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~(1) The.object-ofvthis stud& was to investigate the effect and meehanisms
: oy whioh morphine and the opioid peptides affect gut‘motility. Emphasis
. was placed on the examination of the neuronal basis of these effects,
*Zparticularly the involvement of a tonic non-adrenergic, non-cholinergic
inhibitory mechanism postulated to be responsible for the suppre331on of
. vmyogenic aetivity and the release of S-hydroxytryptamine (S-HT) and
.A_'acetylcholine (ACh) by these drugs. _Alternative explanations of these

- effects were,also sought..

7{( ) The preparation chosen for this study was the rat isolated colon, which

';'npermits demonstration of the responses to opioids and other drugs in yitro.

L (3) -The:isolated colon of the rat contracts rhythmically to morphine and

o -other opioid peptides. "These rhythmie~eontraetions could be divided into the

'1.'initial contraetion and the subsequent waves of contractions. The 5-HT

:antagonist, methysergide, non—competitively antagonised the initial response
but hadvnooeffect on the waves of rhythmic eontractions. In contrast, the
;specific'opioid antagonist; naloxone,~competitively antagonised the initial

. contraction and abolished the rhythmic’eontraetile activity.

(4) The rhythmic waves of oontractions(were nnaffeeted by pretreatment
‘with paraehlorophenylalanine (PCPA) which depleted the intestinal 5-HT as
;,measured spectrofluorometrically;' Contractions were still produced in
's;tissues made subsensitive to 5-HT by a process of autodesensitisation and
'%Lwere not abolished by atropine, casting doubt on the 5-HT/ACh hypothesis.
“?{The ineffectiveness of reserpine in depleting the 5-HT content of the colon

'ﬁy?was also confirmed in. ‘the study.

iv



:(5) Several otherbdrugsihavingjin common the ability to block conductance
'15 neural_pathways or neurofeffector transmission, i.e. tetrodotoxin (TTX),
“iapamin,jtolazoline; phentolamine, oxprenolol and clonidine, produced similar
’ patterns of rhythmic cdntraetile activity in the rat colon.f This suggested
that the ‘inherent myogenic activity of the colonic muscle might normally be

' B suppressed by nervous influence.

(6) Electrical field stimulation of the colon provided evidence about the

_innervation of this tissue. It was‘demonstrated that there is a motor

"'-cholinergic .response to nerve stimulation which was reduced or abolished by

*atropine or morphine and potentiated by 6-hydroxydopamine pretreatment or

'ﬂi:apamin., Indirect evidence for the presence of an inhibitory adrenergic

4?A1nfluence was provided. The inability of adrenergic and cholinergic

vv.-.antagonists to block inhibitory responses of the colon to nerve stimulation

"~ffgprovided evidence for the existence of non-adrenergic, non—cholinergic

"'ff(NANC)_inhibitory nerves invthe colon.: In addition, the optimum frequency

", of stimulation of the inhibitory respohse was less than that characteristic

- of either an'adrenergic or cholinergic mechanism.

y:(7)"The observation that this NiNC-inhibitcry, nerve-mediated response to
*electrical field stimulation.could~still be elicited in the presence of
idrugs producing rhythnic waves'of contractions, made it unlikely that the

. removal,of:a‘nOn-adrenergic, non-cholinergic inhibitory mechanism was

L responsible‘for producing the rhythmic contractile activity in the colon.

o r(8)'~The'sinilarity betﬁeen'the effects of the opioids, the adrenergic

: Iifneurone blocker and adrenoceptor antagonists, clonidine and apamin, raised .

“'i;the possibility that the actions of these drugs might be mediated through

ﬂ-f'adrenergic-neurones. This.possibility was examined using the techniques of
?;High~Performance4Liquid Chromatography (HPLC) with electrochemical detection

. and also in tritium -efflux studies.’



: f(g)' Preiininéry'experinents'ﬁith'the HPLC were concerned with the
. optimisation of‘the_conditions necessary for ehromatographic separation.
.AIt was demonstrated that chgnges in the electrode potential voltage, mobile
L'phaSe conposition and fiow rate.affected‘the detection and separation of
. eatechoismines;. The eatecholenine content of the raticolon, mouse, guinea-
: pig and'rat:vasa deferentia were also neasured; Transmitten overflow from
, the mouse:and}guinea-pig'vasa deferentia.oceurring spontaneously and in
;.response to eleetrical field stimulation were measured. No spontaneous

N release of noradrenaline or‘its metsbolites uas demonstrated in the rat

.colon.

. (10) ' Morphine, clonidine and TTX did not affect tritium efflux at
'a;;concentrations at which they produce rhythmic waves of contraetions in the
~'fcolon.

o 111) The implications of these results for the hypothesis previously

;fffpostulated and the one suggested in this study to explain the rhythmic

k contractions are discussed._'
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INTRODUCTION



f‘The-importance'of the gastro-intestinal tract to the body's homeostatic

:control mechanisms cannot be’ over-emphasised. For contraction of

~.}‘intestinal muscle, integrated and co—ordinated by the nervous systenmn,

t'promotes the transport of ingested foodstuff along the alimentary tract and
' in the process ensures adequate mixing and exposure to absorptive surfaces
i'(Hirst, 1979). The mammalian gastro-intestinal tract handles ingested
materials in different ways, adapting'its_response to the different
'3echaracteristics of food consumed, thereby ensuring efficient utilisation of

" nutrient for the body's homeostatic mechanisms.

l'.It'is no exaggeration to say that higher animals are the differences
;'ﬂbetween what their small intestines absorb and their kidneys excrete;

.3::With the. exception of oxygen, every substance gains entrance across a
',ﬁﬁdigestive - absorptive surface. The movement of material within this

V:_lumen is complex, and unlike the cardiovascular system, the intestine acts

';Jz;both as the conduit and ‘the pump, transporting its content in an aboral

"{‘direction (Weisbrodt, 1981).

. The small intestine is the most-studied part of the gastro-intestinal tract
-'(Weisbrodt 1981). The reason for this may perhaps be the easier
raccessibility“of the small intestine‘compared to the colon or as bluntly
.' -i_>ut by Spior (1975):= | |

| nThe small intestine after all,
provides_the main reason for
the existence of the gut, all

_theirest-is.a'prologue'or
epildgueiffor‘man.can live
withoutfhis stomachiOr |

: oesophagus-andlmay thrive

without‘hisrcolonr"



i ..However, this judgement may be too harsh. Although the mammalian colon is

{_:'not actively involved in absorbing the principal products of our foodstuffs

',:;such as sugar, amino acids, small peptides (Phillips, 1969) The human
.4colon is nevertheless responsible for the final modification of the
53500-1 000'ml,of fluid that enters it daily and in so doing appears to be
&,responsive to body"s requirements (Phillips, 1969, Cummings, 1975;

; Schultz, 1981)

l.It is difficult to determine when the first studies of intestinal motility

': were conducted. According to preyious reviews (Texter, 1964;
'4Christensen, l971; Bortoff, 1972; Daniel & Sarna, 1978), detailed
'.inVestigation_began about“the middle'of-the last century. It is, however,

..“apparentethat-the study of motor activity of the gastro-intestinal tract

‘ﬂ;fhas had a long and distinguished history. Despite the long interest in

.E;the study of gastro-intestinal motility, ‘the: interaction of the factors

‘., ,controlling motility are in many ways still poorly understood. The

'Zirffﬂstatement by Bayliss and Starling (1899) that:

"On no subject of physiology do we meet so many
discrepancies of facts and opinion as in the .

‘physiology of the intestinal movement"

yis even true today.

The movements of the intestinal muscle depend on three primary factors:-

(a) The intrinsie properties of the musculature itself
” (myogenic factors) ,

(b) 'intrinsic and.extrinsic.nervous influences

(c)'{Local and systemic,chemical control

f-;} Myogenic factors are properties intrinsic to the smooth muscle that are

involved in control of contraction. ' They include the electrical



hd activities of smooth muscle cells,'the'communication between muscle layers,
fi;the-metabolism and transduction of-energy in smooth muscle and the way in

':iwhich the myo-electric events are superimposed on the energy metabolism of
'?fmuscle to produce contraction (Weisbrodt 1981) Intestinal muscle, like

"ﬁcardiac muscle,mis.capable;of-generating electrical signals that are

”:ai‘responsihle;for.both the initiation'and integration of contraction.

Integration of contractiontis'achieved by a slow electrical transient (a

o Slow change in the electrical properties of the membrane) called the
-oielectrical slowiwave, while'the initiation,of contraction is aocomplished
'}by a burst_of?much more rapid-electrioal activity called the_spike burst or
',%action'potential (Tomita, i981).A"Smooth‘musclelmay also generate brief

potentials known as prepotentials (Gillespie, 1968) These slow waves

».. defined as spontaneous, slow, periodic fluctuations in transmembrane

. potential of»smooth muscle cells (Papsova, Nagai & Prosser, 1968; Prosser
; &,Bortoff,f1968) have been<given‘§arious names such as basic electrical

E;rhythm (Bass;'Code & Lambert 1961), pace-setter or synchronizer potentials

‘f.(Code & Carlson, 1968), basio organ specific rhythm (Golenhofen & Lammel,

- 1972), oontrol potentials (El-Sharkawy & Daniel, 1975a). The generation
°-‘and propagation.of slow waves,occur in the presence of tetrodotoxin or
*.atropine-and thus. these'processes are likely to be myogenic (Tomita, 1981).
'fThey are responsible both for the rhythmicity and polarity of intestinal

.- contraction (Bortoff, 1976)

;There'appear to be considerable regional and_species differences in the
lifrequency, amplitude and.the rate of propagation of slow waves (Prosser &

.,Bortoff, 1968;, Ruckebusch &~Fioramonti, 1975; Stoddart & Duthie, 1968;



'.McCoy & Baker, 1979). - The site of origin of slow waves in the small

. intestine differs from that in the colon.

3ZT;In:the'Small'intestine; SIow waves are generated by the longitudinal muscle

‘fland spread electrotonically into the circular layer (Bortoff 19613

:LKobayashi, Nagai & Prosser, 1966), while in the colon, they are generated

A‘rfjf¢by the circular muscle and spread into the longitudinal muscle

"f;(Christensen,=Caprilli & Lund,‘1969, Caprilli & Onori, 1972).  The muscle
" cells of the two layers seem‘to belelectrically coupled by means of low
'~resistance pathuays provided'by“nexus or gap junctions (Bortoff, 1976).
lSlow waves function not only to control the pattern of contractions at any
'hone locus but also influence the pattern of adjacent loci. They give rise
‘to both segmenting (localised) and peristalsis (propagated) contractions

- (Bortoff, 1976).

.l The second type of electrical activity which can be~recorded'from
'f‘intestinal muscle is the spike potential Spike potentials are rapid
"ﬁ_membrane depolarizations, which occur primarily during the depolarising

ﬁfphase of the slow waves.~‘ Each spike is fOllOWed by a small 1ncrement of

' '3<tension and the frequency of spike discharge determines the degree of

.-pension deyelopment (Bulbring, 1955). ‘Bozler (1945) was first to suggest
;ythat~spontaneous'fluctuations in membrane potential, associated with
- mechanical changes;~cou1d'result'from fluctuations in cellular metabolism.
' E_Although the process inyolved remains to be clarified,‘it appears that a
| smooth muscle“may have more than:one mechanism for generating oscillations

“in membrane,potential (Prosser,'1973; Tomita & Watanahe, 1973a).

.f.The'interaction of electrogenic transport systems and/or slow voltage-

'~dependent changes in ionic4conductance appear to be primarily reponsible



‘Q(Connors,iPrOSSer & Weéms, 197&)--t‘BoltonA(1971, 1972), however, showed

’“f;]that in. the guinea-pig, the intermittent release of acetylcholine may be

i.‘involved in the initiation of rhythmic activity._

f;An increment in intracellular calcium (Ca**) concentration is related to

B the appearance of»spikes and'is_considered to be due both to its release by .
;Jintracellular stores and to a rapid calcium influx from outside the cell

i (Job,,1§69; ‘Syson & Huddart, 1973). Smooth>muscles vary in their
:Zrequirement‘for'extracellular Ca**; for example, the taenia coli is‘almost
i totally dependent on extracellular'Ca++ and rapidly ceases contracting in a
'A ca**-free media.f In contrast, some vascular smooth muscles, e.g. rabbit

main puimonarY'artery which utilise principally intracellular stores of
g Ca**,‘remain_functional for a considerably longer'period of time in Ca**-

-.i'free media;(Devine, Somlyo & Somlyo, 1972).

