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ABSTRACT

:}The effects of serotonin (5HT) and diazoxide on;the airways of

anesthet1zed para]yzed guinea-pigs were exam1ned

The injection of G5HT produced constriction in the large a1rways
of these animals in two ways. Firstly," constr1ct10n was produced by a
direct acpion of SHT, on airﬁay smooth musc]e,kwhich was blocked by the
Sﬁf-antagonist, methysergide. |
71/ Secondly, SHT waé shown to have an indirect action which indo]ved'
a‘central autonomic reflex that was independent of the vagus nerves.
The afferent pathway of this reflex involved fibres in the g]ossopha-
ryngeal nerves.' The efferent pathway was not completely characterized -
but appeared to have both'periphera1 muscarinic and sympathetic compo-
nents; th; sympathetic component most likely involved a1pha2-receptors

The effects of 5HT on- the small airways of these animals were not
reproducible. Therefore, no mechanism(s) could be determined for these
actions. t

Diazoxide also produced congtriction o% the large airways by an
ind{rect action. This action was also shown to invdlve a non-vada],
central autonomic reflex, mediated by afferent -fibres in the glosso-
pharyngeal nerves. This réflex did not have a muscarinic component ,
~ but didéjnvo1ve a sympathetic component similar to.the}one aﬁsociaﬁed
with responses to SHT. In addition, the reflex effects of diazoxide
were blocked by mepyramine, ipdicating the involvement of histamine Hl'
réceptoréjf'ThéQe-respodses were also blocked by disodium cromoglycate -

(DSCG), suggesting that Hl-receptor stimulation was due to the release

of histamine.
vi



Electrical stimulation-of the carotid sinus nerve produced reflex
bronchoconstricpion which was'dependent on the pulse-width, and which
consisted of two components.

One component was blocked by atropine or atropine methiodide,
whereas the other was blocked by e1ther rnepyram1ne or DSCG. Both
componentseyere unaffected by vagotomy, but were abo]1shed by trimeth-
aphan, catecho]amine depleting agents, or decentralization. * Thus,
nerve stimulation produced reflex constriction similar to that’produced
-by 5HT and diazoxide, and conf1rmed that the afferent pathways of their
ref]ex actions were mediated by the g1ossopharyngea1 nerves.

Several observations made in the§e investigations are of possib]é
clinical interest. Firstly, reflex bronchoconstriction induced by S5HT
or diazoxfde Was se]éctive]yggﬂpcked by muscarinic or histaminergic
antagonists, respectively. These resu]ps suggest that appropriate drdg
therapy should be as effective as uni]atera]lor bﬁ]atera] removal of
the carotid body with, or without,,carotid sinus.denenvation in the
treatment of 1ntractab1e asthma.

éécond]y, this work suggested that an investigation of a]pha2
agonists and antagon1sts might be helpful in resolving the controversy
as to whether or not.alpha-receptors exist in the airaays..

Lastly, the block of bronahoconstriction.inducedbb; diazoxide or
nerve stimulation revealed a previously unréporteqvaction of DSCG. ‘The
ability of DSCG to prevent reflex constriction may partiai]y explain,
its ab¥lity to reduce airway hyperreactivity associated with lung
disease or induced by various other agents such asr apetylsa]icy1ic

acid.
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CHAPTER 1
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INTRODUCTION



The major functions of the respiratory system are to jprovide
oxygen to the body and to remove carbon dioxide from the body.‘ 0pfima1‘
functioning requires that ;two separate, but related, processes occur
éfficient]y (Guyton, 1971a). first]y, adequate mdvemént of‘aif into'
and out of the lungs must occur, -and secondly, oxygen 9nd carbon diox-
‘ide must E}ffuse across alveolar membranes. Both processes depend, to
varying degrees, on the patency of the airways. Therefore, some anat-
omy and physiology of the lurgs will be reviewed in orderuto explain
the morejé0mmon mechanisms involved in airwéy obstruction or harrowing.

The trachea is the largest of the airways ana divides to form the
br;nchi (see Figure 1). The bronchi.répeated1y subdivide, causing the
airways to become progressively shorter and of smeller diameter with
each division. The smallest of the bronchi are referred to as bronch-
ioles. Terminé] bronchioles 1ie betweeﬁ those airways which conduct
“air and those airway§owhich are involved in ga§ exchange (West, 1974).
The termfnaI bronchioles lead into the,respiratory’bronchio1es which
may open directly into an alveolus. but whjch more often branch into
several alveolar duéts. The alveolar ducts‘are short airwayﬁ connect-
fng respiratory bronchioles to alveoli; the alveoli ére the major sites
of gas exchange.

The agtions of cilia, agoblet ce1ls,vand'bronchia1 glands are all
important to the maintenance of patent ajrways (see Figure 2). Cilia
are found in fhe airway mucosa to fhe level of the terminal bronchio]es
(West, 1974a; Kleinerman, 1975). The cilia normally beat in a rhythmic
fashion téﬁbropel secretions and inhaled particles towards the mouth.

Various factors have been shown to inhibit ciliary motion, such as

dust, high levels of oxygen or carbon dioxide, dehydration, mediators
k4



of allergic reactions, and drugs, especiéi]y those with agxi-muscarinié
acti;ity. ‘Some adrenergic agonistﬁ have been -reported to increase
ciliary activity (Nadel & Davis, 1977).

? Most airway secretions arise'from the goblet cells and'bronchia1
glands, both of which are most numerous in the larger bronchi and dis-
appear at the level pf the bronchio]eé (K]einennén, 1975; Nadel & Da-
vis, 1977). The ggb]et, or secretory, cells produce mucous secretions.
Both the number and activity of goblet cells increase. in response to
airway irritation. However, the cells have Tittle or no nervous con-
trd] (Kleinerman, 1975). . o

The bronchial glands lie deeperkin the airway wall and pﬁéduce
both mU@oug and serous secretions. These secrétions reach the ILmen
through a glandular duct.system. fﬁ contrast to the goblet cells, the

bronchial glands are influenced by the parasympathetic nervous system.

Thus, glandular secretion is affected by changes in neural activity

and, in addition, may be influenced by the administration of choliner-.

gic drugs.

Normally airway secretions and ci]iéry activity are balanced to
pzovide a protective,’demu1cent cbating which constantly flows over the
airvays towards the mouth, helping to remove foreign particies and de-
bris. If this balance is interrupted, muco-ciliary transport decreases
and the airways may become engorged and thickened, thus resulting in
nafrowfng (West, 1974a). If severe, mucous'plugging may occur and the
airways affected will be completely obstructed. In gener&], choliner-
gic stimulation facilitates, and cho]inerjic”b]bckade slows, muco-cili-
ary clearance. Adrenergic agents have been shown to have either no, or

variable, effects on clearance (Nadel & Davis, 1977).



\

In addition to the factors mentioned above, the calibre of the
. dirways is largely determined by the influence of neuré]'activity on
airway smboth muscle. The innervatibn of the lunas is complex and will
only be briefly reviewed. More comprehensive reviews have been pub-
lished by ofhefs (Fontaine & Herrmann,}1928; Macklin, 1929; Larsel] &
Dow, 1933; Daly & Hebb, 1966; Widdicombe & Sterling, 1970; Nadel, i977;
Richardson, 1977, 1979; Russe1],A;980).

The airways of most species are innervated by both parasympathetic
and sympathetic HOF;OUS systems. Possible exceptions are the rat and
the rabbit in which the presence of sympathetic innervation has been
questioned (E]-Bermani, McNary & Bradley, 1970; Mann, 1971). Non-adrg-
nérgic, non-cholinergic iﬁhibitory Anervdus activity has also bé:ﬁf
Observéd in airway’ tissue (Coburn & Tomita, 1973; Hammarstrom &
Sjostrand, 1979; Ka1enbefq & Satche]] 1979; Chesrowﬁ, Venugopalan,
G01d & Drazen, 1980; Middendorf & Bssell, 1980). .

The major: parasympathet1c contro] is derived from the vagus nerves
(te;th cranial nerves) and their branches. Vagal efferent- fibres
emerge. from the jugular foramina and travel down the‘neck towards the
thorax and'abdomen (Gray; 1966). In addition to numerous branches, the
nerves form thé extrapulmonary- plexuses on the main pulmonary artery
and its two branches. The ext;apulhonary plexuses are continuous with
others which surround the bronchi and various pulmonary blood ves§els.
These intrapu]monary p]eXuses have been reported to contain Humerbus
parasympathetic ganalion cells from which mestly postganglionic fibres
run to the bronchi and pulmonary vessels. Afferent vagal fibres ffom

the Tungs to the central nervous system also occur but will be dis-

cussed under the section dealing with lung reflexes.



Stimulation of afferent fibres in the glossopharyngeal nerves

(ninth cranial nerves) is also known to produce changes ‘in lung func-

tidn (Nade1, 1965). However, these changes are—all of an indirect,

reflex nature and, therefore, also will be discussed under the section

“on lung reflexes. ’ hi
Sympathetic outflow to the lung arises from the upper four to si
segmehts of the spiaal cord. Nerves from these areas relay in t
‘thoraéﬁc, inferﬁor-cervica], mid-ceryica] and syperior-cervica1; gan-
glia. Fusion of the inferfor-cervical Qang]ia with either fhe first
thoracﬂ?/ganglion, or with the upper three and feur thoracic ganglia,
has been observed ip some ;pecies (Da]y;& Hebb, 1966). The resultant
fused ganglia are fhen referred to as the stellate gangljia.
. the

Post-ganglionic fibres pass from the gang]?% to various plexuses,

~ bronchi and pulmonary blood vessels. '

Studies on the distribution of cholinergic fibres in the lungs in-
dicated that they penetrated into the smooth muscle layers of the air-
wgys (Daly & Hebb, 1966). Studies 1in which fluorescent staing were

used to demenstrate sympathetic fibres in the muscle layers were [incon-

clusive. Considerable species variations have been observed, |but in

general, sympathetic fibres tend to be found chiefly near pulmonary

i

blood vessels with relatively few fibres entering muscle tissue
' »

(Meier-Sydow & Gonsior, 1978; Russell, 1980).

A]thodgh the parasympathetic and' sympathetic ;ystems hav
been discussed separately, it is iﬁportaﬁt to note that conviderable
mingling of the‘two syétems occurs. Sihp1e connections between the
systeMs may be observed _high in the-ﬁeck fegion, but the, connections

may be complex, particularly in the pulmonary plexuses. Theé inter-

i
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weaving becomes so complex in these regions that identification of dis-
tinct sympethetic or parasympathetic components is extremely diffiéu]t.

~ In spite of the complex innervation patterns and crossiﬁbs between
the two systems, the parasympathetic system is generaﬁ]y said to cause
constriction of airwey smooth muscle, whereas, the sympathetic system
is said to cause relaxation of airway smooth muscle. A]théugh this is
the general case, exceptions have been ;eported in fhe literature
(Digon & Ransom,‘ 912; Binger, Gaarde & Markowitz, 1§31; Petrovskaia,
1939; Hebb, 1939,3;>6f—5T§§n7_€é::gatch, Mebel, Nade1'&-Staub, 1965;
Nadel, 19€5; Hanmérstrom & Sjostrahd, 1979). These also Wi]] be con-
s;aered iﬁ mere detail when respiratory reflexes are‘discussed. The
predominant neural effect is one of vagal-mediated constriction and is
the major contributory factor to normal tone in airway smboth myscle
(Severinghaus & Stupfel, 1955; Cabezas, Graf & Nadel, 1971; Meier-Sydow
&.Gonsior,'1978). '

Rirway smooth musg]e extends from the trachea to the alveolar
ducts (Miller, 1947). The muscle isbarrangod iﬁ 2 ageodesic pattern and
contrqction therefore R#oduces both shéftening and narrowing of the
airways (Widdicombe, 19%3; Olsen et al.,1967; Widdicombe & Sterling,
1970). Variousaeffects on pulmonary vent{1ation can be’produced by
changes in muscle tbne,'depending on wh}ch muscles are -involved. These
effects can be used to divide the airways into two relatively distinct
groups {Mead & Whittenberger, 1953: Mead, 1961; Nadel, 1965; Collier,
1968). | -

The first group (see Figure 3) consists of the large or conducfing
airways. Generally, these extend. from the trachea to the terminal

bronchioles and comprise what 1is called the anatomic dead space



(Guyton, 1971a). However,vit should. be noted that, in humans, itiis
more customary to define the Jarge airways as those with an internal
< diameter grefler than 2 mm (West, 1974b). |
Thg second group consi;ts of the smell or peripheral airways.:
These extend from the terminal bronchioles to the alveoli and are the |
airways involved in gas exchange. |

. 4 g '
- The large airways receive their blood supply primarily from the

" bronchial circulation,'whefeas the small airways are Ehief]y sﬁpp]ied
}ith blood from~the pulmonary circulation (Guyton, 197Ib). Injection
of drugs ‘intb “the bronchial arteries therefore tends to localize
‘initia1 effects fn the'Targe airways and, similarly, pu]monary'injec-
tion chiefly produces changes in the small airways (Nadé].1965; DeKock,
Nadel, Zwi, Colebatch & Cisen, 1966; DaUtrebande, 1970). ‘

Changes in the calibre of the 1arge airways primarily affect the

~ease with which air can flow through the lungs. These changes involve
vnon-e1astic or resistive forces and are referred to as changes in flow
resistance (RL) or its reciprocal, conductance (Mead & whittenbérge},
1953; Mead, 1961; Colebatch, 1970; Drazen & Austen, 1974).

Changes in the éa]ibre of the small airways primarily affect the
ease with whiéh the lungs expand to hold air and are referred to as
changes in lung comp]ianceu(CL) or its reciprocal, e]astanceﬂ(ﬁead\&
Whittenberger, 1953). 7
: Constriction of airway smooth!musc]e thus produces increases in RL
and decreases in CL, whereas relaxation causes'gecreases in RL and in-

céreases in~CL (Karczewski & Wigdicombe, 1969b; Drazen %)Austen, 1974).

A wide variety of drugs and other agents can produce such changes

(Bouhuys, 1977;'Simonsson & Svedmyr, 1978; Svedmyr & Simonsson, 1978),

7 %
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@ .
but as the major portion of this- thesis is concerned with airway con-

“striction, the remaining discussion will deal chiefly with airway
cdnstriction. '
"Drugs and other agenté cen produce airway constriction directly,
1ndirect1y,.or by @& combination bﬁ&direij'ahd'indirect'actions. For
example, although a;ety1cho1ine is involved in some reflex effects, -at
least part of itsveffect in the airways is due to direct action on
smooth muscle (Dixon & Brodie, 1903; Karczewski & Widdicombe, 1969b).
Other cholinergic agohists have been shown to produce simi]ar.effects _
(Dixon & Brodie, 1903; Widdicombe, 1963; Bouhuys, 1977;. -
Histamine also possesses both direct and indirect actions. The
direct effeéts of histamine may be eifher contractile or relaxant and
.are thought to involve two disé%nct histamine receptor subtypes (Chand
& Eyfe, 1975). Contractile effects of histamine involve Hl-receptors
end are blocked by 'classical' or H,-receptor blockers such as” mepy-

ramine (Ash & Schild, 1966; Chand & Eyre, 1975). -Relaxant effects of

!

histémine involve Hz-receptors and are blocked by H;-antagonists such
as burimamide (Black, Duncan, Durant; Ganellin & Parsons, 1972; Chend &
Eyre, 1975) -or cimetidine (Brimblecombe, Duncan, Durant, Ganellin,
Parépns'&'BIack, 1975). The distribution of Hl- an& H2-réceptors with-
v'in the 1ungs iS variéb]e’and, in addition, shows a large interspecies
variation (Eyre, 1973; Chand” & Eyre, 1977; Goadby & Little, »i§78§
Okpako, Chand & Eyre, 1978; Chand & DeRoth, 1979). |

" Indirect actions resulting in airway constrittion can be-clas-
sified into three broad groups: the re]eaée of constricting agents,
the inhibition’ of di]ating.factors, and reflex actions.

Both chemical and iﬁmunologica] stimuli have been shown to induce

o
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the release of various cons{rictjng agents in the lungs (Collier, 1968;
Beéven, 1976a,b; Austeh, 1977, Lichtenstei;; 1977; Pipéf, 1977; Fanfoz;
| zi, Moron{, Masini, Blandina & Mannaioni, 1978). Of these factors,
histamine is most directly related to the work reporied in this thesis
and therefore will be diséussed further. 2

In the lungs, histamine is found chiefly in the mast cells, but
also in basophils and platelets. Mast cells are found throughout the
lungs, but most are fSund in the perivascular apd peribronchial connec-
tivgbtissues (Kleinerman, 1975; Beaven, 1976a; Cutz & Orenge, 1977).
Recént studies in dogs and mbnkeys sucgest that the number of mast'
cells increases as af;way size deéreases (Nisam, Zbinden, Chesrown,
Barnett & Gold, 1978; @gerzon,}Pare, Michéud & Hoag, 1979).

