Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without

the permission of the Author.



YAGAL INFLUENCES ON RESFIRATORY REFLEXEG:
INTERACTION OF FP.S.R. AMD R.ALGR. ON THE INFLATION AND
DEFLATION REFLEX, THEIR ROLE IMN LINKING RESFIRATORY

CYCLES: AND FOSTVAGOTOMY EFFECT OF P.D.G.

by Heather Jones

Aothesis in partial fuldilment of the reguirements
At

for the degres of Master of Science.

SQupervised by Dr. Andrew Davies.

Massey Universily




ACEMOWL EDGEMENTS

I would like to express my deepest gratitude to

evervoneg who gave thelr time and support to make this

thesis possible. Im particular T would like to

thank Dr. Andrew Davies, my supervisor, for the many

Fouwrs he spent assisting with my edperiments, giving

encouwragement, and discussing my work. I am grateful

to khim for the loan of his computer, and the many
houws I was allowed to use it and destroy the psace.
I am indepted to Rowan Bunch for the excellent
technical help and support he willingly provided.
Tharks also to Brian Fickett +or his work on the
electronics, and to Nick Broomfield for the time
apent on data entry. I am grateful to Foffessor

Murnfard for the useful discussions on statistics.




ABSTRACT

VAGAL INFLUENCES ON RESPIRATORY REFLEXES:

INTERACTION OF F.S5.R. AND R.A.R. ON THE INFLATION AND

DEFLATION REFLEX, THEIR ROLE IN LINKING RESFIRATORY
CYCLESy AND FPOSTVAGOTOMY EFFECT OF F.D.G.

by Heather Jones

There is evidence that changes in one
respiratory cycle may influence subseguent cycles
by a central mechanism. Thus the influence of
F.8. R, and R.AR. activity from within one
respiratory cyvcle on subsegquent cycles, which we
have called "memory', needed to be examined in the
determination of dwation of expiration (tE) and
inspiration (£I).

This study was designed to investigate the
relative roles of P.8.R. and R.A.R. stimulation in
expiration influencing tl amd tE over several
subsequent breaths. In particular to investigate
their role in linking respiratory cvcles.

In 14 anaesthetized spontaneocusly breathing
rabbits we studied the response of ]l and tE to +ve
and —ve pressure pulses of ZOEFa applied to éhe
lung at various stages in expiration before and
during F.S8.R. block with S02.

RBefore F.5.R. block, +ve pressure pulses early
in expiration generally shortened tE containing the
pulse; applied later +ve pressure pulses lengthened

tE. Fositive pressure pulses after F.S.R. block,




and —-ve presswre pulses before and after block
alwavs shaortened tE. Fegardless of sign of pulse
tE was shortened in subsegquent breaths bhefore and
atter black.

The inspiration after negative pulse
application was usually lengthened. &fter effective
Block —ve pulses rarely lengthened 1. Large
shortening of tE containing the pulse was usually
Tallowed by & shortened tl. Fositive pulses did
not significantly effect the duwration of tl.

Fegardle af smign of pulse I was not usually

changed but cccasional large shortening occcured

ouent reaths before and after F.H.R.

i s

lochk.

This indicates that the tE containing the
stimulation iz governed by & balance bhetween FLOS.F.
and F.acR. activity,.,  The ©l Sollowing the stimulus
is governed by a bhalance between "memory'" of F,5.R.
ared Fa@a R activity. In the bresths following both
TE and b1 o were influenced by “"memcery' of R.8.F.
activity arlyv. However "memory” of strong R.oo.R.
activity is required to atfect €.

During this study it was intended to use
phernvlidiguanide (F.D.GE.)Y to test J receptor
patency. Intravenous injections of FP.0.G. have been
used ta provoke respiratory reflexes, these have
been considered to be due mainly to stimalation of
tyvpe J receptors.  However although most workers
demonstrated that vagotomy abelishsd or reduced

et leres, some still had signiticant response

the

o

e




to P.D.G. after vagotomy. A study was conducted to
resolve this difference and demonstrate the sites
at which P.D.G. acts in rabbits.

We measwred tE and tI in 10 anaesthetized
gpontaneocusly breathing rabbits. 30 gg/kg PuDaG
was given intravenously (via a catheter with its
tip close fo the right atrium) to the intact
rabbity after blocking epicardial receptors;
Cimmediately after bilateral cervical vagotomys 15
minutes atter vagotomy: and after the
glossopharyngeal nerves were cut near the base of
the shkull.

The respiratory reflex after injection of
ﬁylmcaine, 15 minutes after vagotomy, and atter
cutting the glossopharyngeal nerves was as
pronounced as in'the intact state,kand consisted of
an increase in freguency almost totally due to a
reduction in tE. .Nith injections given up to 3
minuwtes after bilateral vagotomy the respiratory
response was greatly attenuated and variable. We
suggest this guestion of timing may contribute to
the differences seen by different groups of
wotrkers. It is clear that intravenous injection of

F.D.G. is not an adeqguate test of J receptor

presence in the rabbit.
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The introduction will review the material
relevant to vagal influences on respiratory
pattern. Firstly the control of breathing will be
briefly reviewed in termsg of:

1) central control,

2) efferent activity,

3 afferent activity.
Then the vagal influence of pulmonary receptors
will be ewamined more closely in terms of:

1) non myelinated fibres,

2) slowly adapting receptors with myelinated

- fibres,

35 rapidly adapting receptors with myelinated
fibres. |
Mext the regulation of duration QF inspiration and
expiration will be discussed. Then the evidence
for linking of respiratory cycles will be examined.
And finally a reviéw of the conflicts in the
literature on the effects of phenvidiguanide will

be made.

It is easy to take breathing for granted, we
breathe approximately 16 times a minute without
much thought until we over exert owselves. And

vet the pattern of breathing changes all the time




to keep maximum efficency despite altered oxvgen
needs and CO2 production with different activities.
These changes in pattern are brought about by

changes in the brainstem "respiratory centres”
newral activity affecting efferent activity ta the
respiratory muscles. These changes are made in
response to afferent information from receptors,

located mainly in the thorax.

In 1812 LeGallois reported that i+ the medulla
oblongata is isclated, cells within continue to
generate a respiratory rhythm. Thus the medulla
contains a respiratory pattern generator. Since
Flourens 1851 described a “vital node" the concept
of a small, bilateral, inherently rvthmic centire
has remained attractive. From early attempts to
localize this centre this patté;n generator was
historically described as the "respiratory centires”
(fig 1). These consisted of the inspiratory and
expiratory centres which provided the oscillations
from inspiration to expiration. The pattern from
these was thought to be modified by the pneumotaxic
centre which recieved vagal afferent information
and the inhibitory apneustic centre. The
preumotaxic centre was considered to receive
information on the onset of inspiration. After &
delay on receiving this information the prneumotaxic

centre was considered to inhibit the inspiratory
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newons and terminate inspiration.

Fitts, Magoun % Ranson 1939 described the
anatomical localization of overlapping inspiratory
and expiratory newons, dispelling the concept of
discrete centres. Thus this concept of
"respiratory centres’ must now be redefined as a
group of neuwronsand synapses that influence the
pattern of breathing. Cohen (1970 & 1976) propossd

whicn
a model of interacting newon systems, has replaced
this model. This model differs from the historical
mainly by describing functiconal rather than
anatomical centres. Hence reference to the
"respiratory centres” will refer to all the central

newon systems concerned with generating

respiratory pattern.

Fitts (19464) considered the "respiratory
centres" contain linked inspiratory newons and
linked expiratory neuwrons which synchronizes their
activity. These inspiratory and expiratory neurons
are mutually inhibitory which limits duration of
activity during eupnoea (Comroe 1973). Although
tﬁe expiratory neuwron pool is active , in eupnoea
this activity does not reach the threshold needed
to activate expiratory motor neuwrons and therefore
expiratory muscles. Thus in eupnoea expiration is
passive (Comroe 1973). The "respiratory centres”
may consist of inhibitory interaction between two
groups of neurons to generate rhythm (Robson).

This is a persistant idea with little evidence for it

14




(Mitchell & BRerger 1973).

A model of the "respiratory centres” was
proposed (von Euler % Trippenbach 19743 von Euler
1977: Cohen % Feldman 1977) consisting of
functional pools of newons generating the rhythm
{(fig &). A pool of newons generate the central
inspiratory activity (CIA) which produces the basic
pattern. This is terminated by another pool of
neuwons the inspiratory off-switch (0-5). A third
pool of neuwrons is responsible for the interaction
between the CIA pool and the activity from the
pulmonary stretch receptors (F.S8.R.). Once this
poal reaches a threshold level of activity the 0-8
activity may rise quicgly to terminate inspiration
aﬁd CIA. The activity of the CIA-F.S8.R. pool will
die slowly with slow reduction of F.5.R. activity.
Another pool of newrons may control rate of
breathing with inspiratory and expiratory duration
controlled by differeht sections of this pool. The
inspiratory rate being inhibited by F.5.R. activity
and the expiratory rate facilitating 0-5 activity.

A1l these pools are modified by afferent
infaormation (Trippenbach % Milic—~emili 1977). The
way in which afferent information modifies the
"respiratory centres” will be discussed later. The
CIAa generator has efferents to the spinal

respiratory motor newons.

The diaphragm is activated duwing inspiration’
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by the phrenic nerve with neuwrons arising from
cervical nerves C3, 4, and 5. These are efferents
from the “rhythm generator” and are the only fibres
in the phrenic nerve. The diaphragm has few muscle
spindles thus the phrenic nerve is almost ‘
exclusively the sowce of diaphragmatic asctivity.
The fibres of the phrenic nerve lack Renshaw cells
with inhibitory feedback to prevent after discharge

(Widdicmbe % Davies 1983).

Thus a recording of phrenic activity (fig )
shows an accurate representation of the drive to
inspire from the "respiratory centres", although
some after discharge is seen. A recording of
d;apragmatic emg also records this drive to
inspire. A trace of phrenic activity or
diaphragmatic emg shows activity duwring inspiration
and no activity during expiratién.

The “reapiratmryvcentres” have eftferent fibres
to the other respiratory muscles, external and
iﬁternal intercostal and abdominal muscles.

However these muscles also have muscle spindles
which produce reflex contraction {(Widdicombe %
Davies 1983). |

afferent systems

A major afferent influence on respiratory
pattern is from chemoreceptors (fig 4). The main

peripheral chemoreceptors are located in the

carotid bodies and aortic bodies with atferents in

16




FIG 3. TRACE OF PHRENIC ACTIVITY.

INSP. SHOWS ACTIVITY OF PHRENIC DURING
INSPIRATION (T)).

EXP. SHOWS LACK OF PHRENIC ACTIVITY

DURING EXPIRATION (TE).




the glossopharyngeal and vagus nerves respectively.
These receptors are stimulated by low arterial
oxygen tension and increased levels of C02 (Comroe
19735) . However Guz, MNMoble, Widdicombe, Trenchard
L Mushin 1966 showed block of these receptors did
not influence pattern of breathing in eupnoea.

The central chemoreceptors are stimulated by
an increase in hydrogen ion concentration in the
cerebral spinal fluid. Hydrogen ion levels in the
cerebral spinal fluid are related to CO2 1evels.
Thus stimulation of central chemoreceptors is due
to raised levels of CO0Z2 in the general circulation
(Comroe 1973).

Stimulation of chemoreceptors increase
fréquency of breathing by inhibiting the
ingpiratory 0-% pool of neuwrons and facilitating
the CIA generator (von Euler 1977). There is &
latency of RO~3O seconds after increasing CO2
levels before much chénge in breathing is seen and
it may bhe I-10 minutes before a new level of
respiration is set (Widdicombe % Daviess 1983).
This illustrates that chemoreceptors have a long -
term influence on the pattern of breathing.

The pulmonary receptors, pulmonary stretch
receptors (F.8.R.) and rapidly adapting receptors
(R.AR.)y of the myelinated fibres of the vagqus
nerves are most important for breath by breath
control of pattern of breathing. The R.ALR. are

stimulated by inflation and deflation of the lungs

17
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to increase frequency of breathing (Widdicombe %
Davies 1983).  This is probably by stimulating the
ingpiratory 0-5 (von Euler 1977). Augmented
breaths or sighs are also caused by R.ACR.
stimulation (Davies % Roumy 197&), by large lung
inflations and is probably by inhibition of the
inspiratory 0-8 pool of newons or by facilitating
the inspiratory rate controlling pool (von Euler
1976) .

The F.8.R. are stimulated by inflation of the
lungs to terminate ingpiration and initiate
expiration. (Widdicombe % Davies 1983). This is
probably by interacting with the CIA-F.S.R.
interaction pool of neurons to facillitate the 0-8
aad by inhibition of the insiratory rate
controlling poal {von Euler 1976) .

The type J receptors (JR) Qave mainly
nonmyelinated vagal fibres and are stimul ated
physiologically by pulmonary ocedems to cause an
increase in freguency of breathing (Faintal 1977).
Their effect on the "respiratory centres" has not
been established.

In unanaesthetized animais emotion and
voluntary control may influence respiratory
pattern. Voluntary contirol probably bypasses the
respiratory centres and exerts its effect directly
on the respiratory muscles (Widdicombe % Davies

128%) . Emoction may influence the rate controlling

pool in the pons (von Euler 1977).

18




Fropioreceptors in the chest wall relay
intformation about the position of the chest and
allows efficient breathing regardless of body
position. Activity from these fibres facillitate
either the 0-8 pool or the CIA-P.5.R. interaction
pool, thus shortening inspiration (von Euler 1977).

Hyperthermia affects the rate and growth of
CIA and thus influences the CIA generator. It also
interacts with the CIA-P.5.R. pool to activate the
0-5 (von Euler 1277).

Fig 3 is & diagragm of the afferent influences

on the "respiratory centres".

FULMONARY.

The pulmonary receptors consist of type J
receptors with nonmyelinatewd fibres, R.A.R.with
myelinated fibres, F.5.R. whicH adapt slowly and
have myelinated fibres (Faintal 1973b). In the cat
there are 4 times as many non myelinated fibres as
myelinated fibres from P.S5.R. and R.A.R. (Agostoni,
Chinnock, Daly & Mwray 1937). The P.S5.K. and
R.A.R.are particularly important in breath by
hrreath contral of breathing, and help maintain an

gfficient breathing pattern.

The regenerative region of nerve fibres
myelinated or not are not protected by the

diffusion barrier of the nerve sheath (Paintal

19
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1973b)Y . Thus some chemical tvypes of chemical are
able to stimulate or sensitize at this region
erxamples of these are volatile anaesthetics and
veratrum. Non myelinated fibres are susceptible to
stimulation by a wider variety of drugs than
myelinated fibres as the regenerative region is not
protected by a myelin sheath (figé).

Acetylcholine, S-hydroxytryptamine,
phenyldiguanide, histamine and similar chemicals

may only stimulate non myelinated fibres (Faintal

Type J receptors were discovered accidentally
while studying other nonmyelinated fibres using
P.b.G. as a stimulant (Faintal 193%, 1954, 1973a).
It was some time aFtervdiscovery that the
physioclogical stimulus of these receptors became
kEnowr. Initially interest %acuésed on their
response to forced deflation and collapse of the
lung and hence were known as deflation receptors
(Faintal 1973a). Bellick and Widdicombe 1970 +found
although most receptors were not stimulated by lung
inflations or deflations some were stimulated by
deflation produced by 30 ml prneumothorax.

Eventually it became known that these
receptors were stimulated by pulmonary oedema,
specifically the increase in interstitial volume
consequent of rise in pulmonary capillary pressure

{(Faintal 194&9). In keeping with this function it

has been shown they lie close to the pulmonary
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capillaries, giving rise to the name juxtapulmonary
capillary receptors or type J receptors (FPaintal
1973a).

Stimulatién of J receptors accelerates
breathing, and sometimes Ccauses apnoea. It also
causes hypotension, bradycardia and inhibition of
somatic muscles (Paintal 1970, 1973b). Type J
receptors are probably stimulated physiclogically
by & rise in pulmonary capillary pressure due to
arercise. This may contribute to the acceleration
of breathing and may be involved in the sensations
pf breathlessness (Faintal 19273a).

