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3 ~ ABSTRACT
T he objeetive of the work described in this lhesis was: lo determine wherher there are
presynapue muscarinic receptors m gurnea pig airways that modulatc (he relcase of

: acelylcholme (ACh) from efferent nerves, .

l/ ‘compared pulmonary responses ro vagal srimulalion and to intravenously
administered melhacholme (MCh) histamine r(Hrst) and substance P (SP) in groups of
guinea pigs, 2, 8, 16, 32. and 64 days afler, giving them nonylvanyl‘amrdc ( "synthetic
capsaicin™) (50 mg/kg; s.c.) or vehicle, and in untreated comrols.‘ Pulmonary flow resisrance
('Rl)_ and dynarnic thoracic elastance (E) were measured i urerhane-anesthe(izcd animals
rvhilc‘ moniror'lzng arterial blood pressure and heart - rate. Pulmopary responses to the
bronchospastic drugs were similar in all groups of animals at all lirnes post-treatment. In both
vehicle«treated and’ umre‘ated‘ conlrors,.submaxirnnr and maximal erlecirical vagal stimulation

' induced * increases in R snd E. By contrast, _.maximal nerve ls.rimulvarion in
lnonylvénylamide-lrealed groups induced only smnll increases»and submaximal s‘limulationv."as . '
without effect, Atropln'e (0.1 mg/kg) abolished responses to submaximal'stimulalion‘in
. ‘ ‘ B “o .
control groups, and to maximal stimulation in nonylvanylamide-treated' groups of animals,
| and climinared the' bronchospasric effects of MCh. 'Howcver, ‘in-conrrol grbups. responses\- to |
maximal nerve sumulanon were only reduced by thrs drug ln comrols gallamme porenuated
'responses ro submaxrmal shmulauon bul had rnsrgmfrcam ef fects on responses to maxrmal
‘ sumulauon and to agomsts By contrast, gallamme enhanced responses. to maxrmal sumulauon
2-5 u'mes in all nonylvanylamide-rreated ammals but h‘ad no ef fect on responses tovagomsls.
The effects of nonylvanylamrde are raprd in onset and long lasung _— persrsung for al-_.
leasl 64 days. Nonylvanylamlde treatment does not aller arrway smooth muscle sensmvrly toj’
MCh Hist, or SP However responses ‘to vagal sumulanon afe reduced — the pepudergrc
componenl of the response 10 maxrmal nerve sumulauon rs ehmmated and rhe cholmerglc

N

parhway is - partly mhrbned The latter can be apparemly reversed by gallamrne o!r.
I

pancuromum.' Gallamrne ‘s effects could anse-vra‘several possrble mechanisms, alone or’m

s\

~

% o . AN

‘v‘



- combination, Many of lhese have béen ruled out, bul one likely possibility is the selective
L y
mhlbmon of presynaptic ACh release- modulalmg muscarlmc receptors,
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1.1.1 Sympathetic nervous system

’

1 1, lNTRODU(.TlON ~ | R

The autonomic pervous system supphcs the lungs with efferent and arfcrem nerves

-

which help regulate smooth muscle tone, submucosal gland sccrction, the pulm‘onary and

', . '

‘ ) ’ r - ‘
bronchial vasculature and other cell systems in the airway%Nadel &, Barnes, 1_984)‘.,'"["56

densitics of these nerves vary from fegion to region and from species to species (Richardson,

-

1979). N | o SN

an

The vagus, the tenth cranial perve, innervates 'many organs in the thorax and,

abdomen including the heart, lungs, gastrointestinal tract ‘and other abdominal organs, -
contains both efferent and afferent fibers. The vagal effcrent nerves arise from cell bodies in - -

the dorsal motor vagal nucleus'in the medulla, and comprise prééahglionic,f_ibers, most of

viscera of the thorax and abdomen, In the lungs, they are situated in peribronchial plexuses

) : . .
near the hila, Thus, preganglionic fibers are very long and the postganglionic [ibers quite

short, In addition. the vagus nerve carries many afferent fib®$ from the viscera 10 the *

r

which do not synapse until they reach the many small ganglia lying directly on or in the ‘

medulla, The cell bodies of these afferent fibers lie mainly in the inferior (nodose) and

superior vagal ganglia.

1.1 Efferent innervation

!

The lungs receive efferent nerves belonging to three nervous systems: the classical

' sympathétic (adrenergic) and parasympathetic (cholinergic) nervous systems, and a third

system that is nonadrenergic and noncholinergic.
. T

1 -

The sympatheuc nervous system constitutes one of the two inhibitory nervous systems

known to ,exist in mammalian tracheobronchxal smooth muscle (thhardson 1979)

Sympathetic regulation of airway smooth muscle tone, submucosal gland secretion, and the

’

pulmonary and ‘bronchial vasculature occurs directly via knorad‘renaline released from

&

'.m‘.
>

!



*"consistent with these fmdmgs (Rlchardson & Beland 1976) As in oLher spec:es _there is

U oty

2

¢

sympathetic nerve endings, an indirectl)‘l via circulati‘ng catecholamlne§ (mainly adrenalinel)‘
from lLe adrenal mcgﬂla Th upper thoracic sympathetic preganglionic fibers ‘terminate in
the ste lale and superior cervical ganglia. Postganghomc fibers from these ganglia run and
enter the lungs al the hlla logelher 'with lhe vagus nerves (Nadel 1980 Nadel & Barnes,
1984), Hlslochemlcal sludles and eleclron mlcroscopy have shown that adrenerglc nerves pass
1o the aubmucosal glands, the bronchlal blood vessels and the parasympathetic ganglla in man
(Rlchardson 1979; Partanen eral 1982; Sheppard era! 1983),

The density of sympatheuc (adrenergic) mneryauon as delermmed by fluorescent

hiétocll;:mxcal studies is generally sparse in most species (Mann, 1971), but there is great

i H
i

,mlerspecxes vanablluy Feline ajrway smooth muscle receives an abundant sympalhetlc )

. .mnervallon (Silva & Ross '1974; Dahlstrom et al,, 1966). The lungs of calves also receive an

l
abundant adrenerg:c innervation — perhaps greater than, other species (Hebb, 1969; Mann,

197&\) By conlrast the adrenergic innervation of the airway smooth muscle of the guinea pig

is, l'ound mainly in the central portion of the trachea (Coburn & Tomita, 1973 O’'Donnell &
f

'Saar,, 1973). However, the pulmonary and bronchlal, vasculatures are densely innervated |

(o) Donnell etal, 1978)

Desplte the greal variation in adrenerglc mnervauon most anatomlcal studies have
shown few, if any, adrenergnc fibers in bronchlal smooth muscle, and none in brofichiolar
muscle (Rnchardson 1979). Thls pattem of adrenergxc innervation i$ consistent in the guinea
pig. sheep, cow, and goat (O'Donnell ef aI 1978)

‘ ‘In humans, hlstochemncal studnes and electron mxcroscopy have faxled to demonstrate
. B :

significant sympatheue mnervauo\h\ of airway smooth muscle (Rxchardson & Beland .1976

Sheppard el al 1983) Studies ‘using electrical field stimulation in vitro have yxelded results

)

. sympathetic innervation to the submucosal glands. bronchlal -blood vessels and

. parasympathetic ganglia. ‘The latter finding lsu’ggests that modulation of cholinergict .

neurotransmission mdy occur at the ganglionic level (Baker et al., 1982, 1983). B-Adrenergic

et
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\blockade has little effect on airway resistance in healthy mdmduals (Tattersfreld E al,; 1973)

"but induces bronchospasm in asthmatic patrents (McNerll & lngrarrb 1966: Zaid & Beall

1966), Suggesting that the physrologrcal effects of crrculatmg catecholamines are rmportam in‘

regulattng airway smooth muscle tone in’ aslhma Therefore ef ferenl sympathetrc ncr‘ves are‘
1l / )
unhkely‘ 10 have a major‘regulatory funcuon in the conlrol of‘ airway smoorh-muselc tone in

~

human airways,

. . ' :
i . 4

\ . , o C
1.1.1.0 Circulating catecholamines
Although the sympathetic innervation 1o airway smooth muscle is sparse in most

species studied, receptor binding studies have ‘revealed that both a- l?tnd B-adrenocep{ors
4
are present on lhe smooth muscle cells in large numbers (Barnes et al., 1983c).

Presumably these receplors are accessrble to ctrculatmg catecholamtnes (Nadel & Barnes,

o

1984 Barnes 1984b},

a

a- and B-adrenoceptors\are not uniformly distributed on the.smooth muscle

throughout the tracheobronchial tree (Barnes et al,; 1983a‘.b), A study of ferret airway

N
I

smooth muscfe using autoradiographic localization techniques has shown tha® the density .

of B aﬁr\nergtc .Tecepiors increases from the trachea to the drstal bronchtoles and that‘

)

receptors are sparse in the trachea but that therr denstty tncreases to equal the density,
of B receptors in, the perrpheral atrways (Barnes et ?l 1983a) ‘The greater overall'
densrty of B- receptors intairway smooth muscle may explarn why noradrenahne produces
ebronchodrlatron deSprte ‘rts greater potency r“or a-receptors than B-Tre'ceptors (Bames
eall984). .07 | ‘ - |

B Adrenergtc reeeptors medtate bronchodrlatton and thetr densrty in lungs has

. been found 0 be’ hrgher than m any other ttssue in seVerLl specres (Rugg et aI 1978

Barnes er al., 1980) B, Receptors are ‘4 times as abundant ‘as B. receptors m camne

:tracheal smooth muscle (Barnes el al l983d) Bi- Recepto are absent in human atrway' '

. smooth muscle (Zaagsma et al 1983; Lofdahl & Svedmyr 1982) B, Receptors medratc‘

Ny relaxatxon 'tor sympatheue_ nerve, surnulatton, whereas B, receptors are seleetnvely

© .
Lo, N i
. .



stimulated by exogenous agonists and circulating catecholaminesr(Barnes et al,, 1983d). In

t

addition to their relaxant effects on airway smooth muscle (Dayis er al., 1982; Zaagsma
e al., 1983).' B-agonists iuhibit antigen~induced release of . mediators from human
‘pulmonary mast cells (Peters ef al,, | 1982), selectively increase airway mucus secr_etion by
mucous cells (Nadel et al., 1985; Phrpps et al,, 1982). and reduce histamine-induced
microvascular leakagehin airwaj This may account for their eff icacy in reducmg mucosal
edema in asthmatics (Persson el al,, 1982), ﬁ~Agomsls may also modulate cholinergic
npeurotransmission at gangha (Baker et al,, 1982) or at postganghomc nerves (Vermerre &
‘Vanhoutte 1979) However Martin and Colher (1985) found that noradrenaline does nol
appear to modulate‘cholmerglc neurotransmrssron in canine airways. Relaxation of axrwa_}'
| smooth muscie b‘y B-agonists may be brought aboixl by tf]eir direct and ‘indirect actions
on the smooth muscle, | .
Both subtypes ofj «-receplors, «, and a,, are present on canine (Leff & Mu’noz,
l§81) and human (Simonsson et al., 1972; Kfeussl & Richardson‘ 1978) airway' smooth

‘muscle ‘The a,-subtype predominates on canine muscle (Bames et al., 1983f)

a, Receptors are spar%e in the large alrways of ferrets, but are abundant in broncmolar‘ ‘

smooth muscle (Barnes et al., 1983b) a- Adrenoceptors generally medlate contraction,
but- therr eff ects can only be demonstrated in dlseased human arrways or in normal airway
smooth muscle strips pretreated with hxstamme or serotomn (Kneussl & chhardson
1978 Barnes p al 1983e) Catecholamme induced contractmns of canme tracheal.
smooth muscle are mednated by ;- receptors (Barnes et"al., 1983f ) a- Agonists.. also

'sumulate ﬂurd and mucus secreuon fi rom the submucosal glands of several species (Nadel

et al., 1985; Phlpps.et ‘al. 1982) By contrast to B- agomsts a- agomsts selectwely

stimulate serous gland. cells (Basbaum el al 1981) resulung in a watery seereuon |

(Lerkauf et aI 1984 Uek1 et al., 1980). Rccently a;- receptors have been clarmed to

modulate both the excrtatory cholmergrc (GrundstrOm et al., 1981) and the L

.' noncholinergic (GrundstrOm & Andersson 1982 1985 GrundstrOm et al 1984),,

?L'-ix"i

’
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bronchrolcs (Nadel et al 1971)

. . v | ‘ ‘ g . P
pulmonary responses (o vagal stimulation through a presynaptic «,~adrenergic

mechanism, The a-blockers, phentolamine -and lhymoxarﬁide, prevent  the

» ! . L U i R ‘ }
bronchoconstrictor responses o hrslamme allergen 'and exercise, bul these drugs lack

pharmacologrcal specificity so lhese resulls are difficult to interpret (Barnes 984a)

~

Prazosm a spccrfm a; - blocker has no effec( on airway tone or on bronchoconsmclor‘

responses to histamine, although there is partial mhibmon of exercise-~induced
bronchoconstriction, This suggests thal «,-~receptors do not play an important role in

bronchial hyperrea'cliv‘iry (Barnes, 1984a).

"

1.1.2 Parasympathetic nervous system

The parasympathetic nervous sysiem is the dominant ‘constrictor mechanism: in the

airways of most species studied, including man and guinea pig (Boushey, 1985 'N‘adel &

”

Bames, 1984; Nadel, 1980; Richardson }979,1983; Rikimaru & Sudoh, 1971; Foster. 1966:
Paton & Hawkins, 1958; Carlyle, 1963). CholinergiC‘innervat'ilon is dense in airway smooth
muscle and sparse or absent in the pulmonary vasculalure Preganghomc efferent f ibers enter
lhe lungs via the vagus nerves and synapse in small ganglra located in lhe airway wall, from

whrch shiort posiganglionic fibers drreclly innervate the ‘submucosal glands and the alrway

‘

smooth muscle as far distally as the terminal bronchioles (Richardson, 1979; Nadel & Barnes,

L
'

1984).

Receptor binding '(Mur‘las et al., 1982; Cheng &-'Townley 1982‘) an'd autoradiogra‘phi‘c‘.
~ studies (Bames et al 1983c Basbaum et al 1983) have demonstraled dense concentrations

of muscanmc receptors in smooth muscle from the trachea and the large arrways The densrty .

a of these receptors decreases wnh the size of the arrways unnl they are almost absenit in the

termmal brOnchroles (Bames ér al 1983a b). Physnologrc studies usmg tantalum,

bronchography have yielded results consrstent with- these fmdmgs - vagal nerve strmulauon

LT

rnduwd changes on the calrber of the large arrways wrth mrmmal effects m the small'

Ve

.
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Besldes mediating bronchoconstriction, the parasympathetic nervous system also
regulates mucus secretion by the ‘airway submucosal glands (Murlas et al,, 1980) Vagal
‘ strmulauon In" vivo, and acetylcholme (ACh) in viiro, sumulate mucus secretion in ammals
. (Nadel et al,, 1985), Muscafinic receptors are present in high densmes m the submucosal
glands (Basbaum et al., 1983), -
1, l 3 Nonadrenerglc noncholmergrc (NANC) nervous system

'The airways are innervated by both jnhibitory and excrtat"ory NANC perves, In the

followmg text, the term NANC refers 10 the inhibitory system unless otherwise specified.