A*rThe gut receives its extrinsic innervation from both branches of the
”Ffautonomic nervous system.. Sympathetic nerves are inhibitory except for
J;those to the sphincters whereas parasympathetic nerves contain two distinct
i*fnerve fibre populations, one excitatory and the other inhibitory (Youmans,
ib&{1968) . The sympathetic post ganglionic fibres to the gut end mainly at
‘:'the,intramural nerve plexuses,_mostly_the myenteric plexus_with few if any
j.adrenergic fibres visibie within the layer of smooth muscle_(Norberg, 1964;

' Jacobowitz, 1965} Costa, Furness &'Gabella, 1971; Furness & Costa, 1974).

'hThis observation may, however; beispecies-dependent.' In the.guinea-pig
‘v'caecum both the longitudinal ktaenia coli) and circular muscle are

. profusely_innervated. Fluorescent adrenergic fibres are also quite common
."'among'the muscle cells of'the<Small.and large intestine of rabbits and rats

'E(Holland & Vanov, 1965) althouéh'Gillespie (1968) could not confirm the



" innervation of the colonic musculature reported by Holland and Vanov in

* ‘rabbit or guinea-pig.

A'i;The concentration of'noradrenergic-aXOns within the enteric plexuses has

'Tfled to a radical change of the view. of how these axons actually affect

"?}gastro-intestinal motility. The concept of reciprocal control of motility

’Y%by inhibitory adrenergic and excitatory cholinergic fibres may not be

'Zfiicorrect Norberg .and Sjoqvist (1966) proposed that the action of the

'55.sympathetic transmitter is an indirect one, to cause the inhibition of

itijexcitatory ganglionic transmission rather than a direct relaxant action on
smooth muscle. ~ The relaxation thus produced was due to removal of an
.'excitatory cholinergic tone (Paton & Visi, 1969, Wikberg, 1977; Gershon &
"iErde, 1981). . It would appear that adrenergic fibres terminating at the
‘Lintramural ganglion cells are primarily concerned with modulation of loeal

'reflex activity (Furness & Costa, 1974) .

' That the_intestinal muscle>can function independently of its extrinsie
;tinnervation”isyevident from continned activity of intestine after both

s vagotomy anc4sympathectomy-(Kosterlitz, 1968) .

' 7yThis relatively benign result of severing the extrinsie intestinal

‘innervation cannot contrast more with the intestinal obstruction and the

H'f-inability of the‘bowel to propel,luminal content that occur when a segment

of the gut isvaganglionic.asya result of congenital defects in

S Hirschsprung's disease (Bodian,tStephens & Ward,v1949)'and in certain

?'piebald”and.spotted strains of mice (Bolande,‘1975), The aganglionic
,;segments are not denervated as‘they contain both cholinergic (Kamijo, Halt
: &.Koelle; 1953) and adrenergic axons (Bennett, Garrett & Howard, 1968;

© Gannon, Noblett & Burnstock, 1969; Garrett, Howard & Nixon, 1969).  The



‘J'absence‘oftganglion cells and the prooesses of at least some of the
‘intrinsic enteric neurones reduce the actiuity of the local nervous system
or enteric nervous system.(E.N.S.). ‘ The E.N.S. it would seem, is
"::apparently more involved in regulating the motility of the bowel than are
: *Jthe brain and spinal cord.i Ultrastructural and electrophysiological
'?jstudies of enteric neurones indicate synaptic mechanisms similar to those
‘;iof the central nervous system. inBoth,acetylcholine (ACh).(Dale, 1973) and
'jﬁnoradrenaline (NA) (Finkleman;<193o, Gillespie & Mackenna, 1961) are
‘.ﬁ:enteric neuro-transmitters but they are not the only ones. Electro-

l'f-physiological, histochemical and immunocytoehemical studies have

”w“demonstrated the presence of nerves~utilising transmitters other than NA

- and ACh (Burnstock, 1972; Gershon & Erde, 1981). Transmission in such
,'nerves has ‘been given the negative, cumbersome but descriptive name

rnon-adrenergic, non-cholinergic (NANC).

'In retrospect, pharmacological evidence for control of intestinal motility
by transmitters other than NA and'ACh'abound in the literature, As early
' as'1898, Bayliss and Starling'reported that in the dog small,intestine,

fvagal stimulation caused relaxation followed by a powerful contraction and

"‘{'neither component was abolished by atropine.

'fflThe inhibitory response to transmural nerve stimulation in the guinea-pig,
"'kitten or mOuse stomach were ‘also unaffected by atropine and adrenergic

) B neurone blocking~agents (Paton.& Vane, 1963). Such responses have also

": been reported in the stomach, duodenum, ileum, caecum and colon, in the

o lower oesophageal, pyloric, ileo-caecal and internal anal sphincters.

:JTheSe reports,have been extensively documented (Burnstock, 1972;

::Burnstock,;1979; Gillespie, 1982).



i~The‘study of ﬁANC transmission has revealed new putative neurotransmitters
"in the.peripheral nervous system, especially the E.N.S. The idea of there
being a bipartite division of the ANS with only two opposing transmitters
"ACh and NA seems misguided today as an oversimplification (Gershon & Erde,
,i1981). -However, although_thevliterature abounds with putative neuro-
';ftransmitters,:established neurotransmitters are far less‘common. A
'Q;formidable case has been made for adenosine triphosphate (ATP) or related
'€fnucleotides by Burnstock (Burnstock, 1972, Burnstock, 1975;' Burnstock,

.'+f1979) but the evidence is. not impregnable (Gillespie, 1982)

':fFor example, rabbit distal colon and rat stomach are supplied by non-

T adrenergic inhibitory nerves but in these tissues ATP produces a
"lcontractile response (Burnstock, Campbell, Satchell & Smythe, 1970, Mackay
'“& McKirdy, 1972). - Weston (1973) also shoued that in the guineafpig ileum,
7'stimulation ofvthe non-adrenergic inhibitory nerves in the longitudinal
tmuscle either directly or as part of the peristaltic reflex produced an
inhibitory response, unaffected by the presence of large desensitising

- doses of ATP Moreover, the concentration of ATP sometimes required to

'{;produce an effect was occasionally very high (Ambache & Zar, 1970,

'7i; Ambache, Killick & Woodley, 1977) Rapid breakdown of ATP to adenosine

.'Yz};may not be a: sufficient reason to eXplain this discrepancy (Ambache et al, -

':.3{i1977) Other putative neurotransmitters include 5-hydroxytryptamine

'~_b(5-HT),‘vaso-active intestinal peptide (VIP), substance P, ‘somatostatin,

A:f'enkephalin,_neurotensin and gama aminobutyric acid (Furness & Costa, 1982).

::It seems likely that more than one neurotransmitter may be involved in
B transmission of the wide array of responses gathered under the umbrella of

;JNANC transmission.



I woﬁldliike to end this section on putative neurotransmitters with the

cautionary note voiced by Charles F. Code (1982):-

"Finally the perspective of years should provide some
u‘ warnings, of pest mistakes to be avoided, thiogs along
the road of progress to be wary of. In the area of
A ohemotransmitter substanees, I see a prospeetive
‘complication,Aa cioudlin the distant horizon.
<7Egpgfieh§e:pés‘ie& me to the eanc;usion that in the
A‘;;tdeﬁeiopment of a speoies,fthe:fofees'at'ﬁork tend to

 keep all options open. e

A meoﬁaﬁism;:e chemieai‘oompound;usefuliat one stage in
4'Avthe,evolutiohary process'but suoerseded by another may
exist'ih vestigiel form. vvit-becomes a reminder of the
past, a- footprint on the way, an option available but
‘little osed. Do some of the chemotransmitters being -
identified these days in.the gut represent sueh vestiges
of;thespast?" it is a‘disturbing thought. It could be

-true."

B :The impoitahce of anothef-controi meehanism in the regulation of intestinal

E;-musole motility, namely the role of locally-released and systemic hormones,

'vtihas~been reoognised. In addition to their effect on secretion (Burks,

' '1976), gastrin, choleoystokinin, caerulein and secretin all have diverse

'~»“effects-onggastrointestinal motility (Walsh, 1981). Gastrin can increase

" the tone of the lower oesophageal sphincter (Cohen & Lipshutz, 1971),
© - increase both the antral slow ﬁaves and force of contraction (Cooke, )
.- Chvasta & Weisbrodt, 1972) and in relatively high doses increase spike

tbursts and contractile activity of intestine (Waterfall, Duthie & Brown,



_1973)m Secretin reduces gastric motility, delays gastric emptying,
': decreases intestinal motilitypand causes relaxation of the lower
oesophageal sphincter (Waterfall et al, 1973). Cholecystokinin and
oaerulein also exhibit diierse‘effects on gastro-inteStinal motility
(Burks, 1976).‘A They are potent Stimulants of gall bladder contraction and
wrelaxation-of the sphincter of 0ddi (Lin, 1975). Cholecystokinin causes
relaxation'of-the human lower esophageal sphincter and has been shown to

‘ antagonise ‘the contracting aotion of gastrin, It is also a strong

: .:‘stimulant of panereatic enzyme seeretion in 112 (Walsh, 1981).

i ;Other hormones may also’ have profound effects on intestinal musculature,

Clinieians have for a long time been aware of a link between gastro-

';.'intestinal symptoms and thyroid disorders. Hyperthydroidism is

'fcharacterised by increased intestinal motility while hypothyroid states can
"induoe atony and intestinal obstruotion (Middleton, 1971). It both
VTAddison%sdisease and .severe diabetes'mellitus, gastro—intestinal symptoms
" are oommon and may include diarrhoea (Truelove, 1966). Thus it would
‘.appearhthat the systemic hormones ma§ have a general role in regulating the
responsiveness of smooth muscle to neural and.possibly local chemical

control (Gibson, 1981).

" In summary, it thus becomes olear that there are many potential mechanisms

- for control of intestinal motility.‘ It seems likely that all these

“-.meohanisms operate simultaneously and their operations are integrated with

'ﬂjone another to produce the various patterns of contraotion seen in the
"*iintact animals. It is only by studying these mechanisms separately and in

‘”{?the presence of other related meehanisms that we can ever hope.to gain

"-',complete-understanding of what;éOntrols intestinal motility.
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"The discovery in both brain and gut of specific opioid receptors that

v mediate opiate activity has inspired intense research interest (Pert &

}h Synder, 1973,_ Ambinder & Schuster, 1979, Konturek, 1980). The reasons
for the interest‘are probably three-fold. First,‘better understanding of
, the pharmacology of the opiates in the intestine may improve our knowledge

"-.cf the physiological control of motility. Secondly, such studies may

g provide a. better understanding of the relationship between neurotransmitter

‘C;f,functions and the possible endocrinological role of the opioids. Thirdly,

1rfsuch studies may elucidate the mechanisms involved in opiate withdrawal.