. Bubstances such as S—-hydroxytryptamine
stimulate these endings and as such may stimulate J
receptors when releaseéd by pulmonary embolism.
Other pathological conditions involving pulmonary
circulation, suh as pulmonary Qédema and embholism,
stimulate J receptors, resulting in tachypnoea (Gusz
“ Trenchard 1971). Sensations of dyspnoea in these
diseases may be produced by J receptor stimulation

{(FPaintal 1973a).

adapting receptors

Breuer and Hering in 18468 noted that inflation
of the lungs in inspiration terminated inspiration
while deflation terminated expiration, initiating
ingpiration. This effect was abolished by vagotomy.
Breuer and Hering proposed that receptors which

detected the state of the lung distension lay in
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the lung ﬁisgue with the vagus as an afferent to
the respiratory centres. They proposed that the
respiratory centre which produced the normal
respiratory pattern reguired vagal information
about the state of the lung. ~
Adrian (19233) showed that when a sudden and
maintained inflation is applied to the lungs, one *uﬁx: =
vagal fibre discharges, the receptor of this fibre
became krnown as the pulmonary stretch receptor.
Davis, Faowler and Lambert (195&) suggesﬁed 5tretﬁh
from lung inflation was the primary stimulus with
some responsiveness to the rate of change of
stretch. Fhysioclogical and degeneration
experiments along with histological evidence
indicates they are leocated in the smooth muscle of
the bronchi (Widdicombe 1934b). It has been noted
these receptors are either slowly adapting or have
varying adaption rates (Widdicombe % Davies 19873).
The main inftluence of FP.S5.R. is to shorten
duration of inspiration accompanied by reduced
tidal volume and lengthened dwation of expirat%mn
{(Widdicombe % Davies 1983). The F.5.R. are
stimul ated during the lung inflation of inspiration
and activity rises till the 0-85 mechanism is
activated, thus terminating inspiration {(von Euler
1977y, Duwring the first part of expiration while
the lungs are deflating, these receptors are stiil
strongly active but discharge reduces as lungs

empty (Widdicombe and Davies 1983). F.S.R. are

kJ
FJ




stimul ated proportionally by mechanical deformation
caused by transpulmonary pressure (Davis, Fowler,
and Lambert 1936).

The inflation reflex exists in all mammgls and
operates qualitatively in the same manner in all of
them. The strength of the reflex varies
considerably, being strongest in rabbits and
weakaest in man (Widdicombe 1261). Since rhythmical
bfeathing continues after bilateral vagotomy, the
activity of lung stretch recetors is not easéntial
far vrhythm bqt modify the pattern. The advantage
of this modification is to make breathing more
efficient.

Al though some receptors have superimposed
cardiac rhythm (Faintal 193%) this is likely to be
due to influence from local vessels rather than
functional. This is supportad?by the observation
that no cardiac rhythm is observed in these
receptors when stimulated by inflation (Paintal
1973a) . Recently it has been shown that F.5.R. can
he inhibited by airway C02 (Coleridge, Coleridge.

% RBRanzett 1978), hyporia does not similarly affect
F.8.R. activity. PF.S8.R. also causes reflex
bronchodilation, systemic vasodilation,
tachycardia, and widening of the glottal appertuwe

(Widdicombe 1982).

Rapidly adapting receptors

Impulses from endings which adapted rapidly to




maintained inflation or deflation of the lungs were
recorded by Fnowlton and Larrabee 1946. These
endings were called rapidly adapting receptors.
Widdicombe 1954a located many of these receptors in
the trachea. Further investigation revealed
endings in intrapulmonary airways (Mills, Sellick,
% Widdicombe 1970) which lie beneath the
respiratory tract epithelia. These have similar
responses to those in the trachea. These endings
have been named irritant receptors. The greatest
concentration of these receptors are in the large
airways {(Sant’Ambrogio 1982).

There is much debate on the naming of these
receptors.  Although a natwal stimulus to these
receptors may be mechanical irritation, these
receptors also play a role in determining pattern
af breathing. I consider the term rapidly adapting
receptor more appropriate in terms of their
response to stimulus, I will thus refer to them as
rapidly adapting receptors.

The physiological properties of extrapulmonary
and intrapulmonary rapidly adapting receptors is
identical (Faintal 1973a). In the cat R.A.R.are
silent dwring eupnoea (Niddicmmbe 19534a, Fnowlton %
Larrabeg 1946), even during moderate increase in
tidal volume, while in the rabbit, R.A.R.show
activity dwring spontaneous respiration (Sellick %
Widdicombe 1970). Activity in the rabbit usually

consists of a brief burst near the peak inspiration




(Sellick % Widdicombe 1970). Davies and Roumy 1982
recording R.A.R.activity, recorded greatest
stimulation by deflation at functional reserve
capacity and by deflation at peak tidal volume.
Stimulation of these receptors may cause.

tachyprnosa, mainly shortening expiration

(Widdicombe % Davies 1983) and may shorten
inspiration (Widdicombe % Winning 1976). The
avgmented breath may be initiated by Stimulation of
R.A.R. (Davies & Roumy 1982). Reflex bronchial and
laryngeal constrictions are also seen. R.AR.are
stimulated by inflation and deflation, mechanical
irritation {(Widdicombe % DaQiea 1983, chemical
ifritatimn (Farczewski % Widdicombe 196%a) and some
Tung diseases, such aé pneumonia, oedema and
embolism (Mills, Sellick % Widdicombe 1969

Frankstein % Sergeeva 1966: Frankstein 1970).

Clark and von Euler (1972) proposed that
duration of ingpiration was regulated by two
mechanisms. At tidal volumes below the threshold
for the Hering-RBreuer reflex, dwation of
ingpiration is governed by a central mechanism,
thus holds a constant relationship with tidal
volumes. The range of vaolumes at which this

mechanism operates is called range 1. Duration of

)
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inspiration becomes dependant on lung volume at
tidal volumes above this threshold, at thse tidal
volumes duration of inspiration has & hvperbolic
relationship with tidal volume. The range of
volumes over which this relationship holds is called

range & (fig 7).

In humans, having & high threshold for the
Hering—-Breuer reflex there is a distinction between
the two ranges. In laboratory animals, having a
lower threshold for the Hering-Breuer reflex the
two ranges merge, shown in the cat (Clark % wvon
Euler 1972) and rat (Crago % Drvsdale 1983). This
in terms of von Eulers model suggests that where
two ranges exist, duration of inspiration is
governed by CIA alone in range 1, P.S.R. activity
and CIA govern durat-ion of inspiration in range 2.
However in animals in which the ' two ranges merge tl
is governed by P.S.FR. and CIA activity.

Inspiration is initiated by F.S85.R. (Faintal
197Z%a) and probably also by R.A.R. (Davies,

Sant Ambrogio, Sant’Ambrogio 1981). Terminationkof
inspiration probably involves FR.AF.as well as
F.8.R. (Davies, Nadal % Weinmann 1984) Pressure
pulses of inflation and deflation influence the
duration of inspiration by the activity of F.S5.RK.
(Paintal 1973a). Activity of R.A.R.may be involved
in the augmented breath. Augmented breaths are
extra large lung inflations and may be involved in

preventing local lung collapse during normal
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breathing. These can be triggered by rapid lung
inflation dwing inspiration and occur in am "all
or none”" way (Davies & Roumy 1982). Augmented
breaths, whether spontanecous or triggered by
inflation of the lungs, have been ascribed at least
in part to the excitation of lung receptors,
probably RAR.

Davies and Roumy 1982 suggest that an
augmented breath is due to a normal inspiratory
efferent discharge, followed immediately by a
retlely induced efferent discharge. An augmented
breath can be triggered by lung inflation or
deflation when R.A.R.are stimulated above
threshold. A spontaneous augmented breath is due
to sumation of inspiratoy drive with the reflex
gftects of R.A.R. early on in inspiration, at a
time when receptors would be sensitized by collapse
of the lungs.

It has been demonstrated that duwration of
gupiration shortens hyperbeolically with increasing
tidal volumes over both ranges (Gardener 1977).
Clark and von Euler 1972 showed a linear
relationship beween tl and tE over a range of tidal
volumes.

It has been considered that the F.S.R. are

primarily responsible for the inflation reflex from

the lungs (Guz, Noble, Eisele & Trenchard 1970;
Faintal 1973a). Fulses of deflation shortens
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expiration (Davies & Vizek 1977). This may be
accounted for by a reduction in F.S5.R. activity
duwring deflation (Guz et al 19703 Faintal 19273a).
However R.A.R.are stimulated and may contribute to
this shortening (Davies % Roumy 1982). Sellicﬁ and
Widdicombe 1970 point out that, slthough R.A.R.may
initiate shortening of tE, R.A.R.activity is too
short to maintain shortening of tE. Recent work has
shown that the effects of receptor stimulation may
remain for some time after stimulation (Eldridge
1973; Eldridge 19743 Karczeweski, Budinski,
Gromysza, Herczynski & Romanuik 1976).

Frnox 1973 using 200ms inflation pulses did not
observe any shortening in expiration with pulses of
inflation. However Davies and Roumy using 100ms
inflation pulses, found these p@lses when applied
early in expiration occasionally shortened
expiration. This lead Davies and Roumy 1982 to
conclude that duration of expiration is controlled
by & balance between F.5.R. and RAR.

From this it appears that duration of
inspiration islgoverned by P.S5.R. activity except
in humans where in eupnoea and during augmented
breaths CIA acts alone. Duration of expiration is
controlled by a balance between F.S8.R. and R.A.R.
activity.

I 1 is measuwred from a volume tracing,
rather than inspiratory neuwron discharge., it has

been shown the period of decline in inspiratory
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discharge is incorporated into expiratory duration
{(Youners & Remmers 1981). Thus the method of
measuwring tE and tI must be taken into account when
relating the two phases of breathing. We are
interesred in measwing the effect on inspiratbry
discharge, as a measure of the response of
respiratory centres to afferent information.

Fig 8 summarizes the receptor influence on
initiation of inspiration, tl., tE and augmented

breaths.

Clark and von Euler (1972), and Knox (1973)
suggest that although duration of esxpiration mav be
dependant on the preceeding inspiration, one breath
was not considered to influence .the following
breath. FkKarczewski et al (1976) reported that
eiectrical stimulation of the vagi in bilaterally
vagotomised rabbits produced smaller decrease in tl
tharn tE and that the changes in tE preceeded the
changes in tI by one respiratory cycle. Davies and
Roumy 1982 using deflation pulses in expiration
noted shortening of tI followed the shortening of
tE. This shows that tI need not be independant of
the previous tE.

The changes to tE produced by these workers
were caused by short term stimulation of vagal

atferents. The activity of these fibres would not
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continue into the next breath. This suggests that
there is some central mechanism linking inspiration
to the previous expiration. Benchetrit and Bertrand
1975 recording regular respiration showed minor
changes in depth and duwration influence subsequent
cycles. This illustrates this linking may opperate
during eupnoea.

Eldridge (1273 & 1974) using induced
hyperventilation, has shown that these changes to
the ventilation pattern can reﬁain for several
breaths after cessation of stimulation. Similar
posthyperventilation responses have been noted by
other workers (Tawadrous & Eldridge 1974;
Cunningham, Howson, Metias % Petersen 19833 Kumar,
N?e & Torrance 1983%; Jennet & Walker 1984)., and in
infants (Fleming, Goncalves, Levine & Wollard
1984) . I have shown in preliminary experiments
that duration of edpiration is shortened for
several breaths after a pressuwe pulse was applied
to the lung (Jones 1984). This suggests that the
linking of one breath to another may be part of
longer term influence to pattern of breathing.

This long term influence we have called "memory'".

Eldridge (1973 & 1974) and Farczweski et al
(1974) have proposed a central mechanism for
"memory". Eldridge 1974 suggested that after
discharge in respivratory afferents, activated by
hreathing and having a long decay time, may have a

positive feedback into respiratory neurons.
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Farczewshki et al 1976 suggested the mesencephalic
reticul ar formation may be involved.

The pwpose of the present study was to
investigate this linking of the phases of
breathing, to investigate the longer term
influences on breathing pattern, to investigate the
relative roles of "memory" of F.S5.R. and
R.AR.C.activity, and to investigate further their
reiative raoles in the response inflation and
deflation of the lungs in expiration.

The preliminary study demonstrated "memory" in
breaths subsequent to pulse application. However
the exact time of pulse application, or tE and tI
was not recorded precisely enough to evamine the
effects of pressuwe pulses on tE containing the
pulse or the subsequent tI. The results of this
preliminary study were not included in this thesis

and improvements made to the methods.

During the couwrse of these experiments it was
intended to test the patency of J receptors after
differential cold block. As pulmonary oedema is
slowly developing and difficult stimulus to use the
method used to study these receptors has been to
inject F.D.G. into the right atrium. In the
rabbit, injection of P.D.G. inteo the right atrium
causes tachypnoea due to shortening mainly of

expiration with slight shortening of inspiration.
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This is accompanied by a reduction in tidal volume
and on increase in functional residual capacity.
Apnoea may ococur in the end inspiratory position.

If these effects are solely due to J receptor
stimulation then vagotomy should abolish this-
effect, as some workers have demonstated {(Dawes &
Mott, 19303 Davies, Dixxon, Callanan, Huszczulk,
Widdicombe % Wise,1278). Other workers demonstated
& Qeak or altered response to F.D.G. after vagotomy
(Dawes¥k Fastier, 1930; Dawes, Mott % Widdicombe,
19531 Karczweski % Widdicombe,l126%9bh; Gu=
¥ Trenchard, 19271). Dawes, Mott, and Widdicombe
demonstrated that this response could be abolished
by carotid denervation. However Miserocchi,
Trippenbach, Mazzerelli, Jaspar, and Huzucha (1978)
demonstrated a large effect from F.D.G. could be
obtained after vagotomy. Fig 9 is a summary of
iiterature on the effectsof intravenous P.D.G. in
the rabbit.

This effect could have been due to a
difference in anaesthetic used. Miserocchi et al
used a cocktail mixture, Davies et al 1978 used
anlely pentobarbitone. Dawes and Mott noted the
response to F.D.G. was affected by the anaesthetic
techniques used. In light of this, the effects of
F.D.G. after vagotomy had to be reinvestigated,
before F.D.G. could be used to test for the
prescence of J receptors.

In a preliminary experiment, we injected
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Summary of

YThe effects in the rabbit were not completely
abolished by vagotomy."

"ewothe response is abolished by cubtting the
Vagil o e ..

Taeewcutting the vagli sbolished these respiratory
chamnges. In & minarity of rabbits ...still caused
game alteration in respiration. «xaeabolished by
carotid denervation.”

"Wagotomy abolised the respirataory changes.”

"This ventilatory response disappeared when
conduction in non-myvelinated fibres was abolished
by section. Occasionally ...the response to phenyl
diguanide, mediated by receptors at the carotid
bifuwrcation was seen atter vagal section.”

"Ofter vagotomy phenyl diguanide had no effect on
pattern of bhreathing.”

.06, atter vagotomy still ceused a signiticant
shartening of the expiratory time.”

literatwe on the effects of F.D.G.

atter vagotomy in the rabbit.



F.D.G. into the general circuwlation one how after
vagotomy. A large response to F.D.G. was elicited.
As barbituates were the sole anaesthetic agent used
in this experiment and we elicited a large response
to F.D.G., differences in anaesthetic were not
responsible for the lack of response after vagotomy
Davies et al 1978 injected F.D.G. within 1-5
minutes after vagotomy while we conducted our
expériment one houw after vagotomy. This lead us
to believe that time of injection after vagatmmy
may influence the response. Thus we conducted a
series of experiments to determine the nature of

the response to P.D.G. after vagotomy.
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We used 24 New Zealand White Rabbits of either
sex welighing between 2 and I kg, from the stock
maintained by the University. The rabbits had free

acceses to food and water. Fig 10 shows the

experimental setup.

Anaesthesia
Anaesthesia was induced with 40mg/kg sodium
pentobarbitone (Nembutal) injected into the
marginal ear vein. The first 273 of the dose was
injected rapidly for speedy induction and the
remalinder giveﬁ slowly while carefully watching the
rabbits breathing for indications of impending
respiratory arrest. Anaesthesia was maintained
with 0.6mg of pentobarbitone as needed. Depth of
anagsthesia was assessed by rezﬁﬁratory rate which
was maintained at apprmximately'éo breaths per
minute.
Catheterization
The rabbit was placed supine and the hair

clipped from the neck and inguinal regions. 2-3mi
of 2% wylocaine was infused under the skin of the
inguinal region and the femoral vein and artery
wposed. 4-3cm of the vein and artery were cleared
and saline filled vinyl catheters inserted several
centimeters and tied into the blood vessels to

enable wus to inject drugs and measwe blood

pressure respectively.
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A skin incision about 8-%om. long was made
along the midline of the throat region. Fascia was
cleared by blunt dissection allowing access to the
sternohyoidius muscle. This muscle was seper%ted
by dissection along the linea alba (its midline) to
expose the trachea.

The trachea was cleared for 3—-4cm and a loose
tié placed arcund it. A radial cut was made
between the C vrings of the trachea. This enabled a
plastic tracheal cannula (3.3mm internal diameter)
to be tied in place, forming an airtight seal
around the cannula.

Ehrenic Nerve Isolation

The sternocleidomastoideus muscle was removed
atter tying off and cutting its major vessels then
crushing the muscle tissue at elther end before
cuwtting. The phtrenic nerve was identified as a
amall nerve arising from the spinal cord at
segments C 3, 4, and 5. It lay close to and
parallel to the spinal cord before angling back
towards the mid line at the level of the shoulder.