\ 1 /

i

BRER lnhibitory NANC
‘ Inhibitory NANC ner'ves_thalrelax the airway smooth muscle were first desc'ribed

in the toad by Campbell in 1971, Similar nerves were discovered shortly after in the
. . -“___ \'
guinea-pig trachea, the first mammalian airway shown to contain significant NANC
innervation (Coburmn & T omita, 1973; Coleman & Levy, 1974; Bando et al., 1973:
Richardson & Bouchard, 1975; Kamikawa & Shimo. 1976). Since thén NANC nerves have
"been described in several species including man (chhardson 198l Rithardson & Beland,

1976; Davis et al.. 1982)

In some species (man and nonhuman primates). the NANC system_ the only“ '

inhibitor'y system present in the airwayS'-(Richardson & Beland, 1976; D'oi.dge & Satchell,
1982* Mi‘ddendorf & Russell~ 1980) . In guinea pigs and cats, .it forms one component of a

‘ dual mhrtntory systcm (Yip et al 1981 Diamond & O Donnell, 1980; Irvm el al 1980).
The dog a specres wlnch is widely used in pulmonary research does not have signifi icant

pulmonary NANC innervation and the adrenergrc pathway is the only mhrbrtory system .

‘(Russell 1980; Kannan & Daniel, 1980). “ ;
NANC mnervauon has peen demonstrated in vitro in tracheobronchral smooth :

muscle obtamed from guinea prgs (see references above), humans (chhardson & Beland '

1976: chhardson 1981) baboons (Mrddendorf & Russell 1980) and chrckens (Bhatfa



et al., 19\80).‘ lt has also been demonstrated in tracheal pouch pteoarations in situ in
‘ anestheti’led guinea ’pigs (Yip‘ et‘ al., 1981;.'Chcsro'wn et al,)980), and jin - feline
intrapulmonary airvvays in vivo (Diamond & O'Donnell, 1980; Iryin et al., 1980). Yip and
‘coworkers (1981) showed tnat 60-80% of the .maximal telaxalion evoked in "guinea-pig
‘ alrways was adrenerglc and 20-40% was allnbutable to NANC inhibition,

NANC nerves also regujate the secreuon of axrwa) mucus; in ammals (Pcalfleld &
thhardson 1983: Borson et alA, 1982). An <t)nhlbltor)' NANC system .in the pulmonary
vasculature has been demonstrated in some species (Hamasaki & Said, 1981: Said, 198‘2),
but not in humans or guinea_pigs, _ ‘ ‘

Expeiimcnts with the NANC system genetall)' involve nerve or ficld sximulalion
after cholinergic 'and adrenergic blockade, The tone or“the preparations is often raised
artif icially by infusing histamine or serotonin iv., Alropine eliminates the inilial
contraction due to excitatory parasympathetxc ef fects and’a 8- adrenergtc blocker such as
propranolol partly blocks the relaxauon thal f ollows the initial contraction. The relaxant
response that remams is thought to be derlved from stimulation of NANC mh:bttory
neurons lt can be blocked by gangllon blockmg agents such as hexamethonium (Dxamond
& O Donnell, 1980; Irvin" ‘et ‘al., 1980), and by tetrodotoxm (Richardson, 1981 |

I3

Hammarstrom & Sjos'tfand. 1979). Thus, this relaxation is neurally mediated' an’d.inv()lves“
a ganglionic relay. | ) | | |
The lack'of a specit‘ic antagonisl for the NANC system has hindered pto_gress in
1denufy1ng its neurotransmitter and its physxologxcal role. There is‘ eonsiderable :
»controversy over the chem)cal nature of the neurotransmitter. Bumstock who studled I
- this system in the gastromtestmal tract, presented evndence that adenosme tnphosphate orv“
a related n,ucleoude was the hkely medlator and named it thc purinergic system (1972)
However others have suggested that these nerves are peptidergic (Baumgarten et al.,
‘."1970 Kamikawa & Shtmo 1976 Kuchii. er al 1973) and evndcnce mcreasmgly favors .
this hypothesns (see Bames 1984c) Several regulatory pepttdes mcludmg vasoactwc‘ _

'



intestinal polypeptide (vIP), subs-tance P (SP), bombesin, cholecystokinin (CCK), and
somatostatin "have been identified by radioinfinunoassay in the lung tissue of several

species (l’olak & Bloorn, 1982; Hakanson et al,, 1983) Some of these peptides are Jocated

—
A

in nerves within the airways,

'Adenosine is a possitlle purinergic - neurptransmilten of the NANC system,
Adenosine s formed from the cleavage of 5‘—adenosine monophosphate A(AMP) b;' the
‘ cnzyme 5" nucleondase when the cell js unable to reconvert AMP to’ high energy‘
contammg nucleotldes ’I‘hts occurs when the cell is depnved of nutrients or oxygen,.-is
stimulated excessively or is damaged (Church & Holgate, 1986). Hogvever, inhaled

adenosine causes bronchoconstriction in asthmatic but not in normal subjects by an

undefined mechanism (Cushley ef al, 1983), Adenosine-induced bronchoconstriction js . -

not mediated ‘by cholinegic 'reﬂex- mechartisms or by - decreased b;ﬂadrenoceptot
responsnveness of the atrways (Mann et al, 1985), The receptor-mediated actions of .
adenosine are blocked competitively by methylxanthtnes at concentrations which have
‘ littleﬁeffect on phosphodiesterase activity (Fredholm, 1980). Thus, adcnoslne does not .
appear to have a role in NANC~tnediated relaxatldn of’ thealrways' in either healthy or
asthmatic subjects, -

The cvtdencc in favor of VIP as a neurotransmttter of NANC nerves in the‘
axrway has been revnewed by Barnes (1984c) VIP-ergic neurons have been tdenttfted in
airway smooth muiscle, parttcularly in the upper airways, around submucosal glands
beneath atrway epithelial cells and in bronchtal and pulmonary vessels (Polak & Bloorn ‘
1982; Uddman & Sundler, 1979 Dey et al., 1981) lnjecnon of exogenous VIP mduces
many of the ,physxologtcal and pharmacologtcal effects of NANC -nerve. sttmulauon in

animals (lto & Takeda 1982 Cameron et al 1983) lnhaled VIP prevents bronchospasttc'
'.reSponses to htstamme in dogs (Satd 1982) and gumea pigs (Cox el al 1983). ,and an
' mf usion of VIP Teverses serotonin- -induced bronchoconstnctton in cats (Dlamond et al.,

1983) Fteld stimulation of tracheobronchtal preparauons releases VIP into ?he bathmg



O
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medjum and this release is inhibited. by tetfodotoxin {Cameron er al., 1983: Matsuzaki
et al,, 1980), }‘?rolonged’.‘incubation of cat airway smooth rrru;cle with Vll"“induces
tachyphylaxis and reduces the magnitude of NANOmedia‘led relaxation (ho & 'Takedar,
'1982). Preixrcubation‘wilh a specific antibody 10 VIP reduces 'NANC-mediated relaxation -
of guinea-pig trachea (Matsuzaki et al,_‘ 1980). |
\\\‘Evidence against VlP as a neurorransmi(ler of NANC nerves in 'lhe ‘airways
includes ll;e minimal relaxanty effect of Vu’ in isolaled human airways, and l’he weak
protective effect of inhaled VIP against histamine -induced bronchoconstriction, (Barnes
& Dixoﬁ. 1984), However, this could be due-to ;he lack of access of VIP to airway |
- smooth. muscle by this route compared with peurally released VIP. Karlsson and Persson
(1983) have suggesied that - VIP s not the Ionly peptidergic “inhibitory NANC
‘ ‘neurouansmi‘uer ‘in the airways; However, qulil a Specific antagonis( kis‘ found ror the
NANC system, this cannot be proved orbdispro‘ved, o - | .

A

1.1.3.2 'Excitalory NANC rrerves : )

Excitatory NANC’ nerves’ can be demonstraled in gumea pig airways after.
mducmg cholinerglc blockade wnth atropine and sumulatmg the vagi electrically
(Lundberg et al..‘1983a,b; Martling et al 1984). Under lhese conditions, ‘rsumulauon |
vinduces ; delayed broric:hospastic response, and ih‘creases mucosal permeability. Thesc
effects can be abolished by an amagomst 10 SP but not by ganghon blockcrs Lundbergv'
and coworkers suggested that these responses were due to'the release of the tachykmm Sp
vxa anudmmnc sumulauon of 'vagal afferems The excuatory NANC system will be

elaborated upon in the section on capsaicin. - L o .
i ' s : : ' ) B S

1.2 Afferent inner’vation -
Several revxew amcles have been pubhshed on 1h|s subject wnthm the last 15 years

(Pamtal 1973 1977 Wlddlcombe 1981 Sant Ambrogno 1982 Colerxdge & Colcndge 1984)

The lungs are mnervated by sensory neurons. of spinal and vagal ongm

"



ﬁﬁ 1 bympathetic afferents

'f(‘ -1 Epmal afferents are termed svmpalhenc afferents because they travel in sympalheuc
" .

ncrv(’branchcs to enter the spmal cord (Koslreva et al,, 1975). The afferents from pulmonary

Feceplors traverse the right amd fef1 uppcr thoracxt while rami communicantes, In dogs these

rcccplors respond to lung inflation and to pinching of the lung parenchyma, and do not show

adaptation, Increases in affefent activity have been observed in some fibers when the

v , Fo " ) L '
‘pulmonaty arteries and veins were stmulated mechanically by probing (Kostreva et al,, 1975):

The conduction velocitie‘s of these afferents suggested that the fibers were of the Ad type,

Uchnda (1976) showed that tachypnca can .be produced by excitation of afferent cardiac

sympathetm ncrvq fibers mn dogs Stimulation of cither sympalhcm chain at any thoracic *

seghgrem rcsultéd in lht‘ inhibition ‘of rcsptration in vagolomlzed monkeys and dogs (Kostreva

‘ef aI 1978) Myelinated spmal afferents are known 10 medlate the reﬂex disturbances in the
pattern of breathing induced by tmtant chemicals (Wlddncombe 1954a; (,olendge et al,,
1983), Sympathelic af fcretrls of airwa'y origin, unlike those that innervate the hearl_ do not

seem tfc‘s ‘be. involved in sensing pain. lnstead, pain is transmitted by va‘ga‘l afferents (Morton

et al.. 1951). The functions of lire unmyelinated afferents af 2 kndwn, however
ot ,

; X : .
- sympathetic afferents do not seem to play a major role in pulmoniry defensive reflexes
= !

{Coleridge & Colerid'ge, 1985).

: 1.1.2 Vagal st[erents
Vagal af f erems arise frorrt pulmonary sensory receptors and travel to the medulla via
the vagt There are four mam types of receptors in the lungs and atrways pulmonary stretch
or slowly- adaptmg receptors (Adnan 1933), irritant receptors (Mills er al’, 1969 Sellick &

dedrcombe 1970 1971) — earlier termed rapidly-adapting receptors (Knowlton & Larrabee,
y o
1946) gp::‘lntopary C-fibers or type J (or juxtapulmonary capillary) receptors (Paintal,
1955, 1929) de bronchra] C-fibers (Colendge & Colendge 1977.1984). Fibers -‘iom
4‘% pulmgonary Stretch and xmtant receptors are myelmated whereas those from J receptors are

£
S



u
mostly nonmyeliﬂnalcd (Paintal, 1973). In cats, 80% of vagal afferents have .bccn reported to
be unmyelinated (Agostini ef al., 1957). |

Pulmonary stretch receptors are the best known of these receptors, Their sensory
endings are thought 1o be located among smooth muscle cells from the trachea to the
bronchioles (Elftman, 1943 Fillenz & Widdicc;xnbc, 1972) In dogs and cals, they are located
in the walls of the trachea and large bronchi (Widdicombe, 1954b; Mis€rocchi et al,, 1973).
Physiologic evidence indicates a far greater extrapulmonary than inlrapulrhonar)- concentration
of these receptors (Widdicombc, 19812. These receptors are stimulated by distension of the
lungs and airways', and are respofxsible for the Hering - Breuer inflation and deflation reflea,
and Hcad's paradoxical reflea, They have not been demonstrated 10 hav‘c a role in lung disvcase
( Widdicombe, 1985),

'lrrilaﬁl receptors are jocated in the trachea and larger airway$ and are densest al the
carina and hilus pﬁlmonis (Mortola et al,, 1975; ,Widdiéombc, 1954b). Thcir terminals are
". found in the airway epithelium and also probably deeper in the airway wall (Sant'Ambrogio,
1982; Widdicombe, 1981). Their nerve fibers a{e'myclinated cxc;cpl for their terminals
(Laitinen et al., 1985). The mox superf icia_l_fndings are appropriately positioned less than 1
um from fge airway lumen where they can reépond to intraluminal irritation (D;xs et al.,
- 1978). Various types of stimuli gxclivatc fhese receptors including mechanical itritation of 1ﬁc ‘
larynx, trachea, and broncﬁi (Wicidicom.tve, 1954b; Mills et al., 1969), vilnhalation of dusl
( Widdicombe et al., 1962; Kessier el al,, 1973). smoke (éelh‘ck & Widdicombe, 1971; Fillenz &
Widdicombe, 1972). and gaseous chemic‘al irritants (see Widdicombe, 1981; Nadel.. 1980 )}
pnéumbthorax (sellick & \h{iddicombe. 1970), hyperpnea (Sellick & Widdicombe, 1969),
pulmonary congesllion and é(;ema, anaphylaxis and microembolism (Mills, et al., 1969; Sellick
& Widdicombe, 1969). and histamine (DeKock et al.; 1966). Reflex bronchoconstriction
'preci"pitatcd by these stimuli can be 2bolished by vagotomy or by atropine (Nadel, ,1980)‘.

€ -fiber receptors are found throughout the lracheobrginchial tree and alveoli. They

can be divided into pulmonary and bronchial groups. The classification is based on the

.
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accessibility of injected chemicals to the nerve endings, through either the pulmonary or
bronchial circulation (San('Ambrogio, 198?; Coleridge & Coleridge, “1984), Pulmonary
lC-fi'bcrs are also known as J reccptors, a lerm coined by Paintal (1973) because of their
proxixﬁily to pulmonary capillaries. According to Widdicombe (1985), the differences between
the bronchial and pulmonary C-fibers are more quantitative than qualitative, The pulmonary
receptors a‘rpsﬁnlml?lcd i>y pulmonary congestion which increases interstitial fluid volume
(Paintal, 1970). Théy.are Also stimulated by other experimental interventions that cause lung
edema, ¢.g., injection 9f alloxan, injection of exogenous stimulants such"as phenyldiguanide
and capsaicin, and inhala\ion of irritants such as ammonia, volatile aneslhelic:s. and phosgene
(Paintal, 1973).

Bronchial C-fiber endings are fo&nd in the large airways, and respond to many of the
stimuli that excite J receptors. However, J receptors, unlike bronchial C-fibers, are stimulated
by histamine or bradykinin. Bronchial C-fibers do not have significant reflex effects on

peripheral vascular resistance, but mediate other reflex effects including bronchoconstrictio \

I's

(Coleridge & Coleridge, 1984)‘. .
1.3 Pulmonary mechanics

Al any instar;l in time, lhé force required to drive air into the lungs and airways is the
sum of the inertial component (acceleration of the mass of air). an elastic component (the
stretch of the lungs and lﬁorax), and a resistive component (the drag on the air through the
viscous passageways). The inertial component is us;ually small fenough to be neglected (Mead,
1956). The 2 parameters meagured in our experiments are airway flow resistance (R) and

dynamic thoracic elastance (E).

1.3.1 Airway flow resistance . o h
, Pressure differefices bélWé?ﬁ the airway opénihg (mouth) and alveoli induce the flow

of air into and out of the lungs. Airway resistance is defined as the ratio of pressure

1
x
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difference 1o rate of flow,
. . ' ,

R=P/V
where P = alveolar pressure — airway opening pressure

v

)

rate of airflow

Pressure-flow relationships in the lungs arc extremely complex since the airways are comprised
of irregular branching’ tubes which are necither rigid nor perfectly circular, The 3 diffcrent
8

patterns of flow, laminar, turbulent and transitional, occur in different regions of the lungs

[
under certain conditions, These are summarized in Table 1.1,

1.3.2 Elastance

This is a measure of the combined elastic prdpesties of the lungs and the elastic recoil

. : O .

properties of the chest wall, Elastance is the rcciprocal";)f compliance. The elastic properties
of the lungs can be assessed by plotting the pressure-volume (PV) curves of the lungs during
inspiration anq expiration, The PV relationship is nonlinear, and the curves dq:ing inspiration .
a.nd expiration do not ,follabw the same course — a behavior known as hyslerésts (See Fig.
1.1).