Ore of the more imporfant stimuli for thg\{e1ease of histamine is
the iﬁteraction between mast cells and immunoglobulin E (IgE) antibo-

dies (Ishizaka, 1975; Austen, Lewis, Wasserman &)poeti1, 1975; Lichten-
B ’ (

stein,11977). ‘ , |

In vivo and in vitro both adrenergic and cholinergic drugs influ-
ence_the release of histamine (Beaven, 1976a,b; Webb-Johnson & Andrews,
1977a,b; AUSten,:1978; Wilson & McPhillips, 1978). In general, adre-
nergic stimulatfon decreases, whereas cho]ihérgic stimulation increase§
the ‘relTease of histamine, both éffects probéb]y involving 2lterations
in the levels of CAMP and cGMP. However, adrenaline has been shown to
facilitate the release of histamine, particularly in vivo. (Fantozzi et -
a1z, 19783; Accgrding‘fo‘studies'with murine néoplastic mast cells,

this effect most 1ikely involves a]pha¥adrenergic receptors (Moroni,

’ . .

o

Fantozzi, Masini & Mannaioni, 1977).

However, data concerning the existence of alpha-receptors in air-



way smooth myscle is controversial (Foster, 1966; Guirgis & McNeill,
1969; Fleisch, Maling & Brodie, 1970; Simonsson, Svedmyr, Skoogh, An-
dersson & Bergh, 1972; Bianco, Griffin, KamBuroff & Prime, 1974; Patel
& Kefr, 1975; Nousiainen, Arnala, Airaksinén & Kokkola, 1977).

‘Neural activity and prostaglaendins have also been reported to
modulate histamine release by affectina levels of cAMP aﬁd CGMP (Fan-
tozzi et al.,1977; Austen, 1978; Webb-Johnson, 1977b). Relaxant pros
tagléndins'and‘sympatheticn§iimu1ation tend to decreése the re]eésé of
histamine. Contractile prostaglandins. and parasympathetic stimulation
tend to increase the release of Hfétamine. | | |

It should be noted tha£ the agents discussed above all have ac-
tions on airwéy smoofh muscle tﬁat are independent of any modd]éting
effects they may exert onithe réﬁease'of histamine.

Agents which inhibit dilating factors mey also result in airwa¢3
congtriction. Although vagal effects predominate in the lungs, normal
bro~ct-al ' tope is the net result of both/;onstrictfng and di]ating
factbns., The major dilating or re]axapt‘influence ié sympathetic, with
cifcu]ating catechofamines”brobab1y be?ng more importent_than>neU'+1
activity (Webb-Johnson & Andrews, 19773; Meier-Sydow & Gonsior, 1978)..
~ The relaxant effects are médiatéd by beta,-receptors (Lands, Luduena &
~ Buzzo, 1967). _
Szentivanyi f1968) suggested that' a partial blockade' of beta, -

receptors would compromise Fhe ability Bf the airways to counte%ba]ance
consfricting factors. He postulated- that such a blockade was inherent
in the éirways of asthmétic‘patients‘and that it explained'the_charac_
_teriétic hyperreactivity of airways in this_éroup.

Similarly, unopposed constricting forces have been suggested to

\
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exp]atn bronchospasm and airway hyperreactivity induced by beta—recep-
tor b]ock1nq drugs (Dollery, Paterson & Connoly, 1969) However, thef
unmasP1ng of a1pha receptor act1vity or 1oca1 anesthetic effects of the
beta-receptor blockers have a]sq been 1mp11cated (Dollery et 31,;1969;'
Burden, Parkes & Gardiner, 1971; Simonsson et al., 1972). More recent-
.1y, Mactagan & Ney (1977, 1979a,b) have reported that prophano]o]-
induced bronchospasm could be blecked with sodium‘cromog1ycate but was
unaffected by atropine,'mep}ramine, cimetidine, methysergide, phenoxy-
benzamine or the choice of aresthetic. |

Thus, although blockade of normal dilating factors seems suffi-
cient cause for increases in muscle tone and responsiveness induced by
agents such as.propranoJol, the actual mechanism js probéb]y much more
complex. | | | |

Verious nervous ref1exes (see Figure.4) are involved in the regu-
lation -of lung function (Dawes & Comroe Jr., 195@; Aviado Jr. &
Schmidt, 1955;.w1ddicombe, 1961, 1963; Guz, Noble, Trenchard, Cochrene
é.Makey,‘1964;.Guz, Noble, Thenchard,_widdicombe, Mushin & Makey; 1966 ;
~ Paintal, 1977a, b; Sampson, 1977-'Richardson 1977, 1979) Several re-
: flexes of. th1s type with afferent pathways mediated by fibres in the‘
vagus nerves have been 1dent1f1ed gnd will be descr1bed next.

Pulmonary stretch receptors gre thought to lie 1n the smooth mus-
cle 1ayers,b particularly in jthe blarge airways (w1ddicombe, 1961;
Guyton, i971a; Meier-sydow &'Gbnsie}, 1978). Lung distension stimu1ates
the stretch receptor; and 1n1t1ates the Her1ng Breuer inflation ref]ex
This reflex causes 3 decrease in the frequency and force o£\1nsp1ra-
tion. Subsequent 1ack of stretch receptor act1v1ty or lung deflation

__initiates the Hering-Breuer def1at1on reflex whvch causec an 1ncrease

11



in the frequency and force of fhspiratiohs The inflation reflex seems
to be ‘the more important and may also cause a slight degree of broncho-
d11at1on

Lung deflation or local edema stimulates type- J receptors (Pain-
tal, 1977a,b). These receptors are found near the a]veo]1 and are also.
referred to as juxtapulmonary cap111ary receptors deflation receptors
or non-mye11nated afferent C-fibres. St1mu1at1on of these receptors
produces apnea fo]1owed by rap1d sha1]ow breathing, and bronchocon-
str1ct1on | ”

Irritant receptors are found in the trachea ahd larae bronchi
(Milter, 1937; Nade1, 1965; Sellick & Widdicombe, 1969) and are often
referred to as rapidly adaptfng»or 'cough'»receptggs. Stimulation of
;hese receptors follows contact with dusts or other irritants and also
| produces reffex bronchoconstriction. . | |
| Stimulation of chemoreceptors in the aortic arch and’various other
.card1opu1monary receptors which- primarily med1ate card10vascu1ar ef-
- fects can also produce reflex bronchoconstr1ct1on (Dawes & Comroe Jr.

' 1054). |

-Generally vagé1 fibres also are thought to-provfdelthe efferenf‘
pathway for a11 of the ref]exes descr1bed above (Dawes & Comroe Jr. |
1954; Widdicombe, 1963; Nadel, 1965 Sellick & W1dd1combe, 1969; Guz,
Noble, Eisele & Trenchard, 1970). Reflex constr1ct1on 1nvo1ving vaga]i
efferent fibres chiefly affects.the large airways and can be blocked by
vagotomy or -atropine (Nadel, 1965; Nadel, Corn, Zwi; Flesch & Graf,
1967). : o

/

Stimu]atioh of chemoreceptors in the carotid'body and barorecep-

. tors in the carotid sinus also produces reflex effects in the lungs.

-

J
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These will be discussed in some detail as they are important to the
major subject of'this.thesis.

| Mahy aufhdrs haQe.fnvésfigated and reviewed the anatomy and physi-
ology of these sﬁructurés (gg., Gerard & Billingsley, 1923;‘Boyd, 1937;
fchibukmacher, 1938; Eisele & Jain, 1971; Biscoe, 1971, 1977; McDonald,
1977). In addition, the extehsivé anatomical review by Ask-Upmark‘
(1935) provides the basis of the anatomy described here.

Both the carotid body and the carbtid sinus are found near tﬁe
bifurcation of the commoﬁ carotid artery.(see Figure 5). The carotid
body is chiefly supplied with blood from eithér the e*terna] carotid or
occipitaT arteries and primarily exhibit; a sensory fhnction involving

chemoreceptors. =

-

The carotid sinué appears as a dilation of the internal carotid
artery occurring gt either fts'origin from the common carbtid artery or
at the origin of the occipital artery, and primari]yrexhibits a sensory'
;fﬁﬁctionkinvolving 'pressure' or bardreceptors.

These structures are generally thought to be innervated by fibres
of the gTOSSOpharyngea1 nerves, the Vagus her¢es, the cervica]_sympal
thetic nerves, and bos;fbly_the hypoglossal nerves. The host important
.and consfsteht of these is g10550pharyﬁgea1 innervation. In~particu-
lar, afferent fibres from both tHe_carotid sinus and the carotid body
form the carotid sinus bfanch —of thé. glossopharyngea1‘ hgrve. This
branch is va;iously rzferred to aé thé carotid sinus nefve, sinus nerve -/
of Herfng, Hering's nerve .or the ramus caroticus g]osgbpharyngei. Var-
ious cdnnections have beén observéd among the caro?id sipus nerves<and
the other nerves mentioned. ‘ | * C

_ Changes in the freduenCy of respiration have been reported |

13



(Ask-Upmark, 1935) and, in addition, bronchoconstr1ct1on may be.,a fea-
 ture of respiratory reflexes mediated by afferent f1bres in the glosso-
pharyngeal nerves (Nade], 1965). As a result, surgical procedures
involving the carotid bodies and carotid sinuses have been.tried in the
treatment of intractable lung diseaees such as asthma.

Both unilateral (Nakayama, 1961; Overholt, 1962) and bilateral
((Keim, 1964; Wood, Frankland & Eastcott, 1965; Takino & Takino, 1965)
remoya] of the carotid'bodies was promoted during the 1960's. Some
surgeons limfted' their procedure to removal .6f the carotid bodies
(Nakayama, 1961) whereas .others also removed surrounding tissues and
denervated the carotid sinus (Overholt, 1962; Phillips, 1966). A com- |
bination of adverse effects, especia]]y_after bilateral surgery with
sinus denervatipn, and  lack of Aobjective improvement in controlled
studies bcaused mast_ surgeons to abandon_ the procedures (thourke &
0'Rourke, 1964). More recently, Winter (1980) has suggested once again
that. b11atera1 remova1 of the carot1d bodies may prov1de long-term
benefit to patients w1th 1ntractab1e asthma, probably by decreasing
afferenp:1nput into a bronchoconstrictor reflex system involving chemo-
receptors. This suggest1on will be ment1oned again in Chapter 4,

. The efferent pathways of bronchoconstr1ctor reflexes initiated by
carotid chemoreceptors or baroreceptors are not well defined, and both
vagal and-sympathetic pathways have'been 1mp]icafed

Most 1nvest1gat1ons of possible vagal pathways have involved ei-
ther vagotomy or pretreatment with atrop1ne. In these investigations,
-both treatments.were either w1£hout effect on refleXes with glossophar-

~ yngeal afferent pathways (Neil, Redwood & Schwe1tzer, 1949 Heymans,
Hyde, Terp & de V]eeschhouwer, 1952; Page, 1952; Konzett 1956, Balzer,

14



Greeff & Westermann: 1956; D'Silva, Gill & Mendel, 1966; Daly, Korner,
Angell-James & Oliver, 1978; Advenier, Boissier, Ho, Mallard & Ruff,
1978) or had inconsistent effects (Binger et al., 1931, Bénister, Feg-
ler & Hebb, 1949; Mott & Paintal, 1953; Douglas & Toh, 1953; Comroe
A'Jr., van Lingen, Stroud & Roncoroni,, 1953; Green & Widdicombe, 1966).
The results of investigations of possible sympathetic pathways
were Tess contradictory than the experiments with atropine or vagotomy.
Green & Widdicombe (1966)'used bilateral sympathectomy to virtu-
ally eliminate bronchoconstriction 'induced by chemoreceptor stimu]é-
tion. The sympathectomy consisted of ejther ligating the sympathetic
nerve trunks anq‘ branches of the stellate géng]ja,‘ or removing the
stellate ganglia plus the upper thoracic ganglia. ¢Either stellectomy
or sectioning of the cord has a]so been observed to suppress reflex
resp1ratory responses by others (Cromer, Young & Ivy, 1933; Ban1ster,
et al., 1949; Coote & Macleod, 1974).
Nadel & Widdicombe (1963) conc]uded that the efferent pathways of
Aref]exes involving both - carotid baroreceptors and carotid chemore-
ceptors were med1ated by the vagus nerves in the dog and the cat. How-
’ ever,.thelr conclusions were based on experiments in which the vago-
sympathetic nerves were cooled. Others have shown that stimulation of
g]ossdpharynggalb afferents produces changes in sympathetic outflow
(Chien,. 1967; Alanis, Defillo & Gordon, 1968; Coote & Macleod, 1974;
Kezdi & Geller, 1968; DeGroat & Lalley, 1974) which could be affected
by cooling (Dixon & Ransom, 1912; Daly & Mount, 1951; Nadel & Widdi-
combe, 1962). In particular, mye]inéted baroreceptor afferents are
thought»to be mediated centrally in the tractus solitarius th1eus and
then to synapse with sympathetic fibres (Kezdi & Geller, 1968; Hilfon,
1975; Spyer, 1975). | o '
- s



In contrast to the above workers, McCubbin, Green, Salmoiraghi &
Page (1956) obtained prominent respiratory responses after vagotomy or
sectioning of the cord at the 6th cervica]bvertebra. However, they did
not distinquish between reflex and direct effects.

Other workers investigated possible pathways by sectioning and
then. stimulating the cut ends of individual nerves. Unfortunate1y the
results of these investigations were often inconsistent or contradicto-
ry (see Table 1). Several factors may have contributed to fhe dif-
ferences in results obtained by various workers: |

1) Species differenceg have been noted in both the anatomy
and innervation of the lungs, the carotid sinus, and the carotid body
(Miller, 1937; Ask-Upmark, 1935).

2) In the cese of the vagus or nerves from the stellate
ganglia, both constricting and dilating fibres may be stimulated (Roy &
Brown, 1885; Dixon & Brodie, 1903; Binger et al., 1931; Hammarstrom &
Sjostrand, 1979).

3) Experimgnts in which the‘carotid sinus nerves are stimu-
lated may behcomp1icated‘by the communication of the glossopharyngeal
nerVes with branches of the vagus and sympathetic nervés (Gerard & Bil-
lingsley, 1923;\ AskTUpmark; 1935; Boyd, 19?7; Tchibukmacher,] 1938;
Sheehan, Mu]ho]]and & Shafiroff, 194i;varaham, 1968; Biscoe, 1971).
The methods of stimulation in varibus.expefiménts were also different.
In addition to electrical stimu1ationisf nerves, known pressure
changes , hemoerage, chemicals and drugs have all bqeﬁ used to s€imu-
late the appropriate receptors. A1§b, methods usetho assess respira--
tory response usually differed.

"4) The choice and dose of anesthetic agent can also influ-
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énce respiratory responses (Douglas et al.,:1950; Dawes & Mott, 1950;
Douglas, Dennis, Ridgway & Bouhuys, 1969; Advenieflgz al., 1978).

5) The investigation of a pafticuTar.reflex'effect may be
complicated by other reflexes or direct effects (Dawes, Mott & Widdi-
combe, 1951; Comroe Jr. et al., 1953; Paintel,-1955,1957; Alanis et
4l., 1968; Mills, Sellick &.Widdicombe, 1969; Sellick § Widdicombe,.
1969; Biscoe & Sampson, 1970). For example, Schneider & Yonpkman
(1953a,b)}$uggested that vagal reflexes masked fhe direct ac. .. of
5HT on the heart. THus, {t.seems posgib1e that reflex effects mcic ¢
- by. sympathetic efferent ‘pathways could be masked or modifiec by

va§§11y-mediated changes in the pattern of breathing or other vaga:

reflexes.

6) Fiha]]y; many of the inconsistencies can be attributed to
the different re;ponses of sbontaneous]y breathing and paralyzed ani-
mals. Spontaneously breath}ng animals chiefly experience changes in
the rate and depth of breath?ﬁg which may mask or élter other effects
on the airways (Mead & Whittenberger, 1953; Bevan & Verity, 1961; Green
é'Widdicombe, 1966; Kafgzewski & Widdicombe, 1969a,b; Sellick & Widdi-
combe, 1970). |

Airway constriction can also result from a combination of direct
ahdvihdirect effects. For example, in addition tc the direct effects
discusséd above, histamine has been reported to produce reflex broncho-
con;triqfion mediated by }he vagus nerves (DeKock et al., 1966; Nadel
et al., 1967; Collier, ‘1968; James, 1969; Karczewski & MWiddicombe,
1969a,b; Mills § Widdicombe, 1970; Dsug1as, Dennis, Ridgway & Bouhuys,
1973). | | |

Hypercapnia has been reported to ’produce réf]ex bronchoconstric-

7
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~~ tion mediated by afferent alossopharyngeal and efferent vagal fibres
{Nadel & Widdicombe, 1962; Nadel, 1965; Nadel et a1 wl967). Also, di-
rect actions of'carbon'djoxide in the airvays have been reported to |

e

produce both re1exant (Duckles, Rayner & Nadel, 1974) and contpactile
(Greene & Widdicombe, 1°66) responses. : RO

Because of the many species differences observed in lung structure
and neural regulation of airway smooth muscle, the reasons for choosing
the guinea-pig as the experimental animal used in the exper1ments re-
ported in this thesis will be briefly outlined.