After identifying the nerve fuwther suwgery
was carried out using a dissecting microscope.

The most caudal end of the nerve was cut disturbing
the nerve as little as possible. 0On cutting the
nerve the rabbits diaphragm often twitched,
confirming identification of the nerve. The nerve

was gently freed for 2-3cm by lifting the caudal




end with fine forceps and clearing the tissue
underneath with fine optical scissors. The nerve
was distuwrbed as little as possible.

A paraffin filled nerve tray was moved into a
position which allowed the nerve to be placed.in
the tray withouf stretching the nerve. The nerve
was covered with paratfin at all times to prevent
drying out.

The tissue arocund the nerve was carefully
removed and the stripped nerve placed on the
recording electrodes. This proceedure provided a
low noise to signal ratio on the recording the
nerves activity. Further clearing of accumul ated
blood was performed at various stages during the

¥periment to maintain a low noise to signal ratio.
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The phrenic nerve was placed on bipolar silver
electrodes which were lowered into the nerve tray
filled with paraffin oil. To facilitate fine‘
adjustments of electrode position the electrodes
were held by micromanipulators (Frior). These
electrodes were connected to a Neuwrolog recording
system. This consisted of an A.C. preamplifier,
filters, A.C. amplifier and an audio amplifier
connected in sequence. |

The A.C. preamplifier was used to provide a
high input impedence (M to the phrenic signal.
The breamplifier had a differential input which was
balanced before each experiment giving the optimum
comman mode rejactiah ratio (CMRR). The
preamplifier output was passed through filters
which enabled choice of freguency band width,
giving optimum signal to noise ratio. The &.C.
amplifier then boosted the power of the signal to
usable values. The signal fed to the pen recorder
{(Gould) to provide a permanent trace of phrenic
activity. The audio amplifier converted the
electrical signal from the phrenic to an audible
signal via speakers allmwihg constant monitoring of
respiration.

The tracheal cannula was attatched to a
prneumctachograph (Fleish). This consisted of a

cylinder interupted by & low air flow resistant
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gauze. Air flow caused a pressure difference
across the gauze which was measured by a sensitive
pressure transducer mV/cm H20 (Honevwell). The
changes in pressuwe difference over each breath was
proportional to flow. As volume is the integral of
flow, volume was calculated by the amplified output
of the pressure transducer being fed to a
respiratory integrator. This was connected to the
pen recarder to provide a trace of tidal volume.
The traces were calibrated at the end of the
experiment.

The pressure inside the tracheal cannula could
be measured by inserting a wide bore needle into
the cannula lumen. This needle was attatched to a
pfessure transducer (Honeywell) and connected to
the recorder. This gave a recaording of the

pressure changes in the tracheal cannula.

The free end of the pneumotachograph was
atta-ched to a solenoid valve by a short length of
rubber tubing. The valve was normally open to the
atmosphere, allowing the rabbit to breathe
normally. However when triggered the valve opened
to positive or negative pressuwre reservoilrs as
required.

The valve was triggered electronically to
allow a preset length pressure pulse to be applied

atter a preset delay from time of triggering
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(FigllA). This "delay after trigger" system
consisted of a period generator, counter, interface
card, digital width and pulse buffer connected in

sequence. A switch to the counter allowed manual
triggering. The pulse buffer was connected to the
solenoid valve allowing the low voltage electronic
pulse to to be converted to a power pulse
sufficient to open the valve to the pressure
systemn.

Fositive pressuwe was generated from a blower.
This was passed through a pressure reservoir and
pressuwre regulator. This consisted of a tube
interupted by a T-piece, one limb of which passed
to the bottom of a 20cm column of water. The water
wés open to the atmosphere allowing excess pressure
to be bubbled off. The other end of the T-piece
controlled the airflow by & screw clamp to give a
steady bubbling. This regulated the pressure in
the reservoir to 20KFPa (Figllk).

Negative pressure was generated from a tap
aspirator. Tﬁis passed through & reservoir and &
pressure regulator. The pressuwre regulator
consisted of a tube into a cylinder closed to the
atmosphere. A tube from the atmosphere passed
through a 20cm column of water. Air was drawn
thirough this tube to regulate the negative
pressure. Flow from the aspirator was requlated to
create a steady bubbling. This regulated the

preseure in the reservoir to negative 20KPa
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relative to atmosphere (FigllR).
Both pressure reservoirs were connected

together leading to the solenoid valve. A& tap on

each connection from the reservoir allowed choice
of positive or negative pressure to be applied to
the rabbits lungs when the solenoid valve was

opened (FiglliR).

FROTOCOL

Two rabbits were used to demonstrate that
pressures of +20FEFa produce adequate lung volume
changes. These rabbits were prepared as described
earlier with provision for measuring the pressure
changes in the tracheal cannula. A trace was taken
of this and of tidal volume.

Fositive and negative 20kEFa pulses were
applied., 37 pairs of values were obtained from the
two rabbits. The mean change in volume was

determined.

Yagi

intact
' In each experiment one of twelve rabbits was
weighed, sexed, anaethetized, and prepéred as
described earlier. Fhrenic activity and volume
traces were recorded for two breaths before sach
pulse was applied and three breaths after.

The latency between the end of inspiration and

subsequent pulse application was set at four
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different positions. These were delays of 074, 204,
I85%, 554 of control duaration of expiration
calculated each run on average control values.
Actual latencies differed from the calcul ated
delays as the pulse was triggered manually when the
end of inspiration was determined by eve.

Each run consisted of a positive and negative
pulse at each calculated pulse position (table 1).
The order of application of pulse position in the
run was randomized. Two tables of pulse position
were drawn from random number tables, using all
possible order combinations and no two runs being
the same. One table was used for odd numbered
rabbits and the other table for even numbered
rébbits.

Four runs were made eacﬂ of rabbits one and
two. Six runs were made of eac@ af the other
rabbits. In the odd numbered runs, positive pul ses
were applied before the negative. In the even
numbered runs negative pulses preceeded positive.

At least two minutes elapsed between each
pulse application. The pneumcotachograph was
disconnected from the solenoid valve between each
treatment, to reduce dead space. It was
reconnected one or two breaths before the control
breaths were taken. When anaesthetic was
administered two to three minutes was allowed to
elapse, until respiration had restabilised, before

recommencing with the experiment. Bestween each run
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{odd rabbits) {ever rabbits
, order of order of order of ar-der of
Treatment run sign positions s1qgn pasitions

Intact 1 4 - 1.53,4,2 - 2aE 1.4
2 -k 4,101,353, 2 -k HEal 4,2
= A - H04,.1,2 + o 1e 4,35, 2
4 - 2.,1,3%,.4 - -+ 4, 1,2, %5
3 A+ - 1.4, 3,3 - G,a2,1,5
é - Eead. 1.4 S BaBabd, 1
'H-B ratic
S02 admin
7 4 - 24,13 4 - Ead,
& - 4,5,1,2 -+ 2.1,
7 - 1,3,2,4 4+ 1a2,

G038 admin
H-B ratiac
10 - 2.4,%,1 - 2401

11 - Fal.2,4 + - 4,E, R,

2 s gl
.

2 -+ 4,8,35,1 - Ly3,5,4
Table 1. Frotocol of presswe pulse series. Each
run consists of a positive and negative
pulse in each position.



the duration of expiration of the controls was
checked and adjustments of actual latency of pulse

made.

At the end of the runs with stretch receptors
intact the Hering-—-Breuwer ratio was measured, this
was the ratio between control tE and tE while a
constant 10EFa pressure is applied to the air in
the lungs. The ratio is an index of stretch
receptor actiyity” Stretch receptors were then

blocked using sulphuwr dioxide.

Sixty mls 8502 was drawn from a cylinder and
injected into & stream of air filling a 101 douglas
bag. After £illing, the bag was shaken to ensure
even distribution of sulphur dioxide. The
&mncentratimn was tested using a commercial
calirometric crystal test for sulphw dioxide
(Drdger) . The mixtuwre was made fresh prior to each
experiment.

The sulphuwr diodide was administered to the
rabbit via the tracheal cannula with gentle Sucﬁimn
from a tap aspirator removing edpired gas. This
allowed the rabbit to breath the sulphw diowide
fraeely. As sulphur diodide is corrosive the mixture
was not passed through the prneumcotachograph.

Sulphur diodide was administered at 200 to 300
ppm for 20 to 30 minutes (Callanan et al 1975).

The Hering-Breuer ratio was then measwred. If this

ratio was greater than 1.5 802 inhalation was
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continued until adeqguate stretch receptor block was
obtained.

When adequate stretch receptor block was
obtained the protocol for vagi intact was followed
>fDF three runs. A further 10 minutes of 802 was
administered. The Hering—Breusr ratio was measured
and further S02 administered if a poor block was
abtained. Three more runs were completed and
degree of stretch receptor block assessed by the
Hering—-Breuer ratic at the end of the experiment.
In one rabbit the bleock of stretch receptors wore
off more quickly. In this rabbit 502 was

administered more freguently.

Yagotomy

Vagotomy was performed on three rabbits. The
carotid sheath was identified §nd the vagus cleared
from the swrounding sheath. Local anaesthetic (2%
Xvlocaine) was applied to the nerve on small cotton
ballﬁ before cutting. This prevented stimulation
of the nerve during the cut. A complete section of
the nerve was made. This was performed to both
vagil .

Fulses of positive and negative preassure were
applied at various times in expiration. Eight
treatments were performed in each rabbit. In one
rabbit it became evident that complete vagotomy had
not been performed. After vagotomy was completed a

fresh set of results were obtained.



Differential block of myelinated fibres of the
vagus can be achieved by localized cooling of the
vagus (Faintal 1973). The tempreture at which this
block occurs varies considerably between
individuals. However in each individual there is
a temperatuwe at which there is a good block of
myelinated fibres without block of unmyelinated
(Douglas & Malcolm 1935). Thus the temperature
muist be lowered gradually until effective block of
myelinated fibres occured. To differentially
bBlock activity in the vagus nerves sach nerve was
seperated from the carotid sheath and laid onto a
copper thermode. This consisted of a hollow copper
disc through which cooled water was circulated. A
groove lay across the surface of the dic to contain
the nerve. Over these discs another copper disc
was laid to protect the nerve from heat and drying
out (fig 13).

Differential cold block of the vagus was
applied to three rabbits. The Hering-Brewr ratico
was determined with the vagus at room temperature.
The response to deflation (of 20KFPa) held over a
few breaths was noted at room temperature. This
tests the presence of rapidly adapting receptor
activity.

Water cooled to 7 degrees Celocius was
continuously passed through the thermodes from a

holding reservoir to a collecting bucket. The
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temperature of the water was measwed at both the
halding and collecting reservoirs. The degree of

stretch and rapidly adapting receptor block was

asgsessed by the Hering-Breuer ratio and the
response to lung deflation after respiration
stabilized. If block was not adequate the water was
coocled tfurther. Several positive and negative
pressure pulses were applied in different positions
af the respiratory cycle.

The wvagus was then warmed with water at room
temperaturea. When respiration had stabilized the
Hering-Breuer ratio and response to deflation
measured. A few more pressuwre pulses of either

sign were then applied.

TREATMENT OF DATA

The duration of inspiration (tI) and
éxpiration (tE) were measuwred d;rectly from the
trace. At the paper speed used of 23mm/sec the
paper had divisions representing .0Z2sec which could
he read accurately to + .Olsec. Determination of
begining and end of inspiration/expiration was
repeatable + .Olsec. Thus the trace could be
measured accwately to + 0.02gsec. The position of
pulse application was usually identified by
electrical spike caused by the release of the
solenoid valve, marking the trace. Where this was

rnot clear the sudden change in volume caused by the

pressure changes in the lung assisted



identification. When volume traces determined the
position of pulse application the accuwacy
repeatability was reduced to an accuracy of +
O2sec. Thus the overall accuwracy of determining
pulse position was reduced to + 0.03%sec.

There were differences between the calculated
latency and actual delay from the end of
inspiration to pulse application. This was partly
due to delay between recognising the end of
inspiration and triggering the valve. These
differences were also due to small changes in
control expiration within runs. The actual delay
was calculated as percentagé of control expiration.
The data was grouped into four pulse positions.
These groups were O0-20%, 20-35%, 35-55%4, and
greater than 354 of control expiration.

For each rabbit the data was grouped into
+Intact, —Intact (+ pressure with stretch receptofs
intact), +Blocked, -Blocked (+ pressure with
stretch receptors blocked by 502), within each of
these groups were the groups of the fouw pulse
positions. Data which included an augmented breath
was excluded from these groups and treated
seperately. Vagotomy and cold block treatments were
also treated seperately.

Two control values for duration of expiration
and inspiratiqn were taken. The mean of these
values was taken as the control duration (ie

tEc/tlic). The differences between the duration qf
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the phases of breathing of the exuperimental runs
and the controls were measured.

The ratio of duration of expiration (tE) after
the pulse divided by tEc was the normalized value.
Similarly normalized values of inspiration can be
obtained. A normalized value aover 1 represents an
increase in duration while a value below 1
represents a decrease. The dwration of expiration
containing the pulse (tE") was only altered from
the time the pulse was applied. The change in
duration of expiration containing the pulse could
only occur after the pulse was applied. Thus the
normalized value of an expiration was calculated as
#imé of pulse application (tF) subtracted from
duration of expiratiqn containing the pulse (tE")
divided by the control duration of expiration (tEc)

minuse the time of pulse appligation.

Thus
tE® normalized = tE’-tF
tEc—-tF
ather tE values
tE normalized = tE
tEc
and
tI normalized = 1
tic

The Hering-Breuer ratio is the duwation of
#piration before inflating the lungs divided by

duration of ekpiratimn atterwards. Thus the amount
of lengthening of expiration by inflating the lungs

is the Hering-Breuer ratio minus one. Stretch
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receptor bhlock was assessed by dividing the Hering-
Breuer ratio minus 1 by the Hering-Breuer ratio
minus 1 before hlock. This gave the fraction the
Hering—-Breuer ratio was shortened by 302
administration. Values close to one were poorly
blocked with a value of 1 being totally unblocked.
Values clase.to O being well blocked with a value
af O for total block. The degree of block was
assessed for each rabbit, for the three Hering-
Breuer ratio's taken after block. The rabbitsywere
ranked on the degree of block and the consistancy
of block.

Means, standard deviation, standard error of
the mean, were calculated for controls, tI, tE,
normalised values, and differences from controls
under the different conditions. For individual
rabbits, rabbits pooled and the’eight rabbits with
the best block pooled. A programme (Appendix & p#)
was written in BASIC to perform these calculations.

Significance of differences from controls Was
tested by paired t test. Gignificance of
variation of effect between positions and between
treatments was tested by two way analysis of
variance. See appendix A plZ22 for 2 more complete

discussion of statistical analysis.
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Ten rabbits were anaesthetised, and prepared

as described previously. The catheter in the

femoral vein was pushed up towards the heart so

that the tip lay close to the right atrium. In two

rabbits phrenic activity was not recorded due to

electronic failure. In these animals diaphragmatic

e.M.g. was recorded.

F.D.G. (ICI) was dissalved in saline to

concentrations of 100fag/ml. F.D.G. was injected

into the venous catheter and washed in with saline.

Ten minutes was allowsd between each injection to

prevent tachyphylaxis occuring (Karczewshki %

Widdicombe 196%b). The pealk frequency of breathing

was assessed over 2-3 breaths after apnoea, and

always measuwred within 12 seconds

¥

of injection.

In three rabbits doses of F.D.G6. ranged from

25mUg/kg to 300Mg/kg. FP.D.G. was administered two

or three times before vagotomy (table 2). Roth

vagi were seperated from the carotid sheath, local

anaesthetic applied, then cut. F.

Rl oo

administered immediately, 135, 235,
minutes after vagotomy.

Both glossopharyngeal nerves
local anaesthetic applied and the
P.D.G. was administered 19 and 235

nerves were cut. In one rabbit a

49

D.G. was then

60, and 70

were identified
nerves cut.
minutes after the

catheter was




Vagotamy

Glossopharyn-—
Cgeal section

RECERTORS
rahbits)

FeD-G. iniection
begining of euperiment
10 min into experiment
20 min into experiment

immadiately after vag.

13 min after vagotomy
28 min aftter vagotomy
HO min atter vagotomy
70 min after vagotomy
1% min aftter section
23 min aftter section

Table =.

Frotocol of

Ireatment
Control

ivlocaine

Vagotomy

Glossopharyn-—
geal section

F.D.G. series.

RECERTORS RBLOCEED
& rabbits)

F.D.G. injection
begining of edperiment

10 min into edperiment
20 min into experiment
15 min after xylocaine
25 min after uylocaine
LS5 min atter vagotomy
25 min aftter vagotomy
1% min atter section
25 min after section



placed in the left carotid vein so its tip lay
close to the right atrium. P.D.G. was administered
via the femoral and carotid catheters alternatively

for each treatment.