The slope of ‘thé PV curve, or the volume change per unit pressure change, is known
as compliance, i.e.. C = aV/aP. Since a PV curve is not linear, a single value for ivls slope is
often misleading, The curves show that compliance of the lungs is ieasl at high lung ‘volumes
and greatest as ihe residual volume (the volume of air that remains in the lungs after a
maximal cxpjratory effort) is approached. Thus, compliance ,yvill vary depending on ihe lung

f,.vvolume used and whether it is méasurcd during inflation or deflation. At high expanding
pressures, the lungs. become less distensible and their compliance js ‘smaller as indicated by the
flatter slope of the PV cufveL Compli'ance'is also reduced if pulmdnary venous pressure IS
increased and the ’lﬁng becomes engorged with blood.

.At points of zero airflow (end' of inspiralion‘ or expiration), the iﬁtraplcur’a’l pressure

reflects only the elastic -recoil forces and not those associated with airflow. The volume _

-
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Table 1,1 Patterns of airﬂowk.

Pattern of airflow . Sjtes of Flow
. common rate

+ goccurence !

A. Laminar flow

\

= Small Slow
peripheral
airways

—_—”———_*'
e e =2

8. Turbulent flow

Trachea High

Brapches -in Intermediate
the tracheo-

bronchial

tree

2
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Figure 1.1 Press/u'fe'-'v'olume curves of the lung made duriné inspiration and expiration. Thc"
compliance of the lung (aV/4P) is greater at low lung volumes than at high lung volumes.

’
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difference divided by the pressure difference at these. points is the static c‘cmplinnce; Dynamic
compliance of the lu;g; is the change in the volume of the lun‘gs divided by the change m the
alveolar-distending pressure dyuring the course of a breath. Dynamic compliance is abcut equal
to static compliance at low breathing frequencies (Altose, 1980). | |
In man, the dimensions of the small airways' are less than 2.mm in diametet. But in
small experirnental‘ animals such as guineé' pigs, this \is the size (z):mLcIargeairwnysA Thc
L regional effects of various pharmacological agcnts or experimental manoeuvers on the large
and small airways of guinea pigs should ncl 'be extrapolated to humans wjthout considering
this, . - : . :
. B ' ! . ' . C ' 4
" In normal subjects, const iction in' the large or conducting airways js reflected
primarily by an increase in R a constriction in tne small or distensible nirways primarily by

/

an increase in E. ln pracuce though, there is some interdependancy between these* 2

_ parameters,

1.4 Vagal stimulation o,

A brief historical acccytret_imgstigations of the vagal Iinnervation of the airways and
the effects of vagal stimulation will be given. P ] |
l 4 1 History

' / Dunng the 19th century. expenments on ‘the vagal mnervauon to the airways were

carned out bn the exctsed lungs of f reshly k:lled ammals Because of the crudé and msenstttve

1

recordmg methods used vagal sumulauon usually produced little-or no change on the tone of ‘

-the ussue preparattons Any changes mduced were very small m magmtude and unconvmcmg

N

Dtxon and Brodte (1903) revxewed these- early expenments leltams (1840) was the ftrst to

’ examme the acuon of the vagus on - tracheobronchlal smooth muscle By placmg a sheet

Iu

.. electrode around some excnsed lungs and applymg a current between the electrode and a brass

mtratracheal tube he managed t0 ratse “the mtratracheal pressure by 5 cm H,O Other

s

Ko aband
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"mvestrgators «employed stanc methods: srmllar\ o those of erlrams with little or -no
modrfrcatrons and had srmllar success, They showed that vagal} nerve stimulation mcreasesll
. rntratracheal pressure, contracts thie bronchi, and cven -causes an exptratory puff of air from
the trachea that, on one occasion, blew out a candle' I:mthoven (1892) rhythmtcally injected
air from syrmge into | the trachea of curarrzed and morphrmzed dogs — a significant
techmcal improvement, Dutmg maxrmal drstensron he connected the trachca 10 a mercuryl
manometer and recorded the maxrmum pressure attamed A hindrance 1o the flow of air into -
thie alveoli meant more air retained in the trachea and thereforea hrgher maximum pressure,
N A
However, rn all theSe experrments the measurements were ponspecific and the cause of an)
rncrease mlresrstance 10 inflation could not be differentiated tnto a ran in complrance o1 an

?
rncrease in resistance o airflow. Nonspecrf ic methods were used by mvesttgators until Baylrss

and Robertson (1939) differentiated between elastance and viscance (or Tesistance (o airf low),

l 4.2 Effects of vagal strmulatron

R ln all. specres studted _electrical strmulauon of the distal ends of the cut cervrcal vagus :

’

nerves results in bronchoconstncuon (Colebatch & Halmagyi, 1963; Olsen et al., 1965;

gl

| .Karczewski & Wrddrcombe 1969 ‘Green & Wrddrcombe 1966; Woolcock et al 1969a.b;
Nadel et al., 1971 Hahn et al... 1978; Gold et al 1972 Cabezas er al 1971 Wrddrcombe
1963 Lundberg et'al., 1983a b Fryer & Maclagan, 1984; Blaber et al., 1985). This response

can be mrmrcked by admtmstermg cholmergrc drugs such as ACh and MCh iv. lt is enhanced ,

'
l

jby anucholinesterase agents that mactrvate cholmesterases in plasma and prcvent the rapldw
hydrolysis of ACh (Colebatch & Halmagyr 1963 Olsen et al., 1965) As the responses elrcrted
l

can be partly (Lundberg et al., 1983a b Martlmg er al 1984) or completely (Nadel 1980

’\

Fryer & Maclagan 1984 Bla’oer et al 1985) blocked by atroprne rt is apparent that they are
partrally or totally derrved from the release of ACh from parasympathettc nerve endmgs that
in turn, bmds to muscanmc receptors on atrway smooth muscle The strength of the applred ‘_

!

snmulus determmes the magmtude of the pulmonary responses and the sensrtrvrty of the
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responses to atropme Pulmonary responses elicited by submaxtmal stimulation can be

. aboltshed by atrOpme whereas those elicited by maximal or supramaximal sumulauon can

only be parttally reduced by this drug

In- cats durmg stimulation of the’ vagt pulmonar) resnstance mcreases wnthtn l s and

‘ reaches a maxtmum value wtlhm 6 s (Olsen et al., 1965) Thls is accompamed by a A
, concomltam decrease in anatomtc dead -space, The time course of these events mdncates tha(
they are due’ to contraction of smooth muscle as opposed to mucosal edema o1 obstructton of
th atrway lumen by mucus (Nadel 1980) Bronchoconstrtctton appears’ to occur at a Jower

-

stimdlation threshold than mucus secretion (Olsen et pl 1965) The constrtcuon in response

| o vagal sumulauon occurs from the trachea to large bronchioles, The greatesl consmcuon
occurs in bronchi of intermedxale size (Woolcock et al,, 1969b' Nadel er al., 1971), where the
| resistance to atrflow is. greatest (Macklem & Mead, 1977; lngram et al 19'77)' In dogs and
cats, stimulation has little effect on airways Jess than 0.8 mm in dtameter (Nadel. et al,,~
1971). However, phystologtcal studies suggest that there are. intra- and mter species
differences ln the relauve contrtbuuons of large and small airways (Woolcock et al 1969b
Gardmer et al ,1974 Douglas er al., 1979) The alveolar ducts and terminal bronchnoles are
generally unaf fected (Olsen et'al., 1965 Nadel et al., 1971 Nadel 1965)
The sttes of airway constrtcuon correspond to the dtstrtbuuon of the cholmergrc
*mnervanon (Hebb 1969 Ftllenz 1970; Mann, 1971) Umlateral vagosympathettc nerve
umulatmn in dogs induced tncreases in resrstance that were lumted mamly to the homolateral
2 lung (Olsen et al., 1965) A ‘small degree of efferent nerve crossover to the opposrte lung
t‘ exnsts smce a small mcrcase in resrstance can ‘be demonstrated in t.he contralateral lung ‘
t"‘followmg the administration of a cholmesterase mlubttor These ‘studies conf irmt early
tobservatrons based .on mdrrect measurements of resistance (Dtxon & Brodie, 1903 Daly &
’ .

‘ JMount 1951) that sugges;ed that the ef ferent mnervatron is largely o the homolateral lung

Besxdes causmg bronchoconsmctlon sttmulanon “of tlzé vagi also produces

' extrapulmonary effects Effects on the cardtovascular system are evident by ‘the bradycardta .

EREPEY)
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and hypotension observed during stimulation in all species studied, Stimulation of the vaéus

nerve in humans has been reported 10 produce similay ef fects (Carlsten et al,. 1957).

l5 Capsaicin *
| The hrslory of, and early fmdmgs on, capsarcm were.revrewed by Szolcsanyx (1984)
Several other revrews on this’ compound have also ‘been pubhshed (Buck & Burks 1983; |
Fllzgerald 1983 Monsereenusorn et al,, 1982; Nagy, 1982 Vlrus& Gebhart, 1979). Capsancm ’
is the principle pungent cornponem of ‘ho‘l peppers of the genus.Capslcum, It exerls a number
of sign’if jcant pnarmacological effects‘(see Buck & Burks. 1983); Mosr importantly il has: the -
ability lo induce changes in sensory function and to deplele neuronal substance P ’FQesc ‘
properucs make it a very useful " pharmacological tool for the study of the af ferenl
inncrvation, In our expenmems symheuo capaarcm (nonylvanylamrde) was used o abohsh
the excnatory NANC (pepudergrc) component of the bronchoconsmcnon mduced by 'vagal
nerve stimulation, | T | | |
‘Jancsb, o'neof the pionecrs in the use of capsaicin in‘l‘aboralory animals, reported in’
the late fortiés that topica‘l' app.!ication of this agenr induces an inflamrnatory irrilation‘
f ollowed b‘).' a specific and long-lasting desensitizarion to chérnical‘irritanls.,including capsaicin
itgelf (see Szolcsan'yi, 19.84).‘ Sys‘ternic adrninislration of capsa'ici.n to anrnrals produces similar
results wnich are‘extremely long lasting a‘nd sometimes lif e-long In addirion certain sens‘ory :
v functrons such as thermal nocrcepnon are rmparred By contrast non- noxrous touch, pressure'._
| old and v1brauon responses are unaf) fected by this treatment. (Buck e al 1981 Burks ex al.,
‘1985) Capsalcrn grven iv. o’ dogs and cats produces a. mad of ef fecrs consisting of"
‘ ‘bradycardra a fall in blood pressure and apnea (Bevan 1962 Colendge et al 1965 Makara ‘. ‘:
| et al., 1967, Porszasz et al. L 1955 ’I‘oda e al 1972 Toh et dl., 1955) Smce these can be
’blocked or reduced by bllateral vagotomy or by coolmg the vagr. they are medraled reﬂexly

‘The action of mpsarcm is selective in that it depletes substance P (SP) f rom:c‘enarn

l_ sensory neurons (Gamse er al., 1980; Jessell.le't al., 1978; Nagy,et al., 1980) without affecting '~
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‘e

SP-containing peurons whose cell bodies are found in the central nervous system (Gamse

et al,q 1980: Nagy et al,, 1980) or in the enteric ncrv'ou's system (Fumess er al,, 1982; Holzer

a
\

et al,, 1980 Burks et al,, 1985), The neurons and tissues in whnch dcpléuon occurs include the
dorsal cord, dorsal foots, dorsal gangha skin, vagus ncrve saphenous nerve mgemmal

’

‘nucleus, cornca. sympalhclxc ganglia, adrenal gland. hparl, and cerebral and mesenteric
"a_ncries (see Buck & Burks, 1983), Capsaicin.also induces a transient, /reduction in the
. intraneuronal concqntralibn of other neuropeptides, e.g,. cholecystokinin (CCK) (Buck et al,,

1983)' Papka and: coworkefs (1981) reported that capsaicin -pretreatment also induces a loss

)

of acctylchohnesterase comammg nerve fibets m the hearL This suggests that capsalcm could}
-also have a toxic effccl on cholmergnc nerves, though sensory nerves. may also comanq

acqulchohnesterascs. Marllmg and'coworkcrs (1984) found that capsaxcm~prelreatmenl

- reduced pulmonary responses to .wagal nerve stimulation without altering tissue

a

tholinc~acctyltr§nsfcrase actiéity and muscarinic-feceptor-binding chziraclcristics.

Certain animal species appcar to be more susccpuble to capsaxcm than others, Gumea
pigs have higher levels of SP than rats in ‘their dorsal spmal cofd and dorsal root gangha
(Buck et al., 1981) and have been reporled to be more sensmve?than‘ rats 1o treatment with
capsalcm (.lancs() -G4bor et al.. 1970) | o “

The animal's age, is also an mponam consxderauon Admnmstrauon 1o neonatal rats

causes degenerauon of the small (type B) sensory neurons (Jancsé et al., 1977; Jancs6 &

Kxxély. 1981; Nagy et al.,”1981) but adult rats show,’gnly hmltedl intracellular changes in‘small
sensbry neuror;s v'vhil‘e‘lsrge‘ (type A) seri,sor)" neurons shd néu’rons i'n‘the sympathetic éanglia
are unaf fécted (Job“el al., 1969). The effscts ‘of capsaicin on‘neoslalal .fats are 'belieVed»td be

permanem (Gamse et-al., 1979, 1980 Jancs6 & z(lrély 1980; Nagy et aI 1981 Scaddmg, |
1980) By contrast those m adull rats. are thought 0 be revers:ble (Gamse et al., 1980
Glbson et al 1982) Unhke rats adult gmnea plgs treated with capsaxcm systemlcally exhlbu

thermal analgesxa and msensmvny to chemxcal 1rntants (Buck et al 1981)
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Guinea-pig airways hke those of humans rats and cats, recerve sensory mnervauon g

‘ comammg SP or SP-like immunoreactive matenal (ansson et al,, 1977: Wharton et al,. 1979;

Lundberg et al,, 1984)A These nerveg are found undcr or within the epi(helium, around blood

'

.- vessels, around Jocal (racheobronchial ganglion cells, and within the bronehial smooth muscle
. o , : \

layer (Lundberg el al,, 1984), Systemic lreatrrlenr of guinea pigs with capsaicin fes{ms rn tlre
almost comple[e loss of SP-like imrnunoreaélivi(y from trlese. neurons (,Lundberg & Saria,
, s oo : ;o8
l.1983: Lundberg et al,, 1983a, 1984) and abolishes the nonchorinergie bronchoconstrictor
effeels,o(‘ vagal nerve stimulation (Luﬁdberg & Saria, 1982 Martlin‘g el al 1984), The
cho\inergie component js partially inhibited at the same time (Martling é} al,, 1984), Why (hish"

A

inhibition occurs is not known, butl it does not appear to involve degeneration of the’
cholinergic nerves.
The structures of capsaicin and 4 of 1ts naturall) occurmg dcrnvauves are shown in

Flgures 1.2 and 1.3, The pungency of capsarcm is destroyed by oxidation with poLassnum

permanganate or potassnum dichromate, but symheuc capsarcm whrch has a saturated srdc
gl = "';’&

cham is not readlly oxndrzed (Todd 1958) Szolcsanyl and Jancso Gébor (1975 1976) have
analyzed the structure-activity relationships for ‘the pam producmg and the desensitizing’
properties of a large number of capsaicin congeners. There is a dxvergcnce‘ belween the
structural eharacteriatics "‘required for: pung‘ency'and i'tho'se requvired for desensitizaiion, The
acylamide linl_:age and an 'oﬁtir‘rxal~aikyl vchain length‘of 710-12“carbon‘ at‘oms are requiredifor
desensiu'zing actmt) Nonylvanylamide, | "symhetic eapsarc‘in" ('see‘ Figure 1.3,
' li - F(CH )1CH,) was one of Lhe compounds shown to have snmllar albeit s’lrghtly weaker |
' desensmzmg properues than capsarcm This agcm was used mstead of capsalcm in our

experlments due to ns greater accessrbrhty and lower cost ‘We estabhshed ns Cross- reacuvrty‘ .