H1stor1ca11y, the guinea-piag has been the species most often used
for evaluating the actions of agents oh airway smooth muscle (Mills &
Widdicombe, 1970). The guinea-pig is particularly suitable for study-
ing the effects of bronchoconstrictors as smooth muscle in the airways
extends into the alveolar ducts and is more abundant than in other

.species (Miller, 1937).

The innervation ot guinea-pig 1un§ includes parasympathetic, sym-
pathetic, and 'purinergic' fibres and is reported to be similar to the
innervation found in human lungs (Richardson, 1979; Zorychta & Richard-
son, 1980). | | '

Lastly, the sensitivity of guinea-pig airways to bronehocohstric-

_tors and ’bronghodi]ators is also similar to that in human airways
(Hawkins & Schild, 1951; McDougal & West, 1953). |
Both functional and‘morpho1ogica1 techniques have been aeve10ped
.to examine effects occurring ir the large and the small airways. The
methodo]ogy used for the 1nvest1gat1ons reported in this thesis is of
the functiona] type Therefore the pr1nc1p1es of these methods plus
those of other functional techn1ques used to study the act1ons of drugs,f
“and other agents in the airways of small animals will be briefly re?
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viewed. These techniques can be divided into four'grgups:
| 1) Subtractor methods,
2) P]efﬁysmographic methods;
3). Forced-oscillation methods, and
4) Interrupter methods.

The s$ubtractor methods are based on the separation of the total
transpleural pressure into two bohpdhents; The first component is as-
sociated with elastic forces(within the lungs, end the second is asso-
ciated with resistive forces (PR) which are only present during times
of airflow. The methods differ chiefly in the ways used to determine
Pp, with electrical methods being most popular (Hahn & Nadel, 1979).

The electrical methods are based on the techniaue described by
Mead & Whittenberger (1953) and require the measurements of the volume
"of air flowing in the airways (V), the rate at which it flows (Q), and
the changes in transpleural pressure associated with,thé changes in V
and\e. Pulmonary compliancg (CL) is calculated as the»s]ope of the
pressurg-vo]ume curve obtained for times of zero airflow. When meas-
brementé are taken during respiration .cycles, this parameter is re-
ferred to as dynamic CL. !

“Pulmonary flow fésistance (RL) is similarly calculated from a §1ot
of 9 against pressure. However, before the ca1cu16fion is déne,rphe
cbmponent of pressdré which is due to compliance effects must be sub-

tracted from the total transpleural pressure. The Va1ue of RL is then

[y

calculated as 1/slope of the resultant linear plot.

Congtriction of the large airways jsbindicated by iékreeses in RL'
Even a small amount of constriction is able to produce measurabyg,re-
sponses, as RL increases in relation t° 1[r4, where 'r' representé the
radius of the airway (West, 1974b). |
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Decreases 1in CL may be caused by pulmonary edema of/ahscle con-
striction"in the small airwéys (Guyton, 1971b). However, as changes in
CL measured in these investigqﬁions occurred prompt1y'after drug injec-
tion and were easily reversed, muscle,constriction was assumed to be

the major cause of the responseé (Douglas et al.,1973; Nadel & Viddi-

combe, 1962).

The ‘measurement of CL and RL by the electrical subtractor method
will bél considered in more detail 1in Chapter 2 as this type of
techniaue'yas used in the investigations reported in thi§ thesis.

Plethysmographic methods are based on Boyle's Law which states
that :pressure x volume' remains constant if the temperature.remains

constant (West, 1974b). Essentially, animals are placed in an airffght‘

chamber or 'pressure box! and breath against a closed air source.

-~

Chamber pressure, mouth pressure (i.e., pressure at airways opening),

volume changes, and sometimes flow rate are measured}) Either total

—

lung volume or airways resistance can then be calculated. P]ethysmo:

graphic techniques have been used with either spontaneously breathing

or paralyzed animals. ¢

Forced-oscillation techniques have also beea used to measure RL'N
Pressure and flow are caused to oscillate in a sinusoi&al-pattern; and .
the oscillgtfg;s are then superimposed on thé normal pattern of ven}i-
lation (Go]d,'Kess1er & Yu, 1972; Hahn & Nadel, 1979). Usually this
type of method measures total bu]mongry RL; but modifications have been
developed to account for elastic, tissue and chest wall influences.
These modifications make it possipje to obtain measurements Qf'1ung R

(Hahn & Nadel, 1979).

-

Interrupter methods are based on the technique desqribed'by von
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Neergaarde é Wirz (1927) and also measure pulmonary RLL' Mouth pressure
is measured before and after a brief interruption in flow, aﬁd the
pressure change is then used to determine RL' The technique fs~more‘-
commonly used in humans (Shephard, 1959) but has been used in small
animals (Schlesinger, Zeccardi & Monahan, 1980),

It should be' noted that some techniques use various combination§
of the four methods ﬁgscribed above, and that computers havé been
employed with most of the technigues in order to increase reliability
and precision of measurements. The interrupter methods are generally
thought to be the 1ea§t sensitivé, with the other three technioue§ hav-
ing similar sensitivities (Frank, Mead & Whittenberger, 1971; Bergman &
Waltemath, 1974; Hahn & Nadel, 1979). ‘ |

Last]y, before methodology 1is deSCr1bed the known -respirgtory_’
effects of the two drugs, diazoxide and serotonin (5HT), examined in
these 1nvest1gat1ons will be reviewed.

Diazoxide is a benzothiadia;ﬂne deriVative usually used intra-
venoq;]y in the tréatment of hypertensivé crises (Rubin,. Roth Ta&]or'
& Rosenkiide 1962; Speight & Avery, 1971) but p1so Used ora11y in the
treatment of hypoglycem1c disorders (Weyer, 1968).

‘Diazoxide has been reported to‘inhibit phosphodiesterase}(Moore,
1968) and to release catecholamines (Loﬁbatiéres,‘ Mariani & Alric,
196@).' Aﬂreview of the literature also revealgd that some pafiqus
comhented on Ceasier breathing' after rece1V1ng diazoxide (Just &
Stein, 1969}. These observations suooest that - d1azox1de might have
bronchodilator act;v1ty.

. On the other hand, the manufacturer's ipsert lists 'dyspnea' and

‘choking sensation' as ‘uncommon, reactions of doubtful relation to

o
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" diazoxide.' A more 'frecuent but less adverse reaction' to diazoxide
° ’ . A J . ) . R . .
is described as 'non-anginal tightness of the chest.' These observa-

tions suggest a possible bronchoconstricting action of diazoxide.
These conflicting suggestions were partially explained by work

reported recently fPeterson, 1978). Using jsolated guinea-pig tracheal

L=

ring preparations, diazoxide was observed to produce a small

RSy

contraction before tissue relaxation. Initial, dose-related increases

in total lung resistance in vivo were also observed using an air-
, B , .

overflow technique. N

The increases in total lung resistance were shown to consist of
marked increases in RLz;nd smaller decreases -in CL."Increasgf in RL
were selectively abolished by*treatment with mépyramine (6.1 mg/kg),
whereas prétreatmeq; with either ihdomethaciq (0.1 mg/kg).or acetyl-
salicylic acid se1é¢t{ve1y abolished diazoxide-induéed”déCreases in CL.

Neither ‘atropinen (0.05 ‘mg/k@) nor bilateral vagofomy affected

~diazoxide-induced airway constrictien. Thus, it was .concluded that

diazoxide initially constricted and then relaxed airway.smooth muscle.
.The respiratory responses to 5HT have been examined in Xj£§§?and

-in vivo, and cén be-dividedaintd those which arise from direct actions
~on airway smooth muscle and those which are due to indirect or reflex
actions. Both types of respdnses have been shown to vary greatly among
species (Schneider & Yonkman, 1954; Dawes et al., 1951; Banister Ei

al., 1949; Teitelbaum & Ries, 1935).

The éi?ways of the guinea-pig, cat and rat are the most sensitive

to the direct actions of S5HT qhd respond with a more pronduced con-

/

striction than those of the dogv(Herxheimer{l1953§ Michelson, Hol]andér

& Lowe11; 1958; Jenkala & Virtama, 1961; ¥%rspamer, 1966a). " In con-



trast, medium-si;ed bronchioles from rabbit and man were observed to
relax when exposed to high doses of.SHT’(Broch1ehurSt,'1958).

The refiex actions of SHT on the airways involve severai types of
receptors. Type J, irritant and cardiopulmonary receptors are stimu-
lated directly by S5HT (Comroe Jr. EE al., 1953; Dawes & Comroe Jr.,
1254; Paintal, 1955, 1957, 1973, 1977a). In addition, 5HT has been ob-
served to produce localized edema (Erspamer, 1966a,b) which has been
shpwn to be a physiological stimulant of the J-receptors (Paintal,
iQSS). Similarly, 5HT has been observedﬂto stimu1ate‘pu1monary stretch
receptors directly and indirectly (Schneider & Yonkman, 1954, 195 ::
Paintal, 1973). Chemoreceptors in both the aortic arch and the carotid

4. body respond to 5HT (Daly & Schweitzer, 1951; Ginzel & Kottegnda, 1854,
Heymans, 1955; Bevan & Verity, 1961). Stimulation of bgroreceptors in
the carotid sinus by 5HT has also been reported (Heymans & Van den
Heuve] Heymans 1950 Ginzel & Kottegoda, 1954; Ginzel, 1957).

InJect7on of 5HT was also observed: to produce bronchoconstriction
medlgied by afferent fibres in the glossopharyngeal nerves of the

- guinea-pig (B1ggs & Peterson, 1979). "
* The 1nvest1gat1ons reported in th1s thes1s were undertaken to

& exam1ne the efgects of diazoxide and 5HT on the airways of the guinea-

pig more fu11y, and to determine the mechan1sms of action of these

‘ effects
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CHAPTER 2

~ METHODS AND MATERIALS

24



b
Y

The drugs used in“these experimen{s were either used as the manu-':
facturer supb1ies~them (eg., diazoxide injection) or were dissolved in
normal saline. A 1ist of the drugs used is provided in Appendix 1.

The methods used ih the experiments have been divided into eight
groups of procedures‘which will be discussed separately. The eight
grou;s are: )

1) Procedures for animal preparation,
2) Procedures'to determine R, |

3) Procedures to dgterming C»

4) Procedures to meaere blood pressure,
5) Procedures for nerve section,
6) Proceﬁufes for carotid,sinhs nerve stimu]ation,

7) Procedures for decéntra1ization, and

: 8) Procedures for statistical analysis.

ANIMAL PREPARATION

Guineanigs of eitherAs;x,’weighing:between 400 - 1000 g, were
anesthetized with urethane (1.25 '-1.75 g/kg) given intraperitoneally. .
Farly work was done with random bred animals, but later work, inc1uding
all of the 'nerve stimulation’ experiments, was done. with Hartley
strain animals. | . |

fhe t}achea was cannulated and conneéted to a;Harvard Small Animé]
'-Respixatjon Pumﬁlset fo a_cohstant rate of 20 RPM (see Figure 6). In-
itially, o FleiSchﬂpneumotach No. 0.707 was p1a¢éd between'the‘pump and‘
the traéhea] tanhula, and was connected‘to a Grass Volumetric Pressure
; fransducer MbdeijTS A. The signai from.this‘transducer provided ‘a
measure of flow.raté (Q) and was:51so'electronica11y ihtegrated to proé

 vide a volume signal (V). A side-arm of the tracheal cannula was used
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to monitor intratracheaT pressure ahd was connected to a Statham P23Bb
Pressure Transducer The signal from this transducer (PT) provided an .
estimate of the transp1eura1 pressure, Later the Statham transducer was
changed to a Grass Volumetric Pressure Transducer Model PT5 A and the
pneumotach was changed to a No. 000.

- Before measuring either RL or CL’ appropriate pairs of signals (V
and PT or Q and PT) were displayeq‘simu1taneou51y on an oscilloscope in
- order to ensure that measurehents were /not distorted by phase lags
between signals.

| A1 druas used\in'an experiment were‘injeftEd through”a'caqnu1a
inserted into a jugular vein.. The Tleft jugu]ér vein was used in
animals in which the rfght carotid sinus nekVe was stimulated. - When-
ever bossib]e the drugs .were injected in volumes Tess than 0.5 ml. The
cannula, which had a"Head space of about 0.1 ml, was flushed with an
additional 0.2 ml of normal saline after each injectijon. Except for
diazoxfdé and prdprano]o], the drugs used in these investigations were
dissolved in, or di]uted_Wffh, normal ;aline.. Therefore,.sa1inewinjecQ
tions were giveﬁ in order tb,determine if the saline had any effect on
baseline values of either RL or CL' Drugs adminisfered before thg
animal was anesthetized were adm1n1stered 1ntraper1tonea11y |

Pancuronium bromide (0.1 mg/kg) was administered -at the start of

each experiment in order to paralyze the respiratory muscles and elim-.
 inate ahy_effects»that changes in the pattern of breathing,might have
on measurements of either RL.or CLf Additional doses of pancuronium
- (0.05 mg/kg) were given as requ1red Pancuron1um has been shoyn not to

.affect measurements of RL or. CL (Peterson, 1978; Biggs & Peterson,

1980).
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RRC DETERMINATION OF RL

For the determination of RL’ the V and PT s1gnals obtained
over entire resp1ratory cyc]es were displayed on the y and «x axes,i
respectively, of a Tektronix 5113 oscilloscope. The oscilloscope was
equipped with Tektronix 5A22N differential amplifiers and a 5B12N Dual
Time Base which was used as a differential amplifier, thus allowing the
osc11loscope to be used as an x/y p]otter.‘ To calculate RL’ the compo-
nent.of PT due to comp11ance factors _was electronically subtracted, re-
sy1t1ng in a linear 'flow rate - pressure' plot. The value of RL was
then taken as t/s]ope of that plot.

MeasuFements of RL were made at ventilation volumes of 7.5 ml for

random bred an1mals ‘heavier than 450 g, 6.5 ml for random bred an1m515

g

‘1ess than 450 g, and 7 ml for all Hartley- stra1n an1mals. The animals

were ventilated at these volumes except during measurement of Cp»

N This technique for measuring RL and the technique for measuring
tL’ which will be descr1bed next, actua]ly measure total pu1monary val-
ues. However, chest factors have been assumed to remain constant and _
therefore changes 1n the pu]monary parameters were assumed to reflect
changes 1n the lung parameters and no further d1st1nct1on between them

will be made. s _ ' -

—

Sample calculat1ons and traces for determining RL are shown in

Appendix- 2.
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DETERMINATION OF CL

For the determination of CL, V and Py measurements were recorded
“at three pump volumes. Volumes of 5, 7.5 and 10 . were used for ran-
dom bred animals heavier than. 450 g; volumes o, 5, 6.5 =7 9 ml were
used for tho;e.fess than 450 .g; and volumes of 5, 7 anc 9 m] were used
fof all Hartley strain animals.

" The peak values of V and PT wefe piétted on the y and x axes,
respectively, of a graph. The best straight‘1ine'through these values
vas determined uSihg 1iﬁeaf.regreSSion analysis, and CL was computed as
the siope of that line. | |

MEASUREMENT OF BLOD PRESSURE

For most experiments in which the blood pressure was moniéored,
a carotid artery was cannulated and cdnhected.to a Statham P23Bb trans-
vdﬁcer._ The cannula was flushed with heparinized sa]ihe to avoid clot-
ting. However, for’éome of\the e*periments the femoral artery was used
in order to ensure that anyvdamage or'disrupfioh to‘the ;arotid artery

was avoided. ~
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NERVE SECTION

Three types of nerve section were pérformed,jtwo invo]vfng vagoto-
mies and one inQo]ving g1ossophafyngealotomy;

The first vagotomies performed were done in the hid-cervica} re-
gion. The vagus nerves were iso]ated, cleared of connective tissue and
severed. In the guinea-pig, the cervical-sympathetic nerve lies deeper
than the vagus and thus these brocedures did not represent vagosympa- .
‘thetic sectioning.

Vagotomies were also performed at the level of the jugulzr foram-
ina. The nerves were isolated, cleared and cut as close to the point
of -emergence from the foramina as possible. This procedure is referred
to as 'high vagotomy' in othef sections of this thesis.

Similarly, the glossopharyngeal nerves were also identified at the
level of the juqular foramina. _The nerves‘ﬂére isolated, cleared and
sectioned before the carotid sinus nerve branch was formed, or alterna-
tively, the carotid sinus nerves and the main nerve brénches Were both
severed. - '

CAROTID NERVE STIMULAnoﬁ‘

.

L4

“For these/experiments,'the-rfght g]ossophafyngeé] nerve was iden-
‘tified as it emerged from the jugular foramen. The carotid sinus nerve
| was then isolated, cleared and sectioned. The cut centra]’end was'drawn
into ‘a fine_suction-e1ectrode:fil1ed with 0.9% saline and stihulated

with square wave pulses for periods of Sﬁsec using a Grass S44 stimula-
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tor. Depending on the‘experiment, the pulse width was varied between
C.C125 and 3.2 msec with stimulation strengths of either 2 or 4 V. The

\ |
frequency of stimulation was always 5 Hz.
DECENTRALIZATION‘

Béfore decentralization, both carotid arteries were c]ampea iﬁ the
mid-cervicé] region. The animals were then prepared by trephining the
skull ;ith a dental drill. The dura was incised and the brain wes sec-
tioned just above Cl with "a probe. The hole in the skull was then
plugged by gent]y’packing it with/cotton woo],baﬁd artificial'respira-
tion was Started. The animal was left to steabilize for ten minutes
before the carotid clamps wéré removed. A];hgugh no spoﬁtaneous
breathing was detected, pancuronium vas then ég%inisfé?ed in order to -

be consistent with'the procedures used in non-decentralized animals.