In one rabbit the dose was raised due to lack of
response to the lower dose. In all rabbits the
abdomen was cpened just below the xiphisternal
process to expose the diaphragm. F.D.G. was
administered two or three times.

The Hering-Breuer ratio and response to
deflation was measured. This assessed the degree
of stretch receptor and rapidly adapting receptor
activity.

‘ Rather than subject the rabbit to the trauma
of thoracotomy to install the catheter for
injecting xylocaine, used by Anand and Faintal to
hlock epicardial receptors we used the method shown
in Fig 173, Gently moving the abdominal contents
with the blade of & laryngoscope the heart beatipg
ingide the pericardium could be seen. The needle
was gently inserted into the pericardium to allow
injection of xylocaine.

In three rabbits the syringe and needle for
injecting xvlocaine was fitted with a threé way tap
to enable the needle to be connected to a pressure
transducer which was connected to an oscilliscope.

The needle was gently inserted into the pericardial

i
&




rrann % PEN
M RECORDER
INTRAPERICARDIAL s
PRESSURE — ]
B.P »
TRANSDUCER VS
Tml. ' @/\
2% XYLOCAINE /
-
N P-
PERICARDIUM SHRENIC o AM

S

FIG 14. XYLOCAINE ADMINISTRATION.



sac until a cardiac rhythm was detected. Thus
injection site could be confirmed by these pressure
changes. One ml of 2% dvlocaine was injected ’
into the pericardial sac to block epicardial
receptaré. The Hering—Breuer ratic and respoﬁse to
deflation was measuwed. F.D.G. was administered 5
and 15 minutes after sylocaine injection.

Both vagi were seperated from the carotid
sheath, local anaesthetic applied and cut. More
¥xylocaine was reinjected into the pericardial sac.
F.D.G. was administered 15 and 25 minutes after the
vagl were cut.

Both glossopharyngeal nerves were identified,
local anaesthetic applied and cut. HMore xvlocaine
Was ;njected into the pericardial sac. F.D.G. was
administered 19 and 25 minutes after the vagl were
cut. v

Dye included in the local anaesthetic was
injected into the pericardial sac to check the site
of the injections. One rabbit had the Hering—Breuer
ratio and the response to detlation measured.
Xylocaine was then deliberately injected outside
the pericardial sac into the intrapleuwral space.

The Hering-Breuer ratio and response to deflation

was measured.

Treatment of data

Faalk +treqguency was measuwred directly from the

trace over 2 or 3 breaths. An estimate of the




onset of the effect was taken as the begining of
the first expiration shortened as determined by

eve. Oocurence of apnoea was noted. See

appendix A pl34 for statistical analysis.

]
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FRESSURE FULSE SERIES

The normal value is the fraction tE or tI is of
the control and is thus an indication of extent of
change in duration. Normal values above Dne-
indicate an increase from controls, values below
one indicate a decrease. Mormalization of the
data transforms the data into a form which is
gasier to interpret than absolute values. However
it is invalid to use standard errors of the mean of
fractions. Thus although the tables give normal

values, all statistics were performed on absoclute

values.

pulses applied in expiration on tE containing the
pulse with F.8.R. intact. Table 4 shows number of
times tE containing the pulse is shortened,
lengthened or no effect after a positive pressure
pul se.

Fogitive pressure pulses in expiration either
increased or decreased the duration of the
gxpiration (tE) containing the pulse. Fulses
applied sarly in expiration (Fos 1) often shortened
tE containing the pulse (34 out of 72 runs). This
shortening was significant at 874 level (t=2.38,

7ldegrees fresdom).
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Fulses applied later in expiration (Fos 3 and
4) often lengthened tE containing pulse (51 out of
L2 runs and 31 cut of 63 runs respectively). This
lengthening was significant at 1% level (t=3Z,65,
61df and t=6.25, &62d¥). Fulses applied in Fos2
did not significantly affect tE containing the

pulse (48 out of 73 runs increased, t=.621, 72d+).

i
i
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T

seure pulses with P.S.R. intact

}

See table O for effect of negative pressure
pulses applied in expiration on tE containing the
pulse with P.S.R, intact.

Negative pressure pulses applied in expiration
always shortened tE containing the pulse. This
shortening was significant at the 1% level
regardless of the position the pulse was applied in
(t=17.4, S7df; t=19.1, &8df; t=135.8, &ldf; t=8.5%,
49d+: positions 1 to 4 respectively).

The degree of shortening was significantly
greater (F=4.79 3%120 df) at the 1% level for
pulses applied earlier in expiration (—.7446 and -
A28 yposl and 2 respectively) than those applied

later (~.352 and —.2 ,pos? and 4 respectively).
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Degree of stretch receptor block

1

See table’é for assessment of degree of
stretch receptor block aftter 502 administration and
end of experiment.

F.5.F. block after the first 802
administration was qgquite complete (Hering—EBreuer
ratio less than 10% of control) in rabbits 1 and 5
to 12. Only rabbits 2, 4 and 6 did not block fully
after the second administration of 802, although no
measurement was taken for rabbits 7 and 8. However
at the end of the experiment only rabbits 1, I to
3. and 9 had Hering 8reuér ratios less than 10% of
control, and rabbits 2 and 7 had Hering-Breuer
tatims between 10 and 13%.

From this it can be seen only three rabbits 1,
Py and 5 had Hering-Breuer ratios of less than 10%
throughout the period of block, The four rabbits
with the most effective block in order of rank aré
rabbits 5, 9, 1. and 7. The four rabbits with the
least effective block in order of rank are rabbits

4, 11, 12, and &.
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Fositive pressure pulses with P.8.R. blocked

i

See tabie 7 for effect of positive pressure
pulses applied in expiration on tE containing the
pulse with P.5.R. blocked.

Fositive presaure>pu1595 applied in expiration
after FP.5.R. were blocked often shortened tE
containing the pulse. This shortening was
significant at the 1% level pos 1 to 3 {(t=7.42,
b4dfy; t=4.45, &Gdf; t=4.06, 59d¥f), a slight non
significant lengthening of tE ococured in posd
(t=1.24, S3d+).

The degree of shortening of tE containing the
pulse was significantly greater (F=2.60 3%200d4d+) at
the 14 level for pulses applied garlier in
éxpiratian (—. 234, posl) than those applied later
(~, 172 & —~,186 pos 2 & 3) with slight lengthening
in pos 4 (.1435). Atter effective P.S.R. block
{(rrabbits 53, 9, 1, and 7) the d;grae af shortening
of tE containing the pulse was not significantly
different between pulse pasitions (F=.l1Z23 Z&é64df; —

L1228, 0172, ~-. 141 & ~-.019, pos 1 tao 4

respectively).
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Negative pressure pulses with F.8.R. blocked

i

i

See table 8 for effect of negative pressure
pulses applied in exdpiration on tE containing the
pulse with P.S5.R. blocked.

Negative pressure pulses applied in expiration
after P.S.R. were blocked always shortened tE
containing the pulse. This shortening was
significant at the 1% level regardless of the
position the pulse was applied in (t=11.7, 7ildf;
t=13.6, BOdf; t=11.0, 59df; t=6.39, Sldf; positions
1 to 4 respectively).

The degree of shortening of tE containing the
pulse was significantly greater (F=2.24 32221df) at

the 14 level for pulses applied garlier in
expiration (-.359, ~.374 ,% —.291 posl to 3

respectively) than those applied later (-.116 pos4
) After effective F.8.R. block (rabbits 5, 2, 1,
and 7) the degree of shortening of tE containing
the pulse was not significantly different between
pulse applications (F=.090 3&70df; —. 120, -.150, -
143, and ~.076 pos 1 to 4 respectively). The
degree of shortening of the tE containing the pulss
hetween positive and negative pulses was
significantly different at the 1% level in pos 2 to
4 (F=2.36 1%127df, F=1.85 1&9%d+, & F=2.32 1%88df)
hut not pos 1. After effective F.5.R. block
(rabbits %, % 9) the difference was significant at
the 1 & 9% level in positions 1 % 4 (F=%2.18 1%34d+,

-~y

F=3,19 1%7d¥) but not at positions 2 and

£

(F=.26

1225df, F=.84 1&i4ddf).
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See tables 9 to 12 for the effect of pressure
pulses applied in expiration on the second and
third tE following the pulse with F.5.R. intact and

blocked.

Fressure pglses shorten the second and third
breath after pulse application regardless of sign
of pulse, block of FBR, or position pulse was
applied in. This shortening was significant to the

17 level in all cases.

t values 2nd breath Jrd breath df

+Intact posl 2.8 3. 40 &l
| poss 11.3 8.34 72
posi 7.92 6.88 &1

pos4d 13,73 7b7 &2

~Intact posl 8.16 . &353R 57
poss 7.1l6 5.53 65

posi S.52 8.42 61

pos4 4.22 5.325 59

+Rlocked posl 5. 48 T.69 &4
posz2 PR %, 82 &5

poss .76 bHaobl 59

posd S 20 2.91 53

-Blocked posl .59 8. 65 71
pos? 12.8 10.4 a0

pos3 16G.0 ?.04 a9

posd 10.9 8.466 Sl

&0
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There was no significant ditferences in effect

between the pulse positions in either breath.

Fvalues 2nd Breath 3rd Breath df

+ Intact 39 « 05 A4
- Intact .25 . JR190
+ Blocked < 0 u04_ IR200
-~ Blocked . Sé .04 A2

There was no significant differences in effect

hetween the treatments in either breath.

Fvalues Znd Breath 3rd Breath df

pos 1 I 1.02 JIR212
pos 2 17 .06 3240
pos 3 - 13 .29 I&iwg
pos 4 .65 . 39 IR17E

The shortening of the secohd tE was
significantly less than the shortening of tE
containing the pulse after F.5.R. were effectively
hlocked {(rabbits O, 9., 1., and 7). The shortening
of the third tE was significantly less than the )

secaond tE.
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R END BREATH ERD BREATH MUMBER OF RUNS
FOS1 POBZE FPOSBE PUS4 FOS1 P02 ROBE FPOB4 FOS1T FOSE FOSE FPOLG4

i 1.048 1.037 99536 1.001 CFALE LPETS L8355 10017
& LBE74 9098 L9098 L8446 LOEEL4 VFEEDS O J9EES L9704
. CEFE0 L7001 L7007 7924 LBRET7 O LRETVT L9377 L9654
4  FOFE LHRTE L HTEE L6606 LBE6L LP36E L8144 9712
s LA765 8877 L8705 (9311 - PEOT 1.001 L9649 9474 12
L L8839 .8748 8788 7805 LPE8 L P146 WHT4Y L 9EER
v 7 LAZFE L6542 L6542 L ET76Y CEDLE JTT7AT7 JTT4T7 L7764
g LH1I50 .8558 .8582 - L8564 L HUS27 JF1300 e

BN

O~ k3R

st

Wi = N oW R

7 1.0835 .8945 9311 9638 1.038 .8884 9391 .8789 =
10 LB667 LBETS LEBIVE LBE3ES CPOEE L8631 L 88E4 L9706 A

11 e WTSTE LTEOD LT019 e QEES L, 8661 L 8EES
WY 2

12 «BE8A L TEED L TRET L8007 LPETT L B649 JREYS P19

Ll o M s 1T
by NDERND

Mean LEZ99 L8199 .8183% 7520 LFLFA LFO7Y L9LEE L2082 63 &b =1 54

Table 11. Mormalized valuess of duwation of expiration of Znd % 3rd
breaths after a positive pressure pulse was applied to F.5.R.
Blacked animals.



R AND BREA&TH ERD BREATH NUMBER OF RUNS

FOS1L POSE POSI  POS4  POSL POSY  POST  POS4 FOS1 FOS2 FPOST POS4

e L9EEG L GTRO L 9EBL e 4 7
3 L8883 - LBE4AT L BA&E  —e- L FR60 LFLOE . 0
= TG L TESE LTTES L8901 L L40 5 10
4 LTTAS LA9FO L7036 L6278 L8877 L BO&D 5
5 LPEFA L9ELE L9411 L9585 L9810 LB

10
& LFE4E . 8864 L 8B62T7 L786E LF1EB L9136 .B7EE L8739 1 &

1 L2842 7827

7 LEIPE 6254 L6EE0 L ART4 7240 LT7RET LBEFE LT7T7EL ] 7
o -8482 .B&0H6H .BT7EE - LEOB4 L8606 JFIET7 0 - =t 9 0
9 L2100 JB6YT7 L8803 L 9E1LY L9839 LFE00 . g713% L9017 G &

160 7100 LT7EEL LTO0T JT7EBE L7428 L T79RE L7550 7497
11 L7094 JEE62 L66EE L6478 L TO0DL JT756T L TEDR L T49E
12 LTHAT LTR6T L8041 L7164 LEE24 L8287 .8181 (7693

i1
£

9

e b L0 O e O 00
NOReERI RSO

Mean L8444 ,.8085 L 78%6 JTERE L8706 L8738 .8305 L8282 72 81 &0

[t
) s

Table 12. Normalized values of duration of expiration of Zrnd & 3rd
breaths after a negative pressure pulse was applied to P.S.R.
blocked animals.



+Intact

-Intact

+RBlocked

~Blocked

F values

&L 32

12.6

4.21

3.89

d¥f
183512
12464
1482

Lan Rap )
15522

significance




See table 1% for effect of positive pressure
pulses applied in expiration on tl following the
pulse with P.5.R. intact. Table 17 shows numbér of
times tI following the pulse is shortened,
lengthened or no effect after pressure pulses.

A non significant increase in tI following the
pulse was seen after positive pressure pulses were

applied in expiration with P.S.R. intact.

mean diff t value df
Fas 1 SO11 1.57 &4
Fos 2 - Q25 1.50 o
Pos 3 2028 1.84 &1
Fos 4 L 024 1.87 &2

There was no significant difference in effect

between positions (F=,357 I%260df).
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.1, intact

i

Negative pressure pulses with .
See table 14 for effect of negative pressure
pulses applied in expiration on tI following the
pulse with P.S.R. intact. Table 17 shows number of
timeé tl following the pulse is shortened,
lengthened or no effect after pressure pulses.
NMegative pressuwre pulses applied early in
expiration did not significantly affect the tI
following the pulse with P.S.R. intact (mean -.003,
t=,227 S7df, pos 1). When negative pulses were

applied later in expiration a significant decrease

at the 1% level in tI following the pulse occured.

mean diff t value df
Fos 2 . 049 S5.76 &4
Fos = L0932 ?.15 61
Fos 4 « 107 ba 27 595

This difference was greater in the later

positions (F=1.94 3&238d+).

&4




RE FOS1L M FOSE

=

FOST

e
Pl

1 274 = 1.01
2 o 0 1.16

: 1.38
1.26
1.02
1.10
1.03
1.05
.13 =
1.29 1.22 7
1.1 .19 7
1.04 & 1.16& &

L.0%
1.0
1.27
.21
1.15
1.07
1,09
.11

s

A

L4

1.00
. B85
1.0
ST
5 979
10 1.10
11 . SER
12 1.1

Mo 2T B b

Ui =3 o N b O N e I
DR AR I SR £ A AR B

e
LH]

L SR~ i s s R ARSI A R

Mean 1.01 ag R 65 .47 &2

FOS4

L.0%
1.320
1.36
1.26
1.17
1.1
1.28

1.10

Table 14. Normalirzed values of the lst tl after

the pulse when a negative pressuwre pulse

applied to P.5.R. intact animals.

wWas



Gee table 15 for effect of positive pressure

pulses applied in expiration on tlI following the

pulse with F.5.R. blocked. Table 17 shows number
of times tI following the pulse is shortened,
lengthened or no effect after pressure pulses.

A non significant increase in tI following the
pulse was seen after positive presswe pulses were

applied in expiration with F.S8.R. bhlocked.

mean diff t value df
Fos 1 018 1.326 S5
Fos 2 . Q20 L.62 3
Fos 3 - 0208 - FE6G 81
Fos 4 . 024 .153 )

There was no significant difference in effect
between positions (F=.232 3283d+).
Effective P.S.R. block (Rb 3, 9, 1, & 7)) had

significantly more shortening than poor P.S.R.

block at the 1% level (F=4.93 1&131d+).

bHE




FEs FOS1 N FOSE

i

FOSE

ozl

FO54 M

LG £ Laid 7 » P14 . 889
1L 2 « FEO & . 88

1
(S 1.04 b 1.14
4 1.13 & 1.02
& 1.00 132 1.01
& 1.032 16 1.03
o7 .04 4 . PP
8 L PR 3 1.002
7 . RET & 1.0
10 1.01 7 1.06
il , e O 1.04

12 1.04 1.05

1.07
1.07
. FEHG
1.06
4

1.07

1,10

a4
1.07 &
1,05 8
. 974 ()
1,05 1.o% 3
1.06 7 1,07 =
Lol 5 L.ol 9
1.04 & 1.0z 4

HT7E 8
&

P Gl s O G O b L

R N R

[
L

Mean 1.082 & Lads &4 1,032 TuYa) 1. 08 a4

Table 15, Normalized values of the lst tI after
the pulse when a positive pressure pulse was
applied to PL.S.R. blocked animals.