wnth natural capsarcm in our ammal model
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Fig:u.rc 1.2 The chemical structure of capéaicin
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 Figure 1.3 The chemical structures of 4 naturally occuring derivatives of capsaicin. |
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‘ (,6 Muscarinic receptors

[

The evidence for the existence of muscarinic receptor subtypes has been extensively .
. ' . { .
((i

viewed in lwolsym’posia on muscarinic receptor subtypes (Hirschowitz ef al.,, “19&4; Levine’

e&a[ 1986). Historicaily feceplor responses 10 acclylcholine‘were subdivided by Dale (1914)

into muscarinic and nicotinic types. The concepr of muscarinic rcccpror helerogenuly was

first hypo(hcsrzcd by Birdsall and coworkers (1978) lO explain anomahes in the binding of ‘

oy

cholinergic agomsts 10 brain feceptors. Support for lms hypo(hesrs came mainly from studies

using , selective muscarinrc agsnrstsn wa );ears caﬁrlit_fr, Bar'lo’w and : coworkers (1976)
investigated 17 potential muscarinic amagonists and reported that 4~dipherrylaceloxy~mélhyl"
. piperidine mclhrodrde (4-DAMP) drscrrmmalcd bclwccn atrial‘and iléal muscarinic rcceplors
They found that lhe afflvmly of this agent for receplors in lhe ilcum was 20 fold greater than
for receptors in the atria and inferred that muscarinic receptors ih hcqn and_ smooth muscle
| were different, |

This theory rvas _significantly slrcr;glh’éned by the discovery of novel muscarirric
éntagbnisls, eg.. pirenzepine and secoverine, that show selective binding to rmuscarinic

N

'rcceptor subtypes (Hammer et al., 1980* Birdsall er al., " 1980) Pircnzepirre is a‘lricyclic

compound (Frg. 14) that. penelrates the blood brain barrrer poorly bccause of its'

hydrophilicity (Hammcr & Giachetti, 1984) It has been shown to be selecuvc for ganghomc

muscanmc receptors comparcd to smooth muscle receptors‘ and rl markedly decreases gastnc ‘

acid secretion (Barlow er al., 1981) without affectmg gastromtcstmal mouhty (Brown et al.,
1980 Jaup et al., 1982) Pirenzepine has been shown 'to be 17 f old less potem than atropme in

mhlbmng the mcrease m airway resrstance mduced by vagal sumulauon and 260- fold less
-

potem in mhrbrtmg the fall in hearl rate. during vagal strmulation m guinea. pigs- (Halor‘len

et al 1986) Secoverme inhibits gastromtestmal mouhly at doses thal do not af fect gastrrc or

salrvary 'secreuon (Zwagr:makers & Claassen, 1980; Davidson' et al.. i1983‘). By’.comrast,

R éallammé ‘se_lecti‘vel‘y blocks muscarinic receptors in the hearr. The. first evidence of musé;irinic :

' receptor heterogeneity, from studies: with antagonists, ‘was actually provided.more than 30
‘I . - “' B . - v N . )
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Figure 1.4 The chemical structures of sbme selective muscarinic antagonists.
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years ago when Riker aqd Wescoe (1951) demonstrated the cardiosclective anlimusgarinic
effects of gallamine, Gallamine is a fris-quariernary neuromuscular blocking agent used
clinically as a muscle relaxant (see Figurc 'l.4 for strdture), It is not a pure niLotinic
antagonist as it also has antimuscarini¢ propertics, In anegthetized cats, bradycardia induced
' / ’
by methacholine or vagal syimulation was inhibiled by gallamine, although the hypo*cﬁsion
was not changed, Olh_cr responses produced by muscarinic freceptor activation, such as
swealing, s?livary secretion an;l gut motility, were aiso unaffected, later, pancumniun‘\.A
another curare-like -peuromuscular blocking agent, was shown 1o possess a similar
cardioselective antimuscarinic action (Saxcna & Bonta, 1970). Gallamine's anlagoni(sxic aclion‘
against the cholinomimetics ACh and carbachol, is not competitive {Clark & Mitchelson,
1976). 1t binds to a seccad binding site on muscarinic receptors distinct from the conventional
mhscarin‘ic ligand binding sile‘apd mpdulalcs the binding of agonis(s and antagonists 10 the
conventional binding site (Birdsall & Hulrr;e, 1983). ' : - F
Evidence for muscﬁrinic receptor sublypes has also come from the use of selective
muscarinic ~agonists, These include the oxotremorine analogue McN-A-343, an
acetoxypyrrolidine derivative, AHR-602, a spiroquinuclidine compound, and the alkalo‘id
pilocarpine (Cal;lf’ield & Straughan, 1983), McN-A-343 is believed to act on the same
muscarinic receptor subtype as pirenzepine (Hammer & Giacheuti, 1982),
Since Dale's time the liét of muscarinic sites has béen expanded in 3 respects (Burgen,
1984). | h
« 1. There are clearly-defined mlfscarinic sites on gan“gli(;nic neurons Which, although not
essential for transmission lhrd{xgh the ganglia_. can be stimulated by muscarinic agonists.
~ 2. In thé central nervous system, muscari.nic receptors ‘are abundanl and muscarinic
responses are readily dcmonstfaled. ‘ )

"3, Clear evidence has appeared for the existence of presynaptic muscarinic receptors that can

modulate transmitter release.
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Thcre is considerable evidence that the cholinergic ner\.rc terminals of the guinea pig
myenteric plexus are cndc;wcd with inhibitory muscarinic receptors that when activated by
various agonists, including ACh, reduce the amount-of ACh rclcascd in rssponse 1o electrical
stimulation, high potassium concentrations,,and the nicotinic agonist DMPP QFosbracy &
Johnson, 1980,1982; Kilbinger, ‘1984a_b), The pharmacological properties of these presynaptic °
receptors do pot differ from those of postsynaplic feceptors located on the longitudinal

muscle of the jleum (Hélim et al,, 1982: Kilbinger, 1984a: Kilbinger & Wessler, 1980) .

*Since the respiratory tract, like the large and small bowel, is derived from an
outpouching of the foregut durirrg ‘embryological development, there js a possibility that '
presynaptic ‘Teceptors exist on the nerve lerminals in the lungs, Functional evidence of the
prescnt-e of these rr,ccplors in .guinca-pig and cat lungs' has been repbrlcd by Fryer &
' Maclsga‘n (1984) and 'Blaber and coworkers (1985) respectively. Maclagan‘and coworkers
(1985) have also demonstrated evidence of these receptors in guinea-pig trachea /n vltro.l

The M,/M, terminology of muscarinic receptors in current use is based upon their

- LI

relarlve affmmes for the selective antagonist prrenzepme The Ml receptor shows a hrgh
degree of sensitivity to prrcnzepme and exhibits a high affinity for this drug in brndmg
studies. M,-receptors can be ‘slimu‘lalcd by McN-A~343. The M,-receptor shows a low
sensitivity and a low binding aff irrily to pfreﬁzspine. M, -teceptors ar)pear to be rromogeneous,
but there are indications that M,-receptors are heterogenous (Birdsall & Hulme, 1983). The
M,/M, nomenclature was originally proposed by Goyal and Rattan (1978:; Réttan &Goyal,
1984)  from their studies of the lower esophageal sphincter of opposums. Stimulatibrr of
M,-rcccprors deéreases lower esophaéeal splrinctsr pressure and stimulation of M,—recefnors’
mcreases it. M, -receptors predommate in neural tissues- (autonomrc ganglia, discrete brain
-. areas), whereas M,-receptors are found mamly in perrpheral effector organs Radrolrgand
bmdmg and f uncuonal studies have been -used to characterize the muscarinic receptors in

human tracheal smooth muscle’ (van Koppen et al., 1985). They have been shown to be of the

M2 subtype . bccause of their low binding afl'mly for prrenzepme The order of muscarinic



antagonist \

'y

respiratory tlissue (Raaymakers et al., 1984; Mita et al,, 1982; Beld er al., 1975; Murlas et al.,
1982; Barlow & Weston-Smith, 1985),

\
Y
[}
\

c 2
potencies is similar to those. found in human ling and experimental animal
\ ' .
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2. PROPOSED RESEARCH .

2.1 Preamble

From the lntroducuon it is clear that the caliber of the airways is regulated.by"
complcx mtcracuons between the [different excitatory and mhlbltory nervous- systems and by
locally and distantly (blood-borne) released mediators, These neurotransmitiers and medialors
may ‘act cllrectly on airway smooth muscle or indirectly as neuromodulators via receptors on
ganglla or on presynaptic nerve terminals, A defect in any one of these mét:ha'nism’s moy upsel
thebalance of this entire system and could result in pathophysiologicol disorders ,of the '
tespiratory tract. In the guinea-pig myenteric plexus, the presence of presynaptic muscarinic
receptors thal‘n;odulatc ACh:release is uvell documented. Since the gas’trointestinal,\tt,ac\t and’
the respiratory tract have a comrhon embryological origin, similar feceptors may also be
present on pulrrtonary neurons, Fryer and Maclaéau (1984) and Blahcr and coworkers (1985)
have presented evidence forthe existence of such receptors in guinea-pig and ca’t airways in

vivo. There is also evndcnce supportmg the existence of these receptors in guinea-pig uachea in

. vltro (Maclagan et al., 1985) The comparison . between the gastrointestinal and resptratory'

tracts was made earlier in the discussion on the inhibitory NANC system. The absence or

incomplete function -of this systcm_ in the gastrointestinal tract is responsible for human

'

diseases such as Hirschprung's disease (Frigo et al., 1973) and possibly achalasia (Cohen,

\The inhibitory neurons for the gastrointestinal tract are located in the myenteric plexus

and: the latter acts as an mtegratmg system for the control of smooth” muscle (Wood,

1979)

1975, 1981) The structure of the myenteric plexus is very complex as is the neurophysnology
ol' the neurons located . within it. The structure of the gangha in human lung (thhardson &
Ferguson, 1979) rcsembles that of the myenteric plexus (Gabella 1972) Although |
neurophysnologtcal studxes have not been done on human or ammal gangha it is hkely that
the f uhcuon of the pulmonary ganglta is s1mxlar to the funcuon of the gangha in the

myenteric plexus ( Rlchardson. 1981). A possxble role of the NANC sys‘tem ‘m the pathogenesxs :
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of pulmon‘ary discascs such as asthma has been suggested (Barnes, 1984c), With this in-mind,

it is also possxble that a defccl in the functioh‘of prcsynapuc muscarinic receptors mlghl be

'the underlymg muse of the bronchial hyperreacuwty characlcnstnc of asthma, A decrease in

the number or 'densuy of these receptors mnghl resull in an 1mpalred negative feedback
mechanism resulting in exaggeration of responses elicited by ir‘rilar‘i“'l":min‘nuli. |
2.2 Hypothesis
That p‘rcsynaplic muscarinic receptors modulaté acetylcholinc r;lease'in guinea-pig
airways, | |
ks , \
2.3 Ohjectives
Overall: To. demonstrate the functional existence of these receptors and determinc
their role in.pathophysiological cOnditiq?s of the a‘irways.
lA. To characterize the pulmonary responseé 10 vagal-nerve stimulation in normal untreated
gumea pigs by usmg specific agonists and amagomsts
2. To characlerwe the pulmonary responses to vagal-nerve stimulation in

nonylva'nylamide-pretrealed animals. - -

3. To study the time courseé of effecls of nonylvanylamlde pretrealmem on pulmonary ‘

responses to vagal sumulauon and o the bronchospasnc drugs methacholme (MCh)

1

histamine (H:st),_ and SP admxmstered mtravenously, and compare them to control -

animals.

2.4 Animal model '

"The guinea pig was used as'the animal model in these experiments because:

Al

' ' ’ C » . ' . Al .
1. Its sensitivity to common agonists, peptides, and mediators of asthmatic bronchospasm is

similar to that in man. ‘ .

2. The airway smooth muscle of guinea pigs is abundant and extends ub to the alvcolar

2



5

ducts (Miller, '1'947)‘ thus making this specie§ more sensitive to bronchoconstrictor

effects. |

The pattern of its sympalhelié. parasympathéﬁc,,and NANC innervation is similar 10 that

of man’(Richardson. 1979). o
Most of the drugs used to treat asthma were developed iﬁ this specieg

4



3. METHODS AND MATERIALS -
o -
3.1 Animal preparation -

Hartley stram guinca plgs (Charles River Canada Inc,, St, Conslam P.Q.) of cither

‘ séx,’wenghg%oween 400 and 700 g, were aneslhcuzed wuh urethane (1. ”5 1,75 g/kg)

injected intraperitbneally, A 4-5 cm long PE 240 cannula was inserted aboul 1.5-2 cm into the

\

-trachea in the midcervical region and it was connected via a pneumotach (Fleisch No. 0000)

to a Harvard Small Rodent Ventilator for.positive preésure ventilation, The' animals were

ventllaled at a tidal volume of 10 ml/kg and at a pump speed of 20 strokes/min. A Validyne

MP 45-14 di(ferenlial pressure transducer connccled to the ‘pneumotach was used to monitor
flow rate (V). Intratracheal pressure was monitored using a Grass PT5A pressure transducer

connected to a sidearm of the.tracheal cannula, Flow rate and pressure signals wére recorded

[P

on a Grass 7D pol'ygraph. The flow of air into and out of tne system was regulated by wo

_separate valves '(Kuhnke 65.232 and 65.234). Figure 3.1 shows a schematic drawing: of the

P

system.

\

—

3.2 Determination of pulmonary‘ flow res'is;ance and elastance

A MINC 23 computer was used to compute brealh -by-breath values of pulmonary

‘_flow resistance (R) and dynamic thoracnc elastance (E) from ﬂow rate ‘and pressure s:gnals
‘usmg equauons denved b; Uhl and Lewis (1974). The \ahduy of resul;s obtamed with this =

‘ ‘system has been venf ied in our laboratones prevnously (Goel 1986)

Measurements of R and E were made af ter allowmg equlllbrauon of the ammal and

adJustmem of the system Ammals were given suffncient anesthetlc to prevem thelr breathmg o
Iy

‘agamst the’ pump. Expenments were begufl after ensurmg thal values of R and E were ‘

constant Measuremems were made as follows normal venulatmn was’ temporanly mterupled

to mﬂate the lungs once thh 2 pump voldmes by occludmg thc outlet valve the ammal ‘was

‘allowed 2 mm to ethbrate before control measurements of Rand E were made drugs were.

LI

o3
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‘ Fxgurc 3.1 Schcmauc d1agram of the system used to measure pulmonary ﬂow resxstance (R) .
and dynamxc thoracic elastance (E). : : )

B °
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thcn injccted or nerves stimulated while breath~by~brealh measurements of R and E were |

Y

-made for up to 5 min, Whlle wamng for R and E values lo be compuled the lungs were

again inflated once with 2 pump volumes and allowed to equilibrate bcfore the cycle was
Co

repealed. . ok
There was a-tendency over .t'he course of the entire experiment (‘2;3 h) I o’r‘bwaseline\‘lg

‘and E values 1o increase, but these clranges were usually less thé‘n 5% of the origirral bascline

values at the star( of the experiment, o ) o ,

3.3 Measurement ‘ol‘”‘ér"terial 'blood pressure
Arlerial blood pressure vyas monilored‘ ) rolm the left carolid artery .(lanalo’mical eaSt‘Ej‘~

\(ia a ‘PE 50, cannrlla connected to, a, Statham P23 Dd prcseure transducer, Presgu‘ro was

: displéyed graplrically on a Gress 7D polygraph, Thﬁnean ‘arleri‘al‘ blood pressure"(MABP)

was estimated from, the arterial plood pressure tracings. The cannula was flushed périodically,

with heparinized saline to prevent clotting.

