.33 21 35 30 36 122 0.01 1.30 1.29 91.7 20.0-200.0 
E 1.57 2 0 3 5 10 0.09 1.56 1.47 6.4 1.9- 20.0 

Inflation (Position: 23.7% tI) 
( Run 2) 1st 0.1 sec: 6 

2nd 0.1 sec: 10 
1st I 0.95 22 22 84 18 86 o.oo 0.90 0.90 90.5 20.0-200.0 

E 1.82 2 3 3 7 15 0.31 1.81 1.50 8.2 2.7-200.0 
Mid I 0.94 23 19 24 15 81 0.01 0.89 0.88 86.2 25.0-200.0 

E 1.70 3 6 2 8 19 0.17 1.60 1.43 11.2 3.9-200.0 
End I 0.95 20 19 20 15 74 o.oo 0.89 0.89 77.9 33.3-200.0 

E 1.51 8 4 4 7 23 0.09 1. 49 1.40 15.2 5.0-200.0 

Post-Infln 1st 0.1 sec: 2 
2nd 0.1 sec: 5 
1 I 1.39 36 33 43 37 149 o.oo 1.37 1.37 107.2 33.3-200.0 

E 1.44 14 8 8 9 39 o.oo 1.43 1.43 27.1 6.3-200.0 
2 I 1.25 28 28 32 25 113 o.oo 1.22 1.22 90.4 33.3-200.0 

E 1.34 9 12 5 4 30 0.16 1.32 1.16 22.4 6.3-200.0 
3 I 1.19 35 27 30 16 108 o.oo 1.15 1.15 90.8 20.0-200.0 

E 1.46 5 3 0 3 11 0.12 1.44 1.32 9.5 1.3-200.0 

Pre-Oefln 1 I 1.25 6 13 8 16 43 0.03 1.20 1.17 34.4 9.1-200.0 
E 1.62 0 1 0 0 1 0.57 0.6 

2 I 1.29 5 14 15 21 55 0.01 1.26 1.25 42.6 4.4-200.0 
E 1.64 0 1 0 0 1 0.81 0.6 

3 I 1~38 9 11 15 13 48 0.02 1.32 1.30 34.8 11. 1-200.0 
E 1.71 0 0 0 1 1 1.69 0.6 



Deflation: (Position: 8.9% tE) 
1st 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 20.0-200.0 

E 1.53 0 0 2 5 7 0.90 1.52 0.62 4.6 4.8- 50.0 
Mid I 1.55 32 40 46 34 152 0.00 1.49 1.49 98.1 25.0-200,0 

E 1.35 5 5 3 7 20 0.13 1.33 1.20 14.8 4.8-200,0 
End I 1.41 32 30 44 31 137 0.00 1.40 1.40 97.2 25.0-200.0 

E 1.38 6 9 0 11 26 0.14 1.37 1.23 18.8 2.8-200.0 

Post-Defln 1st 0.1 sec: 10 
2nd 0.1 sec: 13 
1 I 1.33 33 32 42 33 140 o.oo 1.27 1.27 105.3 40.0-200.0 

E 1.29 6 8 6 8 28 0.20 1.28 1.08 21.7 9.1-100.0 
2 I 1.13 23 28 32 21 104 0.01 1.10 1.09 92.0 20.0-200.0 

E 1.33 3 4 4 4 15 0.15 1.29 1.14 11.3 50.0-200.0 
3 I 1.24 23 26 24 20 93 o.oo 1.17 1.17 75.0 20.0-200.0 

E 1.33 2 2 1 4 9 0.21 1.32 1.11 6.8 3.0-200.0 

Added Dead 1 I 1.06 19 31 27 20 97 0.00 1.03 1.03 91.5 25.0-200.0 
Space E 1.41 8 4 5 7 24 o.oo 1.40 1.40 17.0 6.7-200.0 