See table 16 for eftfect of negative pressure
pulses applied in expiration on tI following the

pulzse with F.5.R. blocked. Tabhle 17 shows number
of times €I following the pulse is shortened,
lengthened or no effect atter pressure pulses.
NMegative pressure pulses applied early in
expiration did not significantly affect the tI
following the pulse with F.8.R. blocked (mean -
L0079, t=,880 7ldf, pos 1). When negative pulses

were applied later in expiration & significant

decrease at the 14 level in tI following the pulse

ooccured.

mean diff t value df
Pos 2 W Q22 .12 80
Fos 3 . O34 | .29 59
Fos 4 . 085 4.24 51

This difference was not significantly greater

in the later positions (F=1.29 I&261d¥f).

After effective block Rb 5, 2, 1, and 7) of
F.S8.R. negative pressure pulses caused a decreage
in tiI following the pulse in all positions Thisg
ig significant to the 1% level in pos 1, but not

significant in later positions.

mean diff t value df
Fos 1 —. 024 3.87 24
Fos 2 - 013 L1172 26
Fos 3 o D006A . 059 19
Fos 4 - 012 . 082 12

6b




RE FOSL N FOS2 N FOSE

y
=

FOS4

=

1]

i 1.04 4 .01 7 1.03
= . 854 & - 0 . 284
) 1.20 ) 1.14 10 1.08

4 133 & 1.16 pe] 1.10
o W FEO a8 W« PPE 16 1,00
b 1.l 11 » P70 & 1.11
7 «@ET & - FE7 pv] 100
8 1.00 15 R o 1,605
g - F81 4 PTG o] AN

i

A AS
1.320
.19
P75
1.17
P70

-
b

DR N -

SRS

AR 0
1.07
i.11
1.1&

10 100
11 1.03

1
1.08 4 1.11
1% 1.04d ok

N bk AW

I R

' Mean 1.02 80 1.04 g1 1.05

&

1.08 o2

Tabhle 1é6. Mormalized values of the lst tI after
the pulse when a negative pressure pulse was
applied to F.B.H. blocked animals.



This effect was not significantly different
hetween postions (F=.14%9 378d+).

In the rabbits with least effective block of
P.S.KR. (Rb 4, 11, 8, and 13) negative pressure
pulses caused a significant increase (1% level) in

the tI following pulse.

mean diff t value d-f
Fos 1 044 R 21
Fos 2 « 40 6. 42 26
Fos 3 . 264 21.4 21
Fos 4 <102 6.5 19

This was not significantly different between

pulse positions (F=.290 Z%83d+).
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i

RD INSPIRATION AFTER FRESSURE PULSE

:ND AND ERD O INSEIRATIO

i3
i

See tables 18 and 21 for the effect of
pressuwre pulses applied in expiration on the second
and third tI following the pulse with F.8.R. intact
and blocked.

Fressure pulses usually do not change the
second and third tI after pulse application
regardless Of‘sign of pulse, Slock of PSRk, or
position pulse was applied in. However occasional
large shortening occcwrs in all treatments. This
shortening was significant in some positions with

some treatments.

t values 2nd t1 sig Jrd tlI s5iQ o

+Intact .39 1% « 565 nes 260
~Intact 1.07 ns 1.81 ns 241
+Rlocked EL93 14 2.66 1% 265
~Blocked L0O16 ne 4,26 1% 273

The sign test shows these large shortening of

tI was significant to the 3% and 1% levels.

rnumber number

2nd breath shortened lengthened sig
+Iintact 127 a8 1%
-Intact 110 97 5%
+EBlochked 147 22 17
~Blocked 121 108 S%
Jrd breath

+Intact 135 77 1%
—-Intact 107 = S%
+Rlocked 145 a7 1%
-Blocked 151 84 1%

&8
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Mean

2D BREATH

FOSL POS2

L5978 96T
1.09 967
SHEO L EG
100 1.00
L9974 L 9EE
L6160
97
(e
LGT0 L 98T
LR48 L 9EY
1,00 1.04

.01 .928%

LETE 780

Table 18. Normalized values of duwration of inspiration
breaths after & positive pressuwe pulse was applied

oo

FOSE
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« 800
- FEY
P17
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« FEE
i
1,04
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There was no significant differences in effect

between the pulse positions in either breath.

+ T

!

Intac

+ Rlock

|

Block

- values

Intact

t

ad

ad

2nd Breath

ol g
A

LB1F

«» 1OZ

- 14735

Zrd Breath

2.08

o

-r
3242

- BP0

IRZ200

Rp—
Ee221

There was no significant differences in effect

between the treatments in either

Fvalues
pos 1
pos 2

pos 3

pos 4

The shortening of the third tl was

2nd Breath

e
ol

. 688

oope s e

PR

W A 484
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-~
e

2. 13

« SO0

W P00
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SR212
Fu240

IR199
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significantly less than the second tI1 at the 1%

level.
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FE ZND BREATH IRD BREATH NUMEEF OF RUNS
FOS1T  FOS2  FPOST  FOSB4  FOSL FOSE  FOS3  FOS4 FOS1 FOS2 FOSI FOSY

[ L)
wd o

&

i 1.07 L2 L REE .88y W27 1.05 L9540 . 88Y =
2 CEEE L2240 L5 L9640 1.0E 1.08 .944 995 s
K P44 1,00 P01 L elo LE9D .01 W REB L RET 5
4 LS00 LR 870 L9711 L9994, 8%4 .9ES  .877 &
o LPET O LFA0 LPGE P40 L P8E VP47 L9461 1L01 12
b L2960 1.02 L9791 1.0&6 L9790 1.02 999 1.02 10
7 1.02 1.03% .985% 971 1.15% 1.00 1.01 1.06 4
18 L2810 1.04 L9964 ——- P78 L9997 L9800 - ]
P LPE2 P64 976 1L0L1 LP&T 0 L94Y L9887 Y86 3
10 1.02  .990  1.01  .92&61 1.00 1.01 1,01 975 7
i1 ——— L R1E LFEE 103 - 18 B o B Q

12 P28 976 1,02 1,01 .938 L9846 .998 .77 1

RN N SR i SR R DR
SNl N B R
i, !

£ o

o 4

G 9
A 4

Fean LETA LFE7 0 L9TE LYY L9YS L987 L9811 L9TS =t} &4 &é 4

Tabile 20. Normalized values of duwration of inspiration of 2Znd % 3-d

breaths atter a positive pressure pulse was applied to F.o.R.
blocked animals.



R CZND BREATH ERD BREATH MUMBER OF RUNS
FOSL POR2 FORE FOS4 POSH FOS2 FOSE POS4 FOST POB2 FOSE POS4
1.00  1.04 983 - LFEE JBYY L RER ——— 4 7 b 0

. FE - 1,0 L9950 955 e, 988 1,.00 2 0 &
1.02 1.01 982 986 .79837 1.01 962 1.09 b 14 £
LF171.03 0 JREY LR6E LPRT7 LETE 0 9B 946 ) S
1.02  .986Y  .9953 1,00 1.01 .97&6 983 973 a3 10
.01 .98% 1.03% 1.1i0 1.0F .997 1.01 .945 11 &
1.07  1.02  1.01  1.02 1.00 1,02 1.08 .978 & o
1.02 1.05  .9gd - W26 1,04 0988 - 13 K4
SPEL W32 LP800 1,08 L9680 L9467 L9530 L9968 9 )
0 LFR7 1003 2991 1,020 J98B6 1.0F 0 985 1,02 o 11

1.04 947 JF7E 0 .%64  1.02  .542 L9655 977 & 4
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i
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ke LFLTL97E L9469 L9980 L9917 L993  .988 . 983 1 g
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Mean .00 1.00 .288 .998 .986 992 978 .987 a0 =3 &l

&
.

Table 21. Normalized values of duwration of inspiration of Znd & 3rd

breathe aftter a negative presswre pulee was applied to FuB.R.
Blocked animals.



In all treatmentzs tl was greatly shortened the
preceeding tE was significantly shorter than the
mEan .
st breath mean tE when mean of F value df sig

tl shortened all tE
+Intact —. 124 .66 4,75 JWRIEE7 OIXL

~Intact . 706 —.51b 6,84 ERIETE LU

+hlocked ~. 154 -. 107 .09 ERE41 0 3%
—~RBlocked e BBT ~ . H01 1.43 3E%3E54 ns

2nd breath

+Intact . 170 —. 154 3,390 3nIeo 97
-~Intact ‘ —. 145 ~. 130 T.EE EREEY SU
+Blocked —~o 165 - 139 1.83 38368 ns
-Blocked —-. 183 -. 153 2,580 IZR3I8E  ns

Srd bhreath

+Intact —. 101 —. 083 IaE IREI9E 8%
—Intact —-. 129 — 073 I35 3u344 5%

3

+RBlocked -~ 142 - Q&7 4,40 I3s64 1

-RBlocked w140 - 117 .91 IRIT7TE Y




Fressure pulses of either sign after vagotomy
did not significantly affect tE or tl subseguent to

pulse (table 22).

tE of pulse 2nd tE Zrd tE oF

-Fulses |
means —-. 028 - 003 02
t value - 3358 1.06 - P55 5
~Pul ses
means - Q47 » QO3S Q
t value 1.74 o 200 G4 S

ist tI 2nd tl Zrd tl ol
+FPulses
means LO1E ¥.012 .0l
t value . 238 ~A414 . 385 3
~Ful ses
means ~a Q355 — 013 0
t value 1.67 .5; Q 5

Fressure pulses of either sign atter
differential cold block did not significantly

affect tE or tI subseguent to pulse (table 23). -

71




tE of pulse 2nd tE Srd tE d+

-Ful ses /
means - Q05 — o 003 . 02
t value 625 111 1867 13
~Ful ses
means — . Q05 0 -, 000G
t value LS50 o] LH12 =

lst tI 2nd t1 Zrd tl df
+Ful ses
means —. 001 . Q007 -~ 001
t value L0921 1 - 07 13
-Ful ses
means —~ . 05 — o D0OG - 0]
t value 278 . 547 . 189 13

Auvgmented breaths occuwr significantly more
frequently with pressure pulses ﬁpplied later in
edpiration, in &all treatments.

+Intact ~Intact +Blocked -Blocked
p value . 047 014 L D09 .25

Augmented breaths ocow significantly more
frequently with negative pressure pulses applied in
expiration, before F.5.R. block.

pos 1 pos 2 pos A
p value  .002 L1000 .00z 0
Augmented breaths occw signiticantly more

frequently (at the 174 level) the 1st breath after

the pressure pulse was applied (F=9.73 2%301d¥f).




Rabhit 5

Rabbit &

Rabbit 7

Rabbit 5

Fabbit &

Fahbbit 7

Means

pulses

il

lat breath dnd breath Frd breath
aftter pulse atter pulse atter pulse
tE t1 tE €1 tE t1
A L 4 .02 1,00 1.01 W P77
.03 1.00 1.3 «F7E 1.l 1.01
LBHE L3 1.00 .07 . F6HE 1.0
LBES P44 « FEE LPEE 1a 1.7
LE883 1.01 L GEE 1.00 LF0E ~FL7
1.30  1.07 : 1.02 . 288 . SHE7 1.07

LF21 1.10 294 . PFE . 780 1.01

et
it
im

i

et breath a2nd breath Zrd breath
atter pulse after pulse atter pulse
tE t1 tE t1 tE I
DT W9TT PG 1. 00 «FE4 278
R . PED . 784 A 1.03 1.00
1,10 1.0% 1.01 -P1lé 1.01 Y
LEER 1,02 1.03% l.08 L 870 .04
F7L 0 LR80 BT 1. 00 G748 T
w2 1,07 1.04 278 1.00 1.OX%

L2 1,01 «P9E . 789 27 ~PFE

Table 22. Effectsof vagotomy. Momalized
values (fraction of control).



lst breath
after pulse
tE t1
Fositive pulses
P Rabbit 12
' Rabbit 13
iRabbit 14

- FEHO
1.01
. 928

1. 00
992
1.04
Means

L2853 1.01

Megative pulses

Fabbit 12 L TET
Fabbit 13 L9820 1.04
Fabbit 14 1.01  1.02

CMeans LFEE 100

e
ORI

‘ Table Effects of
é Mormalized

2nd breath
atter pulse
tE Tl

. GO0
1.03
L9291

LGEE
L5
1.04

PEE 786

LGS 71T
. 798
. FEY

. 786 TG

differential
values

cold

Zrd breath
after pulse
tE t1

. GEE
1.02
. 9E2

1.01
- P65
1.04

. 285 1.1

.98%  1.00
.98% 1,02
1.0% L9764
1,00 999

lock.

{(fraction of control).
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14
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+ Intact

- Intact

+Rlocked

~Blochked

Fos 1 Fos & Fos 2 Fos

let breath 8] 4 2 2
2rnd breath 0 0 0 0
Ard breath ) 0O G {1
no. of runs &2 7E ’ 2 &4
st breath i 5 3 4
Zrd breath = 0 ) 4
Zrd breath i = A 4
no. of runs Tt Gb 2 1]

st breath O O 1 A

Z2rnd breath O 0 9 0
Zrd breath 8] 1 ) 0
no. of runs 65 GéH & 54
lst breath ) = 1 0
Zrid breath 0 Y 0 O
2rd breath 0 0 Iy i
nc. of runs 72 g1 & s

Table 24. Mumber of auvgmented breaths which
ococwrad.
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Table 25 shows the effects of FDG injection.

FDG injected into the right atrium at least 15
minutes after treatment caused tachypnoea with all
treatments. In &ll treatments this was due to a

significant shortening in tE at the 1% level.

Treatment mean change t values af

Noxylo—-Intact —. 619 2.85 14
Vagot. -1.09 ?.08 15
Gloss. —~1.464 4,82 4

vlo~ Intact - 237 R a8
Vagot. —~1.11 .76 1)
Gloss. -1.50 S.356 =

In &ll treatments tl was shortened but this
was only significant in the intact «vylo state at

the 1% level.

Treatment mearn change t yalues d¥f

noxylo—-intact . 045 2.14 16
Vagot. L0041 - HEX 15
Gloss. W95 . 028 4

Xvlo—- Intact - 051 1.19 8
Vagot. 029 . S6E &
Gloss. 214 » S5EG 3

After wvylocaine was injected into the
pericardial sac the response of tE to FDE was
gignificantly less at 1% than the control before
#viocaine {(t=14, 23d+) but response of tl to.FDG
was not was not significantly different from the

control before sylocaine (t=,265, 28d¥). The




NO XYLOCAINE

INTACT POST  VAG. POST IX SECTION
t tg t te t tg
voﬁf

CONTROL 0.568 + .03 |0.96 + .05 1.16 + .7 | 1.50 + /9 1.19 + .04 1.88 +
P.D.G. 0.50 * .03]0.40 * .06 1.13 + .7 10.47 + .1 1.10 £ .2 |0.42 +

n =19 n =18 n=25

AFTER XYLOCAINE

CONTROL 0.63 * .07 ‘0.49 £ .06 0.87 + .10}1.85 £ .33 1.20 * .3 12.57 x
P.D.G. 0.58 * .07 ‘0.24 £ .04 0.85 * .20’0.747r .23 0.99 % .2 11.19 x

n=9 n=7‘ n=2>5

TABLE 25. EFFECTS OF P.D.G. ON Tl AND T

E
ABSOLUTE VALUES IN SECS.



response of tE and tl to FDG at least 10minutes
atter vagotomy was significantly greater at the 3
% 10% level than the control before vagotomy

(=2, 23, 13df; t=1.96, 13df for tE &tl
respectively) regardless of xyvlocaine
administration. The response of tE to FDG at
least 13 min atter the glossopharyngsal nerve was
cut was significantly less at the 55 level from
control before nerve section (t=2.92, 9df)
ragadless of xylocaine administration. fhe
response of tI at least 15 min after the
glossopharyngeal nerve wé cut was greaster than the
control before the nerve was cut was greater than
control before nerve section (t=.635, 9df)
regardless of xylocaine administration.

FDG injection caused apnoea 19 out of 44 runs
hefore uylocaine was administered in all three
treatments. After xwylocaine Qas injected into the
pericardial sac apnoéa never ogccured in 20 runs.

this lack of apnoea after dylocaine was significant

to the 14 level (p=.00014&).
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FDG injected immediately after vagohomy did
not significantly shoarten tE (mean=-.013, t=.18,
Zdf) or tl (mean=.005, t=.093, Idf). The
shartening of tE % tI when FDG was injected &0 & 70
min after vagotomy was significantly greater at the
172 level than when injected 15 to 25 min after

vagotomy.

mean diff tE mean diff tl
18-25 min —~. 72 L0021
HO0-70 min | —-1.28 ~. 10
t value F.36 2.00
o 5 5




Fulses of inflation and deflation
administered to the lungs in expiration affect the
duration of the expiration containing the pulse
(Davies & Vizek 1982). This effect will be
referraed to as the tranmsient etfect of the pressure
pulse. Vagotomy sbholishes this effect suggesting
that receptor activity of vagal fibres is involved.