3,4 Heart rate

.

Thc heart rate (HR) was, determmed by running the blood pressure tracmgs on the

polygraph ata f ast rate and countmg the number of heart beats per unit time.

e~

3.5 injection of drugs

—_—

A PE 50 catbeter was mserted approxrmately 4 cm into. Lhe right extemal Jugular vem “‘
unnl the up was in the supenor vena cava or nght atrium. It was. secured in place and the

)

posmon of its tip conf’ rrmed"%l necropsy

£
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3.6 Nerve sections
Bilateral vagotomy was pcrformcd in the midcervical region after the nerves were
isolated and cleared of connective tissue, For bilateral glossopharyngealototny, the

glossopharyngeal nerves were jsolated and sectioned at the Jevel, of the jugular fotamen, .
. : LIS

A

3.7 Drugs
All drugs cxcepl for some m)cctables were dtssolved in or dlluted with 0 9% (normal) {
saline and mjected mtravcnously They were mjected in volumes less than 0.5 mil whenevcr

possiblc and the cannulas flushed with 0.2 ml of saline, Thé jugular cannulas used had dead

'spaces of about 0.1 mi,

' 3.7.1 Nonyl.van'ylamide pretreatment C . ~

‘Nonylvanylamide (50 mg) was dissolved in 0.2 ml 95% ethanol and 0.2 ml Tween 80 |

 and diluted with normal saline 16 2 ml to give a solution strength of 25 rug/m], For

pretreatment, animals were first anesthetjzed with Apentobarbital sodium (15 mg/kg, i.}a.) and

given the analgesic/sedative leaiine (2.2 mg/kg; s.c.). The bronchodilator salbutamol‘ (0.05
mg/kg, s.c.)  was 'admiuistered to counteract the bronchoconstriction ‘produoed by
nonylvanylamtdc Nonylvanylamtde was given in two subcutaneous mJecuons over two days

for a total dose of 50 mg/kg lmually. nonylvanylamtde was mjected as a smgle bolus dose

and the. monallty rate was about 50%. By giving it over two days in two dmded doses “the

mortahty rate was lowered to about 25%. Deaths occurred thhm 8 h of mjectmg .

: nonylvanylamtde Survmng ammals were studled 2, 8. 16 32, and 64 days later Control

ammals rece,l,ved the same drugs and the vehtcle alone, thhout nonylvanylamlde Ammals

were given a test dose of nonylvanylamtde (2 and 16 pg/kg) al the start of expenments and

,  the effects on R aud E were measured to confu'm the desensmzmg efflcacy of

’ nonylvanylatmde pretreatment Successfully desensmzed ammals do not show any sxgmflcant

mcreases in R and E to nonylvanylamlde iv.
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3.7.2 Substance P (SP)-Antagonists

S'Pnantagonists, dissolved".in normai‘ saline. were infused imrevenously. over 5 or 15
min, using a Sage lnstrumentsl int“usion pump (4Model‘249~|2) ‘starting within 20 mirr afler the
injection of mepyra}nine (0.1 mg/kg) and atropine (0.1 mg/kg), Responses 10 vagal
stimulation were recorded from 10 mm unul 60 min, (after 5~min infusion) or fronr '30 ‘miAn ‘
unul 90 min (15~min mfustonS) after the injection of the SP antagomsts For [D-Arg’,
D-Pro*,D- Trp7 ** Leut]- SP an addruonal dose of 0.3 mg/kg was mjected nmmedrately prior

I3 ’

to injection of, an agonist, or electncal stimulation of the vagus nerves (see Lundberg e al,,

A

1983b).

3.7.3 Other drugs ' ; |

~

All other drugs were dissolved or diluted thh normal salme The drugs used were
‘atropme sulfate (B D.H., | ;()?onto Ont.), capsatcm (Fluka AG Buchs), dccamethomum
bromide (Fluka ‘Chemical Corp., Hauppauge, NY),‘ * gallamine triethiodide injectipn
(RhOne-Poulenc Pharlma\‘ Montreal PQ) | heparin - sodium injectiqn' }'(B,D,H,‘)‘,
hexamethomum bromide (K & K Laboratones Inc., Plainview, NY), mepyramiue Maleate R
(RhOne-Poulenc Pharma), mecamylan.rrne hydrochl()mde (gift from Merck Sharp & Deh»rrre.
Kirklztrrd, P.t).). ‘pztncuroniur‘n 'brqmide injection‘ (Organon Canada, Westg Hill-, Qm.).
| pelargonic acid' vanillylarnide (Fltrka AG) pehtobarbital“sodium (M.T.C. Phannaceutieals |
| Hamrlton Ont ) salbutamol sulfate (Allen & Hanburys Toronto Ont. ) serotomn creatmme
sulfate (Stgma Chemical Co., St. Louxs MO).- [D Pro’ D -Trp’*}-SP. and [D Arg‘ D- Pro’
‘D-Trp"’ Leu“]-SP (Penms‘ula Laboratones Belmont, CA), SP (Stgma or, Penmsula.)
urethane (Srgma) and xylazrne (Mtles Laboratones L., Rexdale Om )

Thegelargomc acrd vamllylamrde (nonylvanylamrde) purchased from Fluka AG was

| recrystalhzed from a 2: 8 mrxture of ethyl acetate petroleum ether Rccrystallrzauon yielded 2

.

f ractrons whrch were equtactrve pharmacologtcally

N |\
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' 38 Slimulatilml of ‘the vaﬁi

Thc vagn were jsolated np lhe mldcervlcal reglon af lcr caref ully scparatmg them from
the caroud arteries and clearing them of connccuve tissue, For umlateral sumulauon one
nerve was secuoned and its pcnpheral end drawn into a shieldcd plalmum electrode ! and
stimulated, Thc other vagus ncrve was either left intact or secuoned Bllateral stimulation was
'pcrformcd afler drawing the cut penpheral ends of both vagus nerves into bxpolar shlclded
platinum cleclrodes They were stimulated submaxxmally (10 Hz, 0.1-0.5 ms, 15 V) and
',maxxmally (10 Hz, 5 ms, 15 V) for 15 s with a Grass S44 sumulator via a Grass SIUS

.slimulus 1solauon unit, In nonylvanylamxde prelrealcd ammals nerves were sumu‘l:t.ed at a
supramaxnmal vollage of 50 V bccause of the small'size of” lhelr regponscs to my slandard '
j submaximal and.maximal paramcters. Nerves were coyered wuh cotton pellets soaked with
mineral oil to prevcm them [ rom drying out, "‘, ; By

The times taken to rcach 'the maximal increases jin R and E af ter onsel of sumulauon

- were dg;t'ermim\ad in most of the experiments,

3 9 Analysis of data "
Whenever possnble at least folr rephcates were obtamed in each series of experiments.
Student s - tcst or the Least Slgmf icant Dif ference (L.S.D. ) test were used to examine

T dif! f erences. Differenccs were assUmed to be sigmf icant at the 5% level.



4.1 Characterization of the parasympathetic innervation .

4.1

", 4. RESULTS

R

.1 Effects of vagal stimulation : : L ;

Unilateral §limulatjon of either vagus perve with the other intact or cut caused small

increases in R and E. a fall in MABP, and oradycardla, By contrast ~bilaleral stimulation

’
‘.

‘produeed.significanlly grealer increases 'in both R (p<0.001) and E (r»((l 005) (see ,‘Table “

41)

and more pronounced hypotensron and bradycardla Since 1t was desirable for ~our

r

experrmenlal purposes lO work with Jarge responses all further stimulations were pcrformcd

bilaterally, The va%i were  stinfulated using sumulauon paramelersllhal— clicitéd either -

submaximal or maximal responses,

.
' . - '

4.1.1.1 Submaximal vagal slimulalion

. Submaximal snmulauon of the vagr promptly increased values of R and E. Figuref

4.1 shows a typical response of an ammal to submaxrmal vagal sumulauon The period of .
&

nerve stimulation in this and subsequent figures is indicated b‘y the dark bar marked NS,‘

Increases in R and E reached peak ‘values durmg or shortly after snmulatlon before

retummg to baselme values usually wrthm 2 mmures after stoppmg sumulauon

Percentage increases m,R were greater rhan percentage mcreases in E, and took less' time ‘

to reaeh peak values. HR was slowed and . the MABP fell during' srirnulation, how,e'ver,“

v

 they returned to prestimulation values within'30 s.

4.1.12 Maxrmal vagal sumulauon
The increases in R and 3 elrcrted by maxrmal vagal nerve sumulauon had srmrlar

charac‘teristics to those 'seen after submaximal stimulation -Predicrably these responses

'were larger (Frgure 4. 2) but they did not dif’ f er f rom submaxrmal responses in therr peak, '

response umes (Table 4.2). The longer durauon of mammal responses were due lnamly to ‘

;

B2



% increase

n R
Unilateral 18, " 27.8+ 2.8 52.1 + 6.7
Bilateral 18 4 153.0 + 18.5t  99.5 » 11.6¢
t . p<0.001
2 p<0.005
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Figure 4.1 Effects of submaximal stimulation on R and E,
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Figure 4.2 Effects of maximal stimulation on R and E
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the llonger drecover,y times to baseline following stimulation, -As with submaximal
sumulauon the pcrcemage increase in R- was greater than the percentage increase i E,
than those in E, The ‘stimulus apphed was strong enough to cause heart block in many
animals {or a few seconds during stimulation, Gene}ally, the degree of hypotension and

bradycardia wa\s" greater than during submaximal stimulation,

4.1.2 Effects of atropine sulfate
Injection of al}opine sulfate (0.1 mg/kg). produced a'small decrease in MABP but had

&

negligible effects on baseline values of R and E.vThe bronchoconstrictor responses and the
brady.cardia _induced by submaximal stimulation were abolished by. atropine, Atropine
sngmf icantly reduced, but.did not abolish, pulmonary responses to maximal nerve snmulauon
AThese atropine - resnstam‘ responses had slower onset times and peaked only af ter stimulation
had ceased. Peak response times were significantly prolonged by atropine for both R and E
~ (see Table 4.3). In all cases. peak R measurements were achieved faster than the respective E
values. The dose of aerpine administered decreased, but djd not abolish the vagally -induced
hypotensnon A second dose of atropine (0 5 mg/kg) failed to produce any further changes in
'R and E. These results are summanzed in Fxgure 4. 3 |
4.;.5 Effects of~SP-antagonists

These agents possess htstarmne releasmg propemes and were mjected only into
anlmals that had been pretreated wnh atropme and mepyramme The 2 antagomsts to SP
‘;used. [D-Pro?,D-Trp’+*}-SP and [D-Arg'.D—Pro’,D-Trp"’,Ixu“]-SP induced hypotensnon on
injection. ‘ln a‘nimals not pretreated with atropine or ‘mepyramine they induced marked,
prolonged bronchospasm Their effects on vagally mduced pulmonary responses were not -
identical. lncreases in R but not E were signif 1cant1y reduoed by [D- Pro2 D-Trp™?)- SP (1 0

and 2.0 mg/kg), and, at higher doses of this antagomst measurements of R fell beyond

baseline values during stimulation i.e., bronchodilation ocx_urred in the large airways.
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- Figure 4.3 Effects of two i'njcctions of atrbpi‘ne' (b.l mg/kg and 0.5 mg/kg respectively) on
- . increases in'R and E to submaximal (SM) and maxim,al’-(M)*s;imulation.‘('p<0.05; n=4).
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. Infusion of [D-Arg! D-Pro.D-Trp', Leu'].SP significantly - reduced  the
alropme -resistant increases in both R and E lnduced by maxrmal stimulation. Bronchodllauon
was not observed in the large airways with thrs amagomst The resulls are summanzed m’

Figure 4.4.

4.1.4 Erfects of autonOmic blockers .

‘ . : _ .

The effects o( ‘ é‘énglionio and neuromuscular» blocking agems on vagally-mediated
‘pulmonary Tesponses were inyestigated in normal guinea pigs.’ The ganghomc blockers,
hexamethomum bromlde and mecamylamme hydrochlonde and the neuromuscular blockmg
.drugs ‘gallamme melhlodrde pancuromum bromlde and’ decamelhomum bromide, were used )
in this serxes of experiments, The'acuons or\ gallamine and pancuronium were also slu‘dled in,
vehicle- and nonylvanylamide - pretreated guine‘a\pigs; the results of which will be presented m

N

a later section.

41 41 lHexamethoniur‘n bromide
Adrninisrration of hexamethoni‘um (5.0 mg/.kg)\ "alone increased baseline values of
E, decreased those of R, and decreased the MABP. lncreases’gn R and E to submaximal
‘ner\‘re‘stimul'ation were virtually abolished‘l')y hexafnethonium "while .those to maximal
sumulanon were reduced in size. In both cases the bradycardna and hypotensmn were -
abolished. The peak response umes ‘were also sxgmf 1cantly delayed This can be. seen more
- clearly from a typxcal plot of R and E measuremems breath by breath (Flgure 4 5). A
second dose of hexamethomum (5.0 mg/kg) abohshed increases in R mduced by
. submaxunal stimulation | wrthout altering the mcreases in E Atropme (0 5 mg/kg).
!‘reduced the gesponses further but these changes were not s:gmfrcam Responses o
. maxrnrggsurnulatron were reduced by the second dose of hexamethomum and also by
atropme However a hexamethomum and atropme resrstam response pefsisted. Frgure

4.6 summanzes the results obtalned thh thxs agem
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'4,1.4,2 Mecamylamine hyldrochloride I : ‘ .
After mecamylamine hydrochloride‘(‘l,O mg/kg), ’baseline measurements of R and
'E were increased. lncreases in R and E to submaximal and maximal vagal stirnulalion
were reduced: bu("‘v‘vere not significantly different from the eomroi responses (Figure
4,7), ~The times ro max‘ibmal response were significamly prolonged after the first dose ot‘ 1
mg/kg and increased by a second dose Alropme (O 5 mg/kg) almos( abohshed the
-Tesponses o’ submaxrmal sumulauon bul had msrgmf 1cam effecls on. ‘those lo maximal

-surnulauon, Atropme also delayed the peak response times in animals grven

miecamylamine (Table 4.4),

4,], 4.3 Gallamine methlodlde
Gallamine (5.0 mg/kg) alone had minimal ef fects on baseline measurements of R
a and E, bu( caused a fall in -MABP It enhanced responses to submaxrmal stimulation, but
‘only the mcrease in E was statistically sxgmf lcam Responses to ma;umal stimulation were

.

not altered srgmfxcanlly In both cases, the increases in E were grealer than the increases

in R (see Figure 4.8). The concomitant bradycardia was abohshed by gallamine, but the =

¥ ‘ ;

- fall in MABP‘was unaltered. Atropine (0.5 mg/kg) abolished responses to submaximal
sumulauon but only reduced those to maximal sumulauon

Gallamme did not potentxate responses ro vagal nerve sumulauon in a...mals thal:

had been pretreated with erther atropme (0 .5 mg/kg) or mecamylamme (2 0 mg/kg) (see
\'A:A‘ ) ) . ; ,

Fxgures49&410) B

. ;.vw ",’0;' ) . : . : , ' ‘ r‘. ) . ,
x. @.r @4 44 Pancuronmm bromlde ' B

i ! : ! f
\

~ Results obtamed with . pancuromum 601 mg/kg) were srmrlar 10 those -with

gallamme However, responses 10 submaxrmal and ‘maximal . sumulauon were not~'
‘ ,mcreased srgmfrcantly by this dose of pancuromum Also nerther the bradymrdra nor the
| hypotensnon was abphshed by pancuromum Atropme (0 5 mg/kg) given after .

g pancuromum abohshed pulmonary responses lo submaxrmal sumulauon but not those to

4
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Figure 4.7 Effects of (wo injections of mecamylamine (1.0'mg/kg) and a-subsequent injection
ofgatmpinc (0.5, mg/kg) on incréases in R and E induced by.sybmanrqal (SM) and maxnmél -
(M) stimulation. (n=4). .. S i - g
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Figure 4.9 Effécts of an injection of gallamine (5.0 mg/kg) on increases in R and E after two
injectiops of atropine (0.1 mg/kg and 0.5 mg/kg respectively). (°p<0.05; n=4).
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Fxgurc 4.10 Effects of an injection of gallamine (5.0 mg/kg) on increases in R and E after an

injection of mecamylamine (2.0 mg/kg) (n= 4)
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maximal stimulation (Figure 4.11),

4,1,4,5 Decamethonium bromide

Control responsés to submaximal and maximal stimulation were similar 10 those
in the gallamine and pancuronium series of cxperiménts, Responses to vagal stimulation
were either unchanged or slightly ./decrcased after dccamelhdnium (0.2 mg/kg) but the

changes were not significant. As in the other experiments, atropine abolished submaximal

v

responses (0 vagal stimulation, butl only reduced maximal responses,” The results are

summarized in Figure 4,12

|
4.1.5 Effects of methacholine chloride (MCh)

Methacholine (MCh), 2 and 4 ug/kg i.v., induced similar effects to vagal nerve

[

stimulation, MCh increased R and E and caused bradycardia and hypotension, Responscs were
rapid in onset and reached their maximal size within 30 s after injection. Atropine (0.5

mgskg) abolished the increases in R and E and eliminated the bradycardia; however, the

hypotension was unchanged.