: STATISTIC@L ANALYSIS ' ¥
A minimm of four replicates was obtained in each séries of
experiments. When possible the animals served as their own controls.
Otherwise, exber{ments also were done in a minimum of four control

‘animals. Paired or unpaired 't' tests were .used, as appropriate, to

examine the differences between means of the observed responses.
o /’
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Animals were preparéd for measuring R and C, as described in the

last chapter, and these parameters were measured every 10 - 20 min for

periods of 2 - 3 hr. The values of RL varied approximately 5% .,during

Fhat‘time, whiereas values of C, fluctuated approximately 10%, with both
incrcaﬁes and decreases being observed.

. The corre1ati6n co-eff%cients of linear regression analysis lines,
which were used in the determination of CL, were examined and found to
be > 0.94. It was therefore assumed that measurements were being ob-
tained from the linear portion of the “pressure—vo]umq'.plots.

As all Hrugsiused in these experiments were injected intravenously
and most were disso]véd'in, or diluted with, normal saline, the. effects

: i

of intravenous injections of normal saline on baseline values of CL and

R were also examined. No significant changes in either parameter were

o

4

observed after.injection of eithe- 0.5 or 1 ml of norma1Asa1ine (see

Table 2).

A1l other results will te repurted under three separate sections:
A) Experiments inQo]ving 5HT,

B) Experiments involving diazoxide, and

C) Experiments involving stimulation of the carotid sinus

nerves. S _ ‘ )

Because: of the wide inter-animal variations in responses,’ figures

show the results obtained in typical experiments unless otherwise in-

dicated. -

32



A. EXPERIMENTS INVOLVING 5HT
|
The effects of 5HT on R and C, were determinéd ahd, algo, the ef-
fects of various drugs and treatmenté on the responses to 5HT were“exi
amined. The results of these experiments are reported under theAfol-
lowing subgroups;
1) Effects of 5HT O"QRL and Cps
2) Effects of methysergide,
3) Effects of muscarinic blockade,
4) Effects of cémbinations of. methysergide and" muscarinic
' blockers, |
5) Effects of ganglionic b1o£k'ade,
6) Effects of vagotomy, ! “
7). Effects of‘gTossophﬁrihgealotomy,
8) Effects of decentralization,
.9) Effects of mepyramine and disodium cromoglytate,
AlO)‘Effects of catecholamine dép]eting agents,
pll) Effect’s of'préprano1o],-‘ |
12) Effects o% azapetine, ahd
13) Effects of clonidine.

-

Effects of 5HT. on R, and C

L L
‘The . injection ‘of 5HT produced dose-related increases in RIr which
could be reproduced for periods of 3 - 4 hr without significant changé.'
‘(see Figure 7)s T | o
A :

The efféc;s of 5HT on C, were more variable. In this series of

experiments, in which effects of 5HT were monitored for a 3 - 4'hr per-

33 ‘ \\

o



’

iod, reproducible dose-related decreases in CL were observed in only
one anima1. In the other three an1ma1s dose related decreases in CL
were observed, but the dose response curves were not reproduc1b1e (see
Figure 8). In some of the other series of experiments, no changes in
CL were detected after S5HT was injected, end in others, the changes in

o

‘CL‘were not dose-related.

Effects of methysergide
Injection of the SHT-antagonist methysergide (M), 0.5 mg/kg, re-
duced but did not abolish SHTeinduced increases in RL‘(see Figure 9).
Increasing fhe dose of M to 1 mg/kg, produced no further inhibition.
In this series of e;periments, 5HT-induced changes in CL were variable

and were not reproducible either before or after M was ai?en.

Baseline values of either RL or CL were not significantly affected

by M, 0. 5 or 1 mg/kg, (see Table 2).

Effects of muscarinic b]ockade - ,

The injection of atropine (ATR) 0 05 mo/kg, a1so reduced SHT-
induced increases in RL' 'Increasing the dose.of ATR to 0.1 mg/kg did,
not produce a further reductfon in the responses (see Figure 10). |

The effects o% ATR on 5HT-induced decreases in C, were va§1ab1e
’ The injection of ATR, 0 05 mg/kg, abolished the responses in one animal
'and reduced the responses in two others. A second injection of ATR
0.05 mg/kg, produced a further reduction in the responses to SHT in
only one of the two? In a fourth an1ma1 SHT-1induced decreases in C
were enhanced after the first injection.of-ATR, and were reduced to

Q

their original level after the second dose of ATR.

2
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Atrooine methiodide (AMI), 0.05 ma/kg, also reduced, but did not
-abolish, S5HT-induced ﬁncreases jn RL. ‘Additional 1njec}ions of either
AMI, 0;05 637;E~?;;e~figure 11) oriATR, 0.05 nig/kg (see Figure 12),
‘failed to produce further inhibition. _

The injeetions”of AMI, 0.05 mg/kg, abolished 5HT-induced decreases
in CL in two animals and reduced reSponsee in two others. A secood in-
jection of:AMI'fai]ed to abolish the remainiog respenses.

No‘signiffcant changes in baseline values of RL or CL were ~ob-

served after the injgction of either ATR or AMI, 0.05 mg/kg (see Table

2). These doses of ATR and AMI reduce or abolish responses to metha-.
A " ) b .

choline (Biggs-& Peterson, 1980). - |

Effects of combinations of methysergide and muscarinic

blockers ,

No 5HT-induced increases in RL cou1d be detected in animals g1ﬁeq

both M, 1 mo/kgg and either ATR or AMI 0. ¢g~mg/kg (see F1gures 9, 10
13).
The. SHT 1nduced ‘decreases in CL also were eliminated (6 animals) -

or markedly reduced (4 animals) after a comb1na§5on of M and ATR or AMI

- -

had been adm1n1stered.

-5

Effects of oanglionic blockade ' ‘ .

After the 1njEet1on of hexamethon1um (C6) 2 ma/kg, spontaneoue
breathing developed, mak1ng accurate measurements of RL and CL'impoS-
sible. Therefore, a dosage of 3 mag/kg was tried. At.the‘hfghef dose
level, one anfha] died but two -others still deve1oped spontaneous
breath1ng wh1ch was not blocked by additional pancuron1um 0.05 mg/kg.

!
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Increesing the dosage of C6 to 5 mg/kg prevented the occurrence of

_ spontaneous breathing, and inhibition of some 5HT-induced changes in RL
and tL were observed. However, znimals given this dose of C6 died be-

fore dose-response curves to 5HT could be obtained. No further expefi-

ments with C6 were attempted.

. . %
Increases in R caused by SHT werc upgffected in three animals,.

" but reduced in four others given trimethaphan \(TRI1), 0.5 mg/kg. . Injec-

tion of TRI, 1 ﬁﬁ/kg, consistently reduced SHT- yced increases in RL’

N/ 0N

however, increasing the dose to 1.5 mg/kg failed to cause addig%;g?ls
inhibition (see Figure 14). . » T
" The 5HT-induced decreases 1'n'CL vere unaffected in tvo animeals,

reduced in Four animals and enhanced in one animal after the i

of TRI, 0.5 mg/kg. A similar variety of effects was observed
mals given additional injections of TRI. - \ .
-Inhibition of 5HT-induced ‘increases in RL by ATR, (.05 .mg/kg,
“cou1d no longer be"deteqted‘aftervanjma1s had been given TRI, 1 mg/kg
‘(see Figure 15). 'n addition, a&fter enimals had been given TRI, 1
ﬂmg/kg, the administration of M, 1 mg/kg, abolished the responses-to 5HT
whethér orinot the animals had been treatéa wtth ATR, 0.05 ﬁg/kg (see

_Figufes 14, 15). | '
No significant’ changes in either R or C, were observed wheanRI,

0.5 or 1 mg/kg, was jnjgéted (see Table 2).

Effects of vagotomy
ThevSHT-induced increases in Ri’and decreases in CL were not sig-
nificantly changed in five animals (see Figure 16), weré}énhancedrin

one animal and reduced in another after bilateral, mid- ‘ical'vagdgbélzégy

my. : o ) : ¥
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Bilateral, hiah vagotomy also failed- to significantly affect

5HT-induced increases ';;\‘RL (see Figure 17). ' After this treatment,
" both enhanced 'andv reduced decreases in CL were obsefveé in three
animals, only enhanced responses were observed in one andiresponses
were not Significant]y affected in another.
o Uni]aterai, high vagotomy also fai]ed»to‘sjgnificanf1} affect SHT-
induced increqses in-RL. InconsisEent effects on 5HT-induced decreases
in CL were observed after yni]atera1; high vagotomy. 8

As in non-vagotomised animals, cqhbinations of M and ATR were re-

guired to e]ihinate the SHT-induced increases in RL'

No ‘significent changes .in either RL or CL were produced by uni-

lateral or bilateral, high vagotomy or bjlateral, mid-cervical vagotomy

(see- Table 2).

w o Effects of glossopharyngealotomy

‘Bilateral g]gssopharyngea]ptomy consisjent1y' reduced 5HT-induced
increases in RL (see Figure 18). The effects of glossopharyngealotomy

on 5HT-induced decreases in CL were variable. These responses were not

significantly changed in four an%mals, were inhibited in five animals,

and both enhanced and reduced in one. _

After bilateral g]pSEopﬁarynQea]otpmy, ATR, 0;05 mg/kg, f;i1ed to
inhibit SHT-ihduced incféases in‘RL,‘whereas, M, 1 mg/kg, abolished the
responses (see Figures 18,19): Simi]ér]y;uafter unilateral glossophar-
yngealotomy, M, 1 mg/kg, alone was able to ab&]ish 5HT-1induced increas-
es in R (see ﬁjgure 20). ' |

Unilateral or bilateral sectioning of the glossopharyngeal nerves

. produced_no significan;'changes.in baseline values of RL or CL (see'

Table 2).. o
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Effécts of decentralization
The 5HT-induced increases in RL in decentralized animals were
" abolished by treatment with M, 1 mg/kg, alone. In two animals, M, 1

.

mg/kg, also e1iminated 5HT-induced decreases in CL. The decreases in
¢, were markedly reduced in two others.

Iﬁ coﬁtrast, ATR, 0.05 mg/kg, consistently enhanced SHT-inducéa
increases in R observed fn dgcentralized aﬁima]s.:ﬂ "Enhanced 5HT-
induced decreases in CL were also obﬁefvéd in three animals. Reduﬁed
-J,ugecreases in CL vere observed in one decentralized animal given ATR,
10.05 ma/kg. | |

Baseline values of RL and CL observ?d in decentralized animals

were not significantly different from the values of RL and CL observed

in normal animals (see Table 3).

e

& |
\ ’ Effects of mepyramine and disodium cromoglycate -
N N . 0 .

Neither mepyramine (MEP), OQI:mg/kg,'nor disodium cromoglycate
(DSCG), 10 mg/kg, produced signifiéant‘ effects on . the SHTéiﬁduced
changes in RL.or C, (see Figure§ 21,22), or on baseline values of
either parameter (see Tab]e 2). 'Howevgr, this dose of MEP significe .
1y reduces respohses to histamine (Biggs & Peterson, 1980).

»

Zffects of catechoTaminé depleting agents

The possibility of sympaghetic'ﬁnyo1vement in the effects of 5HT

was inhvestigated usingAG-hydroxydopaminé‘(GHD), reserpine (RES), and

[

bretylium (BRE). Both RES and 6HD were administered 24 hr before ex- -

periments were perforﬁed, whereas BRE was adﬁinistered dufing,the ex-

XS <
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periments. In enimals pretreated with either RES,¢2.5 mg/kc or 6HD, 35
1 mg/kg, the injection Qf_M, 1 mg/kg, abolished gg;-inducedmchanges_in RL
aﬁd CL, whereas  ATR, 0.05 mg/kg, did not significantly affect S5HT- .
induced increases in RL (see Figures 23-26).

- No changes in CL were cetected in three animels pretreated with
6HD. The 5HT-induced decreases in}CL observéd in a fourth anihé] were
eliminated by the injection of ATR,.O:O§ mg/kg. No decreases in CL
were detected in one .animal pretreated with RES. ATR,_ 0.05 mg/kg,
produced no significant effects ‘on- the 5HT-ihduced decreaées in CL
observed in another threé.‘

Sympathectomy “was judged to beé incomplete in animals pretreated
with 6HD as ihcreases in'biood pfessdre were observed in these animals
after the injection of‘tyramine, 0.5 or 1 mg}kg.' In.contrast, b]qod.
pressure respoﬁses to‘tyramine, 0.5 or 1 mg/kg, were absent or just
barély detectab]é in animals pretreated with RES.

The 5HT-induced increases in‘RL were reduced by gRE, Z;S mg/kg
(see Figures 27, 28);; The Same dose of BRE produced variable effectﬁj
on.SHT-induced decreases in CL. Reduced, enhanced, or both reduced and
ghhanced_ resﬁonses‘ wefe observed 1in six- animals. | No ‘significant
_ chéhges in the responses were 6bsef9ed in one animé]. . No 5HT-induced
decreases in C, were detected in three other animals treated with BRE.

Injection of ATR, 0.05 mg/kg, produced no significant changes in
5HT-induced increases .in RL after anima]s had been given BRE (see
Figure 27); After injection of ATR, the SHT-induced dect?ases in CL'
_were enﬁanced in one animal{ but no significant effects were observed
jn another. No decreases in CL were detegted in iwo.otherﬁanima]s)

In contrast, M, 1-mg/kg, abol ished 5HT-1induced Ehanges in R, and

L3
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’CL in animals treated with BRE (see Figure 28). These responses were
also abolished in three animals given'both M and ATR (seé Figure 27).
In another animal, the increases in RL were abo]ished,"but the
decreases in CL were enhanced.

Dexémphetamine (DEX), 5 mg/kg, partially reversed the blockade 6f |
SHT-1induced, increases in RL in three animals approximately 15 min after
injection (see Figures 27, 28). In another four animals which also
vere given ATR, 0.05 mg/kg, the reversal of the‘ blockade was not
detected 30 min aftér.injection of DEx;>S mg/kg."’ o

VB1ood‘pressure responses to tyramine,OO.S or 1 mg/kg, §1though re-
duﬁed “from confro] values, could be obtained after BRE, 7.5 .or 15
/mg/kg, had been administered;‘

Baseline values of RL-and CL in pretreated-éﬁima]s were not -signi-

'

ficantly different from values obtained in normal animals (see Table

3). Similarly, administration of BRE, 7.5 or 15 mg/kg, during the ex-

periments also failed to’ produce éignificant_changes inrRL or'CL“(see

i

Table 2). Administration of DEX, 5 mg/kg, also fai]ed to affect the

baseline values of either RL or CL (see Table 2).

Effects of propranolol
Propranolol (PRO),Al mg/kg, consistently increased SHT-induced in-
creases in R (see Figure 29), but produced inconsistent. effects on

SHT-induced decresses in C, .

No significant Changes in RLfof CL were observed after admin{stra-
. : v RN . ' L
tion of PRO, 1 mgLkg (see Table 2). o

-«
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Effects of ezapetine

Azapetine (AZP), 0.5 mg/kg, eonsistently inhibited -5HT-induced
increases in RL (see.Figure 305. TheVSHT-innuced de‘crveases.inlcL were
either reduced (2 anfme]s) or not significantly affected_(Z animals) by
AZP, 0.5 mg/kg. / |
_ .This dose of AZP did nofiprcduce complete a]pha-aerenergic block-
ede as'nheny1ephrine (PHE), 0.025 or 0.05 mg/kg, wes able to cause in-.
creases in blood pressure after the AZP had been administered. No sig-
.pificant cpanges in baseline values of RL and CL vere observed after
PHE wes injected (see Table 2). However; histamine-1induced 1nereases
in RL vere not significantly eaffected by AZP,-0.0S'mg]kg»(see‘Figure
30), and thus, AZP appeered to selectively inhibit S5HT at_this dose
Tevel. When the dose 6f”AZP was 1ncneased'to 1 mg/kg, responses to |
‘both histamine and SHT were reduced (see Figureb 31, 32).

No 5HT4induced increases in’RL vere observed in an1ma1s g1ven both

. AZP, 0.5 mg/kg, and M 1 mg/kg (see Flgure 30)

Effects of clonidine _ »

After'injecfien of c]onidine (QLD), 0.15 mg/kg, SHT-indueed
‘f increases 1in PL7were enhanéed in.three énima]s (see Figure 33) and thh
~ enhanced and unchanged responses were observed in a fourth animel. No -
s1gn1f1cant changes 1n S5HT-induced decreases: in CL were observed after
1n3ect1on_of CLD in two an1ma1s. In another, - the responses were en-
hanced ana, in a fourth, no significant changes in the responseskwere;‘
dmmww. l ‘ | |
Ingect1on of M, 1 mg/kg, abo]1shed 5HT-1nduced increases in RL

_an1ma1s that had peen‘ngen CcLD, 0.15 mg/kg (see F1gure.33).