2 I 1.14 18 22 30 26 96 0.01 1.10 1.09 84.2 25.0-200.0 
E 1.39 12 12 8 16 48 0.14 1.38 1.24 34.5 6.7-200.0 

3 I 1.56 35 41· 42 35 153 o.oo 1.55 1.55 98.1 25.0-200.0 
E 1.05 45 34 14 15 108 o.oo 1.03 1.03 102.9 20.0-200.0 

Rabbit Number: 9 Fibre Number: 24 PSR: Intact 

Condition Br. Ph. Ph.Dr No of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot.(sec) (sec) (sec) (Hz) (Hz) 

Pre-Infln 1 I 1.04 2 2 2 2 8 0.01 0.92 0.91 7.7 3.2- 50.0 
E 1.72 0 0 0 1 1 1.44 0.6 

2 I 0.99 3 1 3 4 11 o.oo 0.94 0.94 11.1 2.6-200.0 
E 1.75 0 0 0 0 0 

3 I 1.07 2 1 9 1 13 0.02 1.04 1.02 12.1 3.6-100.0 
E 1.68 0 4 0 0 4 0.42 0.71 0.29 2.4 5.0- 25.0 

Inflation (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 

Post-Infln 1st 0.1 sec: 4 
2nd 0,1 sec: 0 
1 I 1.02 3 4 4 7 18 0.11 0.97 0.86 17.6 6.7-100.0 

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 9.1-200.0 

E 1.27 0 5 1 2 8 0.41 1.24 0.83 6.3 2.2-100.0 
3 I 0.96 8 3 6 7 24 o.oo 0.90 0.90 25.0 8.3-200.0 

E 1.33 2 2 1 0 5 0,25 0.68 0.43 3.8 6.7- 20.0 

Pre-Defln 1 I 1.02 2 3 3 6 14 0.07 0.96 0.89 13.7 5.3-200.0 
E 1.77 0 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 7.7-200.0 
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 0.01 0.99 0.98 13.9 2.9-200.0 
E 1.70 0 2 0 0 2 0.75 0.83 0.08 1.2 

Deflation (Position: 10.4% tE) 
1st 0.1 sec: 2 
2nd 0.1 sec: 1 
1st I 1.22 6 9 15 12 42 0.04 1.19 1.15 34.4 6,3-Z00,0 

E 0.80 0 3 0 0 3 0.25 0.38 0.13 3.7 12,5- 20.0 
Mid I 1.15 5 8 13 5 31 0.01 1.14 1.13 27.0 5.3-200.0 

E 0.87 0 1 0 0 1 1.2 
End I 0.99 5 9 12 13 39 0.02 0.97 0.95 39.4 6.3-200.0 

E 1.25 4 1 0 2 7 o.oo 1.24 1.24 5.6 1.2-100.0 

Post-Defln 1st 0.1 sec: 8 
2nd 0.1 sec: 9 
1 I 0.95 17 11 14 14 56 o.oo 0.95 0,95 58.9 16.7-200.0 



E 1.26 0 0 2 3 5 0.68 1.24 0.56 4,0 3.2- 40.0 
2 I 0,94 6 7 11 16 40 0.01 0.92 0.91 42.6 12.5-200.0 

E 1.44 0 0 0 0 1 1. 06 o.7 
3 I 0.94 8 9 11 12 40 0.02 0.92 0.90 42.6 14.3-200.0 

E 1.47 1 0 0 0 1 0.31 0.7 

Inflation (Position: 20.2% ti; Duration of apnoea: 9.80 sec) 
1st 0.1 sec: 4 
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 9 17 10 43 0.02 0.95 0.93 44.3 11. 1-200.0 
E 1.02 6 5 1 2 14 0.06 1.00 0.94 13.7 4.4-100.0 