(=2

4.2 Characterization of the sympathetic innervation
The effects of the B-adrenogeptor antagonist propranolol on bronchospastic responses

induced by vagal stimulation and intravenous MCh were investigated.

4.2.1 Effecfs of propranolol hydrochloride
- The results obtained with propranolol (2.0 mg/kg) arc summarized in Figure 4.13.

Propranolol alone increased values of both the R and E,‘however. only the'change in R was

significantly different from control. Propranolol caused a marked fall in the MABP and the

-

HR. Two oul'of six animals died after receiving this dose of drug. The times to peak response

to submaxlmal and maximal sumulauén were unaltered by propranolol (see Table 4. 5)

Increases i m R and E were not sngmf xcantly potenualed by propranolol, but they were reduced

-
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' Fxguré 4.12 Effects of an injection of decamethonium (0.2 mgrkg) and a éhbsecfuem injection
of atropine (0.5 mg/kg) on increases in R and E induced by submaxlmal (SM) and max:mal -
' (M) sumulanon ( p<0. 05 n= 4) ) o
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by atropme (0.5 mg/kg) which also srgmf icantly prolonged the peak response times, Increases
inR and E to submaxrmal strmulation were not abohshed by atropine in these ammals

ln]ectron of exogenous MCh (2 and 4 ug/kg) mcreased both R and E and decreased

HR and MABP concomrtantly The mcreases in R and E were potentrated by propranolol and

abohshed by atropme.

| }4.3 Experiments with nonylvanylamide
The objectives of these expenments were to:

1. Determme the effects of nonylvanylamxde pretreatmenl on rcsponses 10 submaxtmal and"
maximal vagal nerve sumulauon 7-8 days af ter treatment, and compare these reSponses to
those of vehicle: pretreated controls. | o

2. . Examine the’ effects of gallamme and pancuromum on increases in R and E induced by
vagal sumulatron in these 2 groups of ammals

3. Try and characteme the mhrbrtory NANC system in nonylvanylamrde pretreated ammals

- vafter cholinergic and adrenergic blockade. |

4, 'Determine‘the time course of the eff‘eets on pulrnonary Tesponses to vagal stimulation,
and to the bronchospastic drugs . MCh, Hist and SP- luaninials 2, 8 16, 32. a‘nd 64 days

' after treatment with nonylvanylamlde and compare theSe 1esponses to those of

' _vehicle- pretreated controls Jo the same sumuh /Gallamme was used as a pharmacologtcal

" tool to enhance the pulmonary responses ehctted by vagal nerve strmulanon and the ‘
‘degree of restoranon of the Tesponses with ume was also mvestrgated |
TeSt doses of nonylvanylamxde (2 and 16 ug/kg iv. ) were. m]ected 1nto arumals and

the effects on R ,,,.and E measured to confi irm Aesensruzauon b): nonylvanylanude in all

* animals.
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4 3.1 Effects of vehrcle-pretreatment o ‘

| The pulmonary and cardrovascular effects of nerve stimulation in these animals were
srmrlar to those in normal untreated gurnea pigs (see Section 4.].1). Both R and E mcreased
‘ ‘promptly and reached their maxrmal values during or shortly after strmulauon, and HR and
'MABP were decreased concomltantl Although responses derived from maxtmal sumulauon

were srgmf icantly larger than submaximal.responses, the pealr response times did not diff, er,

Nonylvanylamide (2 ug/kg i.v.) increased R and E signlf icantly in these animals, * ~ -

4.3.1.1 Effects of gallamine and pancuronium

lncreaSes in E, but not R, in r‘es'ponse to submaximal stimulatio‘n were
srgmfrcantly (p<0 05) enhanced by gallamine (5.0 mg/kg) Atropine (0.5 mg/kg) .
abolished these responses, .Frgure 4.14 shows the typrcal increases in R and E mduced by
~submaxirnal strmulatron before and after gallarnrne and atropine respectrvely. Maxlmal

: - responses to vagal stimulation were either unchanged or slightly énhanced by 'gallamine

"

~and only partly red'uced by atropine (see Figure 4.15). Bradycardra induced by

strmulauon was blocked by gallamme sumulatron induced hypotensron was not altered o

\
A

any apprecrable extent. Gallamme also did not alter the.umes taken to achreve the peak : '

responses but atropme srgnrf rcantly prolonged them (Table 4 6) The ef fects of gallamme ‘
and atropme on pulmonary responses to vagal sumulauon m vehrcle pretreated controls
.. are summanzed in Frgure 4 16. Frgure 4. 17 is a traomg of the tracheal pressure (TP) and
"'blood pressure (BP) srgnals of a vehrcle pretreated animal showmg the pulmonary and
cardrovascular ef fects of submaxrmal and maxrmal strmulatron before and af’ ter gallamme :
and‘atropme L
, Pancuronrum (0 1 mg/kg) drd not potentrate responses to submaxrmal or maxrmal

. strmulauon It actually decreased the responses shghtly The dose of pancuromum used,

had mmrmal effects on the bradycardra and hypotensron mduced by sumulauon Atropme "

(0 5 mg/kg) reduced submaxrmal and maxrmal responses to strmulauon in these T

_ experrments The effects of pancuromum and atropme are summarrzed in. Frgure 4 18
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4.3.1.2 Effects of exogenous MCh

“MCh, 2 and 4 ug/kg, increased R and E and induced bradycardia and hypotension

in these control animals, These effects had rapid onsets and peaked within 30 s after .

injection before returning to baseline values, usually within 3-5 min, Figure 4,19 shows
the pulmonary and cardiovascular effects of MCh 4 ug/kg in a control and
nonylvanylamide-pretreated animal. These results are summarized in Figure 4,27 and

compared to those of the nonylvanylamide-pretreated animals,

4.3.2 Effects of nonylvanylamide-pretreatment

Submaximal stimulation did not alter baseline values of R and E in these animals,

Maximal stimulation induced small increascs (< 50% of baseline values) in R and E. lncreases(

\

in R were consistently larger than. increases in E. When thcAvoltage was increased from 15/ to
50 V, increases were shghtly larger “These were termed supramaxlmal" responses although
lhey were ' not srgmflcantly la.rger than the responses evoked by maxrmal stmmlauon
Stimulation did not mduce brouchoconstncnon al all in some ammals The Tesponses in
animals treated thh nonylvanylamrde were different from responses of the controls because

they were S|gmf xcantly smaller and lasted for a shorter time. 'Ihe shape of the response also

differed from that of the control animals (see Flgure 4.20). The dlf l‘erences can also be seen

‘e

and compared from the tracheal pressure‘ tracmgs (Exgure 4.21). In control annnals, the’

" responses - 10 maximal stimuldtion - consisted of a fast and a ~slow conrponent;

Vnonylvanylamlde preu'eatment abohshed the slow component of the responsc. Because of the

- P

'absence of the slow phase in the responses of nonylvanylarmcle -treated ammals the. overall
duration of the responses in these animals was shorter. Although vagal shmulanon had- -

,rmmmal ef fects on. the airway smooth muscle its. cardxova)scular ef] fects were evrdcnt by the

’

fall in MABP and the decreg‘xse in HR observed even during submaximial stimulation when no

pulmonary effects were apparent (see Figure 4.22). M

-
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Nonylvanylamide (2 ug/kg i.v.) did not increase 'baseline values of R and E in
nonylr;anylamidwpretreated" animals, At higher doses (>16 ug/kg). only small. or no,

' increases in R and E were observed,

4.3.2.l Effects of gallamine and'pancuronitlm : I
After injection of gallamme (5 mg/kg) stimulation- mduced increases in R-and E
were potenuated and reached levels srmrlar to those. of vehrcle treated controls, Frgures
4.23 and 424 show the typrcal increases in R and E in response to maxrmal and .
supramaxrmal strmulatron respectrvely. before and after‘gallamme and atropme ln a
‘ . nonylvanylamrde~pretreated animal, ‘Potentiation of the Tesponses (o submaxrmal
stimulation also‘occurred in nonylvanylamideﬂ/rea&ed—anlmals_‘ but these were not
q.uantified. As in the control aninrals. gallamine abolished ‘the‘i‘ bra‘dycardia'_ that
| accompanied stimulation. Figure 4.25 summarizes the effects of gallamine and atropine, *
on increases in R and E induced by maximal sumulauon in 4 nonylvanylamrde pretreated

\ ' [

"ammals o ' - t > ‘ |

Experrments with pancuromum yielded results srmrlar to’ those wrth gallamme (see
Frgure 4~26) However the potentratron of the responses was smaller m magmtude

Atropme (0 5 mg/kg) abohshed the vagally mduced mcreases m R and E in

nqnylvanylamrde treated ammals unlrke m the controls ‘in whrch responses were, only' ‘

"reduced. e
. ,@_

o 4322 Effects of exogenous MCh
. Exogenous MCh 2 nd 4 ' ug/kg. ' mduced 'sirnilai"ﬂ t }cffects ‘in

nonylvanylamrde pretreated ammals as in the controls R and E were mcreased and e

K

"-blood presslrre effects of MCh 4 ug/kg m a vehxcle pretreated ammal and 'a

;~.—.nonylvanylam1de pretreated ammal The effects of MCh control and .+ 1.

v-" -t

‘_nonylvanylamrde pretreated ammals are summanz.ed m Fggure 4 27 The changes in R i
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" and E induced by MCh are not significantly different between these 2 groups of animals,

P . .
'4,3.2.3 Effects of hexamethonium
' Hexamethomum (2.5 mg/kg) abolrshed bronchoconstrrcuon induced by vagal
' ' stimulation jn animals pretreated with, nonylvanylamrde (2 expenments) Frgure 4 28 isa

tracheal pressure tracing showmg the effect of, maxrmal vagal nerve stimulation before

and after hexamethonium, o L ey

a

4.3. 3 Experlments on the rnhlbltory NANC system . o B
‘ %
" These expenments were conducted on nonylvanvlamrde pretrealed ammals to abolrsh

‘ any mterference from the excrtatory NANC system Amma?s underwent vagotomy and

Sk ﬂ j "A . \ -
o glossopharyngealotomy These procedulles had mmrmal ef fects on baselme values’ of R and E,

Strmulatron of the' vagr mduced mcreases in R and E that were abolrshed by gtvrng atropme
. f.

SN (0'5 mg/kg) Propranolol (2.0 mg/kg) was admrmstered 0 these atroprmz,ed ammals to block
1y r

A any effects of crrculaung catecholammes Thrs agent did not. potenuate responses to

. I .
L. o strmulatJon srgmfrcantly Serotomn was mfused to increase values of R and E to about 200%
S - o
above baselme Maxrmal and supramaxrmal sumulauon then resulted in a small rmtral increase  *

. in R and. E followed by httle or: no decrease below baselme values, j.e. no srgmflcant ,

- | bronchodtlatlon occurred m the arrways«;’l‘he mammal decrease m R observed m one animal

" . N o . 7

was' about 10%’ The other 3 animals fatled to demonstrate any srgmfrcant decrease m the' .

L f" . ‘values' ol‘ R and E in response to nerve sumulatron An addmonal dose of atropme (0 5

mg/kg) abolrshed the mrual mcreases m R and E. Th mfusron of serotomn mduced an rmual o

transrent fall m MABP f ollowed by an mcrg,ase to above baselrne values Hexamethomum (2 0

-~

M . " ' ’,"

SR mg/lrg) abohshed the small decrease noted in response to. viﬁ sumulatton m ammals grven,": P
S atropme and propranolol VIP was rnfused as a tespt relaxant and its effects on'
R -
bronchoconstricuon induwd by vagal strmulauon were quanufred Thrs agent drd not block_._

. .. o 1 ; :“}, -5 .v‘v ' .“ ) )
i vagally mduced bronchoconstncttbn in these ammals R R ""*ﬁ 2

ot
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A
4,4 Time course of effects of nonylyanylamide-pretreatment
A
The ‘time course of the effects of nonylvanylamide-pretreatment on pulmonary
3 \.\
responscs to vagal stimulation and to bronchospastic drugs were studied in animals 2, 8, 16,
) : . >

32, and 64 days after treatment, and compared to the pulmonary Kgsponses of
vehicle-pretreated controls to similar stimuli, The bronchospastic drugs injected were MCh (2

h

and 4 ug/kg). Hist (2 and 4 ug/kg). and SP (4 and & ug/kg). 3

A4,4,1 Yehicle-pretreated animals

4.4.1.1 Rcéponscs to nerve stimulation

These respopses were similar in all the vehndc lrcalcd groups of animals,
Howcver, the potentiation of increases in E in' response 1o \subr_naximal stimulation by
gallamine was significantly greater jn the group of animals used 2 days after treatment,
The incréa;es in R and E‘ in response to subm;’iximal and maximal stimulation were not
enhanced significantly by gallamine in most of the control gr(v)ups,‘ Increases in R and E
seen in all groups were significantly reduced by atropine and responscs‘lo submaximal
stimulation were virtually abolished, Figurés 4,29 ahd 4,30 summarize the results obtained
with submaximal and maximal stimulation respectively, R and E were incgreased by

approximately 100% and 200% during submaximal and maximal stimulation rc§pcctiVely.

After atropine (0.5 mg/kg). peak response times were significantly delayed.

4.4.1.2 Responses _to bronchospastic drugs

. . //
MC}, Hist and SP (i.v.) all increased R and E. The increases weéte prompt in

~ onset and reached .peak values within 30 ¥ after injection, .before slowly decreasing to
baseline. All 3 agents dlso induced hypotension, The hypbtension associateg with MCh
and Hist injections recovered within 2 min, but that caused by SP lasted for 15-20 min.
Increases in R and E were unaltered after giving gallamme in all groups of control

am‘mals. Atropine, as expected, blocked the effects of MCh but ' failed to alter the
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N

responses 1o ﬂisl- and SP, Eigures 431, 4.32, and 4.33 summarize the results obkained

with these agents in all the vehicle-pretreated groups of control animals. Uy
. ‘ | ;
4,4,2 Nonylvanylamide-pretreated animals ’ 2 Lo
: | . ‘ ' _
‘ | ‘ N
4.,4,2.1 Responses to nerve stimulation =~ e .