« %
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The administration of CLD,‘ 0.15 mg/kg, produced no significant
chénges in baseline values of CL’ but did produce increases in the
"BéSéTjhé'va1Ues'of‘RL'(see Table 2). Baseline values of RL’were recov-

ered before subsequent doses of SHT were tested.
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B. EXPERIMENTS INVCLVING DIAZOXIDE

-

Some experiments which hadl been reported previously (Peterson,
1978) were repeated in order to increase number of replicates. The
results of these experiments were in agreement with the earlier work
and therefore will be briefly summarized as 1n'Chapter 1:

Diazoxide-induced increases in RL were selectively abolished oy .
treatment with MEP, 0.1 mg/kg, but were not significaﬁ?fylaffected by
mid-cerVica1; bi]atera]_vagotomy or treatment with,ATR,'0.0S mg/kg.

Djazoxide-induced degreases in CL also were not significantly
affected by mid cervical, bilateral vagofbmy onmireatment with ATR,
0 05 mg/kg, but were se]ect1ve1y abo11shed by 1ndomethac1n, 0.1 mg/kg,’
or acety]sa11cy11c acid, 1 mg/kg.

- (ther exper1ments were also performed and the results are reported
under- subgroups s1m11ar to those in Séction A. ﬁ]though dose response
curves cou1d be obtained with diazoxide (see F1gures 34, 35),. there was
a poss1b1]1ty of auto 1nh1b1t1on due to the relaxant effects of d1azox-
1de on the- a1rways (Peterson, 1978). Therefore, rather than using ani-
_'ma]s as their own contro]s, for these exper1ments the effects of d1a-i

'zodee in’ treated and non-treated an1mals were compared..

_ Effects of tridethaphao
_ _ No s1gn1f1cant increases in RL‘ were induced by_:djaZOXide, 40
| mg/kg,‘1n animals pretreated w1th TRI 0.5 or 1 mg/kg'(see Figure 36).
-AD1azox1de induced. decreases in CL were a]so blocked by TRI, 0.05 mg/kg.

.0
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However, no significant changes in’ these responses were observed in
anima]s given TRI, lvmg/kg.

| 4

Effects of glossopharyngealotomy

Unf]atera] glossopharyngealotomy consistently reduced, but did not
~abolish, diazoxide- 1nduced increases in RL’ bdt produced no significant
‘effects on diazoxide- 1nduced decreases in CL (see Figure 37).

B]latera1 g]ossopharyngea]otomy also fa11ed to produce any
sign1f1cant changes in diazoxide- 1nduced decreases in CL However,

th1s treatment abo]1shed d1azox1de induced 1ncreases in RL (see Figure

7).

Effects of decentralization
Decentralized animals died efter the injection of diazoxide, 40
mg/kg. Therefore d1azox1de 20 mg/kg, was used for this series of
exper1ments. T
' ~Djazox1de—fnduced decreases in CL observed -in decentralized
‘ahimals were hot-sfgnificantly‘different from those observed in'nonha]

.an1mals, whereas d1azox1de 1nduced increases in RL cou]d not be detec-

ted in decentra11zed an1mals (see Figure 38).

Effects of d1sod1um cromoglycate
Injection of DSCG 10 mg/kg, abolished d1azox1de induced increases
in R but had no s1gn1f1cant_effect on d1azox1de-1nduced decreases_1nl
C, (see_FiQUre.39).‘vIn'contrast,;neither 5HT- nor»histamine-inddced
changes in RL and CL were affected By DSCG, 10}mg/kg (seeiFigures

.22, 40)
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Effects.of catecholamine dep]etiné agents

Pretreatment wjth RES, 2.5 -mg/kg, 24 hr before testing prevented -

the diazoxiaé-induced increases - in RL' Sjmi]arTy, diazoxide-induced

decreases in‘CL éould not be detected in fhree reserpinized animals.

However a .normel chréase iﬁ CL;was observed in one reserpinized ani-
mal g{ven diazoxide, 40 mg/kg. | . |

Injection of BRE, 15 mg/kg, also abolished. diazokide-induced
~increases 1in RL’ but did nof significantly affect qfazoxide-induced .
decreases 1'n.CL (see F{gure 41).

A partial recovery of diazoxide-iqduced"inéreases jﬁ RL was oOb-
served approximately 30 min after DEX, 5 mg/kg, was aéministered to
animals that had previously been treated with BRE, 15 mg/kg. Diazox-

o ~ ,

ide-induced decréases in CL wefe reduced in enimals treéted vith both

—

BRE, 15 mg/kg, and DEX, 5 mg/kg (see Figure 41),

Effects. of propranoﬁo]

;Diazoxide_induced changes in RL and.CL:were ipcreaéed by treatment
with PRO, 1 hg/kg, However, thé effects on the increases in R, were
not statistically significant'due'po the large yariation in responsés
obsefved.' | | | '

’Effects o% azapetinél

~Injection of AZP,:1 mg/kg, produced no signjficanf effects . on
di@?g;ide-induced deéreases in €/, but consisfent}y redqcedfdiazoxjde;
. .inddced increases ih‘RL (see Figure 42). DiazoXﬁde-induced increases:

-.ianL were abo]iShed in,oh1y one animal givenvAZP, 1 mg/kg.:
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<}' Effects of clonidine

)

/

Diazoxide, 40 mg/kg, produced no signifitant_changes in RL or CL
| {ﬁ énima]s tféated with CLD, O.iS mg/kg (seebfigure 42). .
|
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C. EXPERIMENTS INVOLVING STIMULATION OF THE CAROTID SINUS NERVE

The effects of st1mu1at1on of the carotid sinus nerve on RL and CL

i

i%@were determined and, also, the effects of various drugs and treatments

on the response toﬁh;;w;wstimulation (NS) were examined.  Subgroups

P

Effects of " ca&dtwd sinus nerve stimulation in norma] and
vagot0m1sed an1ma1s |
At either 2 or 4 V, NS produced iacreases in R which 'nere
dependent on the uuTse'wfdth (see Figure 43). The threshold for a
response vas near a pulse width of 0.0125 msec and responses reached a
max imum near a. .pulse width of 0.2 msecj1n most an1ma]s. Results ob-
‘ta1ned with a st1mu]us strength of 2 V were a]ways s1m11ar to-those
obta1ned with a- st1mu1us strength of 4 V. Therefore, the results of,,t
these two groups of exper1ments will not be treated separately. | » |
| No s1gn1f1cant changes were observed in CL after NS in the first
seven animal s tested (see Figure 44). Therefore, only changes in RL
were measured in all subsequent exper1ments.
Bilateral, mid-cervical vagotomy had no s1gn1f1cant effects on the

responses to NS (see F1gure 45) A}] further exper1ments were done in

vagotomised an1ma]s.

The responses. to NS were monftored for periods of approx1mate]y 2-
3 hr with response- pulse duratfon curves belng obtained every 20 min at

both 2 and 4 V. No 519n1f1canth§ﬁanges in the responses were observed

- o

(see Figdre 46) .
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Effects of trimethaphan
Responses to NS were consistently aﬁolished by TRI, 0.5 mg/kg.
Effects of decentralization
Responses to NS could not be detected in decentralized anima]s.
@ .
Effects of muscarinic blockade é
The injection of_ATR,.0.0S mg/kg, consistently reduced, but did
not abolish, the responses -to NS. Additional doses of ATR failed to
prbducekgreater inhibition (see'Figure‘47). Similar results were»ob-
iained-witq AMI, 0.05 mg/kg (see Figure 48). Similarly, the injection
of AfR, 0.05 mg/kg, after AMI,:a1so,fai1ed to produce a greatgr degree

“of inhibition of the responses to NS (see Figure 49).

‘ Effécts}of mebyfamine and disodiumféromog1ycate'

The reSponses to NS were reduced buf not abo]ishéd by MEP, 0.1
mg/kg. As with the. muscarinic b10ckérs,'in;reasing the dose of MEP
produced no further reductioh in the responses to NS (see Figure 50),

Sihg1e-énd mu1tip1e }njec;ions of DSCG, 10 mg/kg, produced results
sim{lar to those observed with MEP (gée Figure 51). V

Combinations of DSCG, 10 mg/kg, and MEP, 0.1 hg/kg, were no more

effective than either drug used alone (see Figure 52).

Effects of muscarinic blockers with mepyramine or disodium
crombg1ycate "

Combinations of DSCG, 10 mg/kg, or MEP, 0.1 mg/kg, and ATR or AMI,
L ,#""

. »
- »
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0.05 mg/kg, abolished the responses to NS (see Figures 53-56). The or-
der of administration of tbe;drugs was unimportant to the abolition of

responses.

. Effects of catecholamine depletors
The poss1b111ty of sympathetic 1nvo1vement in the responses to. NS
was 1nvest1gated us1ng RES, 6HD, BRE and bethan1d1ne (BET). AN except
RES were adm1n1stered -during exper1ments In addition, RES and 6HD
viere used to pretreat animals 24 hr before experiments |
RespOnses to NS could not be detected in an1mals pretreated with-
RES, 2.5 mg/kg, or 6HD, 35 mg/kg, even when pulse w1dths as h1gh as 3. 2
msec were used. | However, nonna] responses were obtained 1n‘pn1mals
pretreated with normail saline 1n3ect1ons 24 hr* before testing. %' |
When 6HD was ngen dur1ng experiments, 9Uccess1ve doses of 5 mg/kg
_viere adm1n1stered As doses of 5, 10 and 15 mg/kg were reached, a profp‘
gressive 1nh1b1t1on and then abolition of responses to NS was observed
(see F1gure 57). Adm1n1strat1on of 6HD "5 mg/kgT produced no
~s1gn1f1cant changes in base11ne va]ues of RL (see Tab]e 2)
Responses to-NS were reduced by BRE, 10 mg/kg, and abolished b,y'~
BRE, 15 mg/kg. Part1a] recovery of the-responses.to NS was observed
—15 - 30 min after the administration of DEX, 5 mg/kg, - in these an1mals_'
(see F1gure 58) o ‘ ‘ . - - ‘“a”
S1m1lar results were obtained with BET (see Figure 59). 'Responses.

to NS were reduced by‘BET, 1 mg/kg, and abolished by BET, 1.5 mg/kg.

.;:i;)uld again‘be-detected’in these animals 15-30 min
- after the adminstration of DEX, 10 mg/kg (see Figure 59). K -

I3

. Some responses to-

=



2

Injection. of BET, 1 or 1.5 mg/kg, produced no significant effects

on baseline values of R, (see Table 2). O
Effects of clonidine ' ’
No responses to NS could be detected in animals given -CLD," 0.15
mg/kg.
k2
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The first experiments in these investigations were done to ensure
that the parameters measured were accurate and reproducible. Measure-

and C, may be'influenced by changes in either the rate

ments of both RL L
or depth of breath1nq (Mead &- Nh1ttenberger, 1953). Thercfore, pancur-

cn1um bromide was'a9m1n1stered at ‘the start of each exper1ment in order

¢ i

to para]yzeure§p1ratqryfmuscles énd prevent an§ga1terat1ons in the pat-
tern~o¥'bre§fiqng Pancurqp1um has been reported to produce no signi-
'f1cant~ettecés on oase11ne values of RL or CL (Peterson, 1978 Biggs &
'Peterson,ngBC) Th1s muscle . re]axant vias chosen because of its non-
depo}ar12qng act1on and its 1ong durat1on of action. Also, pancuron1um
has@been shown to produce 11tt1e gang]10n1c b]ockade and m1n1ma1 hista-
mine release (Koelle, 1975) | |
g Accurate measurements of CL va]ues, by subtractor methods, requewe
that calculations be done us1ng values obta1ned from the ]1near port1on
of the .yo]ume-pressure curves (Mead & wh1ttenberger, 1953)
Correﬁation co-efficients of’ the 11near regress1on Tines, used to

o

'ca1cu1ate CL in these 1nvest1gat1ons, were 2lways greater than 0.4 and

”1t was therefore concluded - that both contro] and test measurements off

CL were computed us1ng va]ues from th§‘11near portxan of the curves.

Va]ues of Rb and CL d1d not vary- more than 10% over, per1ods of 2 -
)

3 hr.‘ ATso, theseanrameters were not s1gn1f1cant]y affected by the

*

‘ 1nJect1on of nonna] sa11ne in yolumes -1 1arge as‘l ml. Therefore, it

was conc]uded that changes in RL and CL detected in these . experiments
were due to the drugs (5HT or diazoxide) or treatment (NS) tested.

s The var1ous drags and treatments used to 1nvest1gate the responses
q&o SHT,, Qhazox1de aqd NS, w1th the except1on of CLD, also failed to““
produCe s1gn1f1canbﬂihanges 1n PL and CL’ As most of these: drugs aqdi

(I
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treatments affect b]ood pressure, but did not'significantly alter RL or
CL, it was assumed that the responses measured in these investigations A
were independent of any cardiovescular changes which may have occurredﬂtp;
R Others have also been ablc tn "c<olate respiratory responses from ea&d!agi
ovascular responses to the same stimulus (Dawes & Mott, 1950’%-‘,
Mott & Widdicombe, 1951). ' 3
| The administration of 5HT produced constriction in both the large
(increases in RL) and small (decreases in CL) airways. 'However, the
decreases in (, were not always reproducibie and were affected in a
variety of ways by any one druglor'treatmeht examined in these inves-
tigations. Therefore, no SpeCific mechanism cou]d be suogested to ex-
plain the-actionezof 5HT in the. small airways. . Y
In contrast;‘the increases in RL produced by SHT were stab]g and
reproducible for periods of 3 L,4 hr. In addition, a speCific patterni
,could be detected in the effects that the various other druegs and
treatments produced on the responses to T in the large airways.

Therefore, these results w111 be discussed in greater deta11

¥

- Because of the known effects of SHT in other sys%ems‘(Erspamer'
1966a; Doug1as,,1975)f the effects of M and ATR sﬁESHT induced increas-
..es-”in' ﬁL 1were examined first. The resu1ts of * these experiments
'indicated that SHT produced constriction in the 1large airways in two'

ways. v,

-
Y

Firstiy, COnstriction/yas produced bj.an action of S5HT on airway

, v

~smooth muscle. ..Three types of receptors have been reported to mediate
effects of. SHT on smooth muscte (Apper]y, Humphrey & Levy, 1977) The

'D- receptors mediate direct actions and are blocked by drugs such as

r

dibenzyﬂine or M, whereas.'M-receptors mediate indirect actions in-
-3 : ’
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volving ganglion cells and are blocked by cocaine or morphine (Douglas,
1975;5Apper1y_gt_gl., 1977). The third type ot receptor was stimulated
by M and unaffected by mdrphine (Apperly, gt!gl.} 1977). As SHT-induced
increases in RL,were'inhibited by M, it was concluded that a direct ac-
“tion of 5HT on smooth mosc]e was involved. Doubling the dose of M did.
not produce further inhibition and, thus, it was concluded that a sec-
ond, M- resistant action was also 1nvo]ved.a |  ~
The constr1ct1on produced by SHT was. reduced but' not abo]1shed

‘ by either ATR or ANI S1m1]ar]y, combinations of ATR and AMI here -no

more effective than either drug used a]one. The M- res1stant‘cbmponent"“ e

&
rx":'

of -action was therefore thought to be muscarinic in .nature. 1In Ymrqlc— L

ular, the data obtained with the quaternary compoundsy AMI, 1ng1categF

the involvement of peripheral muscarinic receptors.

The ganglionic §1ocking agent TRI also reduced, but did not abol-
ish, the 5HT-indoced increases in R_- ‘wHowever, the AitgsensitiVe com- .
‘ponent of action cou]d not be detected in animels that‘lhd been g1ven
TRI, and responses to SHT in these animals could be eliminated by M

a1one, It nas therefore concloded that the ATR-sens1t1ye component of
action involved a gang]ion;c.re1ay. | | -
Using»C6~proved unsuitabTe for demonstrating this ganglionic Tink
for two reasons. First after low doses of C6 Were administered, sub-
"sequent doses of SHT produced spontaneous breath1ng vhich was resistant
to add1t1ona1 doses of pancuron1um; Second, after h1gher doses of C6
were g1ven, the an1n;1s d1ed before dosearespobse curves to SHT” cou]d
be obtained. It is interesting to note that Dontas & N1ckerson (1956)
reported that gang11on1c b]ock1ng agents, in doses lower than those re-

quired. to suppress chemoreceptor activity, were ab?e to st1mu1ate caro-

AR N . - P .
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tid chemoreceptors. TRI possesed the least exoitatory activity of the
agents tested by Dontas & Nlckerson (1956) and worked well in these
investigations. / .

The ATR-sensitive component aof. actionﬁnos also absent in decentre-
lized animals, and it wasvassumed that this component wos part of a

central, autononic reflex action of 5HT. The remaining experiments

were done in order to define the afferént and efferent pathways of this

reflex.