:fWith the discovery of opioid receptors. it was apparent that some

lﬁi*jendogenous substances, different from any known neurotransmitter, could

,..? . exist. and that these might bind to those receptors. That' such substances

exist was first demonstrated in pig brain extract by Kosterlitz and his

'colleagues‘(Hughes, Smith & kosterlitz, 1975). Two penta;peptides were

identified. These two 'enkephalins differed only by the presence of a
tamethionine or leucine residue at their C-terminus..v Pituitary extracts

- were also found to have opioid activity (Gcldstein, 1976). _vThis activity

| resides in three long-chain polypeptides known as alpha, beta and gamma

. vendorphins, all of which were derived from beta—lipotropin discovered in

. the mid-1960s (Li,‘Barnafi, Chretien & Chung, 1965).

f _Radio-immunoassay and immunocytochemistry techniques have also demonstrated

.';]ithe presence in humans, of enkephalins in nerve fibres of myenteric

'1‘.p1exuses of the stomach, intestine, gall bladder and cystic duct as well as

’7.'fin special endocrine cells (Amine Precursor Uptake and Decarboxylase

3‘(APUD)) in- the gastric, antral and duodenal mucosa as well as the pancreas

' © ‘(Polak,. Sullvan,.Bloom, Facer & Pearse, 1977). Similar techniques have



'lbeen employed in various snecies to demonstrate enkephalinergic nerves in

g the myenteric plexus and circular muscle (Elde, Hokfelt, Johansson,
Terenius, 1976 Schultzberg, Dreyfus, Gershon, Hokfelt, Elde, Nilsson,

i Said_&hGoldstein, 1978; -Furness'& Costa, 1980). In contrast to most of
'the other_brain - gut peptides such .as bombesin, neurotensin, and substance
P, many of the central and peripheral actions of the opioids are indirectly
© familiar because of'the remarkable similarity between their biological
activities-and those of'the opium-alkaloids and their congeners, which have
.been'subjected.to physiological andipharmacologicalvscrutiny since the

. 1800s.

t;i'Opium and later morphine have been used through the ages for relief of
?idiarrhoea and dysentery, and investigation of the mechanism by which
'morphine and its surrogates exert their constipating action dates from the
19th century. These studies have been reviewed several times (see Krueger,
1937; Vaughan Williams, 1954; _Kosterlitz & Lees, 1964;  Weinstock, 1971;
:ADaniel, 1982, :Furness & Costa, 1982). " A number of factorsvcomplicate
7.ana1ysis of the action of opiate agonists.' First, the effect of morphine
B on the_motility of the intestinal tract is dependent on the species, the
: dose,'the region of\intestine.under investigation, and the choice of
experimental-method (Reynolds & Randall, 1957). @ Secondly, propulsion is
*fv modified both by central actions of mornhine and by its direct effect on
the:intestine.,. Thirdly,ithe“ileum of the guinea-nig which is the organ

y,.most extensively emamined Oag. Kosterlitz.& Lees, 1964; North & Tonini,

'}{:1977, North, Katayama & Williams, 1979) is clearly not a universal model

'3[for investigating the effect of opiates on the gut motility. In the

;'guinea-pig ileum, opiates inhibit acetylcholine release but in most

'f;.species, including humans, there is no evidence that morphine or other

| 'opiates act by inhibiting acetylcholine release (Daniel, '1982).
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"Morphineiand related drugs relax the smooth muscle of the distal portion
:~of the‘oesophagus both in normal individuals and in patients with diffuse
" .oesophageal spasm‘(Schmidt, 1939).  They also exert profound effects on
'-gastric motility, tone,‘peristalsis and emptying, increasing the amplitude
;"but decreasingcthe rate of gastric emptying; - Electrical activity in terms
" of slow waves and spike~activity are also increased by morphine and the
'enkephalins (Silbiger.& Donner, 1968). Early investigators,attributed

this délay'to pylorospasm-(Krueger; 1937) but duodenal spasm is now

>.“' generally accepted as the mechanism of delay (Konturek, 1980). Plant and

S Miller (1926) originally demonstrated that the primary effect of morphine

“?;on the intestine of man and dog was an increase in muscular tone, frequency

':ﬁ,and amplitude of peristaltic waves and an increase in the amplitude but a

“3'?"decrease or no change in the frequency of the rhythmic contraction. After

o a time, the frequency of the peristaltic waves decreased while the tone

= remained,high. These.observations‘have been repeatedly-confirmed using a
| variety'of experimental techniques (Kreuger, 1937; Silbiger ;iDonner,A
.1968).','Early radiological studies'showed delayed passage of radio-opaque
'h contrast materials, demonstratin34the'nonApropulsive nature of the small
Vf.intestine'motility induced.hy morphine (Pancoast & Hopkins, 1915).
‘.Studies in patients with.ileostomies in which morphine produces a marked
reductioniin_collected ilealleffluent, also provide further evidence

' (Kdler, Atkinson & Ivy, 1942).

-In contrast to‘other mammalian‘species, gaStro—intestinal tone and

*“ff{contraetile activity are consistently diminished in the guinea-pig

A3i[?p(Schu1tz, 1978) thus emphasizing species differences in the nature of

.“i,response to morphine.



14

. Plant and Miller (1928) observed that the most pronounced and lasting
“.:effect'of nqrphine in the human colon was an increase in tone. Morphine
cause83an.increase in basal luminal pressure and stimulates segmenting

'motility.,' This segmenting motility has been invoked as the principal

s ieXplanation for morphine's constipating action. Painter and Truelove

}‘ (1964)~and Garrett, Sauer and Moertel (1967) reported increased sensitivity

" to morphine in patients with diverticulosis or ulcerative colitis. The

~ high pressdre'caused by morphine inisuch colons may be a factor

cbntributing_to‘perforationvin ulcerative colitis.

'7~;,In‘dogs-and cats, intraﬁenOusfadninistration of morphine produces marked

-E}fand sustained contractions of internal and external anal sphincters.

;fThese contractions were not affected by high thoracic transection of the

";n'cord or vagotomy, suggesting that the effect may be peripheral (Koppanyi &

" Murphy, 1933)

"-ﬁany'studies,have sought to.explain.the mechanism of the gastro-intestinal
'-.effects of morphine. The constipating effect of morphine has been
jvattributed variously to.its_effect on gastric emptying,-small.intestinal

- and colonic notility. Morphine and the enkephalins may also act on the

| CNS to reduce the urge to defaecate in spite of accumulation of faeces in

. ‘the large bowel (Jaffe & Martin, 1980) “The intestinal mucosa may be an

’»zl'additional peripheral site at which opiates can produce their anti-diarrohea

':?effect, unrelated to. changes in intestinal motility (Powell, 1981). In
é ,xi;zg studies have shown that opiate agonists can stereo-specifically
'tienhance electrolyte absorption by the intestinal mucosa and that this

3 effect is naloxone-sensitive (Racusen, Binder & Dobbins, 1978; McKay,

”VvipLinaker'&vTurnberg; 1981). - Electrolyte absorption would also promote

'f.AWater'reabsorption by the'mucosa, decreasing the volume of intraluminal

- -content and faecal output.
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E . Controversy still exists as to uhether the primary site of action for the
effects of morphine in the intestine is central or peripheral. For

?:example, the spasmogenic response of the small intestine has been

3 attributed to an action of morphine directly on the smooth muscle or

‘_indirectly on Auerbach%&plexus (Plant & Miller, 926, 928, Burks & Long,

pe,1967a b; Burks, 1973, 1976).

'The former eXplanation seems likely since this excitatory effect persisted
'nsjafter administration of ganglionic blockers (Vaughan Williams & Streeten,
71;1950), decapitation (Burks, 1976) and vagal sectioning (Stahl, Van Bever &
‘:;Janssen, 1977): vA peripheral mechanism has also been suggested by studies
"ﬁfin which low doses of morphine given intraperitoneally inhibited movement

"ﬁalong the intestine of an orally administered charcoal meal. The same

'zfﬁ_doseswof morphine administeredgintravenously had no effect on gastro-

. intestinal transit (Tavani, Bianhchi, Geretti & Manara, 1980).

-:iA peripheralrmeohanism is also-suggestedkby the antagonistic effect of a
eggQuaternarv'analogue of nalorphine, diallylgmorphine, on morphine-induced‘
-;sloving_of_intestinal transitnwithout‘affecting morphine-induced analgesia
nf(Tavani'QL,él; 1979). The‘effectiveness of loperamide,-which exerts
peripheral«opiate'activity uithout any central effect, in the control of
ﬂ],diarrhoea is also a strong argument in favour of a peripheral site of

action (Stahl g;_ al, 1977).

'Q;Morphine-induced changes ‘in gastro-intestinal motility resulting from an

A f:effect within the CNS have been reported in a number of species including

;('rat'(Margolin,'1963; Parolaro, Sala & Gori, 1977; Stewart, Weisbrodt &
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" Burks, 197T; safmnz, Wuster & Hertz, 1979; Galligan & Burks, 1983), cat
'ff(Stewart g&fgl, 1977) end dog (3ueno & Fioramonti, 1982). Evidence for a
;‘centrallsite of morphine actionAin'the rat is based on the ability of low

;doses of~mornhine given intracerebrally to'inhibit intestinel transit whiie
) mnch ierger'syetemic doses are required to produce a comparebleianti-

‘transit effect.

'Burleigh, Galligan and Burks (1981). used a quaternary opiate receptor
‘antagonist, diallyl-norphine, to block central opioid receptors. The

'intestinal effeets of subcutaneously administered morphine were inhibited

. by this pretreatment, whereas diallyl-morphine did not alter the intestinal

*~effect of centrally—administered morphine. - The spinal cord has recently
"ﬁgbeen identified as an additional site, where ‘opioids act to influence
‘7;gastro-intestinal motor’ activity (Porreca & Burks, 1983). Thus, the

1j33re1ative contributions of" centrally- and peripherally—mediated constipating

":”.effects remain unresolved.
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With the possible exception of the guinea-pig ileum, where opiate agonists L
inhibit peristalsis and reduce the spontaneous and stimulated release of
hacetylcholine, morphine and. the enkephalins have spasmogenic effect on
isolated pieces of gut in,xitzg (Weinstock, 1971) . The most thoroughly
studied species are the dog and rat. In the dog, Burks .and Long. (1967a)
and Burks (1973, 1976) have demonstrated that the direct excitatory action
of morphine and related agents is due to the release of 5-HT (from an-
unknown source) which in turn, stimulates cholinergic nerves that act upon
the muscle. The involvement of 5-HT was deduced from the observations
that 5-HT antagonists, cyproheptadine and cinnaserin, inhihit the motor
response to 5-HT and morphine. Also pretreatment with reserpine, which
supposedly depletes the tissue level of 5-HT decreases the motor response
to morphine but not exogenous S-HT Daniel, ‘Gonda, Donnoto, Oki and
Yanaihara (1981), however, . found that doses of 5-HT sufficient to. produce ;
tachyphylaxis did not,affect the response-to enkephalin;-v ThuS‘the,role.of
5-HT in the action of opiates'in'the‘dog‘intestine'majnreouireffurtherf' |

studies..

In the isolated colon.ofbrat:intestine{ morphine and;opioid peptidesfuere,.
spasmogenic (Kaymakcalan &jTemelli;t196ﬁ;‘ Weinstock;rl971, Gillan &

' Polloch, 1980; Nijkampl& Van Ree, 1§80;' Scheurer, Drack Varga & Halter,‘
1981; Huidobro-~Toro & Way, 1981; pMoritoki,_Takei, Kotani, Kiso, Ishida &
Endoh, 1984). In addition to this excitatory effect, the'opiates;also
produce rhythmic waves of contractile activity in sity, in the. pithed rat

and in isolated segments of the colon.



tlThe mechanisms underlying.this motor action is unknown but two hypotheses
hifhave been postulated to explain it. Ihe first, similar to the one

; proposed for the dog intestine,'suggests that morphine has'an excitatory
,feffectfbecause it releases héh‘and‘S-HT; which then act on intestinal
gf:smooth»muscle'to cause it to contract (Burks, 1976). The second |

) hypothesis suggests that opiates inhibit a tonically-active‘neural

inhibitory mechanism that normally suppresses myogenic activity. Thus

- opiates acting at a pre~synaptic site to inhibit the tonic release of an

il inhibitory transmitter could reveal myogenic activity that is normally

- restrained by this.tonic‘inhibitory'influence (Gillan & Pollock, 1980).
.'.The,nature of this inhibitory influence‘is still equivocal. Gillan and
'QvPollock'(TQSO) suggested that it is a non-adrenergic, non-cholinergic

fiainfluence>uhereas Nijkamp andean‘Ree (1980) suggested the adrenergic

‘?,‘;mechanism as'the inhibitory influence. In addition, Gillan and Pollock A

",.fhk1980) proposed as an alternative hypothesis a direct excitatory effect of

'Jopiates on intestinal smooth muscle. o

’r{1Weahnesses:eaist.in theseﬁhypotheses;:fhg;'the ACh/5-HT hypothesis is

'V,Acontradicted by evidence that morphine causeskthe colon to contract in the

presence of an ACh antagonist and in tissue rendered unresponsive to 5-HT
-iby repeated exposure to 5-HT (Gillan & Pollock, 1980). ' The 5-HT
:ihypothesis also does not explain,why morphine is constipating.and 6-HT
;generally is not. The myogenicvhypothesis was based on the proposition
1by Wood_(1972, 1975) and Tonini; Secchinini, Frigo and Crema (1974) that

';1 intrinsic‘neurones are tonically active in intestine, that this activity is

f{ predominantly inhibiting and that the natural state of intestinal muscle

% after withdrawal of this inhibition is electrical activity with

;'{’contraction.”;-The data cited-to,support this hypothesis, which include
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:'cf:bincreased'muscle motility5after administration of tetrodotoxin (TTX),

"”-atropine and local anaesthetic, have been interpreted on the basis of two

‘ *assumptions (a) ‘that the excitatory effects of these agents result from

"' pwithdrawal'of nervous inputs and (b) that these drugs inhibit release of

_herve transmitters or the effects of these transmitters. So far no-one
:‘;has found such strips to have continous release of mediators or to have
junctidnal potentials affecting.most circular smooth muscle cells as this

‘hypothesis requires (Daniel & Sarna, 1978).