’There are three known lung receptérs with
vagal afferents which are considered to influence
resgpiration (Faintal 1973&). The rapidly adapting
receptor (RLAWR.) and the pulmonary stretch
receptor (F.5.R.) both have myelinated vagal
fibres. There are also the type J receptors
(J.R.) which have nonmyelinated vagal fibres
(Paintal 127%a) . As mentioned later (p99 ) there
may be other nonmyelinated fibres which influence
respiratian.

Large inflations and deflations are required
to stimulate JoR (Paintal:1969; Bellick %
Widdicombe 1270). The pulses of 20Pa used did not
cause such large inflations and deflations. They
were of similar in seize to those used by Davies and
Foumy (1982). That they were unlikely to be large
enough to stimulate J.R. suggests that J.R. were

untlikely to be involved. Differential cold block
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of myelinated fibres was used to determine the
involvement of nonmyelinated fibres. The transient
effect of pressure pulses was abolished at
temperatures which block myelinated fibres. Thus
J.R. are not responsible for this effect.

As mentioned later (p 104) in respect to
F.D.G. the effects of vagotomy may be time
dependant. This may also bhe true of selective
blocking of vagal +fibres for example by cold block.
In these experiments some of pulses were applied at
least 10 minutes after vagotomy and cold block. In
all cases vagotomy and cold block abolished the
effect. Thus time dependence is unlikely to have
obscuwred the results.

Thus the receptors mediating the transient
effects of pressuwre pulses were unlikely to be J.R.
or other nonmyelinated fibres.  The majority of
F.8.R. and all their effects can be blocked by
inhalation of 8502 in the rabbit (Callanan, Dixon,%
Widdicombe, 197%;Davies, 1974). Rlocking F.5.R.
with 802 altered but did mot abolish this eftfect.
This suggests that both F.5.R. and R.A.R. were
involved., This is supported by Davies and Roumy
(1982) whp suggest that expiration is controlled by

a halance of F.5.R. and R.A.R. activity.

wler model

von FEuler 1977 proposed a model of

respiratory control is based on spontaneously
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increasing central inspiratory activity (C.1.6)
giving the drive to inspire. This activity is
terminated when it reaches a level thalt operates an
off-switch (0-5). The rising level of C.I.A.
cactivity and (F.8.R.) activity contributes to off
switch éctivity while (R.ALR.) inhibit it. Other
receptors may modify C.Il.A. or 0-5 activity (see
fig 2).

Duration of expiration is considered to be
related to the previcus inspiration, and may be
modified if 0-8 or C.I.A. is modified. If the
activity of the 0-5 is reduced then C.l1.8. may
begin earlier thus shortening expiration. 1§ 0-8
activity is increased theﬁ C.I1.68. may be
inhibited For longer thus lengthening expiration.

Fulmonary Etretéh receptors have a spontanecus

discharge (Faintal 1973%a) at the end of eupiration,
the level of discharge being a;pendant on the
degree of stretch of the lung. With in#lation the
receptorevincreasa the rate of firing (Paintal
1973a).  This in terms of von Eulers model would
stimulate the off switch thus switching off the
C.1I.A. and lengthening duration of expiration.
With deflation the receptors have a reduced level
of firing (Paintal 1973Za). This would reduce the
astimulation of the off switch. Thus C.I.A. begin
garlier and duration of expiration shortened.

R.AWR. do not have a spontanecus discharge,

they discharge when stimulated by mechanical

78




deftormation of the airways., this occurs with both
inflation and deflation (Faintal 1973a). In terms
of vorn Eulers model both inflation and deflation
would suppress the off switch thus C.I.A. would be
switched off later and duration of expiration wowld
be shortened. However 8Sellick and Widdicombe point
out that R.A&.R. activity is too short in duration

to maintain a shortening.

I

e
i

flation and deflation pul

es

fies shown in Figld inflation shortened the
expiration containing the pulse when the pulse was
applied early in expiration. However inflation
lengthened the expiration when the pulse was
applied later. When the pulse was applied at an
intermediate stage little effect was seen. This
suggests that R.A.FH. are being stimulated and in
early expiration fhe shortening caused, is greater
than the lengthening caused by F.5.R. stimulation.
The converse being true with pulses applied later.
This also suggests that either the stimulation of
Fo8.R. becomes greater with pulses applied later in
expiration or stimulation of H.A.R. becomes we%ker
with later pulses.

As shown in Figl4 deflation shortened the
gxpiration containing thé pulse regardless of the
time in which the pulse was épplied. This
shortening of expiration could be duse to both
reduction of F.5.R. activity and/or stimulation of

R.A.R. The shortening was greater when the pulse.
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was applied early in expiration. This suggests
that the strength of one or both of these receptors
has activity dependant on time of pulse
application.

Figl4 shows that blocking F.5.R. activiéy with
802 shortens expiration regardless of whether the
pulse inflation or deflation. This may represent
shortening due to R.A.K. activity, however
shortening is greater with negative pulses than
positive. This difference may be due to incomplete
bBlocking of P.S.R. activity.

This is supported by comparing Figl3AuR.

Figl3aA shows positive and negative pulses after
FuS.R. block in the rabbit with the most complete
block (assessed by Hering-Breuer ratio). As can be
seen there is no significant difference between the
effects of positive and negative pulses in this
rabbit. FiglSR shows that the rabbit with the
least complete block has & large difference between

positive and negative pulses.

Constant latency of

o

Davies and Roumy (1982) noted that deflation
pulses and pulses after P.S5.R. block shortened tE
containing the pulse with approximately a constant
latency. To test this with my results I tested
differences in degree of shortening between the

pulse positions. Deflation pulses in the intact

rabbit shortened expiration significantly more with
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earlier pulse positions. In those rabbits with the
most effective P.S.R. bleock the degree of
shortening due to inflation or deflation pulses was
not significantly different for the different pulse
positions. Thus degree of stimulation of R.ACR.
appears to vary with time of pulse application
aftter effective F.5.R. block. Davies and Roumy
(1982) recaording R.A.R. activity, recorded greatest
stimulation by deflation at FRC anmd by inflation at
peak tidal volume. Thus they are stimulated
greatest in late expiration by deflation and in
early expiration by in%létian. However R.A.R.
activity is shortlived and "memory” of this
activity must be involved to maintain the
shortening of expiration. The strength of this
"memory" decays with‘timeﬂ thus the relative
gstrength between positions of the initial stimulus
becomnes lesse important and apprmﬁimates constant
latency mf shortening.

The degree of difference between the various
pulse positions is greater before P.S.K. block.
Thus it appears that the effect on stimulation of
the F.O.R. is dependant on time of pulse
application. FoS.R. are stimulated
proportionally by mechanical deformation caused by

transpulmonary pressure (Davis,Fowler % Lambert

Thus changes in lung volume will change

transpulmonary pressuwwe and alter degree of F.S5.R.
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gtimulation. Inflation early in expiration when the
lungs are still inflated would stimulate less
strongly than inflation when the lungs are
deflated.

Similarly deflation early in expiration would
produce a greater change in deformation than
deflation later. However when F.5.R. activity
drops below threshold further reduction in activity
will not be more effective in reducing tE. As the
change in R.WAGR. stimalation depending on time of
pulse application is relatively minor, deflation
resulting in below threshold stimulation of F.S5.H.
would approximate a constant latency of shortening

af tE as seen by Davies and Roumy (1982).
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Until relatively recently an individual
breath bas been considered to begin at the onset of
one inspiration and end at the onszet of the Aext
expiration (Clark & von Euler 1972: knox 1973%). It
wag expected that inspiration may influence the
following expiration, but one cveocle has not been
considered to influence the following cvcle. This
suggests that & presswe pulse applied in
expiration will not affect the following breath,
neither inspiration nor expicration.

Eldridge (1973 & 1974) showed that a
digturbing stimulus within a respiratory cvcle can
alter the pattern of subseqguent cvocles. These
results suggest that there is a "memory" linking
respiratory cycles. A central mechanism for this
was proposed by Eldridge (1974) and Farczweshki et
al {(197&). The afferent impulses of receptor
discharge cause a transient effect and allows
reverberation of receptor discharge causing
"memory' in subsequent breaths. Thus the "memory"
gffect of receptor discharge is likely to be
similar in nature to the transient effect of the
receptor.

The use of electrical stimulation may cause
unusual transmitter persistance. However Davies
and Kohl (1979) showed "memary" ococurtred when

presswe pulses are the distuwbing influence, which
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may be more physiological. 6&Gs presswe pulses
stimulate F.5.R. and R.A.R. this "memorvy"” may be of
F.85.R. and/or H.A.é. activity. some "memory' of
F.f.R. activity has been indicated by the ability
of R.A.R. to maintain the deflation reflex after
F.85.KR. block, despite a short duration of receptor
activity. As theilr receptor activity is shortlived
any "memory'" effect of these receptor activity
continuwing over into subseqguent breaths must be
cerntral.

As "memory” is the reverberation of receptor
activity, any "memory'" of receptor activity is
likely to affect the central "respiratory centres”
in a manner similar to the direct effect of recptor
activity. As discussed earlier , the transient
etfect of pressuwre pulses is likely to involve both
F.8.R., and R.ALR.  Thus if both R.S5.R. and R.A.R.
were involved the "memory" effect would be similar
to the transient effect of pressure pulses. If
PHQ.R. only were invelved positive and negative
puleses would have opposite effects on dwation of
gypiration. BRlock of P.5.R. by 502 would abolish\
the "memory" effect. If R.AR. only were involved
pulses of opposite sign, blocked and intact states
would have exactly the same effect of "memory".
This should be similar to the transient effect

after FP.S5.R. block.
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reaths subseguent Lo pressure pulses

As shown by Figs 16 & 17 presswe pulses
significantly shorten the second and third
expiration after the pulse is applied. This
shortening cccurs regardless of whether the pulse
is intlation or deflation. Shortening occurs
whether the expiration containing the pulse was
shortened or lengthened.

The degree of shortening between intlation and
deflation pulse is not significantly ditferent.
Block of F.5.R. shortens to the same degree as the
shortening in the intact Sﬁate. Thise suggests that
the "memory"” effect is due to R.AJFR. discharge.

As can be seen in Figs 16 % 17 the shortening
of the third breath is less than the shortening of
the second breath after the pulse. After three to
four breaths the effect is no longer significant.
This suggests that the‘activity from the central
"memory' diminishes with time.

von Eulers model of respiratory control is &
functional model. Thus although thé model does not
include a basis for "memory"”, the model is
compatible with it. in terms of this model R.A&.R.
facilitate the 0-8 and "memory"” occuwrs by
reverberation of R.ACK. acﬁivity in a "memory' pool
of newons. This "memory" pool would facilitate the
0~8 with diminishing activity as the reverberation
dies away.

The shortening of duration of expiration was
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reduced in the third breath after stimulation.
There is no difference in degree of shortening
between the different times of pulse application.
Although the degree of R.A.R. activity varied with
time of application of pulse, time has elapsed
since the stimulus was applied, during this time
activity dies away and strength of initial stimulus
becomes less important. Thus the effect on
shortening subsequent breaths is not significantly

different over the di$¥erent pulse positions.
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Farczewski et. al. (19748) reported that in the
spontanecusly breathing vagotomised rabbit
electrical stimulation of the vagi produced
decreases in tl and tE. The changes in tE lead tI.
This suggests that a respiratory cvecle is not
independant of the preceeding cyvcle and there
appears to be central linking of tE to the
preceeding tI as well as tl to the preceeding tE.

Davies and Fohl 1979 using pressure pulses in
expiration showed this link is not mandatory and
suggested this may be associated with R.A.R.
activity. They suggested that this linking occured
only with large {(greater than 50%) reduction of tE,
when R.AGR. were stimul ated strongly. Davies and
Roumy (unpublished) used C0Z2 fo alter tidal volume,
the plot of tl/preceeding tE had three seperate
populations of peoints intact, FP.S.R. block, and
vagotomy. This suggested that the relationship of

tI to the preceeding tE involved R.A.R. activity.

Negative pressure pulses

As seen in fig 18 there was no significant
effect of negative pressure pulses in expiration
applied in position one on the following tI however
with pulses applied in positions 2-4, the following

tI was significantly increased. Mean change in €I

increased from pos? to 4.
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Applying negative pressure pulses in
expiration stimulates R.AKR. strongly. IF linking
af expiration to the following inspiration was due
to R.AWR. activity deflation pulses would tend to
shorten the inspiration following the pulse.
However negative pulses reduce F.5.FR. activity.
"Memory" of this reduced activity would tend to
lengthen the inspiration following the pulse. This
effect would be greater with the pulses applied
later, as less time has elapsed since the stimulus
was applied.

This suggests that the increase in tl
following deflation pulses applied in expiration is
due to "memory" of reduced F.8.FH. activity and
R.AR. are usually not stimulated enough to link I
to the preceeding tE. The mean tE preceeding a
shortened tI is significantly less than the mean tE
preceeding & lengthered tI. Strong stimulation of
F.AR. causes large shortening of tE containing
pulse, giving support to the concept that linking
of tI to the preceeding tE is due to strong
gtimudation of R.A6.R.

As seen in fig 18 blocking stretch receptors
with sulphuw dioxide leaves the effect of rapidly
adapting recptore only. Thus if linking of t1 to
the previous tE is due to R.A.R. the effect of
negative pressure pulses in expiration after
stretch receptors were blocked would be expected to

shorten the following inspiration.
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However my results showed a signiticant
lengthening. Incomplete stretch receptor block may

have obscured results, due to "memory” of reduced
F.B8.R. activity., This was supported as the rabbits
which had most complete block had significant
shortening while those with least complete block
had significant lengthening of inspiration

following the pressure pulse (fig 19).

As seen 1in fig 18 positive presswe pulses in
expiration did not significantly influence the
following inspiration. A non significant
lengthening of the following inspiration regardless
of stretch receptor block occured. "Memory" of
F.b.R., activity from a positive pressure pulse in
gdpiration would tend to shorten the duration of
the following inspiration as shodn by greater
shortening after eftfective P.S.R. block. This did
not occur suggesting that "memory” of P.S5.R.
activity if it ococurs is weal. This is despite
atrong stimulation of P.S.R. in the later pulse
positions. "Memory" of reduced PL.S.FR. activity
accuwred with negative pulses. This suggests that
"memory"” duse to F.S5.R. may be a dampening of
reverberating circuits rather than F.8.R. activity
getting off reverberation, leading to "memory"
effects.

As F.ALR. are not strongly stimulated by

positive pressuwe pulses the effect of "memory" of
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R.AR. activity from a positive pressures pulse
given in expiration may have little influence on
the following inspiration. However although R.A&.R.

activity is weak with positive pressuwre pulses it

-r

ie strong enough to inflence tE of the Znd and Ird
breath after stimulus and sometimes influence tI1 of
these breaths.

Thus the slight lengthening seen suggests that
there is some influence other than F.S.R. or R.A.R.
activity. This is unlikely to be due to changes in
blood gases, as discussed later (p?3). This may be
a response to changes in mechanics of breathing due
to an inflation pulse. This. response may obscure
any "memory” of F.S5.R. and R.ALR. activity after a
positive pressuwre pulse. However any similar
response due to a deflation pulse would be unlikely
to affect tI in the same mannery, rather it would
tend to shorten tl. Thus it is unlikely that the

"memory! response is merely due to changes in the

mechanics of breathing.

bseguent breaths

£

As seen in fig 20 & 21 duwation of inspiration
of subsequent breaths was not usually changed
regardless of sign of pulse or whether F.S5.FR. were
blocked occasionally a large shortening occured.
This shortening was significant in several pulse
positions with different treatments and significant

in some treatments over all pulse positions. Asthe
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shortening of tE was large but rarely ococwed the
degree of signiflcance of this shortening varies
widely. This supports the concept that “memory" of
F.AR. activity continues to influence tiI over
several breaths. However the effect on tlI was
significantly less than the effect on tE and
occuwed infrequently. This suppor-ts the
reqguirement for & large R.A.R. activity to trigger
the shortening of tI.

Im subsequent breaths tlI was not lengthened
evenrn after the large lengthening of negative
pressure pul ses. "Memory” of reduced F.S.R.
activity has a shorter duratign of activity than
"memaory' of R.A.R. activity. Alsco the response to
changes in mechanics of breéthing due to an
inflation pulse did not continue into subsequent
hreaths. This fwther supports ghat "memory" is
not mérely a response to changes in the mechanics

Dfrbreathingi

wgmented breaths
ALl runs which included auwgmented breaths
were ercluded from the main body of data. However
a record was kept of the number auwgmented breaths
which ocouwred and in which breath they occcured in.
Many augmented breaths occured in the 1st breath
aftter the pulse was applied , this was more
freqguent than occuwr spontaneously. Augmented

hreaths may be triggered by R.A.R. (Davies and

Foumy 1982) which suggests that "memory” of FR.A.R.
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activity must be suwfficient in these breaths to
trigger auwgmented breaths.