As many of the reflex effects of SHT have been shown'to invelve
the vagus nerves (Erspamer, 1966a,b), the effects.of bilatera{;'mid-
cervical vagotony on 5HT-induced increases in RL were examined._ Hov-
ever, this treatment produced no significant chanoes in the bronchooong
strictor nesponses to 5HT. If‘the'vagus nerves were in¥Glved in tne.
reflex actions‘of 5HT, the lack of effects produced by mid-cervical va-
gotomyxcoﬁﬁo be exb1ained by tne highaoegree of‘§ranching of the vagus

4 _ il o

nerves (Gréy,§1966);' Therefore, the effects of bilateral vagotomies

“done at the level of the jugular foramina were aiso examined. 'High

vagotomy also failed to produce significant effects on the responses to

\

BHT.

o In add1tjon, the ATR- sens1t1ve component of action was, sti]l
p
pggsent after vagotomy, and both a muscar1n1c b1ocker and M were re-

‘qqyred to abolish- 5HT-1nduced 1ncrea$es in RL in vagotom1sed an1maTs.
Pt

C1ean?§, the refihxghct1on of 5HT was 1ndependent of the vagus nerves,

" "?

w:-~1n € ntrast to vagotomy, b11atera1 g]ossopharyngea]otomy reduced

L g‘: 54
- the bronchoconstr1ctor nbsoonseS~¢o 5HT and eliminated the ATR- sensi-

~

t1ve component of act1on.1ﬁ¥m1}ar1y, after unilateral g1ossopharynge-

a}otomy, only M was requ1red to ab011sh the responses to 5HT These»
: O

) A
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/
results suggested that fibres in the. g]ossopharyngea] nerves provided

the afforent pathway for the reflex component of act1on of 5HT in the £

“a1r;a§sm*-_bther resp1ratory ref]exes with afferent glossopharyngea]
pathways have been described (Ask-Upmark, 1935; Nadel, 1965), |
After pretreatment with 6HD or RES, only the M-sensitive actions

‘of 5HT could be detected suggesting the presence of a central or‘peri-
pheral eadrenergic componentsin the efferent pathway.. The ability ot
DEX to partially reverse a similar b]ockade induced'by BRE, confirmed
the 1nvo1vement of actions at adrenerg1c nerve terw1na1s. :Although
sympathec tomy was not comp1ete 1n some of these animals,. the ab011t1on.:-
cf the reflex act1on of 5HT may be exp1a1ned by the fact that some .
\ dstructures are .more sens1t1ve to adrenerg1c depletronvﬂthan others
' (Thoenen & Tranzer, 1968; 'Haeusler, 1971; Kostrzewa & Jacobowitz;
1974). In genera],‘heart musc]e'and iris are thought to be highly sus-
ceptible, whereas sympathetic ganglia aﬁi@adrena] q1ands tend to he
| least susceptib1e.. Recently,:ﬁtGOwan & iewoehner (1980) have dedbn-."
vstrated that the suscept1b111ty of .guinea-pig trachea to chem1cal sym-
patbectomy 1§ s1m11ar €B that of iris and may be’ greater than that of-
“heart muscle. | o

| The 5HT- 1nduced 1ncreases in’ RL were enhanced by PRO However
.PRO also marked]y 1ncreased the response to diazoxide 1n some an1ma15,
_and has been reported to potentiate h1<tam1ne-1nduced constr1ct1on
(C0H1er % James, 1967; Douglas & Bouhuys, 1969).  Thus, the results
observed were prgbab]y due to a “non- specif1c potent1at1on and suggest
-that beta- adrenerg1c receptors are not 1nvo1ved in the responses to

- - AV ‘-
SHTn . .> o ‘ o

‘The administration of the lower dose of AZP that was tested selec-

A
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tively reduced the responses to 5HT. In addition, M was able to abol-_

ish the responses to 5HT in animals giveh AZP. These resu]ts_%gggest
that anha-adrenerg{c receptors might be involved in the reflex compo-
nent of action of 5HT. With this idea in mind, 1tvwas'interest{ng to
" note thét EHE increased the baseline value of R in onTy 1 (of 9) an-
imal. | ~ . o
At presentvthe data concerning the existence of alpha-receptors ih
the lungs remains.inconc1usive (Foster, 1966; Giurgis & McNeill, 1969;
gfleisch et al. i970' Cabezas‘et al. ,1971;#*Simonsson et 'al., 1972; Bian-
| co et a1 1974, Nous1a1nen et al . 1977)¢ Thug, the 1nab111ty of PHE
hto s1gni?1cant1y affect be;gllng va1ues of RL might be due to a. lack of\p
al pha-adrenergic receptor§§;%d be 1n conf];;t with the 1mp11cat1ons of
,the results obta1ned w1th AZP. At least two other a1ternat1ve exp]ana-'
t1ons m1ght reso]ve ‘this apparent'Lonf11ct ' _ _
’_ V.Firstly,_the a]phq-receptors may not be present at the level of
the effector ofgah'hthét fs,‘airway smooth muscle, bUt may existﬁe1see
‘vwhere in the pathway : |
Second]y, PHE may have a low aff1n1ty for the type of alpha-recep-
ton 1nyo1ved in the responses to 5HT Two types of a1pha-receptors
have been descr1bed (Starke, Endo & Taube, 197Sa bs :y1kberg, 1979).
. The a]phal-receptors ‘are ch1ef1y located post—synapt1ca11y in smooth.,
musc]e ce]]s, whereas a]phaz-receptors are chiefly located pre-synap-f
‘t1ca11y in adrenerg1c _nerve “terminals (w1kberg, 1979, Me]ch1orre
f§80) PHE preferent1a17y st1mu1ates alphal-receptors ‘and - has . 11tt1e
aff1n1ty for a1pha2-receptors (w1kberg, 1979) There is evidence to
suggest that AZP acts at both types of a]pha receptors (Sheys & Green,

1972 Melchlorre 1980) Thus, the apparent d1screpancy~between‘the
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results obtained- with AZP and PHE may be explained by assuming that the .
effects of AZP primarily 1nvo]ved act1ons at alphaz-receptors )

" The results obta1ned w1th CLD support the 1nvo1vement of a]phaz_
receptors. in the reflex action of 5HT. CLD has been shown to/have more
aff1n1ty for a1pha2-receptors than a]phal-receptors (Wikberg, 1979) and
ca? produce both st1mu1at1on and 1nh1b1t1on of the receptors (Nickerson
&_Ruedy, 1975). The 1ncreases in RL produced by CLD could be explained
by an initial stimu]ation'of these receptors.

Although enhanced responses to 5HT were observed after treatmentev'

with CLD, the responses could be eliminated by the jection of M,

These results indicated that the d1rect effects of 5HT were enhanced

¥
S~

- but that the ref]ex effects of 5HT were ab011shed,_suggest1ng that the

1n1t1a1 receptor st1mu]at1on was followed by 1nh1b1t1on

In sumnary, the 5HT-induced increases in RL were due to a combina- ~

f,'tion.of direct and-indirect actions. The indirect action involved a

non-vaga1 central autonomic ref]ex' The afferent pathway of this’

ref]ex involved afferent f1bres in the glossopharyngeal nenaﬁl, whereas

the efferent pathway appeared to 1nvo]ve a1pha2-adrenerg1c receptors

"~ Some pre11m1nary expepaments (B1ggs & Peterson, 1979) suggested
that part of the-constr1ct1o produced by diazoxide also 1nvo1ved a 1
non vaga] reflex component of adtion. ‘ | .

The diazoxide- 1nduced decreases in CL observed in decentra11zed
animals were not’ significantly d1fferent from those observed in normal
an1ma1s. A]so, -the various doses of TRI produced 1ncons1stent effects
on these responses These»resu1ts in conJunct1on w1th the pharmaco-
logica1 distinction between the responses of the 1arge and sma]] air-

ways to d1azox1de reporteé prev1ously (Peterson, 1978), suggested that

P . ) <



changes in CL did not resu]t from a reflex action of.diézoxide. There-
fore, on]y diazoxide-induced increases in RL will beidiscussed further. .

| Either decentra11zat1on or . treatment w1th TRI eliminated diazox-
ide-induced increases in RL’ and thus supported the idea that d1azox1de_>'
also possessed a reflex compenent of action. However, in contrast to
- 5HT-1induced constriction, ATR had no s1gn1f1cant effect on diazoxide-
~induced constriction. Also, MEP abolished responses to d1azox1de but
produced no s1qn1f1cant effect on S5HT-induced constriction.

-Bilateral glossopharynqea]otomy abo11shed the responses. to diazox-
~dide. It was therefore conc]uded that the afferent pathway was mediated
by fibres.in the glossopharyngeal nerves. Unlike the reflex actions of
5HT; the responses to diq}oxide were only reduced‘by unilatera ~ection
.of the glossopharyngeal nerves and were notveiiminatedf

“Either DSCG or'MEP abo1ished the responses-to,diazoxide-in these
experjnents. _However, responses'to either 5HT or exogenous histamine’
were not significantly affected by DSCG. These results sugoested that
the diazoxide-induced increases in RL could be due to the re]ease of
histamine rafﬁer than some h1stam1nergwc act1on of d1azox1de.\ wgf

Other ;;rkers have presented ev1dence to show’ that stimu]atﬁon of
baroreceptors in the carot1d s1nus may cause the re]ease of h1stam1ne
il peripheral vascu]ar t1ssues (Beck 1965 Brody, 1966; Levin, Bartlet
& Beck 1968 Tobva Adams M1ya & Bousquet 1969, 1970) More recent1y
Lee, Walsh, Mokler & Tobia (1981) have reported that, in the rat, de-
_creasesiin.h1nd11mb vascular resistance produced by electrical stimu-
‘,lation'ef the g]ossopharyngea1 nerves could he.inhibtted_by'thelanti-'
hfstemipe, tripe]ennaminé,‘but not by ATR. . .
. Diazoxide induced iricreases in R, conld not be detected in animals

e

(-]
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treated with BRE or pretreated with RES. - Responses smaller than those'

. J o . . ) )
-observed in- normal -animals were observed in animals given DEX after’

treatment with BRE. These resu]ts are similar to those obtained wi'th
5HT and suggest that the efferent pathway of the ref]ex action of dla;
zoxide also involves a sympathetic component. Judging by the results
obtained with PRO, the diazoxide-induced increaSes in RL’ Tike those ot
5HT, were independent of any beta-receptor invo]vement.

‘ The responses to diazoxide were inhibited by both AZP and CLD,
suggest1Q§ that this reflex, like the reflex 1n1t1ated by SHT, a]so

involved. a]phaz-receptors.

‘In summary, the diazoxide-induced increases in RL,were, like re-

sponses to SHT, shown to involve a non-vagal, central autonomic reflex.”

Afferent fibres in the g]ossopharyngea] nerves and an efferent pathway
’.w1thxa sympathet1c component also seem ]1ke]y for th1s ref]ex. However,
in contrast to S5HT, d1azox1de appeared to cau§e.the reflex release of
histahine. Aiso, the reflex action of diazoxide was. not affected Sig-
‘ n1f1cant1y by muscar1n1c blockade and therefore d1d not possess-a mus-
carinic component of act1on{ A]though reduced after un11atera] g]osso-
pharyngealotomy, the reflex effects of d1azox1de, unlike those of 5HT
could" be detected with on]y one g]ossopharyngea] nerve 1ntact. ' .
_ | Orthodromic st1mu1at1on of the carotld s1nus nerve was used to try
‘ and mimic the ref]ex act1ons of SHT and d1azox1de._ No s1gn1f1cant ef-
fects on baseline values of C w?%e produced by NS, thus conf1rm1ng the
hypothes1s that changes in C produced by e1ther 5HT .or. d1azox1de d1d

not 1nvo1ve ref]ex acttons med1ated by g]ossopharyngea] nerves.

" In contr produced 1ncreases 1n RL whtch were dependent on

h. These responses_were absenti;h.decentra]jzed animals

60 .
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~ and cou]d be e11m1nated in normal animals by TRI, indicating that they

were due to a centra] reflex act1on

%

~No s1gn1f1cant.changes in the responses to NS were obseryed after
bilateral vaootohy ‘ These resu]ts indicated that, firstly, the re-
sponses to NS were 1ndependent of ‘the vagus nerves, and secondly, that
there was no spread of the e1ectr1ca] stwmn;us despwte the close prox-

1m1ty of the vagus andv gloSSOpharyngea1 vnerves at the Ieve1 of the

H

,Jugu1ar foramen

The exper1ments with ATR AMI and MEP 1nd1cated that the responses

o to NS involved both muscar1n1c and_h1stam1nerg1c componentsr As the

muscarini'c' 'compo‘nent' was b'locked by AMI, ft wes cohc]uded'thiyh-

eral muscarlﬂbc receptors were 1nvo1ved The h15tam1nerg1c 1.‘-onent

could be e11n1nated with either MEP or DSCG Thus, NS produced effects

' wh1ch were s1m11ar to the réflex acttons of both 5HT and d1azox1de

L1ké the druq-1nduced effects the responses to ‘NS were not de-
tected in an1ma1$ pretreated w1th“e1ther RES or 6HD S1m11ar1y, in-

creasing dosgs of BRE or BET reduced, and then abo11shed responses to

’_NS Partfal recovery of the responses to NS in these an1ma1s-was de-

tected after the adm1n1strat1on of DEX. Thus, the efferént pathways of
the responses to NS 1nv01ved sympathet1c components ‘ '

No responses to NS were detected in an1ma1s a1ven CLD thus sug-
geSting the invo1vement'of a1pha2—receptors. |

In conc1us1on, it was. determ1ned that SHT produced constr1ct1on in

‘the 1arge a1rways of the anesthet1zedA~para1yzed#gu1nea pig by both di-——
_ rect ang_lndlcect act1ons. The indirect ~action of 5HT was shown to in-
. volve a central, autonomlc ref]ex wh1ch was. 1ndependent of the vagus

nerves,: Fibres'of the~g1ossophaﬁ§h§ha1\neryes prov1ded;the afferent

6L,
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of SHT after treatment with BET and RES could then be explained by the

péthway, andﬁtﬁe efferent pathway”was shown to involve a sympathetic

.component .

Similarly, diazoxide-induced increases .in RL were also shown to

‘inyo1ve a central, autonomic reflex. This reflex was also mediated by

afferent fibres in the glossopharyngeal nerves and involved a sympathe-

tic component in the efferent.pathway. However, two distinct reflex

‘arcs were involved in the responses to the two dkugs.

s+The reflex arc inyp]ved.in the responses to’5HT was shown to in-
volve periphera] muscarinic receptors which could be blvaud4by AMT,
A]thbugh/gentra] actions seem unlikely with the iow doses used in these
expériménts; ATR can act either centrally or per., herally, but prpdyced

no further inhibition in animals pretreated with AMI. Thus, central

muscarinic receptor involvement seemed unlikely unless the receptors

- are part pf»the neuronal circuit which also involves the peripheral.

fecepfors; ’Based-oﬁ the anatomy of the carotid body (McDonald, 1977)

]

these receptors most likely form part of the-efferent .pathway.

The results of'these investigaetions also suggested that a]bhaz—”

- receptors formed part of the ref]ex arc. However, with the availab]e-

evidence, it is impossible to determine if. these 'receptors occur before

. or after the muscarinic receptors in the pathway.

At first, a central lTocation seemed 1ikely as others have reported
Yhat.affereﬁt fibres of the glossopharyngeal nerves synapse'wfth sympa-

ihetiC»ffbres in the tractus solitarius nucleus (Kezdi & Ge]Tér, 1968;

Hilton, 1975; Spyer, 1975). The loss of the reflex component of action

- central actions of these drugs. However, BRE and 6HD are unlikely to

enter the CNS from the Abloodstreaﬁ; and both of' these drugs also

o
A
7
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abolished the reflex _acti‘ons of SHT. Thus, a periphera] sympethetis
'componént must be present. ‘

The most likely peri;)herel sites for sympathetic involvement would

‘be within sympathttic ganaha or at ‘the level of the airways. Sympa-

thectomy was Judaed to be 1ncomp1ete in animals frnated with either 6HD

or BRE. Therefore, as the sympathet1c gangha tend to be the least

' susceptfb]e structures to chemical s_ympathectomy (Thoenen & Tranzer

1968 Haeus]er, ‘8971; Kostrzewa & Jacobowwtz 1974) and sympathectomy

)

. 1was incomplete, location of the al phraz—rece\ﬁ‘tors in sympathet1c ganglia

4

v

seems unlikely.

S1m11ar1y, the" 1nv01vement of alphaz-receptors at the 1eve1 of

an"wa_y émooth musc]e also ‘seems unlikely, at first, as most alpha-
receptors in smoot.be .._muscle are of the al phal,,-re'ceptor subtype (Wjkberg,
‘1979,’).’ Also, as discussed previously, the ‘existence of al pha—reteptprs
i’ the airways is still a matter ofﬁtongtroversy. : Hohwever, the actions

of v.aridus;_a'l pha?_-agonists and. antagonists have not been thoroughly

. examined in airway smooth.'musde. Such @ study might help to settle

the controversy surrounding the existence of alpha-receptors in the

4.

airways .