« \ ) ! B o \ - .
* There were no differences in pulmonary-‘responses eh\ciled:‘by vagal stimulation
° . o, N
among all the groups of ‘animals treated with nonylvanylamide for different durations, In
. * ’\
. \ N
al} groups, stimulation produced greater changes in the R than F valuesi_ N

Afler gallamme stimulation-induced increases in R andl E were greatly

1 " } i

1
potentiated, However animals used 2 days after nosrylvanylamrde lrealmenl dﬁ}l show

the same degree of potentiation of increases in R as the other nonylvanylamxde treated
groups, After gallamine, increases in R and E reached peak values srmrlar to those of

control ammals after the same drug Vagallv ~-induced increases in R and .E ‘were abolrshed

A n,‘

by atropme in these nonylvanylamrde prelreated animals, unlike in the comrols in which
there was only a partial reduction. Responses to maximal and supramaximal ‘slimulaligh

did not differ significantly, Figures 4.34 and 4.35 summarize the results obtained with:

’ .
maximal and supramaximal vagal nerve stimulation in these animals. - .
. \ \ . +

4.4.2.2 Responses to bronchospastic drugs

L3

' Results obtamed wrth the bronchospasuc agems were generally similar 1o those_
obtained from vehicle-treated comrols responses were neither potenualed nor decreased
by fallamine at all times post-treatment, and atropirre' abolished only Tlhe responses to
MCh. No evidence of supersensiiivity to any of .these aéems were bbserw;ed. Figure 4.36,

437, and 4.38 summarize the results obtained with these agents.

4
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5. DISCUSSION A
The objective of the [irst part of this research was 1o determine whether the efferent
parasympathctid innervation to the. lungs contained -presynaptic muscarinic receprors that
modulated the relcase of ncurmransmsucx. Prc:a:ynaplic muscarinic¢ feceprors modulating ACh
release hawe been described in the myenteric ' plexus of guinea pigs (Kilbinger, 19844 b;
Fosbracy & Johnson, 1980,1982), and .| pos(ulalc'd' that similar rmcp}ors might exist in
guinea-pig lungy,
~—— | began my work by characterizing the xlcsponscs to clectrical stimulation of the distal
ends of the cut cervical vagus nerves, These experiments were conducted in normal
(llr}lrcalcd) guinca pigs, and in animal$ treated v:ilh nonylvanylamide or the vefmiclo used 10
dissolve the nonylvanylamide (controls), In normal guir}ca pln;gs. vagal stimulation induced
bronchoconstriction cvidenced as marked increases in values of R and E {rom bascline, Tho
increases were rapid in onset and peaked during or just after nerve stimulation, Norvc
stimulation also induced bradycardia and hypoteﬁsg‘on. The size of the increases in R and 'k
observed depended upon several factors, Unilatoral slimoialion induced much smaller increases

in R and E than bilateral stimulation, Bilateral stimulation was used for the rest of the

-experiments because dirway fesponses .were larger, and any "buffering” action 'due to

péndelluﬁ' would be absem Also, any varialion that migm arise from regional and lateral
differences in the distnbuuon of the vagal , mnervalion to the lungs would be ehmmatcd
A

Evidence of vagal CTOSSOVer is lackmg in gumea pigs (see Goel, 1986), however, Olsen et al.

(1965) delecged a-small amiount of crossover in dogs, but only after animals. were treated with

. a cholinesterase inhibitor." . o

Increases in R and E were dependent upon the strength of the electrical stimulus and
it was possible to jnduce submaximal or maximal responses that had different characteristics.

Thus..;§uﬁinaxim51 stimulation elicited responses that were blocked by hexamethohium (5.0

- and- 10° 0 mg/kg) rﬁecamylamme (1.0 and 2 0 mg/kg), and by atropme (0.5 mg/kg) The

B blocker propranolol (2 0 mg/kg) increased responses but the increases were not statistically
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significant, These findings show that submaximal stimulation induces "classical® efferent
parasympathetic effects that jnvolve aiéanglionic relay and muscarinic receptors, Endogenous
of exogenous B-tone is not an fmportant {actor in dc(crminiﬁg the size of the responscs,
lnlé/rcslingly. ‘when the vagi wcfc stimulated submaximally the percentage increase in R was
always greater than the pereentage i‘ncrcaso in B, This implics that greater clmnécs oceurred in
the "large” ;alh’cr thany the “small” airways (Nadel er al,, 1971), and this matches the
distribution of the parasympathctic innervation of the airways (Barnc.\‘er al., 1983a.b),
However, it is impartant to point out thal the technique used to measure R and b does not
‘diffcrcmialo flow rate, volume, ;ind pressufe signals inl;) the (wo parameters abs()lulcl);:
considerable overlap exists bc:wccn these measurements,

Maximal vagal stimulation induécd prompt increases in R énd E that peaked during
stimulation and were of longer duration than those seen after submaximal nerve stimulation,
The increases were re;i_uced, but noly abolished, by atropine, and were unchanged after
propranolol, The ganglionic blockers hexamethonium apd mc::amylaminc, only reduced the
size of thre responses, Interestingly, both hexamethonium and mecamylamine aliered baseline
values of R and E, Mecamylaming increased baseline values of both R and E, while
hexamethonium only increased that of E. Examination of the time course of the responses
after atropine revealed: (la) that responses now reached a maximum after r;crvc stimulation
- ceased, and (b) that most of the bronchoconstriction that had\ occurred during nerve
stimulation was eliminated by the drug. Thus, the responses 10 negve stimulation appear to
compris.é"é fast phase that is blocked by giving atropine, and a slow phase that peaks after
stimulation ceases and is resistant 1o block by atropine, Ganglionic blockers produced similar

-
effects, abo'lishing the'fast phase and leaving the slow phase intact. Afict ganglionic blockers,
atropine induced an additional small decrease in the response to nerve stimulation, Goel
(.1986) and others (Lundberg & Saria, 1982; Lundberg er /.. 1983b) have suggested that the

slow response results from the release of peptide(s) from vagal afferent endings via

antidromic electrical stimulation. Our findings support this suggestion: Antagonists to SP
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reduced the responsés 1o nperve stimulaton In animals pretreated with atropine and
mepyfamine, Thus, (D-Pro‘,l%Trp’*’]»SP climinated the increases in R Sul no\\lhose in E,
Ll)-Arg‘,l)~Pro’,D-Trp“’_l,euf‘}SP rc/duccd increases in both R and E, [l)~Arg‘.1)~Pro‘,‘ |
D-Trp'** Lew']-SP s specific for SP-P receptors and [D-Pro?,D-Trp™'}-SP is specific for
SP-E receptors (Lee et'al,, 1982;. Brown & Hill, 1983). These findings suggest l‘hal both types
of receptors are involvéd in the pulmonary responses 10 vagal stimulation, |

The inability of these anlagonisls 1o SP 1o iridupe éomplele block of the responses
induced by stimulation could have scveral cxplanalioﬁs, One possible explanation is the

antagonists are far from idcal of “;';ure" (see Karlson et al,, 1984: Pos'(‘ et al,, 1985: Folkers

~el al;}985), They possess some agonist activity and also release histamine [rom mast cells,

‘Th‘codorsson-Norhucv.ifnmél“di?A(l"’?‘85) and Hua er al/, (1985) have shown that therc are other
‘peptides, jn additon to SP, present in capsaicin-sensitive neurons, The effects of these
peptides (if released) may not have been blocked by the SP am_agonisls used in our studies,
IUis possible Illﬁa( more than one peptide is rclc\a‘sed from vagal afferents during
stimulation, Immunohistochemical studies have shown that SP-immunoreactive material
coexists with céléiionin, gene-related peptide-immunoreactive  (CGRP-IR) material in.
capsaicin-sensitive afferents in the lung (Lundberg et al., 1985]. CGRP is a more potent
constrictor of h\imaq airway smooth muscle than SP (Palmer er al., 1985). B
It is clear that responses induced by submaximal stimulation differ from those induced
by ;naximal nerve slimulati(;n in that they lack the delayed phase. This finding implies tha; a
‘certain threshold h:s to be rcached‘ b'cfore the release of peptides can, be evoked. The
submaximal stimulation parameters used were presumably subthreshold for pebtide release
because the responses elicited wc;re of cholinergic origin as they were abolished by atropine.
However, it is ﬁ&ssible for SP released during stimulation to act both direc;tly on the smooth
mhscle and indirectly via cholinergic heurons. In Lhis‘ case, atropiﬁc‘ wo;xld blocﬁ ‘both the

neuromodulatory effects of SP and the effects of ACh. However, this appears to be unlikely

because increases in R and E induced by SP’ i.v. before and after atropine were not
: . ' . -
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significantly different, Thus, the effects of SP on airway smooth muscle appear 10 involve
only direct actions (;f SP on SP-P and SP-E receptors — indirect cffects could not be detected
in this ‘prcparalion. 4 ' ‘ : | |

The. vagus nerve should contain l(:al least) B‘separalc groupS of nerve fibers:
parasympathetic cfferent, NANC efferent, and afferent, The first two groups contain a
ganglionic felay. My findings support the existcnce of all 3 groups, Thus, results from
experiments w{lh submaxima! and maximal'siimula&ion. atropine, and ganglionic blockers
clearly demonstrate the existence of the classical parasympathetic cf!‘crcni pathway, Eflects
mediated via NANC {nhibitory efferent fibers arc difficult 10 demonsirate (sce Results and
later in this discussion), however, our lindings with ganglionic blockers 'ol'l‘cr indirect evidence
of their cxis;cncc, These findings imply that the jncreases jn R and F obscrved in. TCsponse (o
vagal stimulation represent the arithmetic sum of contractile and relaxant cffects on airway
smooth muscle, However, NANC-tone c;xnnol be overly important or easy to detect in this

0 \
preparation because atropine induces only small statistically insignificanx|dccrcasc:s in baseline
values of R and E. However, as my preparations have low tone, it would be difficult 1o
demonstrate addilional‘ rcla‘xalion and thus distinguish NANC inhibitory «ffects from the loss
"of chol}nergic excitatory effects,

As stated. earlier, both submaximal and maximal ngrve stimulation induced
bradycardia and hypotension. ,Tﬁe former was abolished by atropine and ganglionic blockers.,
however, some hypotension persisted td ‘nerve stimulation, This aerpine-res;stam hypotension
was quite marked in most animals. It probably Tepresents the ‘syslemic depressor response to
'SP and/or related‘pcptides released via antidromic stimulation of afferents. Doses of atropine
and ganglionic blockers required to eliminate the bradycardia were muéh lower than thos;:
necessary to climinate the airway.responses (o vagal slimulélion. This -implies possible
difTerences in the accessibility vof the antagonists 1o their site of action, or alternatively, that.

pulmonary ganglia and muscarinic receptors on airway smooth muscle are resistant to the ‘

blockers used. . -
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In- animals given vchicie 7-8 days before experiment, pulmonary and’circulalory
responses to vagal stimulation were essentially the same as those seen in umreatéd‘comrol
animals, These responses were not characterized in the detail sét out above, W
nonylvanylamide-treated animals wcré charactérized in dcla.il, Suﬁmaximal vagal stimulation
failed to elicit any pulmonary responses bui still induced bradycardia and hypotension,
Maximal or spf)ramaximal Stihmulation induced small pulmonary ;esponses that pf'r:akcd during

stimulation, and were abolished by atropine and ganglionic blockers, Responses appeared. to

consist entirely of the fast phlasc, no slow peptidergic phase was apparent, Pretreatment with

7S "

capsaicin results in the long term loss of SP-like Vimmun(;r‘eaclivilty‘ from primary sensory
nerves in guinea pigs (Papka et al., 1984), Thus, capsaicin-(rea'lmem'-_fappears 10 havc
climinated the peptidergic slow p‘hase of lh‘e! pulx;'nonary response 1o vagal stimulation, |
. __ The reduction in the ,gize of the pulmonary responses we observed has bgeg} reported
by others (Lundéerg & Saria, 1982; Martling et al., 1984), It does not appear lo' arise via
"alteration of post-synaptic cholinergic mechanisms as responses té) exogenous' MCh were
unchanged. Postsynaptic SP-receptors are prob}nbly not involved since pulmonary responses (o
eiogenous SP were unchanged and similar to thosg of the control animals, This also implies
that SP has no "normal” transmitier réle involving airway smc'>oth m‘(xscle fox,l if this were lhe‘
c:se. one would have expected to obsefve supersensitivity to SP. c .‘ .-

in nonjlvanylamide-pretreated animals, adminiétra’tion of ganglion bléckers‘did not
increase baseline values of E, by contrast with: norma'ls.oThis implics‘that nonﬁvanylamide
treatment eliminate& the NANC i&hibilory transmitter(s) as well as SP'and Sl"-relateud

4

peptides. If this is so, then the nonylvanylamide-treated guinéa pig may well represent an

4
[}

ideal” model for studying the efferent parasympathetic 'nervous system t0' the lungs. The
peptidergic excitatory slow-bhase and any NANC inhibitory effects are apparently elimi-n-alped
by this treatment, leaving only the atropine-sensitive, paiasymp'athetic efferent system intact.

Unfortunately, the action of capsaicin is not restricted to the peptidergic efferents and

afferents in’ the vagal nerves supplying the airways, for cépsaicin pretreatment significantly
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reduced the cholinergic parasympathetic component — ‘pulmonary responses were 10-20% of

those seen in controls, This effect has been reported by Martling- and ‘coworkers‘"(l‘984).
. ’ o ) N '
. Papka and coworkers (1981) have also reported that capsaicin-pretreatment induced a loss of
SN . .
aéelylcholineslcrasc-comaining nerve fibers in thc heart, This docs not necessarily mean that

..
¥

efferent cholinergic nerves are altered in some way b@capsalun because scnsor) nerves nﬁy
‘ (V4
also conlain ace(ylcholmcslerases The responses 'to exogenous MCh wcre similar to those of ~
: 1
control ammals in agreement wnh the fmdmgs of Martlmg and coworkers (1984), Thus

capsaicin - prelrealmcm does not alter the mlegrny of t’he alrway smooth muscle or ns

muscarinic receptors, and any change brought aboult is probably of neural origin, AN

After .characterizing the bronchoconstrictor r\GSpon,ses in-guinea pigs 10 vagal perver-

B
P

'Slimuléali,o& I determined the effects of some sclcc{ive‘a'nlimuééz;rinic agents, namely
A N : -~
gallamine— and pancuronium, on vagally~medialed bronchoctmstriclion These agcnl§ are
curare- hkeaneuromuscular blockers, rouuncly used in surgxcal proccdures l; ;tlax skeletal
muscles, Their cardioselective antimuscarinic effects arg well known (Riker & Wescoe, 19;1)
4

Frycr and Maclagan (1984) and Blaber et al, (1985) have reported that gallammc potenuated

bronchoconstriction induced by vagal stimulation. 1 examined lhe effccls of . gallamme

)

pancuronium, and decamethonium first in normal (untreated) animals (o verify the' reported

'

results. Decamethonium, a depolarizing. neuromuscular blocking agém, was used as a control .

P
»

drug.

My findings on vagal stimulatibﬁ and the effects of gallamine' concur with those of

\

Fryer and Maclagan (1984). However, these workers recorded brdhchoconslriciﬂion as an

increase in the trachéal pressure 6ver the basal insuf nation preSsureL«This method is nol as -
sensitive as -the one used in our laboratones and it does not diff erenuale belween constncnon

in the large and the small airways. aFurthermore they used only submaxnmal sumulauon

@

- parameters. ,(responses were abdlished by atropine),va'nd they did. n{n examine effects of "

gallamine on responses to maximal stimulation. The reléase, of noncholinergic excitatory

mediators- via antidromic ‘stimulation of vagal afferents would seem unlikely in their case.