More augmented breaths ococured after negative
pressure pulses before P.S.R. block thamn with other
treatments. More augmented breaths occured in the
later positions. Negative pressure pulses
stimulate R.AR. strongly., particularly when
applied later in expiration (Davies % Roumy 19832).

Augmented breaths did not occcuwr as frequently
after F.S.R. were blocked. After effective F.S.R.
block negative pressure pulses shortened the
following tI rather than lengthening as occurs
hefore block. This supports the concept that an
augmented breath is the summation of the

inspiratory drive (Davies % Roumy 1982).




QTHER FARTORS INELUENCING RESEONSE TO PRESSURE

FULSES

Applying a pressure pulse to the lungs will
cause changes to blood gas tensions, and the
mechanicse of breathing. The effects of these
changes must be examined. As anaesthesia alters
the function of many physiological systems, the
rale of anaesthesia in these preparation must also

be examined.

The abﬁence of a method of rapidly following
blood gas tensions prevented obhservation of any
transient changes in these variables. Whether or
not pulses of inflation and deflation caused
alterations in blood gas tensions, the changes in
arterial chemoreceptor activity that might result
would not occur until one or two breaths later
{(l.eitner, Fages, Fuccinelli, % Dejours 1265) and
could not have influenced the characteristic
changes in duration of inspiration and expiration.

Increased respiratory freqguency was seen 2-3
breaths after the pulse was applied. Duwring this
periad of activity of arterial chemoreceptors was
probably reduced by a transient increase in
arterial pdz (Biscoe and Purves 1967). However
transient reduction in chemoreceptor activity by
inhalation of a few breaths of oxvgen decreases

hoth tidal volume and respiratory freguency

)




{(Leitner et. al. 19465) and cannot account for the
acceleration reported here.

An increase of airways pCOZ due to a shortened
tE may decrease the activity of chemorecptors, but
this would be expected to lengthen the subsequent
tE amd tl fathéw thamn shorten. Fositive pressure
pulses which lengthen tE may decrease airwavys pC0O2
increasing the activity of chemoreceptors, but this
would be expected to lengthen the following tl
rather tharm shorten. it is therefore unlikely that
"memory" of RJAWRL. is merely due to changes in

airways or blood gases.

Influence of changes to the mechanics of breathing

Inflation and deflation pulses to the lungs
will alter the mechanics of breathing. No
paralysed animal preparations were uwsed to test the
in#iuence af this. However although the mechanical
changes from inflatién pulses would differ from
deflation pulses the effect on tE containing the
pulse atter F.5.R. bleock is shortening and the
effect on the subsequent tl is generally
lenthening. It is therefore unlikely that "memory"
is merely a response to change in the mechanics of

breathing.

Surgical anaesthesia slows and deepens
respiration to a degree dependant on the degree of

anaesthesia (Lumb % Jones 1973). To minimise the !
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effects of anaesthesia on respiration, anaesthesia
"must be kept to & minimum while maintaining the
state of anaesthesia. For adeguate comparision of
respiratory rates the degree of anaesthesia must
remain constant.

Anaesthesia depresses the reticular activating
system (RAB). As RAS facilitates CIA depression of
RAS by anaesthesia depresses RAS. Anaesthetic
agents depress the response of central
chemorecptors to C0Z. Volatile anaesthetic agents
.sensitize PL.S.R., other agehts may also affect
receptor sensitivty (Lumb % Jones 1973).

During the experiment degree of anassthesia
was assessed between runs, if necessary anaesthetic
was administered and respiration allowed to
stabilize before proceeding with the next run. The
order of position of application of the pulse was
random and sign of pulse alternated. This regime
helped reduce any bias of anaesthetic administra-—

tion.

502 administration, vagotomy, and cold block
of myelinated fibres all altered the respiratory
pattern. The degree of anaesthesia was assessed on
the initial stable pattern after treatment. These
treatments necessarily cameAa¥ter the intact state.
However the response to the treatment was noted the
firset runs after treatment making it unlikely that
the response attributed to the treatment was due to

the effects of anassthesia.




IRATORY EEFECIS OF E.D.G.

i

Injection of phenyldiguanide (F.D.G.) into the
right atrium causes tachyvpnoesa (Dawes & Mottt 1950;
Farcrewski % Widdicombe 1969; Miserccchi,
Trippenbach, Mazzarelli, Jaspar % Hazucha 1978) .
This was considered to be largely due to
stimulation of type J receptors(karczewski %
Widdicombe 1926%9). J receptors have nonmyelinated
fibres and are believed to be stimulated physiolo-
gically by pulmonary cedema (Faintal 1973a .

Non myelinated fibre endings are stimulated by
a wide variety of chemical Edbztances(Dawes L Mottt
12530). The chemicals which stimulate non
myelinated fibre endings are non specific and many
different endings are stimulated by one chemical
(Dawes % Mott 1950). Thus although F.D.G.
stimulates type J receptors, ether non myelinated
fibrese are also stimulated. F.D.G. is known to
stimulate. gastrointestinal receptors, epicardial
receptors, carotid and aortic chemoreceptors
(Faintal 1973a).

Doses of F.D.G. of less than 60 gg/kg
stimulate J receptors but not gastrointestinal or
aortic chemoreceptors (Anand % Faintal 1980).
Injection of local anaeéthetic into the pericardial
sac blocks epicardial receptors (Anand % Faintal
1980). These receptors have vagal afferents thus
their response to F.D.G. is abolished by vagotomy.

The carotid chemoreceptors should rnot be
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stimulated by injection of F.D.G. inte the right
atrium {(Anand & Faintal 1280). These receptors
have effects mediated via the glossopharyngeal
nerve (Widdicombe & Davies 1983) which are
ébolished when the nerve is cut.

As the effect of FP.D.G. is reduced after
vagotomy, F.D.G. is Etimulatihg some vagally
medi ated receptor to increase the frequency of
respiration and shorten expiration. This is not
solely due to stimulation of epicardial receptara,
as the effects are not totally blocked with block
of these receptors with local anaesthetic. The
response was seen with doses of much less than
HOMa /g so was not due to stimulation of
gastrointestinal receptors or chemoreceptors of the
acrtic arch. The other non myelinated receptor
with vagal fibres is the J recéﬁtor and is likely
to be responsible for the major vagally mediated
effects of F.D.G..

Vagotomy did not abolish the effects of F.D.G.
in the rabbit. Also the effects were not abolished
by cutting the glossopharyngeal nerve. Thus the
carotid chemoreceptor is not the only non vagal
receptor to cause tachypnoea on stimulation by
F.D.G. This effect may be central. The effect of
F.D.G. after section of the glaossopharyngeal was
less than the effect after vagotomy suggesting that
some stimulation of the carotid chemoreceptors

occurred.
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From this it can be seen that in the rabbit
P.D.G. stimulates many non myelinated receptors to
cause tachypnoea. These include the type J
receptor, the epicardial receptor, the carcotid
‘chemoreceptor and an unknown non vagal non
glossopharvngesal receptor. The J receptor may be
the most impoftant receptor with vagal afferents to
bhe stimulated. However in the rabbit the unknown
non vagal receptor plays an important role in
causing tachypnoea after F.D.G. stimulation.

These results suggest that intravenous
injections of FP.D.G. is ndt an adequate test of
patency of J receptors in the rabbit. Glogowska &
Widdicombe 17973 discuss the use of halothane as a J
receptor stimulant, this may be a more appropriate
méthod of testing paténcy of J receptors in the

rabbit.

esponse af different receptors to F.D.G.

1D

The contribution made by various receptors to
the tachypnoea of P.D.G. was assessed by injecting
the drug sequentially
1. in the intact state,

2. atter local anaesthetic was injected into the
nericardial sac,

3. after vagotomy,

4. aftter cutting the glossopharyngeal nerve.

In the intact animal F.D.G. caused tachypneoa
by shortening expiration but the duration of

ingpiration was not significantly altered. This is)
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the combined effect of many different receptors and
the receptors do not necessarily act in the same
manner.

Epicardial receptor block and cutting the
vagus and glosssopharyngeal nerves alter Freqﬁency
and duration of inspiration {(tl) and expiration
(tE) . Thus comparison of effects must take into
account these changes. Fig 226 shows the effects
on duration of expiration before and after F.D.G.
of these treatments. Fig Z2B shows these effezcts
on duration of inspiration. I+ the control before
treatment is less than the effect of F.D.G. after
treatment, the response to F.D.G. after treament
is to lengthen tE and tI. This implies that the
effect of the receptor, removed by the treatment,
was to shorten tE/tl. If the control before
treatment is more than the effect of F.D.G. after
treatment, the response to F.D.G. after treatment
is to shorten tE and tI. This implies that the
effect of the receptor, removed by the treatment,
was to lengthen tE/tI.

Local anaesthetic in the pericardial sac
blocked epicardial receptors. The freqguency
increased due to a shortening of expiration despite
a small lengthening of inspiration. This suggests
that the effect of epicardial receptors on normal
respiration is to reduce frequency due to a
lengthening of expiration. Giving F.D.G. after

epicardial block reduced the absolute frequency.
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response and reduced the shortening of expiration
while increasing the shortening of inspiration
compared to the response in the intact state.

The response of duration of expiration to
F.D.G. after epicardial block was less than the
control before block, thus block reduces shortening
of expiration by F.D.G. However the response of
duration of inspiration to F.D.G. after block was
not significant (Fig 22). This supports the
hypothesis of epicardial receptors 1engthening
expiration while not affecting inspiration.

Atter epicardial receptors were blocked and
vagotomy performed the effect of stimulation of J
receptors was abolished, This reduced the
freqguency response slightly despite further
shortening of expiration. After the epicardial
receptors were blocked and the'bagi cut, carotid
denervation removed the effects of the carotid
chemorecepfmrs. Fraguency was reduced despite a
slight increase in shortening of inspiration.
Response of duwration of expiration was not
significantly affected.

The response of dwation of inspiration
after both vagotomy and carotid denervation to
F.D.G. was greater than the control before nerve
section. This suggests that in the rabbit the
tachyprnosa from J receptor is due to a shortening
of inspiration.

The response of duration of expiration to
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F.D.G. after vagotomy was greater than the control
before vagotomy. This suggests that in the rabbit
J receptors also shorten expiration. The response
of duration of expiration to F.D.G. after carotid
degervation was less than the control before
denervation. This suggests that expiration is
lengthened by F.D.G. stimulation of carotid
chemoreceptors.

Atter the glossopharyngeal nerves were cut the
response to F.D.G. was due to an unknown receptor.
The frequency response was increased with a
shortening of inspiration and expiration. This
suggests that the tachyprnoes in the rabbit due to
this unknown receptor is due to shortening of both
exdpiration and inspiration.

From this it can be seen that the tachypnoesa
caused by F.D.G. stimulating non myelinated
receptors may be due to shortening of inspiration
or expiration. With the other phase of breathing
guite differently. Different receptors may exert
their effect differently. This may be due to
differences in the manner they affect the

“respiratory centres”.

101




species differences

Intravenous injections of P.D.G. in the cat
causes tachypnoea due to shortening of both
inspiration and expiration. Tachypnoea from FP.D.G.
in the rabbit is dus mainly to shortening of .
expiration. In the cat apnoea occurs in the end
gxpiratory position while in the rabhit it occurs
in the end inspiratory position. In both species
Fu.D.G. reduces the tidal volume before vagotomy but
some workers report a small increase in tidal
volume after vagotomy in the rabbit. In the rabbit
F.D.G. increases the functional residual capacity.
These differences may be due to one or more
receptors responding dif%efently in the different
species. Ur these differences may be due to an
absence of one of these receptors in one of these
species. There have been no reports in cats of the
gtfects of F.D.G. not being co%pletely abolished by
vagotomy. This suggests that the receptor involved
in the poétvagotomy response to P.D.G. in the
rabbit is not present in the cat.

After blocking epicardial receptors with local
anaesthetic in the rabbit aprnoea was not elicited
by FP.D.G. Arnand % Faintal {(1980) showed apnoea
acocuwrred in the cat after epicardial receptor
block. This suggests the genesis of apnoea in
reponse to F.D.G. differs in rabbits from cats.

Thus the differences in response to F.D.G. in

cats and rabbits may be due to differences in

102




response of epicardial receptors and also due to
the absence in cats of the unknown receptor

responding te F.D.G. in the rabbit.




Folo e injected immediately after vagotomy did
not cause tachvprnoea. The effects of FL.DLE. one
howr after vagotamy were greater than the effects
TS minuwtes after vagotomy. This sugoests ﬁhaf

vagotomy cauvses a distwbance which wears off with

e

time {(fig Z23).

This may plain the contlicts in the

Titeratw e regarding the effects of P.D.G. atter

vagoatomny in the rabbit, Those workers who found

that the effects of F.D.G. was abolished by
vagotomy (Dawes % Mottt 19503 Davies et &l 1978) may
frave been injecting P.D.G. immediately after
vagatamny., Those workers who found that the sffects
of FLDW6EL. was reduced by vagotomy (Dawes & Fastier
1950y Mottt 2 Widdicombe 1931 Farcrewski %
Widdicombe 19&%hy Bus & Trenchard 1271 Miserocchi
et &l 1978 may bhave givimg & longsr recovery time

atter wvagohtamy but not long enough for the complete

I+ wvagotomy oreates & disturbance on the
effects of F.DLG. it 1s likely that vagotomy may
diwbturh other aspecte of respiratory control in oa
similar manner. This suggests thalt the effects of

Loy must be divided into two categories. The

firet being the immedlate effects of vagoltomy,

affectes which goowr in the first few minutes

after the vagus Ls ocut., The second category being

the permanent effects after vagotomy, those
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effects which remain long after the vagus was cut.
This disturbance after vagotomy may occur as

an immediate response of the "respiratory centres”

to the lack of afferent information from the vagus,
or to the synchronous discharge of damage
potentials in all the afferent fibres of the vagi.
If this is the case then a disturbance may ococur
when afferent information is cut off by other means
eg.bhlock of stretch receptors by 502 inhalation or
bBlock of stretch and rapidly adapting receptors by

cold or anodal block.
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1. Fogitive pressure pulses applied early in
expiration shorten tE containing the pulse, while
those applied later lengthen it. After ef%ecti;e
P.8.R. block pogitive presswre pulses in expiration
always shorten tE containing the pulse. Negative
pressure pulses in expiration alwayes shorten tE
cormtaining the pulse.

2. Negative pressure pulses in eupiration

b Yec
usually lengthen the following tI, effective P.5.R. block
tl was usually shortened. Fositive pressure pulses
in expiration do not significantly affect the
following tl regardless of F.25.F. block.

N @%c\-h e
F. Fressure pulses applied in expiration

alwayvs shorten tE and occcasionally shaorten tl 2 or
3 breaths after the pulse regardless of sign of
pulse or F.8.R. block.

4. R.AR. appear to have a role in the
deftlation reflex and in reducing the inflation
reflex. Some form of "memory” of R.A.R. activityh
ig required to do this. Thus tE corntaining a
pressuwre pulse is governed by a balance of F.S.R.
ard R.AGR. activity.

. "Memorvy'" of FP.S5.R. and R.A.R. activity may
influence tE and tI of subsequent breaths.

6. The duration of F.S5.F. "memory" is

shortlived and does not exert influence bevond the

ist inspiration fallowing the pulse. "Memory" of .
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R.A.R. has a longer duration of effect and
gigrnificantly influences tkE in the third breath
atter the pulse.

7. "Memory'" of strong R.ACR. act?y;ty is.
reguired to shorten tI. Weaker R.AJGR. activity
will shorten tE.

8. ”Mémory of F.S5.R. is "memory" of reduced
activity. This may be in response to dampend
reverberating newon links, while "memorvy" of
R.6.K. activity is probably in response teo

reberation of newon links.

1. Vagotomy does not abolish response to PRG
in the rabbit. Carotid denervation after vagotomy
does not abolish this response.

2. Mo response to FDG can‘Ee elicited with
injections immediately after vagotomy. A recovery
periocd is Eéquired atter vagotomy to obtain

response to FDG.
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A computer programme to process data ideally
should have the facility for retrieval of the data.
Data can then be reprocessed without reentrv.
Ingtallation problems of the computer prevented
this being accomplished at the time of data
P OCEsSslng.

Instead a programme was written to simplify
and prepare the raw data for inspection and
statistical analysis. This found the sums,
means, sums of sguares, variance and standard error
of the mean for raw data, normalized data (see
pd7), and differences from contral.

These values were found for each run of each
treatment for the individual rabbits, all the
rabbits pooled, and & pool of the eight rabbits
which had the most effective FBER bloch. The
proagramme had facility to estimate missing values

hased on the means of that run.