'; It beeomes obvious that in spite of the many extensive studies that have

. .been published, there are many gaps yet to be filled "before a clear and

: complete-account can be given of the effect of morphine on the gastro-

© intestinal tract.

'fﬁ“3This study, therefore, examined these two hypotheses and sought to answer

'f;fthe following questions.

'fWJjLAre the excitatory effects of opioids in the colon affected when the

Af-intestinal content of S-HT is reduced by pretreatment of rats with

parachlorphenylalanine-(PCPA) to inhibit the synthesis of 5-HT?

,i:Are the excitatory effect of'opioids in the colon inhibited bv 5-HT- and

,fACh;antagOnists?

How similar are the effects of opioids and TTX which blocks sodium
'_conduetance and consequently'aboliShes the nerve action potential, and
' apamin whichrinhibits inhibitoryimechanisms'that depend on increased

“5'potassiumfpermeability in smooth muscle?



"'{beQldiélépidine,:reportéd to;pbssesérah;iediarrhoeg activity (Shearman,

© % Lal & Ursillo, 1980; Lal, Shearman & Ursillo, 1981; Lal & Shearman, 1981)

"thfoughlaé-heéepﬁor stimuiétion,'produée rhythmic waves of activity similar

U to hobphine?

What 16 the nature of the hypothetical neural inhibitofy mechanism that is

”;inhibitéd'bynmorphine to reveal myogenic activity in the colon?



' MATERIALS and METHODS



,,ﬁ‘}.n . :_. _ R |

‘a_?{Male Wistar rats (230—300 g) were stunned and killed by bleeding. From

”leach rat, one 3 4 cm length of terminal colon was excised, emptied of
;Jcontents and suspended in an organ bath containing 20 ml of Krebs!
'u”fbicarbonate solution (mM NaCl:118,1, KCl 4.7, MgSOu 1.0, KHZPOH 1.2,
:’c3c12 25,.NaHCO3~25 and glucose 111), maintained at 37°ctand gassed
’:continuously with 95% 0, and 5% 002. ’The lower end of the colon was
f»anchored to the hook of a ring electrcde, and the upper end attached by
.a thread to a Grass FTO03 force—displacement transducer mounted
| vertically above the organ bath.  The initial‘resting force of 2 g
'appliedttc‘eachvtissue gradually fell'tol1‘g during the 30 minute
WV-equilibnationlneriod, tnrcughout which the Krebs' solution was changed
'at 15»minute intervals but'no drugs'were added to the organ bath.
»'dResnonses were recorded isometrically and displa&ed on a Grass

* Polygraph.

" Field Stimilation of the Isclated Colon
. ‘The responses of the colon to electrical field stimulation of the

k7gﬁintramuraljnervés and the effects of various drugs on these responses

301::Wene.investigated. Segments'cf colon; suspended in organ bath

'::containing Krebs' solution (37°C) were stimulated electrically through

“ silver ring electrode with square wave pulses of supramaximal voltage,
"4035 ms duration'and variable frequency (1-50 Hz) supplied either by a
.. 'Palmer stinulator or a Grass’SBBAstimulator;

Assay of S-Hydroxytryptamine (5-AT)

. The 5-HT content of the colcn»was assayed :flurometrically using

‘f 'o;phthalaldehyde-(OPT), hhicn forms a flucrescent complex with 5-HT

di(CurZOn; Kantamaneni‘and Tricklebank, 1981).



:Control"rats'and rats pretreatedi with either iparach,lorophenylalanine
(PCPA) or reserpine, were'stunned and l{illed by bleeding. .'From each
rat, a segment (0.5 g) of terminal colon was removed, dissected free of
:. _mesentery and ‘blood vessels and transferred to cold Krebs! solution.
{ .Each segment of colon was homogenised in 5 ml of acidified butanol (850
| ': pl HC1 in 1 litre butanol, 0°C) in a glassetube by a motor-driven teflon
-pestle, - The volume of each‘homoge.nate was adju.sted‘to 25 mlvand the

:.homogenate. centrifuged (3,000 g, 10 min, 4°¢).

f.,:_". The ~5-'-HT”content of’ each supernatant"'was determined by'a slightly

‘iz':.modified version of the method of Curzon and Green (1970). The

L Z-modification was necessary for the preparation of tissue blank. A

o {:f'ftissue blank was. prepared by adding 10 »l of potassium ferricyanide

- (0. 2% H/V) to an aliquot of - the supernatant. * This procedure oxidises

' all of the 5-HT present (Anden & Magnuson, 1967).

. A2 ml aliquot of each supernatant was transferred to a tube containing
-,5 ml of‘ n-heptane and 600 pl of an acid solution of cysteine (1% W/V in
* 'HC1 -0.1N).. The contents of each ‘tube were mixed for 2 minutes and

-centrifuged-_(a,ooo g, 5 min, ll.C).

From" each tube the upper organic phase together with the disc at the

:organic/aqueous interphase were removed by suction and discarded. A

o ‘200 }11 aliquot of the lower acidic aqueous phase was incubated for 15

‘*}'g’mins at. 77°c with 2°,F1 1% cysteine and'800 jl conc HCL containing

Co. 004% OPT : The f‘luorescence that developed was . measured, when the

tubes had cooled to room temperature, in an Aminco—Bowman
spectrophotof‘luorimeter at an activation wavelength of 370 nm and an

' emission wavelength of 480 nm. .
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) Standardsiwere prepared by dissolving S-HT in distilled water so that

_t'ZOO/ul volume containing between 50 and 200 ng S-HT could be added to

.1 tissue extracts to serve as internal standards, which were carried

;iT'through the entire assay procedure.- The relationship between

.:'f}concentration and fluorescence that developed was. linear. (Figure .

o Lmimmmmjﬁ_emﬂ
{ The rat . terminal colon was dissected out, free of adhering blood
1vessels, Each tissue (2-3 cm) was then incubated at 37°C in Krebs!
stolution,containing Lyy KBq/ml of (3H)-NA_and incubated forn20 minutes
h'at,37°c; Uptake of (3H)-NA wasistopped by tranSferring tissues from
Vbthe‘amine-COntaining solution into tubes containing normal ice-cold

Krebs' solution.

- Having waShed off the extracellular and loosely bound radioactivity in

" the cold Krebs' solution, the colon uas'then set up for,inpyitgg

: ?lrecording of - mechanical activity as previously described. .‘Krebs'

ffsolution bathing the tissue was removed and replaced at ten-minute

'fintervals and was dissolved ‘in- 10 mls of toluene-Triton X scintillant.

‘bsi_The radioactivity present in these samples was counted in a liquid

‘fi'scintillation spectrometer. The effects of drugs on the efflux from

S'fvland mechanical activity of the colon were determined by adding drugs

S from the 80th minute of incubation onwards.

uThe-3H remaining in the tissue at the end of each experiment was
' determined by digesting the tissue in 1 ml' of 4M KOH at 60°C for 1 hour

'before adding 10 ml of toluene Triton X scintillant and counting.



Relatlve_fludrescence'(x100) ;  -'[.

50 100 150 200
ng (5-HT)

" Fig., 1: Standard graph for 5-hydroxytryptamine (5-HT)
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 Efflux was expressed as fractional tritium release of the total tritium
' content of the tissue. No correction for tritium in the extracellular

' space was made.

:?;AThe uptake of (3H)-NA by the rat colon was carried out essentially
.sas described by Hermann and Graefe (1977) for isolated rat ‘tissues.

§ ane'colon,]dissected free.of‘adnering blood vessels was blotted dry, cut
";into piecesvand~weighed._ Each_tissue sample was mounted on the tip of
. ia'stainless steel rod and incubated at‘37°C‘in tubes containing Krebs'

" solution.

"After'30 minutes, tissues were transferred into media containing

. >h44 KBq/ml of (3H)-NA for various time intervals (1-60 minutes).

! 'Uptake of (3H) ‘was stopped by transferring the tissues from the amine-
Acontaining solution into tubes containing ice—cold_Krebs' solution and
l, oy chilling'(boc) them for 1 minute, Thereafter the tissues were
"».rapidly'removed-from the stainless steel rod and blotted dry. Each

C tissue ‘was digested in 1 ml of 4M KOH at 60°C for 1 hour.‘ Toluene

t'fuscintillant was added to each vial and the radioactivity counted by a

-ff;liquid scintillation counter. Uptake was expressed ‘as activity per mg

ftissue; Correction for quenching ‘was carried out by plotting external

fcjstandard ratio (EJSR) against counting efficiency and sample counts

% were converted from CPM to DM,

(1) Chromatographic System
' 'The technique of High Performance-Liquid Chromatography with

electrochemical detection was used to measure the catecholamine contents
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of the rat colon and the vasa deferentia of the guinea-pig, rat and
; mouse. Bothrspontaneous and electrical-stimulation—indueed release of
Efnoradrenaline_from the vasa deferentia of the guinea-pig and mouse were

.similarly measured.’

'"f}fThe apparatus consisted of a pressure pump (Laboratory Data Control

‘.:‘fModel 709) with a pulse dampener to deliver solvent to the column at

.';precise flow rates with a relatively pulse-free output at pressures up
i“fto 1 200 ;»s.., an: injection valve Rheodyne 7125 (Berkeley, CA USA)
','with a 100 pl_loop, a stainless steel reverse-phase Hypersil column (150
“EixiS.mm 1b)_prepacked with octadecyllbonded silica (HPLC Technology) and
'an electrochemical detector combined with a.battery or mains operated
potentiostat amplifier., = The detector was operated at +Q.55.or +0.7.V
‘with a glassj'carbon working electrbde, aAplatinum wire aukillaryl
"electrode ‘and a silver/silver chloride reference electrode, all housed
‘in a Faraday cage to avoid electrical disturbance (Figure 2). A
‘-mixture,of solutes introduced‘into the system through.the injection port

- is separated into components on_travelling down the column, The

, 3‘>individual solutes are measured as they pass through.the detector, the

fresultant voltage signals, once . amplified, are recorded as peaks on a

~gchart recorder._ Peak heights are proportional‘to quantity.
f1:The"comp0sitionjof'the mohile'phase providedtthe most powerful factor

v~1affecting'chromatographie_separation;f-phs the column aged, the

' retention capacity and, hence,:good,separation decreased.
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Fig. 2: Diagramati'c representation of a High Performance Liquid

Chromatography system.‘



"By altering one of the constituents-ef the buffer,_the separetion-could
- ~be improved. : Phosphate buffer was used and a typical composition used

towards the end of the project is shown below:

Potassium dihydrogen orthophosphate  13.6 g -

*;sodium octyxsulphbnste S 0.0864 g
'?s:ﬁprA .. ;"‘ [ : 0.0336 .

:ﬁﬁethanol }?d"‘giikl‘f;ﬂ.d 'd: . 40 ml
';V:Deionisediﬁeter}tpti?H}.}; o 4 litre

;Je‘:The.pH uas:sdjuStedvto 3,2:wdth ebncehtrated'orthephosphoric aeid.» The
‘fj'yater:used'for.tﬁe mobile'puase‘wes deionised and filtered through a

- :Millipere ereagent'grede water system. Prior to use, the mobile phase

i,'uas filtered and degassed uéing an-Edwards single stage high vacuum pump
3:(ﬂede1 iSC 50) and a M;lliperedsolvent clarification kit with 0.45 A

" aqueous filters.

Extraction of Catecholamines from Tissues
‘The NA and DA contents of the guinea-pig, ratland'meuse vasa deferentia

"and rat colon were extracted and measured essentially as described for

" -.the guinea-pig vas deferens by Macrae (1983).