Figure 60 depicts several ref'lex arcs which are cons1stent with .~

A

- the data obtamed in these 1nvest1gat1ons. : ‘ .

The reflex arc involved in the respoﬁses to dia%zoxide does not

have a cho’hnerg1c component but does appear to medmte the release of

—hfstamine in the large a1rways. Mpha2~receptor wvolvement has also

-been i'mp'l'icated,i_n this refl.ex arc, but, as ‘with the receptors associ-

ated with responses to 5SHT, the available evidence, does mat indicate
their location. In add;ii_:_ion to the possible sites discussed above, the

‘€3 : g
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“* results obtained with hindlimb Preparations also suggest a possible.

“vascular lo{catio)h (Beck, 1965; Brody, 1066 Levin et a]., 1968 Tobia

—~

et al., 1969 1970; Lee et al., 1980). T o o ﬁ

Poss1b1e ref]ex arcs consistent with the results obtained in eg '

periments with diazoxide are shown in Figure 61, - , T

rd-r'

As the reflexes: reviewed in this thes1s aH] 1nvo1ved d1ff;~ent f
'types of receptors, it seems reasonab]e to assume’ that the ref'loex ef-
fects of d1azox1de and 5HT also 1nvo]ve the stimulation of d1st1nct re-

-\u

‘ceptor types. As d1azox~»de is' a h_ypotenswe agent and SHT has been.
shown to stwmul@te chemoreceptors in some spec1es (G1nze], 1954; G1nze1'
& Kottegoda, 1954) it seems possible that the drugs are(affectmg ca-
‘rot1d baroreceptors and chemoreceptors, respective]y. If th1s is the
.' case, certain c'l1mcaL nrrphcatlons become apparent, a]though care must

be éxermsed in extrapo1at1ng from amma]s, and-in’ part1cu1ar from the ..

‘gu1nea p1g, to humans:

Recently, for examp]e, ;k'i'nter‘ (1980) has adVocated bﬂatera] re-

N

moval -of the carot1d bodies- without denervation of the carotid s1nus in:
order to decrease afferent bronchoconstnctor 1nput from chemorecep-
tors._,. However, 1n the 1nvest1gat1ons reported here, um]atera'l nerve
sect1on was shown to d1st1-ngu1sh between reflex constr1ct1on produced N
by 5HT .or chemoreceptor /stfmuT/atmn, and” d1azox1de, or baroreceptor
.st1mu1at10n.‘ In part'lcu]ar, on]y um]atera] g}ossopharyngea]otomy was
requ1red to ehmmate ‘the ref]ex effects of SHT, suggestmg that.
";;ﬂateral removal of carot1d bodves, as advocated by wlnter, is not
requ1red Also, based on these results, treatment with a muscammcl

antagomst wou'ld be as effectwe as surgery 1n blockmg bronchocon-

| strictor mput fran chemoreceptors.

Ce



Simﬂ'ar]y,‘our results suggest that DSCG'won be as effective as

carotid sinus denervatwn 1n b?ockmg bronchoconstrwtor input from “9.
ki
bar‘trreceptors A]though DSCG was “initially thought on]y to, act on mast &

+ .céNs .(Cox and Beach B1a1r, C]arke, King, Lee, Loveda_y, Moss, Orr,.

e

o

R1tch1e & Sheard, 1970), more. recent]y, others have suf@sted that DSCG
)
ma_y have add1t1ona1 attions either on cholinergic fibres associated

with the ref]ex effects 1n1t1ated by 1rr1tant receptor act1v1ty, or .

d1rect1y on airway smooth musc]e (Dixon, Jackson & R1chards, 1980; .
g . d

Harmes, Parkes, Lessof & Orr,'1981)
In our expemments, responses to exogenOus ki ,tamwn pr SHT were .

not s1gn1f1cant1y affected by D%CG thus a direct ftect O‘f DSCG re-.

BT .
su]tmg m a change in, a1rwa_y smooth mus‘c]e contract'uhty sggms unlike- .
Ty. %so, in our. exper1ments,° DSCG bhocked ref]ex bronchqﬁstr‘nctw’n ‘

wh1ch was; mdependent of the vagus nerves’ and d1d°not have a mus‘car1mc :

component. Therefore,. an. M on’ qho]1nerg1o 'f]bres is 81s6 unhkely
- 1‘}1 the gu1nea p1g ‘ However,R w'IS 1nterest1ng "to note. that the
‘ bronch1a] hyperreact1v1t_y gduced b%/ su]phur d1gox1de in a'sthmatms ‘was
1nh1b1ted by DSCG, but only partially 5nh1b1ted‘by ATR (Harr1es,
| Parkes, Lessof & Orr, 1981). " This suggests that - varhous agents whlch
produce: bronchoconstrict.ton or bronch1a] h_yperreact1v1ty wh1ch
blocked by ISCG may act through a ref]ex arc 1nvo]v1ng baroreceptors
Th1s hypothesis is supported by work done w1th acety]sahcyhc ac1d
(ASA) and tartrazme. Both drugs have been reported to produce con- .
striction” in the large a1rways of anesthet1zed par‘aIyzed guinea- p1gs
(Peterson, B1ggs & Aaron, 1980; B1ggs, Peterson & Aaron, 1081) and to.
‘enhance . bronchoconstmctwn 1nduc¥d by h1stam1ne (Biggs & Peterson, '

1979; Biggs, 'Peterson-,.& Aaron, 1981). Like responses to diazoxide, the

“
<@ Ve !
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c%stmctwn produced@gy these drugs was unaffected by ATR or vagotomy, ‘
‘}1"&6 by g]ossopharyngealotomy, DSCG or N'EP (B1ggs,

‘ ,,btlb was abt&1
"5" "3*' 981 Peterson, B1ggs & Aaron, 1931) Others ‘have

Peter;on' &4

: "I .
“reported‘ that DG prevented or abohshed bronchoconstmctwn induced
by &SA mdomethacm 1n humans - (Basomba, Romar, "Pe]aez Vﬂ]almanzo

& Campos 76 Martelh & Usand1vara§,°1977 Marte]h, 1979).

- F1na11y, as a]pha,e-receptdﬁs were}‘_‘imphcated 1n the responses tO‘ ]

A L .
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* Table &* Results of Stimulation Exper'iments
‘ e N ;T _ | e
: o v _ S &
NERVE OR GANGLION STIMULATED . RESULT REFERENCE i
. j—" a . " . B . B
» ' "(‘:‘\’:‘ .
. s
. Vagus Fd 1 .
‘Vaaus d‘j?{;' 5.

| K . "
Vaqus . @u i v a;‘ 9 . Qﬁ
g o R »
ﬁjf Ce*v1qaf’vaaus or sympatheuag ‘& . 8 'an'QI .
rv1ca] vagus or s mpa tic C&R.., . % S
O Q# veg ymp the R B é

[

-

4
2
- QWQXPQQSYdeIhQ$‘CCﬁ -f e o 3 R
Vagus or ste]]ate i . i- 1;:‘ CCER. I T Qgﬁt”
"~ Ste]Tate ' |
Ste]latg

LAY Carotn[émus R A fRESP

T
v
N

Result. code:

- References:

i

'_(8) Hebb 1940 (9llvRoy &,Brown,

Cer1&a1 sxmpag%§t1c _ “~f,i . 0iCorR

[

d

PR 5

NC’=;c0nstri§tTon, R = relaxation, 0 = no effect, RESP =

VI b s

respiration y

' Ludany 5 PetrovsPa1a, 1942 {3)-Dixon & Brodie, 1903; (4)

D1xon & Ranson 1912; (5) Dbu‘1as, Inﬁes;& Kosterlitz,
1950 (6) Hammarstrom & SJostran » 19795 (7) -Head, 1889;

1885. .

(1) Cabezas et al., 1971'7(2) Daly, Elsden, Hebb, von



TABLE 2.

Changes in baseline values erffEhand CL were ‘meaﬁd within

. ~3-min of drug administratioN

3
« ¥,

o™ nerve section;.

«

. - S . L -
EFFECTS OF VARIQUS DRUGS AND TREAIMENJS ON R, AND C

all measure-¢

nents, returned to control values 1n 5;‘5 min, .

" TREATMENT *

%

| ”fDRUGS_(ﬁg/kg)v

saline 0.5-ml

Cvo1¥m

. LI
¥

Af& QZVOS)

ffAMIW(o 95)

AZP (0.S)

3>

.

V:BRE (7.5}

J-_.CLD (0. 15)

0@5) .

DEX (5)

DSCEY(10)
| 6HD (5)" .

| MEP;(O.I)‘-
M (0.5)

| (;r*/f

»

% INCREASE RL
, N %*
‘Mean (SEM)

| % DECREASE C, - . n

Mean (SEM)"
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_ Figure 8. Effects of SHT on CL."

Responses, meéasured at 1 hririterva]s, were dose-related
but not reproducible. ,
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| Dose SHT (ug/kg, Log Scale)

e Control

o +M, 0.5 mg/kg

o +M, 1 mg/kg

v +ATR, 0.05 mg/kg

Figure 9. Effects of methysergide (M), followed by atropine (ATR), on
5HT-induced increases in RL’

M, 0.5 mg/ka, -reduced' responses to 5HT. Increasing the dose
of M did not produce further inhibition, but the combina-

$ _ tion of M and ATR, 0.05 mg/kg, eliminated responses to 5HT.
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‘Figure 10.

[ 1 n 3 !

2 8 32
Dose SHT (ug/kg, Log Scale)

® Control

O +ATR, 0.05 mg/kg
© +ATR, 0.1 mg/kg .
v +M, 1. mg/kg

Effect of atropine (ATR), followed by methysergide (M), on

BHT-1induced increases in RL‘

ATR, 0.05 mg/kq, reduced responses to SHT. Increasing the
dose of ATR did not produce further inhibition, but the
combination, of ATR and M, 1 mg/kg, eliminated responses to
SHT.
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Figure 11.

T el

2 ‘ 8
Dose 5HT (ug/kg, Log Scale)

e Control
o +AMI, 0.05 ing/kg
o +AMI, 0.1 mg/kg

Effects of atropine methiodide (AMI) on SHT-incuced
increases in RL'
AMI, 0.05 ma/kg, recduced responses to 5HT. Increasing the
dose of AMI did not produce further inhibitien of the
responses to 5HT.
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Figure 12. Effects of atropine methiodide (AMI); followed by atropine
(ATR), on 5HT-induced increases in R -

AMI, 0.05 mg/kg, reduced responses to 5HT. ATR, 0.05
mg/kg, given after AMI produced no additional inhibition of
the responses to SHT. '
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Fioure 13. Effects of atropine methiodide (AMI), followed by methy-
seraide M), on 5HT-induced increases in R -

AMI, 0.05 mg/ka, reduced the responses to SHT. The combi-
nation of AMI and M, 1 mg/kg, eliminated responses to 5HT.
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Fiqure 14.

.00

(fj e Control
’ o ® +TRI, 1 mg/kg
g © +TRI, 1.5 mg/kg "’
O 50| A +M, 1 mg/kg
=
3
6 .
& .
0

%

1 - 4.
Dose 5HT (ug/kg, Log Scale)

iy N | n
|
Effects of trimethaphan’ (TRI), followed by methysergide-
(M), on 5HT-induced increases in R, -

TRI, 1 mg/kg, reduced responses to 5HT. Increasing the dose
of TRI did not produce further inhibition, but the combina-
tion of TRI and.M, 1 mg/kg, eliminated the responses to
5HT. .
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"Figure 15.
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@ Control

8 +TRI, 1 mg/kg
o +ATR, 0.05 mg/kg
A +M, 1 mg/kg

Percent increase RL
w,n
o
T

o] A
8 52

2
‘Dose 5HT (ug/kg, Log Scale)

2

Effects of trimethaphan (TRI), followed by atropine (ATR)
and then methysergide (M), on 5HT-induced increases in R, .

TRI, 1 mg/kg, reduced resbonses to S5HT. After animals were
given TRI, ATR, 0.05 mg/kg, no lcnger inhibited responses
to 5HT, whereas -addition of M, 1 mo/kg, abolished responses

to SHT..
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Dose 5HT (ug/kg, Log Scale)

e Control .
o After Mid-Cerv. Vagotomy .
o +ATR, 0.05 mg/kg

)Figure 16. Effects of bilateral, mid-cervical vagotomy, followed by
atropine (ATR), on 5HT-induced increases in RL' ~

Vagotomy did not significently affect responses to 5HT..
After vagotomy, ATR, 0.05 mg/kg, still reduced responses to
SHT. o
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Figure 17.
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100 —

T

A
Dose 5HT (ug/kg, Log Scale)

e Control
o After High Vagotomy
o +ATR, 0.05 mg/kg

g

Effects of bilateral, high vacgotomy, followed by atropine
(ATR), on SHT- induced 1ncreases inR .

Vagdtomy did not significantly affect' responses to 5HT.
After vaocotomy, ATR, 0.05 mg/kg, reduced responses to SHT.
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v +M, 1 mg/kg

Figure 18, Effects of bilateral g]ossomar_yncea]ofomy, followed by
atropine (ATR) and then methysergide (M), on 5HT-induced

increases in RL

Glossopharyngealotomy reduced responses to S5HT. After _
glossopharyngealotomy, ATR, 0.05 ma/ka, produced nc signi-
ficant effects on the responses to 5HT, whereas M, 1 mg/kg,
abolished the responses. ,
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Figqure 19.
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Dose SHT (ug/kg, Log Scale) -

" @ Control-
o After Glossopharyngealotomy
v +M, 1 mg/kg

{

Effects of bilateral glossopheryngealotomy, followed by
methysergide (M), on 5H7-induced increases in RL'

Glossopharyngealotomy reduced responses to 5HT. After
nerve section, M, 1 mg/kg, eliminated the responses to 5HT.
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Fiqure 20. Effects of methysergide (M) on SHT-induced increases in R
obtained in animals after either left (L) or right (R) uni-
lateral g]ossopharyngea]otomy (UG) had been performed.

5

M, 1 ma/kg, eliminated responses to SHT after the 1eft or
right glosswharyngea] nerve was sectioned.
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Figlre 21.-"Effects of mepyramine (MEP) on SHT-induced increases in RL.‘
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Figure 22. Effects of disodium cromcg1yc§te (DSCG) on BSHT-induced
increases in RL' .

'DSCG, 10 mg/kg, produced ro sianificant ‘effects on the
responses to 5HT. : o
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Figure 23.
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Percent Increase R
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O l a————ah
2 8 32
Dose S5HT (ug/kg, Log Scale)
e After RES Pretreatment

0O +ATR, 0.05 mg/kg
A +M, 1 mg/kg

Effects of atropine (ATR), followed by methysergide (M), on
5HT-induced increases in F:tl'g observed in animals pretreated

with reserpine (RES), 2.5 my/kg. :

ATR, 0.05 mg/kg, produced no significant effects on the re-
sponses to 5HT in reserpinized animals, whereas the addi-
tion of M, 1 mg/kg, abolished the responses to 5HT in these
animals.
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@ After RES Pretreatment
e +M, 1 mg/kg

Figure.24. Effects of methysergide (M) on 5HT-induced increases in R/

obtained in animals pretreated with reserpine (RES), 2.5
ma/ka. ‘

.« M, 1 mg/kg, abolished responses to 5HT in reserpinized
animals.
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Dose 5HT (;fg/kg, Log Scale)
O After 6HD Pretreatment
e +ATR, 0.05 mg/kg ‘
A +M, 1 mg/kg

Figure 25. Effects of atropine (ATR), followed by methysergide (M), on
' - 5HT-induced increases in R obtained in animals pretreated
with 6-hydroxydopamine (6HD), 35 mg/kg. o

ATR, 0.05 ma/kg, produced no sianificant effects on re-
sponses to 5HT in animals pretreated with 6HD, whereas the
addition of M, 1 mg/kg, completely abolished the responses
-to 5HT in these animals.
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Figure 26.
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Dose SHT (ng/kg, Log Scale)

o After 6HD Pretreatment

= +M, 1 mg/kg

A : 1

L~

Effects of methysergide (M) on 5HT-induced increases in R

obtained in animals pretreated with 6- hydroxydopam1n

(6HD), 35 mg/kg.

M, 1 mg/kg, abolished the responses to B5HT in ‘anima1$
pretreated with 6HD. ' '



Figure 27.
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4

/

Effects of bretylium (BRE), followed by atropine (ATR),
methysergide (M) and then dexamphetamine (DEX), on 5HT-
induced increases in Ry -

ATR, .0.05 mg/ka, produced no significant effects on re-
sponses to 5HT in animals treated with BRE, 7.5 mg/kg,
whereas M, 1 mg/kg, abolished the responses to 5HT in these
snimals. DEX, 5 mg/kg, was unable to reverse blockade in
animals that .had received ATR. ’
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Figure 28.
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Effects of bretylium (BRE), followed by methysergide (M)
and then dexamphetamine (DEX), on 5HT-induced increases in

RL.