The programms

1 YT PSS

20 U/ STATS. BAS /

B0 NSNS P AP

-

40 FRINT
50 FRINT "This programme is designigned to prepare
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raw data for statistical analysis, values are
normalized and corrected for treatment, means,
standard deviation, and standard error of the
means are found for individuals and pooled
data. "

&0 FRINT

70 OOPTION BASE 1

80 DIM AQLE, 12,13

SO0 INFUT "INTACT/BLOCKEED" ; A%

100 INFUT “+/-": D%

110 INFUT “PUSITIDN MUMBER" s E$

120 INPUT "INSFIRATION/EXFIRATION";BS

130 INPUT "ANY CORRECTIONS Y/N"j(Gis

140 IF @¢="Y" THEN GOTQ 20

130 IF Be="INSFIRATION" THEN GOBUR 13540 ELSE GUOSUR

1690 ‘

1a0 GOSUR S&0: VINFUT DATA /77

170 PRINT %1

180 INFUT "ANY MORE RAEBITS Y/NY g (%

190 IF Q&="YUTHEN GOTD 160

200 Fé="aLLe

2100 PRINT %1, "all. RABRITS"

220 PRINT WL, "7, "MEANG, "BUMS", "8UM OF 8@", "800 OF

an', "sEMge

2F0 FOR k=Cl TO 12

240 SUMS=0: SUMOFSR=01: AR=0

250 FOR J=1 7O 12

260 GOSUR 1330

270 MEXT J
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280
290
Z0O0
10

g oy o

Swant}

HEQ
340
S0
Fh0
FT0
380
RSO
400
410
4320
4750
440
4350
LAHD
470
480
490
B[00
10

[ Y

st b
S30
540

550

GOsUr 1510
NEXT #
FRINT %41
FRINT “41,"8 RARRITE (1,3,5-10)"
FRINT Y1, "', "MEANS", "SUMB", "8UM OF sa", "86 OF
D", "SEMS"
FOR kE=C1 TO 12
Ad=0 BUMS=01: SUMOFS5H=0
J=1:608UR 1330
J=32 GOBUR 1EXO0
FOR JI=3 TO 10
SO0UR 13Z0
MEXT J
GOSUR 1810
NEXT K
FRINT %1
INFUT "ANY MORE DATA \"/N”;G!;i
IF @é="Yy" THEN GOTO 160
INFUT "bD YOU WANT TO FPRINMT MORE DATA Y/N'";Q%
IF Gé="fN" THEN GOTO 530
IMFUT "RABRIT MUMBERY3J
IF J:18 THENM GQOTO 470
GOSUR 990
INFUT "DO YOU WANT ALL RARRITS Y/N": Qb
IF @s="N" THEN GOTO 430
GOTO 200
GOSUR 2240
ERD

VIL A7 AP 77N AS S TNRPUT
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SHO

370

280

S90

SO0

610

HEO

L0

LS50

H60D

&0

LHBO

&0

700

714

F20

FEO

740

TR0

7H0

7O

780

70

800

810

DATA/
FRINT
INFUT
FRINT

IF Jx

IF J+
INFUT

AT, L

IS SN

"RABRBIT NUMBERY3;J

“TO CORRECT RABRIT NUMEBER ENTER RUNS=20 ©
12 THEN PRINT "WRONG RABRIT":GOTO 370

1 THEN GOTQ 370

TENTER NUMBER OF RUNS";A1L

1E)=AL PALLOWS RUN NUMBER TO BE

RETRIEVED FOR PODLINMG.

IF A

1x0 THEN GOTO &80

FRINT

FRINT %1, "RABRIT "J" HAS NO DATA

FRIN

T %1

FRINT Zi1:RETURN

PRINT

IF Al

FOR T=

FRINT

ROW"

FRINT

Al
F1E THEN FRINT "TO0 MANY RUNSY:GOTO 360
1 TO AL Y

"ENTER DATA,FRESS RETURN, CONMTINUE ACROS5S

TRUN NUMBER "I \

FOR E=C1L TO &

INFUT3 AT, E,d)

MEXT

NEXT

FRINT

FRINT

FRINT

FOR I=

FRINT

I

"CHECK ING DATAY

1 7TO Al

"RUN NUMBER "I




820 FOR KE=C1L TO &

830 FRINT AL &,

840 MEXT K

850 INFUT "ANY CORRECTIONS Y/N"3 0%
850 IF Gs="y" THEN GOSUR 18350

870  NEXT I

290 INFUT DO YOU WANT TO CHANGE RUNS Y/N"3; Q%
890 IF Qs<:x"Y" THEN GOTO 1010

00 INFUT "NMUMBRER OF RUNS"3N

GF10 IF Na=/1 THEN GOTO 990

P20 MNi=A1+1

QIO FOR I=NL 7O N

G40 FRINMT "ENTER DATA, RUN’”I

Q0 FOR E=C1 T0 6

F&H0 INFUT AT, HK,d)

F70 NEXT K

980 NEXT I

550 AL=NIA (I, 1, 15 =A1

1000 IF NrAL THEN BOTO 780

1010 FOR I=1 TO Al

1020 IF A(I,6,0)=0 THEN MEANS=0:K=63GOSUR
21003 'MISSING DATA

1030 IF A(I,S5, 1) =0 THEN MEANS=0:k=5:G0SUR 2100

LO40 1/ / /NORMALTZING/ /

1050 U=2%A(T, 4, 0)-2%A(I, 1,0

1060 V=A(T,2, D +A01,3,0)

1070 W=V-2%A (I, 1,00

1080 IF Ci=1 THEN A(I,7,J)=U/W ELSE
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1090

1100

11160

1120

11730

1140

1150

11460

1170

1180

1190

13200

1210

1220

1220

1240

1250

1260

1E70

1280

250

13O0

13510

1330

1540

AT, 7,0)=2X0(1,4,J)/V
ACT,8,)=2%A(1,5,J)/V
AL, 9, )=2XA(1,6,J)/V
NEXT I
FRINT %1, "RABRIT NUMBER "J
FRINT %1, "NORMALLIZED VALUESY
PRINT %i,"", "18T", "2ND", "ZRD"
FOR I=1 TO a1l
FRINT %1, "RUN"I,a¢1,7,0),A801,8,0) ,A(1,%,J)
MEXT I
FRINT %1, "DIFFERENCES FROM CONTROLS®
FRINT %1, ", 18T, "2ND", "ERD"
FOR I=1 TO Al
AT, 10,0 =/1,4,0)~A(1,2, 1) /2-0(1,3,0) /2
AL, 11, =a01,5, D ~A1,2,0) /2-A1,35,0)/2
AT, 12, D=A(1,6,0)-ACI,2,J)/2-A(1,35,J)/2
FRINT !
Yoy TRUN"I,A(T,10,3),A00,11,0) ,800,12,0
MEXT I°
FRINT %1
IF al=1 THEN GOTO 2030'RABEIT HAS ONE RUN
Fé="ALONE"
FRINT %1, "', "MEANS", "S8UMS", "S8UM OF 80", "S& OF
8D, "GEMS"
FOR k=01 TO 12
SUME=0 1 BUMDFSD=03: AR=0
CITETIP TP r 77 ISTRTS/ /777777
AL=A(T, 1,15

IF Al=0 THEM RETURN




1370

1380

1320

1400

L4410

1420

14730

1440

14350

1460

1470

1480

1490

1500

1310

1520

1360

1870

13580

1890

1600

1610

AZ=R02+01: 'COMBINE RARRITS

FOR

I=1 7T0O

Al

SUMS=8UMS+A (I, K, d)

NEXT I

MEANS=SUMS /62

FOR

IF E=58 AND A(I,5,J)=0 THEN GOTO 2100

I

MEXT

FOR

F=h AND A(l,6,3)=0 THEN BOTO 2100

I

T=1 TO Al

SUMOFSE=8UMOFSR+A (T, K, J)RALT B, J)

MEXT

I

SEOFSUM=8UMEXSUMS

SROFED=ARS (SUMOFS0-5R0F8UM/AZ) 7/ (AZ2-1)

SEME=80R (SQOFSD/A)

IF Fe="allr

FRINT

THEN RETURN

AL UHET=" MEANS, BUMS, SUMOFER, SR0F5D, SEMS

IF F#="ALONE" THEN NEXT K

RETURN

YA/ TNBR

FRINT

FRINT “41,R%,Ds"

FRINT

FRINT

FRINMT

FRINT

FRINT

FEINT

hl, HE

Ul HTE

AL Y
yARRE
Ul 6
Ui UHT

FULSE"

Ia

I5

QUT/ /77777777
"NE, E$

18T CONTROL INGF DURATION"
2ND CONTROL. INSE DURATION"
18T INSF AFTER PULSE"

BND INSF AFTER FULSE"

TRD OINSF AFTER FULSE"

MORMALLIZED 18T INSP AFTER
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1T&E0 PRINT W1, "#8 15 MORMALIZED ZND INMSF AFTER
P BEY

LTHZ0 PRINT %1, "#9 15 NORMALTZED ZRD INSP AFTER
FLiLsEr

LTAHAQ FRINT S1, "#H10 IS5 DIFFERENCE BETWEER 127 INSF
ARG CONTRIOLS"

1&S0 PRINT A1, "#11 I8 DIFFERENCE BETWEERN 2ND INSPF

AND CORNTROLS"

11

1aea0 PRINT H1,"#12 I8 DIFFERENCE BETWEEN ZRD INGF
AND CONTROLS"

1a70 PRINT Y1

ledd Cl=sRETURM: TREMOVES PLULESE POSITION

1&P90 17777785 FRINT QUY /777770777

L7000 PRINT 741, 8BE, 06" as, [T

L7310 FRINT Y1, "#1 IS TIME OF PULSE APPLICATIONY

T7E0 PRINT WL, "#2 15 157 CONTROL EXP DURATIONY

FPZEQ PRINT Y1, "#35 I8 2NMD CONTROLY EXP DURATIOMY

1740 FRINT Wi, "#4 I8 EXF CONTAIMNING FPULSE (15T
ERACD I

PZE0 PRINT W1, "853 18 2D EXP AFTER FULSE"

1760 FPRINT “i, v #é6 IS ZRED EXP AFTER PULSEY

I770 FRINT WL, "#7 I8 MORM&LTZED &ND CORRECTED EXF
CONMTAINING FULSEY

1780 PRINT W1, "#8 15 MORMALTZED 2ND EXF AFTER
FLL.BE"

290 PRINT AL, "#9 15 MORMALIZED B3RD EXF aFTER
PSR

TE00 FRINT Z1, "#10 IS DIFFERMOE BETWEEN 18T EXPF ARND

CONMTROLSY
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IR=RRN

1820

1 &40

1850

18&0

1e70

1880

1820
1900
1930
L9EO
1940
19RO
12&iD
L9770
180
LR
00
2010
ANl e

EONEO

0 NN AN

2040

2050

PRINT S1, "#11 IS DIFFERMCE BETHEEM ZNMD

COMTROLS"

FRINT Y1, "#12 IS DIFFERNOE BETWEEMN IZRD

COMNTROL S
FRINT W1
Cl=1aRETURN: TLEAVES FULSE FORITION
VAL FERROR CORRECTIONS /77777
FRIMT

X

EXF

TRFUT "COLUMN NUMBER 16, (7=bhole Fow,

H=G1obal Change "3 X
IF X7 THEN BAOTO 1970
T 208 THEN GOTD 1930
TRFUT "ENTER Run Ma. faeY
GHOTO 1880
FOFR E=CL TO &
TRIFFUT 380y, K, 00
MEXT K
HOTO Z0la
INFLT UNEW DATAY 3 Z
FRINT
IF Cl=2 THEM X=X+1
Friy, X, Jr=d
Tl
RETURN
FRIMT %1, "RARBBIT "JI"HAS ONMLY ONE RUNY
FRINT %1, "CONTROLES
ARES IS T="0 01,2, , "END="A{], 3, J7

FRINT %1, "VALUES

AMD

AND




ROED

RN

ARG

0T

2100

2110

SLE0

210

o or R
atle ittt

e

)

2240

N
ARG ol

PN L

ZEEHG

oy oy
2270
AEEO

TRUACGHY

EONC-Ny AW

ARE", "18T="001,4, 0, "2MD="a (1,5, 3), "ERD="0(1,6, 0
PFOCde=1 THEMN PRINT 721, "FULSE
APFLICATIONS (L, 1, 3
FRINT %1

FRINT %1
HOTO a0

VASSSAAESTIMATE MISHING VAlLUES /7777
A=Al

FOR =1 TO a1

IF AdL K, Jy=0 THEN AZ=41-1:2G07T0 2190

COM=s L, 2 d A (L, 5, T

MORM=CON/A (L, K, 02

DIFF=00N-a O, K, J)

MEAMNS=MEOMS+-ERTZ/ (23AE)

MEXT L

FRINT X1, "ESTIMATED VALUE FOR RaRBIT "J" RUN

CEOYOH#YE " TR TMEAMS

AT, R J Y =MEANMS

FROINT %1

FREST LR

VLA ACOUNTING NUMBERS SHORTEMED, OR
LENMGTHEMED S 77
Tl TD=0y Sl=0r S0=00 Q=0 A5=0

FREMNT %34, "NMorm £E” =17, "Morm £ETLY, "No. of
s

FOR J=1 TO 12

MU=y D=0

Al=f0d, 1, 1735




BEOD

N W

2EHO

EETG

2EE0

EERO

IF Al=0 THEN FRINT %1, "RE
N, PO, O, O GOTD 2RO
FOR I=1 TO A1l

TF &cl, 7,300 THEN MU=RLU+1
F AT, 7,341 THEN NMD=ND+1

MEXT 1

FRIMT %L1, "RE T, MU, ND, 6H1

IF 0= OR J=4 OR J:10 THEN GOTO

AE=A%A1 BU=EURNU S SD=80+ND

NEXT J

2400 FRINT 21, "alll. R, TU, TH, A2

EAL0 PRINT WL,"8 RB",BU, 80,63

2450 RETURN

Ty
Al at
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Aopailred t otest was performed for each
treastment and sach pulse position to determine
sighnificance of any changes in tE amd 1 of the

breaths aftter the pulse was applied.

A two way analyvs

of variance was perform

as outlined bhelow to determine significance

difference of etfect between pulse application

treatmants, This test allowed § the differen

el
T

of number of ruans perdorned on each rabbit and
hetwssen rabbit variation of effect. These tes
ware performed using & spreadsheet programme
(Calocstar, Microprol.

Fishers t

1l

used to test significance of difference betwsen

e

ad

o
CEs
the

te

st of independence (see pl34) was

treatments of rnumber of augmented hreats QoW 1Ng.

S
R




Jwg way
Fioe= sum of tEAT in all pos for rabbit r

Fp= sum of tE/t]l in all rabbits for pos p

= sum of tEAAT for sach pos and rabbit
o= P o sauared S ovuns of ) For oall Rb
o= sum (Fp sguared / oruns of pd for o&ll Rb
8 = asum (I sqgquared 7/ runs of each pos and R

E = total sum souared over total runs

ot freedom

degres

rabbits—-12

i1
T

Rt P o= {pumber of pos-1)% Ohumber
i o] d¥ o= {number of rabbits-1)

Eryror JHFE o snumber ruans- (number pos ¥ number e

andard error of means

JUN

o SEMF = (F

AR
i SEMR = (R~ AdER

error SEME ={total sums-5)/dfE

Fovalues

ME with odfF and dfE degrees freedom

pos FE

i FROs=BEMRASEME with diR and d¥E degrees {fresdom.

Thie tested signiticance of variation
hetwsen positions (FF and between rabbits (FRY.
Himilar testse were used to test sigmiticance of

var il atidon betwesen treatments.

The sign test was used to show the

1:54




significance of occcasional large shortening of bl

in the second and third breaths after the pulse was

applied.

Sigrnificance of the difference of freguenay,
ti, and tE between bhefore and after FDE
administration was tested by the paired © test.

The significance of the difference of change
in freguency, change in tE, and chamge in tl
betweern the trestoments was tested by one way

analvysis of variance.

Fishers te of independance was used to test
the significance of the lack of apnosa ater

irdjection of svlocaine into the pericardial sac.

“T1
LR

ishers te of dndependance

e wvlo bhoeasths (B aprcea (An) o apnoea (Mg

Y
a

—

post wvlo  breaths (B apnoea (A o apnoea ()

tatal bi-maths (2E) apnoea (A1) Mo apnoea (Nt
The probakility of apnoea ocowing

independantly of dvlocalineg application is:

I !

ﬁp!ﬁxlmp!Nx!
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Three treatments were performed before and
after xwvylocaine (intact, vagotomvy, glossopharyrgeal
nerve section’. The sum of the probability of
independance for sach treatment is the probahility
af independance for all trestments.

The validity of these tests was checked by

Frofessor Mantord.
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