T:Appropriate tissues were removed, stripped of adhering blood vessels and

'ficonnective tissues and individually weighed.- They were then finely

':r{'chopped with scissors and transferred to a 20 ml glass homogeniser with

;1'3.2 ml of iee-cold O1N perehloric acid containing sodium metabisulphite

o I(u x 10-" M)

',Homogenisation was carried out for 2 periods of 30 seconds with a

"1motor-driven (TRI—R-STIRRER) teflon—glass tissue grinder used at full

<0
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'3powen. During homogenisation the temperature of the homogenate rose
f;from 0°C to u?c. The homogenates were decanted into centrifuge tubes
fand'a final 3 ml of perchloric.acid (0.1N) added ‘to transfer the last

traces of the homogenates to the centrifuge tubes. The samples were
s ‘centr‘ifuged'(z,ooo & 15.fminutes, li°C) in:a Christ centrifuge and the
.?,supennatantsﬂdecanted. . Aliduots,of.pgspml-wene added together’with 50

' .mg of acid;'uashed alumina and 1.0 ‘ml of Tris buffer 1 M (pH 8.6) to the

L é{polystyrene extraction tubes.. The tubes were stoppered, vortexed for

":30 seconds and then put onto a Luckham (Model R100) horizontal shaking

'imachine for 10 minutes. Once the alumina had settled, the supernatant -

':ffwas aspirated off and the alumina washed 3 times with 3 ml of a dilute 5

3 mM Tris buffer.A Between‘washes the alumina was again allowed to settle
‘:and wash fluid aspinated off; néatecholamines were then eluted from the
;naluminauwith 300 pl of 0.1 N:perchloric acid‘containing 4 x 10'4 M

) sodium metabiSulphite.‘ After adding the acid, the alumina-acid mixture
| was vohtexed foh 30 seconds to ensure maximum elution, the alumina was
L allowedﬁto'settle and the supernatant.acid'aspinated and stored on ice

© prior to analysis.

‘Titro
-':ISOIated pairs of either‘guinea-pig'oh mouse vasa defenentia were -
}{dissected free of adhering blood vessels and connective- tissues.

'.E?Tissues were then set up in a, 2 ml or 5 ml plastic syringe bath inserted

’f,in a conventional 10 ml organ bath to permit the maintenance of constant

""Q_temperature. Pairs of vasa were connected to the hook of a ring

‘"ﬁfelectrode at the prostatic end and to a Grass FTO 3 strain gauge at the

: fl'epididymal end to measure longitudinal tension. One gram tension was

"initially applied to each tissue.' Responses were displayed on a Grass

'~‘polygraph._ Krebs' solution was delivered to each organ bath ‘by a



. ‘Watson-Marlow constant flow pump. . The system allowed Krebs' solution
 to be aspirated‘from the top of the inVerted syringe or to be washed out

from the bottom of organ bath

(1) Krebs' s
R At the. beéinning of the'experiment, Krebs' solution was passed through
E ;the heating coil and into the plastic bath from which it was withdrawn,

:faextracted and analysed.l; From this sample it was possible to detect any

;o'contaminant in the system.,l‘

© (2) Spontaneous release sample
This provided a measure of the-spontaneous release of catecholamines
4':from the'tissue. After the initial equilibration period, the Krebs!

solution 1n contact with the tissue was washed off and: replaced with

ffreeh Krebs' solution.

. After a period of 6 minutes, equivalent to the duration subsequently
‘used for electrical stimulation and collection, the Krebs' solution was

removed and its catecholamine content measured.

) tSH' latio

':ﬁu{The vasa were stimulated at a frequency of 20 Hz, with pulses of 1 msec

'Vﬁﬁduration, and supramaximal voltage for a period of 4 minutes. The

freleased catecholamines were allowed a further period of 2 minutes for

"f“idiffusion to be completed. 4Ihe Krebs' solution was then collected.



‘(4) Tissue e

;A mixture containing 500 pg NA, DA and DOPEG was added to the tissue and
‘was allowed to remain in contaet‘With the tissue for the same duration
as was used for electrical stimulation. The recovery. of this sample

was, therefore{ influenced'not only by the extraction losses but also by

© the tissue inactivation processes.

.(5) Aré !.p.

: ,dA known amount of both NA and DA was added to the Tris buffer and

o falumina and then extracted. , This provided a measure of the extraction

‘5'.}efficiency and the values obtained were used 'to correct experimental

B results for losses incurred during extraction.

}dInitiaily; after one or‘tno injections of a high concentration of the
‘catecnolamines into tne HPLC, subseonent injections of perchloric acid,
distilled'water or the nobile phase throuéh.the‘injection port often
'produced two peaks, occurring at the same positions as the injected

~catecholamines. These peaks became smaller with repeated injections of

j + .perchloric. acid until'they'disappeared completely. These artefacts

--,.Were‘due to'contaminationiof,either the injection ports or the syringe
3f;“used for injections. Subsequently,‘extra~0are was taken to wash both

=lthe injection port and the plastic syringe used for injection and these

' -jartefacts no longer oecurred.



»‘Atvthe'workiné potential of +AOJI V,dKrebs' solution, which had passed
:through the*reservoir, tubing and heating system and into the plastic
'syringe organ bath or had passed'only through the reservoirland tubing,
or Krebsi solution taken directly'from the reservoir and then extracted,
all produced an artefact at a'position between DOPEG and NA. This.
artefact"wa‘s'initially thought to -be'either dihydroxymandelic acid
(DOMA) or 3-methoxyphenylglycol but neither of these eluted -at this

'position on the chromatogram.

o fWhen the working electrode potential was reduced from + 0‘7 to+ 0,55 V,

“5',.this artefact disappeared. ‘ This observation explains why this peak was

N not noticed either earlier in this study or by Macrae (1983) since the

‘7;’ working potential previously used was + 0.55 V.  This peak probably

-'represents'an unidentifiedaoxidisable;product of Krebs' solution.

" Macrae (1983) warned against the periodic changing of the tubing system

3:but.thevarrangement of the apparatus.in theipresent study made this
_inevitabie. However, as longias the separation was éood; this

;.unidentified peak could be distinguished from either DOPEG or NA and,
ttherefore, posed no problem. Such .unidentified peaks have frequently

been reported‘in HPLC systems (Honma, 1982).

(3) Prob e

Various problems were associated with the different components of the

;'ifsystem. ) For example, decreased sensitivity and drifting base lines

';ﬁlwere usually associated with the workins siectrode becoming "poisoned”

'}'by oxidation products or with the presence of contaminants and trapped

"7,xair bubbles.. In this case the glassy-carbon electrode could be
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. cleaned in'a.few minutes by scouring the surface of the electrode with
" a -_slurry -of fine alumina. ' . Once. the alumina has been .washed off the

',Aeleetrode,‘the'complete cell was re-assembled and was ready for use.

-10noone occasion, when no signa;'was'obtained to injections of increasing
:vconcentrations of the catecholamines, it was found to be caused by a

n"dead" reference electrode..

. 'Air“bubbles~in the mobile_phase,appeared asrspikes.on the'baseline.

) Spikes were. also caused hy faulty electrical grounding of the equipment.

| Histochemistry = Falok technique

'"The'method?was~similar»to that described by Gillespie and Kirpekar

' '(1966) and is based on the principle that catecholamines can be

. ‘transformed into fluorescent isoquinoline derivatives by condensation

-with formaldehyde (Figure 3) : Small sections of tissues were removed
' rand immediately frozen in isopentane which had been cooled in liquid
'nltrogenr'v The tissues were then freeze-dried in a Pearce Speedlvac
: ;freeae;drier at -40°c, 0.01 torr overnight. Next day, the temperature
suas raised to‘¥35°C to.nrevent condensation_and reduce water absorption
- before'breaking the vacuum, The tissues‘were'then removed, wrapped in
. gauze and ninned to the underside of the lid‘of a Jar containing
: paraformaldehyde which had been heated to 80°C'in'a Griffin i/200 oven.

:'The jar and the tissues were returned to the . oven and exposed to

f;f formaldehyde vapour for one hour.v Fromvthe oven the tissues were

“’ﬁffreturned to the freeze drier and drled for a further hour in small

" 'yesséls. containing de-gassed wax.
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“Fig. 3: The Falck Hillarp reacti‘on,



:j~?A£terfdryiné, the‘temperature;ﬁas7slow1y raised to melt the wax, then

tissﬁés'wehe left'inlxgogg for"iovminutes to allow them to embed in the
wax. ' Tissues were tnen removed andfaligned in a wax embedding pan and
‘ailOWed.to oooi, blocked and piaoed in the refrigerator fdr several
anours to maintain wax at lowep temperature and obtain optimal conditions
" for tissue sectioning.v Thepblocks.were'sectioned to give,6‘pm sections
- in.a Leita mibrotome. These were mounted dry on heated slides with hot

liquid paraffin to dissolve the wax and act as mounting medium,

" The. fluorescing specimens were viewed and photographed on a Carl Zeiss

ACM photomicroscope, equipped with a1VFl epi-fluorescene system.

"{voThe light source was an Osram HBSO mercury lamp, the filters used were:

'1‘Ff’exciter-interference BP 405/8, barrier - LP 418 and dichromatic beam

}splitterzFT 420.- Photomicrographs were taken on Ektachrome ASA 400

'lffilm_usingfa‘MC763 photomicrographie oamera.

".Reserpine (2 mg/kg, i.p. dailyrfor 4 days) was dissolved in glacial

'acetie:aclid (0.2 ml) and diluted with water to 20 ml. - Rats received

FO 2 ml of this solution/100 g body weight. Control rats reoeived an

"'equivalent volume of an appropriate dilution of acetic acid.

- 6-Hydroxydopamine (6-0HDA; 2 x 50 mg/kg, i.p. on day 1; then 2 x 100
‘ mg/kg,li.pr on day 5). ‘The concentration of the 6-OHDA solution was

:;adjusted so that rats ‘received d2 ml of solution/100vg body weight.

';.’Control rats received saline at appropriate intervals and tissues were

'"gfexamined on’ day 6.



..\ P-Chlorophenylalanine (PCPA, . 200 mg/kg, i.p. daily for 4 days).

?-Control;ratsrreceiyed saline‘for‘afsimilar}period and .tissues were

"‘V, examined'oniday's.

Preparation of haemolysate

- ﬁale rats (250-350 g) were.anaesthetised_(ﬁembutal) (65 mg/keg, iipJ and

;: blood was collected from a‘cannulated carotid artery. -The blood was
'collected in heparinised tubes, centrifuged (1,d00 X g 20 min, 4°C). and

the~plasmafand buffy coat removed by.aspiration“ The erythrocytes was

"‘Awasned.twice and resuspended in phosphate bufferedlisotonicAsaline to

- restore tne;uolume to_3 nl;'fthis‘conStituted the washed erythrocyte

.suspensioanrom which the'haemoljsate was prepared. 1 ml of the

I f{ suspension was pipetted into centrifuge tubes containing 19 ml of

"7hypotonic phosphate buffer (20 mM pH 7JD This suspension was then
h;‘centrifuged (20 000 g uo min, M°C) and the supernatant from this
fnfprocedure constituted the crude haemolysate. Crude haemolysate (15 ml)
:‘was dialysed overnight (HOC) against distilled water or hypotonic
,‘.phosphate buffer (pH 7.4) to ‘rémove low molecular weight components.
t':The effect oan 1:100 dilution.of the dialysed haemolysate on the
Ainhibitory response of the isolated colon to electric field stimulation

‘was determined.

Analxais_qr_mnl.ta

"A11 the results on the graphs -show the mean g standard error of the mean

4 (S'E'MO)", :
,'% The Student's t-test was useéd for statistical analysis of'results.

A level of probability of P 005 is taken to indicate statistical

'"']significance..