2 I 0.93 13 10 17 13 53 0.01 0.84 0.83 57.0 16.7-200.0 
E 1.11 2 6 2 1 11 0.11 0.94 0.83 9.9 3.2-200.0 

3 I 0.89 15 9 15 12 51 0.02 0.85 0.83 57.3 20.0-200.0 
E 1.18 2 1 1 0 4 0.18 0.62 0.44 3.4 3.2- 20.0 

Added Dead 1 I 0.80 16 7 16 12 51 0.00 0.78 0.78 63.8 20.0-200.0 ,_ 

Space E 1.24 1 4 3 3 11 0.27 1.23 0.96 8.9 11.5- 50.0 
2 I 0,90 11 13 11 11 46 0.01 0.85 0.84 51.1 14.3-200.0 

E 1.15 4 6 5 3 18 0.13 1.09 0.26 15.7 7.1-100.0 
3 I 0.96 15 10 21 13 67 0.00 0.93 0.93 69.8 20.0-200.0 

E 0.98 7 8 6 2 23 0.01 0.97 0.96 23.5 5.0-200.0 

Rabb it Number: 9 Fibre Number: 24 PSR: Block 

Condition Br. Ph. Ph.Dr No. of Spikes Bg.F End.F Dr.F Fmean Freq.range 
No. (sec) Ql Q2 Q3 Q4 Tot. (sec) (sec) (sec) (Hz) ( Hz) 

Pre- Infl n 1 I 1.35 3 6 8 6 23 0.03 1.31 1.28 17.0 5.3-200.0 
( Run 1) E 2.06 1 1 0 0 2 0.01 0.80 0.79 1.0 

2 I 1.40 4 6 8 11 29 0.01 1.35 1.34 20.7 3.3-200.0 
E 2.17 2 0 0 1 3 0.25 2.11 1.86 1.4 0.6- 12.5 

3 I 1.40 5 6 7 9 27 0.02 1.38 1.36 19.3 5.9-200.0 
E 2.25 0 1 0 0 1 0.80 

Inflation (Position: 18.8% tI) 
1st 0,1 sec: 6 
2nd 0.1 sec: 2 
1 I 1.08 7 7 10 7 31 0.02 0.97 0.95 28.7 7.7-100.0 

E 2.35 3 1 1 5 10 0.07 2.08 2.01 4,3 1.7-100.0 

Post-Infln 1st 0.1 sec: 0 
2nd 0.1 sec: 0 
1 I 1.38 2 9 9 6 26 0.06 1.29 1.23 18.8 3.5-200.0 

E 1.62 2 1 0 0 3 0.33 0,48 0.15 1.9 8.3- 33.3 
2 I 1.26 5 9 8 11 33 0.02 1.21 1.19 26.2 5.6-200.0 

E 1.56 5 3 1 1 10 0.01 1.53 1.52 6.4 1.6-200.0 
3 I 1.24 7 {i 9 8 30 0.02 1.22 1.20 24.2 5,3-200.0 

E 1.76 1 0 1 0 2 0.30 1.11 0.81 1.1 

Inflation 1 I 1.08 6 8 12 7 33 0.04 1.04 1.00 30.6 12.5-100.0 
( Run 2) E 2.00 4 3 2 0 9 1.13 1.38 0.25 4.5 3.6- 12.5 

Post-Infln 1st 0.1 sec: 0 
( Run 2) 2nd 0.1 sec: 0 

1 I 1.35 2 10 5 12 29 0.26 1. 27 1.01 21.5 7.1-200.0 
E 1.81 1 0 0 1 2 0.23 1.76 0.53 1.1 

2 I 1.27 6 4 10 6 26 o.oo 1.16 1.16 20.5 6.7-200.0 
E 1.86 0 3 1 0 4 0.55 0.94 0.39 2.2 3.2- 40.0 

3 I 1.23 3 3 8 10 24 0.08 1.17 1.09 19.5 6.3-200.0 
E 1.96 0 1 0 1 2 0.51 1.95 1.44 1.0 

Pre-Defln 1 I 1.39 2 1 9 16 28 0.03 1.38 1.35 20.1 2.2-200.0 
E 1.97 0 0 0 0 0 

2 I 1.25 4 8 11 3 26 0.02 1.19 1.17 20.8 3.7-200.0 
E 1.50 0 0 0 0 0 

3 I 1.24 3 1 7 5 16 0.00 1.15 1. 15 12,9 2.9-200.0 
E 1.78 1 0 9 9 1 0.29 0.6 



Deflation: (Position: 10.1% tE) 
1st I 1.35 9 15 22 22 68 o.oo 1.31 1.31 50.4 8.3-200.0 