’
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" The ability of ‘galfamine and pancuronium 10 increase pulmonary .rESponses 1o nerve

stimulation frknon lvanylarnideAtreated animals is striking, 1:1 these anim‘als; either drug
' | . : .

restored the responges (o maximal nerve stimulation {0.levels that approximated those Seen in

vehicle~treated controls after gallamine or pancuronium, Although the ability of capsaicin 10

reduce pu‘lmonar\y responses 10 nerve stimulation Is well~kno‘wn.“.this is t‘he“ first time that a

means of (apparently) increasin‘g this effect has bccn described. Gallamine and pancuronium

also, increase responses tO nerve stlmulatron in normal and vehlcle treated’ control ammals'
2

however the effect is less marked than in nonylvanylamrde -treated animals and drffncult o

mterprel because of the complex nature ,of the response 10 nerve strmulauon in control

Aammals. |

Gallamine's effccts could arjse ria several oossihle mechanisms, ‘alone or in
combination. lThese will be discussed in a sequence that ends with a consideration of the
effects of the drug at presynaptic, release-modulating muscarinic receptors,

Gallamine may 'have'.significant‘ anticholinesterase activity fsee Bowman & Rand,
1980).7‘Thus. gallamine's a‘blility to enhance responses to nerve stimnlation. could aris_e by
actions that prolong the half -life of acetylcholine released'by nerve endings. If this were 50,
then exoéenously appliedch‘olinergie muScarinic; agonists such as MCh should also induce
increased eff. ects after gallamine; howe\‘rer,‘this did not occur. Resno‘nses‘ to MCh were sirnilar
before and after g‘a"llaminefin normal and vehicle-treated control. and in ‘nonylva.nylamide-
treated animals. Therefore it is unlikely that gallamme acted via this mechanism. |

Gallamme s effects could arise via a sympatholyue effect that eliminated. B tone in

.

the anrways There is some\evrdence that suggests that gallamme has sympatholytrc ef fects on

the cardrovascular system (Bowman & Rand 1980) though the drug's effects were. ‘small. In

my expenments B-tone-in the atrways is rmmmal as evrdenced by the mabrhty of. propranolo‘?‘

to enhance arrway' responses to -vagal strmulauon -and drugs, in. control and.

nonylvanylamide- treated animals. Also, pretreatrnent of animals wrth elther guanethtgme or

b ¢

propranolol failed 10 prevent gallamme s ability to enhance airway responses to nerve
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sumulauon Thus it is very unhkely that gallamine has any significant blocking acuvtty on
the sympathetic nervous system or on catecholammes releassd f rom extrapulmonary sites.
There is a remote possrbillty that gallamme may af fect a- receptors Richardson (1979 1983)
have, described a ympathetic innervation to’ the peribronchial plexuses in ; Eeveral species,
4However there are no reports of gallamme possessmg - adrenoceptor blockm;; acttvlt) in the
literature so | elected not to pursue lhlS aspect further
', Gallamtne ‘could also be selectively blockmg the NANC mhtbitory system in the Jungs,
If gallamine haq this acuon, then administering this drug should increase baseline values of R
and E — simliar 10 fmdmgs after givmg hexamethomum and mccamylamme | However,

gallamtr}e had no slgmficanl effec( on baseline values of R and’ E and did not enhance

© responses 1o mjected agonists, lt is possible thal gallamine énhances NANC cxcntator) effects

m the airways, To test this hypothests ] treated animals with atropme and then determined .

the effects of gallaming on'the slow phase of the airways' responses to vagal stimulation,

Responses were unaltered by gallamine; If gallamine’s effects on the excitatory NANC systemt

are mediated via muscarinic receptors, this result would have been expected. To test this
=

wpossibility, 1 treated animals wnth mecamylamme to eliminate the chohnergic fast phase of

res@lses and to abolish any mhibitory NANC effects. Gallamme had no potentratmg el fecl~'

“on the slow phase in these expenments and 1 concluded that this drug could not’ be actmg o o
Sl

enhance the effects of the excrtatory NANC system in the airways

Thts leaves consrderatron of the acttons of gallamme on- mcotimc and muscanmc D

- o

e
receptors in the cholmergic efferent excrtatory and the mhtbrtory NANC pathways Could

gallamtne mduce potenttatron via selecttve enhancement or blockade of ganghomc mcotrmc"

o receptors" Thts seems highly unhkely Gallamme s potentiatmg effects are conf med to the. f ast:

! 9

I

Y

cholmergrc phase of the response to vagal sumulatton and as discussed above there isno

evrdence of selecttve block of the mhibrtory NANC system via its ganglta Though the .

- possrbrhty has not been totally excluded rt does appear remote Thus gallamme must act at

receptors  at -synapses in . the parasympathetic efferent ganglia, or a’t post-ganglionic ‘
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N : L
| neuron/smooth muscle juncuons Because | strmulated Oﬂl)’r preganglronrc frbers 1 am unable

to drstlngursh between these two possrblhttes l have shown that musearlmc receptors must bew

mvolved — atroprne blocked gallammes effects —_ though this- could represent srmply »
'postsynaptrc blockade However, the lrkely site of action ol‘ gallamrne 1s the muscarmtc .

r

receplor The bradycardta mduced by both vagal strmulalron and ACh or MCh - was abolrshed
‘ by gallamme — gallamme l tentrated only the pulmonary responses ro vagal strmulatron and ‘

not those to 'ex0genous ch mergrc agomsls This mdlcates thal the pulmonary ef fects ol"

- L

- gallamlne ‘are separate from its cardtovascular effects; andl that drfj‘erent populatlons of’

, - ' »

'muscarrmc receptors are tnvolved It also suggests that the potentratron is medrated neurally'*

" .and that’ the srte of actron is not the postsynapuc muscanmc receptors on the arrway smooth_ )

’ . - 1 /

muscle However gallamme could strll -act, on postsynaptrc receptors vra an allosterrc

P

mechamsm lt rs known to blnd oa second brndmg srte dtstrnct f rom the hgand brndtng site,

By domg so--lt may perhaps modulate,the efl‘ects of ACh. However, thrs is an unlrkely |

oz

mechamsm smce gallamrne dtd not potenttate the ef.fects of exogenous ACh or MCh T he

v

postsynaptrc receptors medrate constrtcttom and therr blockade WOuld only esult m a

reductron and not mcrease in bronchoconstnctron Thus the mUScarrmc receptors mvolved are ;

'

probably located on nerve ‘terminals.. ST .

.

- Gallamme could produce potentratton by blockmg etther excr@tory muscarrmc ‘

) 1

receptors m the tnhrbttory sympathetrc neurons supplymg the lungs, or by blockrng mhrbrtory :

N

muscarmtc receptors in parasympathetlc neurons to arrway smooth muscle. The former i
posstbrltty can be excluded by the lack of effect df guanethtdtne and propranolol on the
pulmonary efl'ects of gallamme (see above) the latter possrbrlrty is more ltl;ely “
Release modulatmg muscartmc receptors are present m the parasympathetrc ganglra of cat

- . 1

_ _/'- ’bladder (Gallagher et al 1982') and tn parasympathetrc nerve 1ermtnals in gumea pig rleum

(Fosbraey & Johnson 1980 1982 Ktlbmger 1983 1984; Krlbrnger &‘ Wessler 1980) However, _

' the actions of gallamme on these receptors have not been tested
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Gallamme and pancuromum have been shown to be(at least 10 times more acnve on

l

presynapuc muscanmc receptors than on postsynaptnc receptors in the saphehous veins of
dogs (Vercruysse er alﬁ, 1979) ACh has 2 actions on lhlS preparauon a dtrect action on

Smooth muscle cells to cause contracuon — an effect mediated by postjuncuonal muscarinic

'
oo

receptors (Vanhoutte 197h Vanhoutte & Shepherd 1973) and an 'inhibitory action ‘on. the

n

output of - noradrenalme released from adrenergic nerve endmgs — an el“l“ecl mediated by

presynapttc release-inhibiting muscarinic receptors (Vanhoujte 1977). ln gumea pig alrways
r : |
' presynaptlc muscartmc receptors may decrease the evoked: d’elease of ACh durmg stimulation

LY !

:' through a negative feedback mechamsm A nonselective muscarinic antagonist such as.

Il
'

' atropine would be expected o block all muiscarinic receptors regardless of their locauons Thls
would account for the lack of effect of gallamme in atroptmzed animals, (;allammc selectlvely

blocks the presynapuc muscanmc receptors and 1mpalrs the negative [ eedbaclt mechanism thus

'causmg an exaggerauon of bronchospastlc responses durmg stimulation, The fact that: .

‘ gallamme slightly decreased the increases in R and ! to exogenous MCh suggests that some

-

postsynapttc receptors were blocked by this agent, However at_the dose of‘ gallamine used the

postsynapttc effects were mtmmal The exact location of these receptors on parasympathettc N
h nerves has, not been determmed They . could\be on the termmals of elther pre- or
'postgangltomc nerve l‘ ibers, or both (see Fig. 5. l) Maclagan el al (1985) and Faulkner et al.
' (1986) have shown that mhtbttory muscarinic receptors are present in the postganghomc
. parasympath_eUC nerves mnervatmg both‘ the cervncal. trachea and smaller Aconducting alrways';
of ‘the guinea pig. Ho’weyer,;they could not.rule out their presence'on preganglionic nerye‘ .
| fib_ers e | | | H | | |
X “Additional evtdence supportmg the hypothesrs that in gumea plgs presynaptlc“
muscarrmc'receptors modulate ACh release in response to nerve stxmulatton is supphed by
consndenng the dtfferenttal effects of gallamme pancuromum and decamethomum '
™ Gallamine and pancuromum mcreased reéponses to nervc st1mulanon in- control and

t

nonylvanylamlde treated ammals decamethomum had no- potenttatmg actlvrty Thus thrs
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potentiating action appears unrélaled to the 'neuromus‘culnr blocking'eclivity of the 3 drugs. In ,

edd'uion, lh#lative actjvities of gallamine and pancuronium‘in my system mirror those seen
| in other systems with better defined muscarinic receptors such as the guihea~pig fleumn,

The enhancement of increases in E by gall'amine was greater than that of increases in

R, This could mean that small airways are affected 10 a greater degree than the large airways,
. | . i | .
As mentioned earlier. the values of R and E computed are not the "true R" and “true K"
) ' ¥ , . .
since there is some overlap between these 2 parameters,

¢

How capsaicin reduces the cholinergic component of bronchoconstriction is not |

A

known, However, it does not appear 1o involye the degeneration of cholinergic nerves, the
alteration of 'choline-acetyltransferase activity, or changes in the affinity or numbers’ of

muscarinic receptors I(Marliing et ,al,,‘ 1'984). Barth6 and Vizi (1985) reported that capsaicin

releases ACh from the‘m.yemeric plexus of guinea pigs, Their results suggest the existence of

capsaicin-sensitive nerve endings capable of, activating intrinsic cholinergic neurors,

A .
.

Perhaps a more subtle change was effected, and this was not reflected in any of the
variables measured. Since 1 have been able to enhance the pulmonary cholinergic responses to

vdgel stimulation to levels similar to those of the vehicle-treated controls, the effecl. of

”

nonylvanylamrde on thrs pathway is polenually reversrble Itis possrble that nonylvanylamrdc )

.op

mcreased lhe affrmly or the numbers of presynapllc muscarrmc receptors 0{1 the! nerve
endings, thus reducmg the pulmonary responses to snmulauon A srmrlar ef fecl would resuh

from the reduction in affmny or numbers of poslsynapllc muscarimc receptors on anrway :

a

smooth muscle but thrs 1s not hkely because: exogenous MCh ehcrted responses of similar

magnitude to the controls. Perhaps nonylvanylamnde mduced an allostenc change in- lhc

I
R

—receptor bmdmg site - that 10cked the conforrnanon of the receplor mto a permanently '
| acuvated state.. Gallamme by bmdmg toa second bmdmg sue could altcr the conformauon
| and reverse this - acuvated state, but snll prevent the bmdrng of ACh. Thus lhe cholmcrgrc
response to vagal nerve sumulauon would be cnhanced and the ef f ects of nonylvanylamrdc on‘ '

x

the cholmergrc pathway reversed The existence of the second bmdmg srte on the muscarxmc



105

. receptor has prompted Birdsall and cowofk@rs (1984) to.suggest that jt might be a means of "
selectively ‘tuning’ a func‘tioning"receptor by modulation of the action of neuronally released
T ‘ _ )

A

ACh.

The objective of the second part of t'his research was'to determine the duration of the
effects of nonylvanylamide pretreatment on airway responses of guimea pigs, :fhe previous
~expcrimems were conducted on animals that had been pretreated . 7-8 ‘days beforelthe .
experiments, l wanted 'to find out 'whether there is time~r'elated optim'aT effect of
nonylvanylamtde For these expertments animals were pretreated with ejther nonylvanylamlde
or vehicle before experiments, and used 2, 8, 16 32, and 64 days after ueatment, Each group
of vehicle~ or nonylvanylamtde pretreated ammals consisted of a least 4 ammals The
mhrbnory effects of nonylvanylamrde on responses 10 vagal sumulauon were exammed in

- treated animals, and comparisons were made among the groups treated for the various
durations The degree of restoratron of responses by gallamme and their sensiuvrty to
at®pine were also studred The bronchoconstnctron produced by MCh, Hist, and SP was also‘
quantif 1ed in these ammals before and after the admmrstratron of gallamme and atrOpme |

The results show that the effects of nonylvanylamrde on the chohnergrc and
'peptide-rglc components ot vagally-mduced bronchoconstnctton are rapld in onset and long>

" term, lastmg for -at least 64 days The ef fect on the cholinergic pathway could’ be reversed by

Igallamtne throughout this penod There was no major dxfference in the responses to nerve

o

-
‘ strmulatron among all except one of the groups of nonylvanylamrde pretreated ammals The

“group used after 2 days contamed 2 ammals (out of 4) that did not demonstrate the same
degree of mhrbmon of responses as the rest of the nonylvanylamnde treated animals. ThlS can
‘mean erther that the long term ef} fects of nonylvanylamrde are not always evrdent after 2 days |
of treatment or that these 2 ammals were not properly desensmzed In all these experiments, |
| the success rate of desensmzatton is not always 100% and for thxs reason a large dose of

nonylvanylarmde (16 ug/kg) was mjected before all expenments to confrrm that‘

— rdesensmzatton had occurred The effects of nonyIVanylamtde after 2 days of treatment could
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be confirmed by doing more expéximems The receptors for. MCh, Hist and SP were
functional and unaff ccled by nonylvanylamndq at all times posl treatment,

M) xesulls provide inferential evldcnce for the existence of presynaptic muscanmc

receplors that ‘'modulate ACh release on pulmonary vagal nervcs My hypothesis could bc

, slrcngthened by demonstraung modulauon of ACh release in synaptosomes derived lrom

pulmonary vagal nefve endmgs and by elcclrophysnologlcal studics with in'(ra'ccllular rccording

A

l“rom lsolalcd pulmonary ganglia, To thc best of my knowledge no work has becn publlshcd , |
on this topic-thus far, Many of my explanauons are >pcculanve\ but 1f these receplor> really
do exist, lhcy could form a basls for the dcvdopmenl of lhcrapcuucall) uoeful drugs for the
lrcalmcm of brondhlal hypcrrcacnve condmons The' anllmuscanmc drugs currcnll) used m
lho lrcalmem of asthma (alropme sulfale and lpratroplum bromnde) are' potcnl

bronchodllators but are of llmucd effi lcacy and assocnaled with syslemlc side cf fects ((;ross &

Con
Skorodm 1984) The lauer could be attributed to lhelr nonselective action on all mubcanmc
[

receptors, Muscanmc agomsts wlth a selective affi lmly for presynaptnc rcccplors in aﬁvay ,

-

smooth. muscle would exert a specnf lc acuon and’ could be more efficaceous and reduce the

incidence of side effects seen wnh the nonselective antagonists. Our nonylvanylamlde lreatcd

guinea pig model could bef used to screen pbtenllally selecllve muscarinic agomsls for

pulmonary vagal presynapuc receplors and, also amagomsts for postsynapllc receplors smce‘

it appears to be compnsed exclusxvely of the classxcal parasympatheuc pathway

T
[
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