-t
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Drugs

’Acetylcholine chloride (Koch-Light), ‘ Adrehallne bitartrate (Sigma);

' 'Apamin (Sigma), Ascorbic acid (B D H ); Atropine sulphate (B.D.H.);
ICarbamoylcholine chloride- (Sigma),_ Clonidihe (Boehrihger Ingelheim);
‘D-alaglymepheglyol (DAGO) (Sigma); Dihydroxyphenylglycol (Sigma);

' Diltiazem (Sigma); Dopamine (Sigma); Ethylenediaminetetracetic acid

(E.D.T.A.) (Sigmé); Flurbiprofen (Boots), ‘Guanethidine monosulphate

(Ciba); 6-Hydroxydopamine hydrobromide (Sigma), ‘5—Hydroxytryptemine

creatinine sulphate (Sigma); Leucine enkephalin (Sigma); ‘Methionine

enkephalin- (Sigme.); Methyeergide bimaleate (Sandoz); Morphine

hydrochloride (Macarthys), Naloxone hydrochloride (Winthrop); L~

noradrenaline bitartrate (Koch-Light), Normetanephrine hydrochloride

(Sigma,);‘ -Oxprlenolol hydrochloride (Ciba), P-Chlorophenylalamine

" ",methyl'eSvter""(Sigma), Phentolamine mesylate (Ciba); Prazosin (Sigma);

".V-‘Propranolol hydrochloride (I C I. ), _ Quinidine (B D.H.); R_.eserpine

L ‘(Koch-nght), SKF. 525A (Smith Kline & French), Substance P

a (Sigma), Tetrodotoxin (TTX). (Sankyo), Tyramine hydrochloride (Sigma);

.‘Verapamil (Sigma), Yohlmbine hydrochloride (Koch-Light)



RESULTS



1. Effects of morphine and of opioid peptides op the motility
of the isolated colo e

1.1 Morphine

" The isolated -colon of the - rat generally shows a low level of
spontaneous motor activity. The  addition of morphlne (10"6 10'5 M) to
the colon caused it to oontract, usually 1mmed1ately,but sometlmes only
after a delay of several minutes.o The motor response to morphlne was
not a sustained contraction and was. followed by a relaxation to the -
baseline, with morphine still in the bath. This initial oontraotion Qas
followed by waves of cOntraction and.reloxation:whicﬁ continuodvéﬁ'

_ intervals thereafter (Fig.:u)._'iTho ffeqﬁenoy of<£hese'rhyohﬁio.gaﬁo§

of conﬁraction was'variablexbothobeﬁoeen3animals and in tiséﬁésifﬁomithe
oame animal during the coorse of‘an}experihent. Théée waveo of |
contractlon and relaxation were abollshed by the spec1flc oplate i_

antagonist naloxone (10'6 M) (Table 1a)

Above the threshold required_to produce tho rhyﬁhmic contraotions;l.
noidose-besponse relationship wés observed. Increasing the dose merely
increased the probability that the rhythmic waves of contraction:ﬁould
oceur. Io.most studies of thelexcitatory effects-of-morphine'iooﬁho
gut,'the drug is usuallyIallowed'to_remainkin contact'wiﬁh,thé ti#éue,
briefly.and then is washed from thevbath.‘ In this study-thoﬁinit;ai
contraction was, therefore;_examined oeparatoly from ﬁhoorhythmio 1 |
contractions subsequently produced b&‘prolonged expoéuré to'ﬁorphiné;

A very steep conoentfation—fesoonse felationshipAoés'obtained' Thls
contraction was oompetltlvelylantagonlsed by the speclflo oplate

antagonlst naloxone. -In contrast the 5-HT antagonlst methyserglde



' FIGDRE~& "Excitatoryjeffedt of morphine on the isolated colon of the

rat. Morphine (M, 5 x 10'6‘M).pf6duded an immediate contraction

:f' ffo1lowed by;rhythmic-wéves_0f c6ntractions. "Naloxone (N, 10"6 M)

"5‘apoiiShéd*fhe_contractions.f31 _”:‘



shifted the dose responsevcurve for morphine non—competitively (Fig. 5).
Other agonists, which produce dose-dependent contractile responses 1n the
rat colon, included carbachol, 5-HT and substance‘P. _ The meaanihso-
values for these agonists and the mean maximum force_developed,hyfthe

colon in response to these drugs are shown in Table 1.

1.2 Enkephalins

The ability of morphine ‘to produce rhythnic waves of‘contraction
and relaxation was,Sharedpby:thevsynthetic opioidfaéonistsvDAGO;;leucine‘
enkephalin and methionine'enkephalin. ‘ When compared Wlth morphine, the..
enkephalins were more potent and, therefore, lower concentrations of
these agonists were required: to cause contractions.' DAGO (2 x 10'8 M),‘
leucine enkephalin (10"'8 M) and methionine enkephalin (2 b'e 10'7 M)

caused the colon to contract rhythmically (Fig. 6).

The waves of contraction produced by the synthetic agonists'
sometimes gradually diminished in amplitude probably due to destruction
by tissue enkephalinase and were abolished by low concentrations of the

opiate antagonist naloxone (10'7-2x10'7 M).

1.3 WMMM
morphing 5-HT, ACh and KC1 =~

The pattern of rhpthmic waves oficOntraction produced.by-morphine
was unlike the responses of the rat colon to other agonists.'d ﬁdilﬂf
produced a rapidly—developed contraction which was well-maintained
| until the KCl was washed out of the organ bath: (Fig.'7) ACh also ?4
caused the colon to contract and remain contraoted for several minutes.
Morphine—induced rhythmic contractions;were also,unlike those~produced

by 5-HT, which caused the colon to contract and relax irregularlytand
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1077 0% . 1070 1074
Morphine (M)

FiG:UiiE 5 .;E'fl‘:f‘éc't' of -xﬁeth:y,séi"gvi‘d.évjand‘ hal_dicone on the contraction of
' 'thé;»r"é:'t ~.~c'ol_ci>.n' induééd b.y morfphine."_: -'o.___..o, control .-r-esponse,
o o-i--‘-‘-o',' r}ésbonsé in £he.préséﬁc'ze 'of“ inetﬁ&sebgide (3 x 10~7 M),
o—c, i'ésponse in the preséncé 6f naloxone (3 x 10~7 M). Values

(meari :S.E.-M.)‘, n=>5.



Sensitivity of the‘ratvcolon to different agonists and the

mean force (g) developed to the agonists.

BCgq
| Mean (S.E.M.) * Max response (g)
Agonist | | (x 10°8 M) p Value* Mean ¥ (S.E.M.) p Value*
Morphine ' 5.63 ¥ 1.10 | | 3.18 % 0.27
'DAGO | 0.45 ¥ 0.09 . <0.01 4.60 ¥ 0.67 NS
‘Leucine Enkephalin  0.01 0.03 <0.01 5.0 * 0.47 <0.01
‘Methionine Enkephalin . 5.29 * 3.00 NS 3.30 ¥ 0.30 NS
5-Hydroxytryptanine 67.00 2'8.70 <0.001 6.28 T 0.66 <0.001
‘Carbachol 9.45 % 2,29 NS 7.27 T 1.03 <0.01
| 'S"'ubstance‘P . 0.70 # 0;11 <0.01  3.57 £ 0.50 NS

§Each,value.is the mean of 8 observations.-v The p values refer to comparisons
between'ﬁhe responses obtaihed with the drugs listed and morphine.
INS' indicates that there is no signifiéant difference betﬁeen the EC50 or
maximum response obtained with avpartiéular'drug and the EC50 value on maximum

response obtained with morphine,
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’,_foIGURE 6 Excitatory effect of opioid peptides in the rat colon. .

' Met-enkephalin (2 x 10"7 M), leu—enkephalin (10"8 M) and DAGO
j:(2 X 10"8 M) all produced naloxone-sensitive rhythmic contractions in
‘the rat colon. Each opioid peptide was added to the organ bath at
f and remained in contact with the tissue until the end of the experiment.
"Naloxone added at N in each experiment either abolished or reduced the

size of these contractions.
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' FIGURE 7 Comparison of the responses of the isolated colon to
“potaSSium,chioride (KCl, 30 mM), mdfphine (5 x 10'6 M), acetylcholine
(ACh, 5 x 10"'6 M) and 5-hydroxytryptaminé (5-HT, 5 x 10"6 M). The
B heSponges.df the célqn ta morphine were quite unlike the responses to

KCl, ACh and 5-HT.



~,brief1y, after whieh the colon relaxed to its initial resting tension
despite'the continued presence of. 5-HT. Thereafter the tissue was

unresponsive to 5-HT.

' ‘f.,,‘:‘.‘.'-_‘1':.4_1 E , ! ¢ e : NN L
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Between 30-38°C temperature changes had little effect on the
wi'occurrence and characteristies of morphine-induced rhythmic
contractions. Lowering the temperature of the bathing medium from 37°C
.to 26°C reduced the frequency and inereased both the amplitude and
'.duratien‘of morphine-induced contractions (Fig. 8). Increasing the
‘temperaturerabeve 38°C_generally‘inereasedAthe frequency and decreased

the amplitude and duration of the waves,

1.5 Effect of Ca** removal

. The ahility of morphine'ahd the opioid peptides to prOduce

e0ntractione~in the rat eelon wae reduced in C att-free medium. The

o ';addition of - SKF 5254 - (10'5 M), which blocks Ca** influx (Kalsner, Nickerson

;i';}'& Boyd, 1970), diltiazem or verapamil (10"7--10"5 M) reduced the size of the

}4nrhythmic_wavee»pf contraction-(Fig. 9).

Tﬁa hypotheses proposed to explain the mechanism of the rhythmic

waves effeontractions seen in the rat colon (Fig. 10) were examined.

'The 5-HI/ACh hypothesis was tested in three ways:-
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FIGURE 8 Effect of temperature on the amplitude, duration and

frequency of morphine (5 x 10'6 M)- induced rhythmic waves of

contractions in the rat colon. The first two panels (A and B) are: from
one experiment. Increaeing the temperature from 35°C to'41°C‘increased
the frequency and reduced the amplitude of the contractions, The fwo ,‘
lower panels (C and D) are from a .different experinent Reducing the
temperature from 35°C to.26°C reduced the frequency and increased the
amplitude of the contractions. In trace C field stimulation at'S :j

(10 Hz, pulse width 0.5 msec) during a morphine-induced contraction.

produced an inhibition for the duration of the period of stimulation..
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f"::FIGURE:Q  ,Effect of éalcium antagonists onfmorphine-indueed rhythmie
vAcontracfions.SKF'stA'(10'5 M)é.diltiazgm (10"5 M) and verapamil
' (10'54M) reduced the size of the rhytﬂmic waves of contractions produced
by ﬁohbhine'(s x 10~6 M).. Traces A, B and C are from different

ekpériments but the same calibration appiied'to all three traces.
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"1;f‘§IGUﬁET1O :‘ﬁodeis.éf‘pOSSiblé mééhanisms éf the exciﬁatory effect of
'fjf;ﬁorphihe.on thé'rat:éoloﬁ«:v Mpbphinéirelééges intestinal 5-HT which

ii'ﬁhen éCtsldiréétly on‘thé sh§oth.musc1e'ahd indirectly through ACh
rgle%seito€cau$e muSele‘contﬁégﬁiéh 6r morphine by inhibiting an
‘inffinsicisbontﬁheouélﬁéactifé'inhibitor& néurone, unmasks the inherent

_mybgehic'activit& of the smooth muscle.



(a) 5-HT autodesensitisation
(b) Depletion studies

(c) Use of antagonists of 5-HT and other drugs

. ' 2.1 B5-HT hypothesis
o 2'.-;1al hiﬂ_mmg&nmimm .

The effeots of repeated exposure of the rat colon to increasing
'concentrations of 5-HT on. responses to opiates was investigated (Fig.
11);f These experiments examined the effect of adding the same high
eoneentration of 5-HT- repeatedly to the colon without washing out the
' previously-administered 5-HT. .. S-HT (5 X 10'6 M) was added three times

‘and with each administration,.the size of the response diminished.

When the'concentration of S;HT-was increased to 5 x 1075 M, a response

* could - still be obtained but the addition of a higher concentration of

S-HT now produced no response.