E 1.38 8 5 4 2 19 o.oo 1.34 1.34 13.8 5.6-200.0 
Mid I 1.40 15 14 18 18 65 0.01 1.39 1.38 46.4 10.0-200.0 

E 1.58 2 2 3 4 11 0.31 1.57 1.26 7.0 2.0-200.0 
End I 1.35 9 16 14 13 52 o.oo 1.31 1.31 38.5 6.3-200.0 

E 1. 14 1 4 0 2 7 0.18 1.12 0.94 6.1 1.8-100.0 

Post-Defln 1st 0.1 sec: 1 
2nd 0.1 sec: 0 
1 I 1.33 9 11 19 15 54 0.01 1.30 1.29 40.6 11.1-200.0 

E 1.30 11 23 5 4 43 0.01 1.27 1.26 33.1 4.8-200.0 
2 I 1. 57 10 11 17 16 54 0.02 1.55 1.53 34.4 10.0-200.0 

E 1.16 1 1 0 1 3 0.14 1.00 0.86 2.6 1.4- 6.7 
3 I 1.16 7 8 6 13 34 0.02 1.15 1.13 29.3 6.7-200.0 

E 1.28 0 0 0 0 0 

Added Dead 1 I 1.24 5 3 9 12 29 0.01 1.21 1.20 23.4 4.8-200.0 
Space E 1,63 2 2 2 0 6 0.15 1.18 1.03 3.7 4.2- 5.6 

2 I 1.24 5 5 14 8 32 0.01 1.22 1.21 25.8 7.7-200.0 
E 1.46 1 4 3 4 12 0.31 1.44 1.13 8.2 4.4- 40.0 

3 I 1.21 7 11 8 8 34 0.00 1.19 1.19 28.1 7.7-200.0 
E 1.42 3 0 1 1 5 0.05 1.26 1.21 3.5 1.5- 20.0 

Deflation: (Position: 10.4% tE) 
1st 0.1 sec: 1 
1 I 1.56 5 11 19 15 50 0.11 1.53 1.42 32.1 10.0-200.0 

E 1.77 4 1 1 0 6 0.06 1.02 0.96 3.4 2.0- 20.0 
2 I 1.52 11 16 14 13 54 0.01 1.51 1.50 35.5 10.0-200.0 

E 1.85 1 2 2 5 10 0.43 1.85 1.42 5.4 3.1-200.0 
3 I 1.57 10 19 17 19 65 0.06 1.55 1.49 41.4 6.7-200.0 

E 1.45 2 7 3 4 16 0.01 1.44 1.43 11.0 2.8-200.0 

Post-Defln 1st 0.1 sec: 6 
2nd 0,1 sec: 4 
1 I 1.39 8 18 15 13 54 0.05 1.37 1,32 38.8 14.3-200.0 

E 1.20 3 6 3 0 12 0.15 0.84 0.69 10.0 7.7-100.0 
2 I 1.20 15 10 7 10 42 0.00 1.19 1.19 35.0 11.1-200.0 

E 1.32 2 1 1 0 4 0.21 0.76 0,55 3.0 4.4- 10.0 
3 I 1.24 8 7 7 9 31 0.06 1.23 1.17 25.0 6.7-200.0 

E 1.42 0 1 1 1 3 0.45 1.34 0,89 2.1 1.8- 2.9 