M, 1 mg/ka, abolished responses to 5HT in .anima1s treated

with BRE, 7.5 mo/kg. The blockade was pertially reversed

with DEX, 5 mg/kg.
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Figure 29. Effects of proprarolol (PRO) on 5HT-induced increases in
R, . . .
L

PRO, 1 mg/kg;, enhanced responses to 5HT.
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Figure 30.

. RLI

O——0 HIS after AZP, 0.5 mg/kg
®----- 5HT Control

o----0 5HT After AZP, 0.5 mg/kg
o——o 5HT After AZP + M, 1 mg/kg

3
T

Dose HIS or 5HT (ug/kg, Log Scale)

Effects of azapetine (AZP, 0.5 ma/ka) on histamine (HIS)-
induced increases in R and effects of AZP (0.5 mg/kg),
followed by methysergidk (M), on 5HT-induced increases in

AZP, 0.5 mg/kg, reduced nresponses to SHT but produced no

significant effects on responses to HIS. The combination
of AZP, 0.5 mg/ka, and M, 1 mg/ka, abolished responses to

5HT.
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Fioure 31. Effects of azapetine (AZP'), 1 mo/ka, on SHT-induced
T increases in RL. .

"AZP, 1 mo/kg, reduced responses to 5HT.
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Figure 32. Effects of azapetine (AZP), 1 mg/kg, on histamine (HIS)-
: induced increases in RL' .

/

AZP, 1 mg/kg, reduced responses to HIS.
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0 +CLD, 0.15 mg/kg
o + M, 1 mg/kg
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Figure 33. Effects of clonidine (CLD), followed by methysergide (M),
.on 5HT-induced increases in RL'. :

CcLb, 0.15 ma/kg, enhanced the respbnses to 5HT. The combi-
nation of CLD and M, 1 mg/ka, abolished responses to 5HT.
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Figure 34. Effects of diazoxide on CL,

Diazoxide produced dose-related decreases in CL.
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Figure 35. Effects of diazoxide on R, .

Diazoxide produced dose-related increases jn.RL.

o

105



100

w‘
o
c
©
S
- 50
c
()
8 .
[
o
0
Figure 36.

[N

[ C = Control
. " Ty = TRI, 0.5 mg/kg
T T, = TRI, 1 mg/kg
C Ta Tp C L P Ty

1 L 1 | 1 i |
n= 5 ' & 4 5 6 ‘4
Increased R Decreased C_

Effects of trimethaphan (TRI’) On responses to diazoxide, 40
ma/kg. : _ .

TRI, 0.5 and 1 mo/kg, consistently abeolished diazoxide-
induced increases in R,, but produced inconsistent effects
on diazoxide-induced dé‘creases in C,. Bars show mean re-
sponses and vertical lines indicate bne S.E.M.
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‘Figure 37.
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Effects of bilateral (B) and left (L) or right (R) uni-
1atera1,g]ossopharyngee]otomy on increases ingRL produced

by diazoxide, 40 ma/kg. f R

C shows responses obtained in control animals. Unitateral
glossopharyngealotomy reduced responses to diazoxide,
whereas bilateral glossopharyngealotomy abolished responses
to diazoxide. - Bars show mean responses and vertical lines

indicate one S.E.M.
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Figure 38.
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"Effects of decentralization on responses ‘to diazoxide, 20 -

mg/kg.

Decentralization abolished diazoxide—indbced{'{@ases in
RL’ but produced no sigm’ficanf effects on diazoxide-
induced decreases 1in CL’_‘_ Bars show mean responses and
vertical lines indicate one S.E.M.
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Fioure 39,
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Increased R| Decreased C,

Effects of disodium cromoglycate

sponses (C) to diazoxide, 40 mg/kg.

DSCG, 10. mg/kg, abolished diazoxide-induced increases in
‘RL’ but produced no sianificant effects on diazoxide-
induced decreases in CL. Bars show mean responses and ver-

tical lines indicate one S.E.M.
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Figure 40. Effects of disodium cromoglycate (DSCG, 10 mg/kg) on
. histamine-induced increases in RL’ ' :

DSCG, 10 mg/kg, produced no significant effects on
- histamine-induced increases in R, .
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Figure 41. . Effects of bretylium (BRE), and BRE followed by dexamphe-
tamine (DEX), on control responses (C) to diazoxide, 40
ma/kg. . , v

BRE, 7.5 mg/kg, abolished diazoxide-induced increases in
R, without significantly affecting diazoxide-induced de-
c%eases in C, . Partial recovery of the diazoxide-induced
increases 1in R was observed after both BRE and DEX had
been adm1n1steJPd Diazoxide-induced decreases in C, were
reduced after the combination of BRE and DEX were given.
Bars show mean responses and lines indicate one S.E.M.
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Effects of azapetine (AZP) and L]onidiné (CLD) on
control responses (C) to diazoxide, @0 mg/ka. |

~—

Both AZP, 0.5 ma/kg, and CLD, 0.15 ma/kg, reduced
diazoxide-induced increases in R, without significantly
affecting diazoxide-induced decre%ses in C,. Bars show
mean responses and vertical lines indicate ohe S.E.M.
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Figure 43. Chenges_in'RL.produced by nerve stimulation at 2 or 4 v.

Nerve- stimulation at 2 or 4 V produced increases in RL
which were dependent on the pulse duration. Points show
the mean responses obtained in 12 animals and the vertical
lines indicate one S.E.M. |
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Figure 44, Changes in CL produced by nerve stimulation at 2 or 4 V.
‘s

No significant changes in CL were noted after nerve stimu-
lation at either 2 or 4 V. ~Points show mean responses ob-
tained in 7 animals and the vertical 1lines indicate one
S.EM. : * o
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FIGURE 45.
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Effects of b11ateré1 mid-cervical vagotomy on 1ncreases
in R produced by nerve st1mu1at1on

Vagotomy producé& no significant effeéts on the responses
to nerve stimulation. Points show mean responses and
vert1ca1 lines 1nd1cate one S.E.M. '
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Fidure 46. Mean responses to nerve stimulation obta1ned at 1nterva1s
overs, per1ods of two to three hours.

Responses to nerve stimulation were stable and reproduci-

J ble for two to three hours. The points represent the mean
of four responses and the vertical lines indicate one
S.E.M. . .
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Figure 47.
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Effects of atrop1ne (ATR, 0.05 & Q.1 mq/kg) on increases

in RL produced by nerve st1mu1at1on

ATR, 0.05 ma/kg, reduced the responses to nerve stimula-
tion. Increasina the dose of ATR produced no further inhi-

b1t1on of the -responses.
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Figure 48.
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0.05 - 0.2 0.8
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Y

Effects of atropine methiodide (AMI, 0 05 & 0.1 mg/kg) on
increases.in RL produced by nerve st1mu1at1on. )

0
'

(r

P AMI, 0. 05 mg/kg, reduced the responses to nerve stimula-

t1on. Increasing the dose of AMI did not produce further
1nh1b1$1on of the regponses

W
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Figure 49,
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.

Effects of atropine methiodide .(AMI, 0.05 mg/kg), followed
by atropine (ATR, 0.05 mg/kg), on increases in RL produced
by nerve stimulation.

AMI; 0.05 mg/kgi reduced the responses fgénerve stimula-
tion. Administration of ATR, 0.05 mg/kg, after AM1l had
been given, produced no further inhibition of the re-

sponses.
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- Figure 50.
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Effects of mepyramine (MEP, 0.1 & 0.2 mg/ka) on increases
in RL produced by nerve stimulation.

MEP, 0.1 mg/ka, reduced the response tc nerve stimulation.
Increasing the dose of MEP produced no further inhibition
8f the responses: The points show mean responses and
lines indicate one -S.E.M. e
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Figure 51. Effects of disodium cromoglycate (DSCG) on increases in RL
produced by nerve stimulation.

- u

DSCG,. 10 mg/kg, reduced the responses to nerve stimula-
tion. Increasing the dose of DSCG produced no further
inhibition of the responses. Points show mean responses
_ and vertical lines indicate one S.E.M.

-
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Figure 52. Effect of disodium cromoglycate (DSCG), followed\by
mepyramine (MEP, 0.1 mg/kg), on increases in R, produced
by nerve stimulatfon. ' :

_ After DSCG ‘had been administered, VMEP, 0.1 mg/kg, no
longer reduced the responses to nerve stimulation. Points
‘show mean responses and vertical lines indicate one S.E.M.
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_ Figure 53.° Effects of mepyramine (MEP, 0.1 & 0.2 mg/kg), followed by
atropine (ATR, 0.05 mg/kg), on increases in R, produced by
nerve stimulation. _ :

Vi
MEP, 0.1 ma/kg, reduced the responses to nerve stimula-

tion. Increasing the dose of MEP produced no further in- v
hibition, but the ¢ombination of MEP and ATR, 0.05 ma/kg,

~eliminated the responses.

/'v\
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Figure 54.

v
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-

Effects of atropine methiodide (AMI; 0.05 & 0.1 ma/kg),
followed by mepyramine (MEP, 0.1 mg/kg), on increases in
 RL produced by nerve stimulation. : :

AMI, 0.05 ma/ka, reduced the responses'to nerve stimula-
tion. - Increasing the dose of AMI produced no. further in-
hibition, but the combination of AMI and MEP, 0.1 mg/kg,

“eliminated the responses.

124



'

Figure 55,
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Effects of atropine meth1od1de (AMI, 0.1 mg/kg) followed
by disodium cromoglycate (DSCG, 10. mq/kg) on increases in
RL produced by nerve st1mu1at1on h

AMI, 0.1 mg/kg, reduced the responses to_ nerve stimula-

t1on whereas the combination of AMI and DSCG 10 mg/kg,
e11m1nated the responses
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Figure 56.
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Effects of atf0p1ne (ATR, 0.1 mg/kg), followed by disodium
cromoglycate (DSCG, 10 mg/kg) on increases in RL produced
by nerve st1mu1at1on

J

ATR, 0.1 mg/kg, reduced responses to nerve stimulation,
whereas the combination of ATR and DSCG, 10 mg/tkg,

.e11m1nated the responses
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Figure 57. Effects of 6-h_ydroxyd’0pam1‘ne' (6HD) on increases in RL
‘ produced by nerve stimulation. _ -
_ o , | +
Increasing doses of 6HD progressively inhibited, and then
abolished, the responses to nerve stimulation.
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Figure 58.

Percent Increase R
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0O + BRE 10 mg/kg
" +DEX 5 mg/kg
O + BRE 15 mg/kg
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~ Effects of "bret_yh’um (BRE), and BRE followed by dexamphet-

amine (DEX), on increases in R, produced by nerve stimula-
tion. L s ‘

~
[

chreasing‘ doses of BRE i.nhibited, .and then abolished, re-.
sponses to nerve stimulation. Partial recovery of the re-
sponses was obseryed after treatment with DEX, 5 ma/kg.
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Figure 59.  Effects of bethanidine ‘BET), and BET followed by dex-
. amphetamine (DEX), on increases in RL produced by nerve
-stimulation. _ :

Increasing doses of BET inhibited, and then abolished, re-
sponses to nerve stimulation. Partial recovery of the re-
sponses was observed after treatment with DEX 10 mg/kg.

129



1%n
SHT I
Large T ‘ Large
Airways _ Airways

ﬁCNS i '"

IXn" oo N

SHT

. Large
o Airways
Large —
Airways IXn = .Glossopharyngeal Nerve
M.R. = Muscarinic Receptor
as = ay— Receptor

Figure 60. »Possibles reflex arcs.associated with reflex actions of SHT. )
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Appendix 1. Drugs and Suppliers

Atropiné sulfate, BDH, Toronto, Canada
. At:?p1ne meth1od1dg” piepared 1n our Jaboratory, pure by m.p.y, 1.R. and
. -',.‘». . A .\: .
*"5 4T 5
ke Azapét1ne phosphatgﬁ‘ﬁache, pdﬁireal Canada : %
r Bethan1d4ne,su*?hatea@ﬁurroughs Wellcome La Sa]le, Canada

-
o,

Bretyﬁ1um tngjate: ?urroughs Wellcome, La- Salle, Canada ”
C]onﬁdjne hydrocn10f1de,'a gift from Boehringer Inge]he1m, Bur]1ngton,
. ' Canadam'F;dg' v,;;, i_,J
examphetam@ne %u]phate S1gma, St. Lou1§, U.S. A.
D1azox1de 1nJegt10n, a gift from Scher1ng, Pointe Claire, Canada
.',Disodium cromoglycate, a gift from Fisons,iDon Mills, Canadat;
Hepar1n sodium 1n3ect1on BDH Toronto, Canada |
Hexamethon1um brom1de ‘K" & K Laborator1es, P]a1nv1ew, U.s. A.

H1stam1ne phosphate, F1sher,, New Jersey, u.S. A
o

5- deroxytryptam1ne creatinine sulfate complex (serotdnin), Sigma, St.

Louis, U.S.A. | o ;
6- Hydroxydopam1ne hydrochloride, Sigma, St. Lpuds, U.S.A. -5

Mepyram1ne ma]eate, Pouleﬁc Montrea1 Canada . S N
Methyserglde b1ma1eate Sandgz, Basle Switzerland ‘
Pancuron1um bromlde 1n3ect102#s Organon,\Toronta, Canada 3 |
Phenylephrfhe hydroch]or1de S1gna, St$ Lou;s; U S. A o
Proprano]o] hydroch]or1de injection, Ayerst, Montrea1 Canada
Reserp1ne 1n3ect1on, C1ba Ge1ay,.Dorva1 Canada

» Tr1mkthaghan campbﬁrsulfonatq 1n3ect1on, Roche, Montrea] Canada

b .
Iyramine hydrochlorlde S1gmab St Lou1s U.S. A. .

.u N
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_ change of 30.6 m1/s, ‘,'
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-APPENDI X 2. Sample calculatinns and fracestused'tosdetermine kL

. ' N %i 3

*
Examples of flow rate signals and pressure stgna1s used to deter-‘g :

mtne_RL are shown in Figure 2-1. Both signals were obtained from. the
yearis of an EIA 1140 Variplotter slaved to the‘y— (flow rate) and x-
(trachea] pressure) output of a Tektronix osciT]oscope' set up -as
descr1bed in Chapter 2. . F1gure 2-2 shows sample loops obtalned when

the f]OM rate was plotted agewnst pressure. Loop A is a control loop

_produced when ‘the flow rate was plotted against ‘the total pressure

signal over a resp1ratdry cycle. Loop B shows the same loop after the

“R’
comp]1ance portion of the pressure signal had been subtracted; .a linear

v

p]ot resulted from ‘the subtract1on. Loop C shows the contro] loop

. after more than the comp11ance component of the pressure signal had

been -subtracted; Tinearity vas. lost and the wi£bp became inverted'

Loops D and E show_loops obtained (with the comp]1ance component of the

pressure'{sig'nal subtracted) after the - adm1n1strat1on %4 and 8 #g/kg

of 5HT, respect1ve1y - . - o

The va]ue of RL was computed as 1/slope of the 11near "flowrate-

pressure' curve thch is equ1ba1ent to_l/tane » where 1is the angle be- -

" tween the ]1near'p]ot;and‘the x-axis (see Figur§’2-2, Loops B and D).

In order to have thé value of . RL in the correct units, the va1ue of

~ tan. was mu1t1p11ed by 3 ca11brat1on factor calculated as fo]]ows

°

a) A 1 cm change on the y-axis was equ1va1ent to a flow rate

e

¥

b) A 1 cm change on. the X-axis was equ1va]ent to a pressure

change of 21 5 cm H20
- 4.""&
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G
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, -
» €) Therefore a unit chaﬂnge of y and x represénted a change
of 30.6/21.5 ml/s/cm H,0, (
| d) For cofrect units to be obtained, R, was therefore calcu-
lated as 1/0,55 tan 6 cm H,0/ml/s.
In Loop B, the angle 8 was 85 and the value of RL was therefore,.
equal to 1/0.55 tap 85° or 0.16 cm H,0/ml/s. " Similarly, after 4 uo/kg
of' 5HT had been given (Loop E) the value of RL was equal to.1/0.55 tan
80" or 0.32 cm H0/ml/s, Fr i r,,’
" The change in R was therefore calculated as (0.32 - 016)/0@;:(
100 or 100%. - (AN
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o.15vI | \ o \ B Y
A. Trace of tracheal ‘prg%é're?magvured during ventilation

at respi'ratory volume of 7 ml- -

¢

B. Trace of flow rate measured during ventilation - at#'"
- respiratory vo]l.une ‘_of7 ml

1

@ ._?IGU,RE'«.'.‘?F‘I-, Flow rate and pressure ‘traces




g

A) Control, qu pressure'signal
B) Control, comphance component of -
 pressure subtracted

nent of essure subtracted

-

- ment of pressure subtracted = - .
- E) After 8 ug/kg SHT, compliancé compo-: -
§ - nent of pressure subtracted
B R D
3smiis | - LT -
1 TPy o o N
25cm H,O0 - ' A | J-
. S s / ' :
- '_': 4 " '- J:}”

L 4

" FIGURE 2-2.. Sample loops obtgmed by p]ottmg flow rate s1gnals and

pressure s1gna]s durmg resp1ratory cyc]e. o

T
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C) Control, “more than compliance compo- =

| D) After 4, kg 5HT, comphance compo- |
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