At this point, with S-HT still in the bath, morphine (5 x 10~6 M)

caused an immediate contraetion which was followed by further

"'Avcontractions and relaxations. These.eontractions were inhibited by

: {;naloxone (10 6 M),

‘r‘a .,2;ﬂ§fguéd1§!! .'ft s

" Effect c,#'f

Pretreatment of rats with'PCPA reduced the 5-HT oontent of the
'.oolon. .Figure 12 shows tHe 5—HT'content of colons from control, PCPA-

‘:-and.reSerpine-pretreated rats,fi PCPA was effective in reducing the S-HT_
.bontéﬁﬁ 6: the rat colon'but reéserpine was less effective;‘ Despite the

L markedheffect of PCPA on the 5-HT content of the colon, morphine still
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fiGUKE 1i vExcifatory efféCt 6f_morphine in colon desensitised to
A,S;hydrOthryptémine (5-HT). ‘Desénsitisation was'produeed'byurepeated
'épplicatibngpf‘increasiné doncentratibns_of 5-HT, 5=-hydroxytryptamine
 (@5-HT, 5 x 1070 M) was add‘ed' three times without washing out the
i préceding dose. A higher éon@éntration of 5-HT ( Il 5 x 10™° M) was
again addéd. The second cumulative addition of 5-HT ( B« 107 M)
 '_ no longer produced any. response. | Withoﬁt washing out the 5-HT, addition
‘ Qflmbrphinéf(s.x'10'6 M)vbfodﬁcéd‘rhythmic waves of contractions which
_.pers;sted:in:the prégeﬁce'ofvmefhysergide (Me, 10~ M). These waves of
};2¢¢g§raeti§nﬁﬁér¢ appafehtli;iﬁhibitgd:byAnalpxone (Nal, 5 x 1076 M).

“‘fBoth ﬁénéisiare from théISaméféxbébimént.
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- FIGURE 12 Effect of reserpineé or PCPA-pretreatment on the 5-HT content
-of the rat colon. Each histogram is a mean of 5 observations, The
I-bars represent the standard error of the mean. The p values refer to

"cOmparisogs-with_the control.



caused such colon to contract and these rhythmic waves of contractions

were inhibited by naloxone (1076 M) (Fig. 13).

.v:v2{1e'TEffects of 5fHT.A,1 ".‘ i'_ )

‘.[f The”rhythmic,waves of conffactions produced by opioids were
', 'unaffe¢ted by methyser‘g‘i‘de-_(14(_)"5 M) in control tissues (Figs. 15, 16)
or in tissues rendered subsensitive to the effect of 5-HT by the process

" of autodesensitisation (Fig. 11).

The rhythmic waves of contraction produced by morphine and
‘the opioid peptides were unaffected by both the cholinergic antagonist

atropine ('10'6 M) and the,adrenergie antagohists‘phentolamine (10"6 M)

and propranolol (10“6‘M) (Figs. 14, 15, 16).

© . (e) Quinidige’
i Quinidine (10™° M), whichlnon-specifically blocks the effect
U of purinergic nerves in s@he ti§snes (Burnstoek, 1972), did not affect

".théjwavés 6f'rhythmic‘contféctionétpnoduced by morphine.

' 2.2 The topic inhi v :

A‘The poSsibility.that mérphihe‘might remove a tonic iﬁhibitory

'  influence that normallyvsuppreSSes myogenic activity w#s considered.

. If this hypdthesis is cbrrect, ihén rhythmic waves Qf contraction should
vanot only Se produced by opioids,:but also'by other drugs that inhibit

neuronal mechanisms or inhibit inhibitory mechanisms in smooth muscle.
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FIGURE 13

Excitatory effect of'morphine on PCPA-pretreated colon. -

The upper panel shows the S-HT'content of the control colon and the

rhythmic waves of contractions produced by morphine (5 b 10"6 M) in such

a colon. The contractions were antagonised by naloxone (10"6 M) added

at N, - The lower panel shows the 5-HT content of a PCPA—pretreated
colon and the naloxone (107 -6 M)-sensitive contractions produced by

morphine (5 X 10'6_M)-1n such a colon,
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FIGURE 14 Effect of adrenergic and cholinergic antagonists on
morphine-induced rhythmic contractions 1n the isolated colon. Morphine
(5 x 10"6 M) produced waves of contractions (a). These were not

‘inhibited by propranolol (10'6 M) and phentolamine (10'6 M) (B). The

o echolinergic antagonist -atropine (10‘5.M) did not abolish morphine-

: ,;ihduceé”waves.of contnactionS”(C)-' Naloxone (10=7 M) inhibited the

. '7waves of oontractions (D) Traces A, B, C and D are from the same

experiment
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FIGURE 15 Effect'of'adrenefgig and.S—Hfjgntagonists~pn eontracﬁiﬁﬁg:'
produéed by leucine enkephaiin'ip the ¢6lon. Leucihe enkephaiin3 :
(10'8 M) produced rhythmic waves of'éontfactions in‘ﬁhe colon (A);1l f‘
These contractions were.unéffected by both propranolbl-(10’6‘ﬁ) and“
phentolamine (108 M) (B). The»s;Hr antagonist methyse?gide»(1075 M)
did not affect these waves of contractions (C). Naloxone (10~7 M)
inhibited the rhythmic'ﬁontracﬁibns (C). Traces A, Band C ére from

the same experiment,
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'.'f',fIG'URE: 16 Effect of antagonists on the rhythmic waves of contractions
| ;‘brodﬁéed pj DAGO.i DAGQ é2 # TOfBHH)_érddﬁced rhythmic waves of
coptééctioﬁs,ih the iSolated §9i6h of thebrat (A). The coﬁbination of
vphéhtolaminé (16;6 Mj and-pbdbrano;oi (1(5"6 M) did noﬁ.inhibit the
_éantraétians (B)Q Iﬁstead,'thé fréduency of the contractions increased
- afteb_theSeYdPUgs. 'Methysergide‘(10;5 M) did not inhibif.thé
:contractibns (C) but thé'freqﬁency of ‘the waves of contractions was
- reduced'by ﬁaloxone (2 x 10°7 M){‘ ‘A, B; C and D are consecutive traces

. from the same experiment.



Such drugs might be expected to have an excitatory efféct similar_td

that of morphine.
Two drugs are of interest:-

(a) TTX which blocks sodium conductance and consequently

aboliShes the nerve action potential

(b) Apamin»which inhibits inhibitory mechanisms that depehd_

on increased potassium pérmeability in smooth muscle L

2.2a Response of the colon to apamin or TTX

Apamin (10~ -8 M) or TTX (10"6 M) produced rhythmic - contractlons 3
similar to those produced by morphlne and the 0p101d peptldes (Flg
17).  The rhythmlc contractlons contlnued for as long as the. drug
remained in contact with the tlssue. ‘ The oplate antagonlst naloxone
(5 x 10'6 M) did not affect cohtractiQnS'produced by.apamin‘or Trx;r

(Table 1a).

Comparison of the rhythmic contractions produced by apamin or’
TTX with those produced by opioids réiealed that the amplitude aﬁﬂ.wa?e-
length of the contractions produced by a single drug varied in differént.
tissues.  However, the durations of the waves of éonﬁractions bro@uéed
6; apémin or TTX were remarkably similar to thosé pboduced by thé '

opioids (Fig. 17).

3. The innervation of the_rat>golog

The results obtained .with both TTX énd.épamin:suggésted tha@fthére‘is
an inhibitory mechanism in thé rat colon which could be.NANC‘br-adrenergic.
The nature of this inhibitobyvmechanism and the innervation of the ‘colon

was investigated’by electrical field stimulation of the isolated colon.
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D'min

[ )
TTX

l“fFiGURE~17a' Comparison of the excitatory effeets in the rat isolated

';'.;colon of apamin (10"8 M) added at AP in trace A and TTX (10"6 M) in

B traee C.’ The rhythmic waves of eontractions produeed by either apamin

‘;  or- TTX were unaffected by naloxone (5 x 10'6 M) added at N in traces B

- and C. The first'two panels (A and B) are from the same experiment.

' The bottom trace (C), was from a different experiment.
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FIGURE 17b- Comparison of the wave duration and wave interval produced
' ;.' .. by dif‘fer'ennt drug treatments (zivxe.a_ng'-'-' S.D.). The mean wave durations

Wex?é mdr‘e' similar than the wave intervals.: n = 9 in each experiment.



"* 3.1 Responses of the rat colon. ] i imulatio

Field stimulation'of isolated segments of rat colon with supra-
:" haximal voltage,‘pulsee ofoO.Slms-duretion for periods of up to 10
Aseconds produeed complex responses which varied according to the tone of

i.the preparation and the frequency of stimulation (Figs. 18, 20). At
.‘frequeneies of stimulation below_S Hz, there was either no response or a
"-shallginhibitory response or oocasionally an excitatory response.

‘Stimulation.et frequencies above 5 Hi produced duhing stimulation a

contfaotion which was not well-meintained.i Following stimulation, a

A'powerfol post-stimulus contraction ocourred at all frequencies but was

greater at lower frequencies.

- 3.2 ;_135ﬂLs4;Q_use_Qn_neengneee_giLiiuLJzu;sgign_zg

- glectrical field stimulation

- i'A:"*3.2a Atropine B

A typical field Stimuletion-induced response in the preeence of
atropine is shown in (Fig. 18). Atropine (5 x 100 M) reduced the
.oontrectiie responses previously observed at high frequencies of

" stimulation.

3.2b Apamin

Apamin (5 x,10"8 M) potentiated the field stimulation-induced motor
responsesvpartioularly those seen at higher frequencies of stimulation ,

11 (Fig, 19).

_ 3.2ca_¥ogphine
E Morphine (5 b'd 10’6 M) reduoed or abolished the motor responses to

L nerve stimulation without affecting the post-stimulation contraction
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FIGURE 18 The response of‘the»réf'colon to electrieai field
: -stj‘.m'ula_tion aﬁd the effect of .at‘.r_opine on these responses.‘.' .(A) Motor
.'_r'esponses were obtained to‘electr‘i'e‘alA field stimulatioh (ffequency as
1indicated, Supramaximai voltagé,‘o.s ms‘bulse width for 10 Secsx
Fo;lowing stimulation there,was:a post-stimulationbcontraetion,
especially at frequencies between 1-10 Hz. (B) In the presence of
‘atrépine-(B-x 16'6 M) motor responses to field stimulation were

inhibited.
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'. FIGURE 19 ' Effect of apamin on the isolated colon of the rat. In
.trace A apamin (AP, 5 x 10-8 M) potentiated the motor response to

. electrical field stimulation (10 Hz; 0.5 ms for 10 sec) applied at S.

o Trace. B shows rhythmic waves of contraction produced by apamin.

o Electrieal field stimulation at the peak of an apamin—induced

'Vi;gcontraction produced a slight inhibitory motor response in trace C.

~[nghe addition of atropine (10'5 M) converted this small inhibitory
‘fresponse into a well-maintained inhibition and also inhibited the motor
i“fresponse to. nerve stimulation. Traces A, B and C are from the same

‘:»experiment. .



(Fig. 20). The inhibitory response observed at low frequencies of '

stimulation became more pronounced. .

'~ 3.2d 6-OHDA pretreatment

6~0HDA pretreatment potentiated'the motor response to field
stimulation. This effect of 6-OHDA was more pronounced at low

frequencies of stimulation (Fig. 21).

3.3 Effects of drugs on post-stimulus contractions
The post-stimulus contraction'obtained‘following the ceSSation of

nerve stimulation was not abolished by the cholinergic antagonist | |
atropine (5 x 10'6 M), the adrenergic antagonist guanethidine (10"5 M),
propranolol (10~ M) and phentolamine (10‘5 M) (Figs. 18 and 26). Inp,‘
view of the possible involvement of prostaglandins.in this post—stimulus=
contraction (Burnstock e&,gl, 1975), the effects of the water soluble -
prostaglandin synthetase inhibitor flurbiprofen were 1nvestigated. in’;.'
Flurbiprofen (10'5 M) had- no effect on the post-stimulus contractions a
obtained following intramural nerve stimulation at 5 Hz for 10 secs f_f:

(Fig. 22).

The resting colon develops little'maintained tone on its own ahd;
hence, the inhibitory response,to electrical field stimulation was |
usually very small, When the.tone increaSed during spontaneous
rhythmic contractions, electrical-fielc stimulationhat'the_peakgof A'
wave produced an inhibition. v'Spontaneously-éenerated wayes of fﬁythnic'
contractions offer the best opportunity for studying the inhibitory .

response, uncomplicated by the presence of drug.. The occurrence of
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PIGURE'ZO Effect qf morphine onvthe resbonses of the rat colon to
‘elgétrical field stinulation. :Tréce A shows the responses of the colon
to‘figid'étigulatiop in ﬁhe‘abgenqe'of morphine; during stimulation
7f“§6n£haétilegféspbhses weréwobtainea,_followed by a post-stimulus
‘it_~gontréctiopf ‘ In'iface=3fig‘£ﬁe:presepcé of morphine (5 x 10'6 M),
}.'cbntfadtiiéfréépopses_préduced3dqfihg stiﬁulation were reduced. Traces

A'ahd B‘afé[frOm the_éame experiment.
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22 6-hydroxydopanine
pretreated rats

:  ':-?IGURE 21 Effect of 64hydroxydopamine pretreatment on the motor

: .- response of the colon to electrical field stimulation (100_pulses,

o 0;5 ms, supramaximal voltage, frequency as indicated). 6-0HDA

' pretreatment potentiated the motor response to field stimulation

o ‘," especially at low frequency. Each histbgram is a mean of 6 obser-

o 'z.‘vations; ‘The I bars represent the S.E.M.  The p value refers to the

T cémpariSQq.between‘thevresponses'of‘colon from 6~OHDA pretreated rats

o ‘and responses of the ¢ohtbol‘colép at ‘the same frequency of stimulation.
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~ FIGURE 22  The effect of flurbiprofen on the post-stimulus contraction
of the rat colon to electrical field stimulation, Post-stimulus
:r;eontractiohe.obtainedkfollowing:electricel’field stimulation (5 Hz,

0.5 ﬁs for 10.see)vin ﬁhe'preseﬁce of éuanethidine (107> M)'and atropine
.(5 X 10 =6 M) was unaffected by prior incubation with flurbiprofen (5 x
10"6 M) for 30 minutes.' ‘The post—stimulus contraction (mean * S.E.M.)
‘;‘after flurbiprofen was 102 (*6) percent of the response obtained before

Wflurbiprofen and was not significantly different from the control.



these waves was,.hOWever,'rare.ip:Acvantaée‘was slso'taken”of thcflf:i”l
rhythmic waves of contractions produced by various drugs. Tne‘colonA
was stimulated by electrical field stimulation at the peak of these
waves of contractions. In this way the nature of the inhibitory

response was studied.'

3.4a m&mmnmmnmmun
- NANC mechanism in the rat colon

In the presence of both guanethidine (10~2 M) and atropine .(2"{‘x
10"6 M) to block adrenergically- and cnoiinergically-medistednreSponses
respectively, electrical fieldpStimulation at‘the,peak ofia:morpnine-.;.
induced ware produced a well-maintained.inhibition'Quring.stinuletion,”
with a return to originsl (elevated)itone'when stimulation cessenkoig;
23). The‘optimum‘frequency of‘this'NANC inhibitory response wasﬁless

than 5 Hz.

3.4b Effects of drugs on the NANC inhibitory resporise = = .-

(a) Reserpine and_ Zg‘};om_nzmsémm:” ‘pretreatment |

Both reserpine and 6;QHDA'nerefused toAdeplete’the colon,of_':

noradrenaline. Comperison'of:the-fluorescence in‘tissues from control:
and from 6-0HDA-pretreated rats confirmed the sparse adrenergic inner;-;
vations of the rat colon and the effectiveness of these treatments in
eliminating catecholamines from-the rnt colon, - In such 6~OHDA-
vpretreated tissues, stinulation tetween morphine-indnced contractions

produced a poVerful motor response. -Field stimulation applied'atvthe

peak of a'morphine-induced'wave produced a brief, small inhibiton, nhich'

43

was followed during stimulation by a powerful contraction. The absence':.

of a well-maintained inhibitory response at the peak of a contraction
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FIGURE 23 = Effect of apamin "o“nthé_néxif;drenerg_ic,‘_,~Qon’.ét‘;oiinéréiﬁ‘c:' :
inhibitory responée t;,o elecfriééi field xsstimulatv:i-on jd:f‘_"t}ie isq‘]i.‘avteid:'v
colon (10 pulses, 0.5 ms, .’f‘re.duenc‘j as'v:‘lndicated). '.: ‘l‘In traées B "'arid C
inhibitory resp»o’nses were obtained to electrical field stimulation’ ‘
applied at the peak of morphiné (5 x 10'6 M)-induced' waves in the
presence of both guangthidine-(10';5-M) and atropine (2 x 10-6 M)".‘ "I.‘he’.
optimum' frequency of s_timulat;l.on was less than 5 Hz, | In trace Cf‘apamin
(2 x 10~T M) did not inhibi’c thése i‘nhi}bitoryA responses, Traéeé‘_l_, ‘B

and C are from the same éxpefiment.
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might suggest that the inhibitory responses was adrenergic, since it had

apparently been reduced by 6-OHDA pretreatment.

However, the addition of atropine (10~0 M), which blocked' the effect
of ﬁhe released ACh and of exogenously administered ACh (Fig.;24) revealed

that the inhibitory response persisted in these GQOHDA-pretreated tissues.

This inhibitory response also persisted in reserpine'pretreaied

tissues (Fig. 24).

(b) Effect of TTX

TTX (10'6 M) produced waves of oontractlon in the colon and
abolished motor responses to electrlcal fleld stlmulatlon (Flg. 25)
w1thout any effect on the 1nh1b1tory response. ThlS'lnhlbitOPy
response was reduced by 1ncrea51ng conoentratlons of TTX (3 x 10'6‘M)
(Fig. 25) Generally three times the concentratlon requlred_to o
inhibit the motor response wes required to reduoe the inhibitory

response of the colon to field stimulation.

(c) Effect of haemolysate, apamin and methylene blue

on NANC inhibitory response

1. Haemolysate derived from lysed red blood'cells inhibits“ |
1nh1b1tory responses of the bov1ne retractor penis muscle to fleld ‘ 
stimulation and to certain agonlsts (Bowman & Glllesple, 1982%
Haemolysate also potentiated the’requnse of perfused rabbit eareertery
and the rat anococoygeus ﬁuscie‘to NA'(Wylie; 1981). nyhaemogyobin is:
responsible:for these effects of the haemolysate (Bowman,”Gillespie]§

Pollock, 1982).



Reserpine.

~ FIGURE 24 Effect of 6-hydroxydopamine'and reserpine pretreatment on

the inhibitory response to nerve stimulation. In trace A addition of

" morphine (M,. 5 x 10"6 M) produced rhythmic waves of contractions in the

colbn. . Field stimulation (Si)‘between waves of contraction produced a

. motor response. Field'stimulafian(Sz),at the'péak of a morphine-

induced contraction.produced-a slight inhibitory responSe followed by a

" 'motor response. Addition of atropine (Atrop, 5 x 1078 M) converted

"T this;smal1 ihhibitory bespdnseﬁto field'sﬁimulation into a well-

;,maintainedfinhibition‘(S3)§” .Traceé. B shows that in colon from

‘ ‘Vi resérpidiséd_rats,.morbhiné<(ﬂ,”5‘x 10"6,M) produced rhythmic waves

" of contfaétions. Stimulation at-the peak of a contraction (Sy) still

prbduced an inhibitory'resanse.
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FIGURE:ZB -'Effect‘of TTX on the isolated colon of the.rat;

" (A) Electrical fielq.stiﬁﬁlétion of the isolated colon (10 Hz, 0.5 ms for
.f{'16-sécé)'prédﬁced'répr§dUciblé mbtor response (at S). (B) TTX (10'6 M)
:céused,rh}thmic wa&es éffcpntractiﬁns.' Electrical field stimulation
i applied;aﬁ'the'§eak'of E~fTX§ihduced contraction (at S1) produced an
inhiﬁition but fieid stimulétiéﬁ Bétﬁeen waves of contraction (at 82) now
i prodﬁced-no confraction ddﬁing stimulatidn but when stimulation ceased,

ﬁhére wés“powerful post-stimdlus éohtraction. (C) Increasing the
concentration of TTX £o>2 x 1078 M reduced the inhibitory response to field
A,.Stimulatién (at S3) and inéreaéing the concentration of TTX to 3 x 1076 M

_'inhibitedithe response to field stimulation applied at the peak of a TTX-

. induced contraction (at SH)' A, B and C are from the same trace.



Haemolysate did not-inhibit the inhibitory responses to.
field stimulation applied‘at the peak of a'morphinefindueed~contraetionﬂw

(Fig. 26).

2. Methylene blue

Cyclic gﬁahosine monoephosphate (oGMP)vmay~be inrolved;in,
neurogenic relaxation of some smooth mosele (Bowman & Drummond, 1§84L
The effect of methyleneiblue, which blocks the activatioh‘of guanyiate
cyclase (Ignarro & Kadowitz, 1985), was, therefore, tested<on the field‘
‘ stimuiation-ihduced inhibitory response obtained in the rat'colon at the
peak of a wave of contraction. Methylene blue (3 x 10'5 M) did not
inhibit the NANC inhibitory response to field stimulation at frequencies

between 1 and 10 Hz (Fig. 27)

3. Apagin‘

Apamin- (2 X 10'7 M) did not inhibit the inhibitory response
to field stimulation applied at the peak of a morphine-induced

contraction (Fig. 23)5
y, A ' ‘ e iator o

The possibility that_an adrenergic mechanism was respoﬁsible
~ for the inhibitory tone removed by morphine to reveal myogenic activity,

was examined using both the edrenoceptor antagonists and clonidine.’

4.1 R es of the isols ' | cpergic
' receptor antagonists and neurone blocking drugs

Various adrenergie receptor antagonists and neurone—blocking

drugs had excitatory effects similar to those of the opiates.
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e:FIGURE 26 ﬁffect df:ﬁéemeiyeete'en=the hon—adrenergic non-cholinergic
z:_'inhibitory response of the isolated colon to electrical field
v;stimulation (10 pulses, 0 5 ms, frequency as indicated). In traces B
' and C inhibitory'responses were obtainee to electrical field stimulation
'e_'at ghe:peekvof-a morphine (5;x 10~6 M)-1induced contraction in the
- presence of atropine, ghanethidipe, phentolamine and propranolol
' (10"5 M) each. In trace c 1$>haemolysate-had no effect on fhe
::ihh;bifery responses.A Because the eize of‘the'inhibitory response
:depended upon'the'size of the eentraction, upon whicﬁ the:field-
?_stimu;e;ion-induced contbaction ﬁas-superimposed, inhibitions in the
_pfeeeﬁce andeabsence of haemolysate were expressed as pefcentages.
Inhibitory responses (mean z S.E.M.) to stimuiation at 2 Hz in the
. presence of.haemoiYsate were 98 :7% (n = 6) of the control response
previddsly obtained ;h the absence.of haemolysate. Traces A, B and C

are from the same experiment.
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" FIGURE 27 Effect of methylene blue on the non-adrenergic, non-

:cholinergic inhibitdry response of the isolated colon to electrical
field ;Eimulatidn (10 bulses, 0.5 ms, frequency as indicatgd). " In
trages B and C inhibitory pesponées were obtained fo electrical field
: stimulatioh_at the peak_of'mbrphine (5 X 10'6 M)-induced contraction in
f;thévpresence,§f'atfopine, guanethidine, propranolol ané phentolamine
(1075 M) each. ":n traoe'cfmetﬁy;ene~blué (3'x 10°5 M) did not inhibit
: theseAinhibit§ry nesponseé.' ‘In trace D the inhibitory responses were
'  redﬁcedvbut-not abolished‘by TTX(3 X 10'6 M). Traces A, B, Cand D

vare a continuation of the same experiment.



For example, colon from reserpine-pretreated rats showed a

71«22% increased incidence of spontaneous rhythmic activity (results were

B analysed by the chi~square test, P<0 01) The addition of the

fa-adrenoceptor antagonist phentolamine (‘JO'5 M) to a control colon
7.,caused it to contract rhythmically. The effect of phentolamine was
"7'unaffected by yohimbine (10'7 M) The specific a1-aqrenoceptor

‘antagonist~prazosin did not produce rhythmic waves in the colon.

:'Either propranolol (10'5 M) or. oxprenolol (10"‘5 M) also produced regular

' 'waves of contraction (Fig. 28).

- 4.2 Effect of clonidine =
Clonidine (2.x.10"8 M) caused the colon to contract usually
immediately and this contraction was followed by regular waves of

- contraction and relaxation (Fig..29) This excitatory effect of

"clonidine occurred at low-concentrations and'were unaffected by naloxone

| 7;"(10"6 M) and the specific oﬁ-adrenoceptor antagonist prazosin (10™ -6 M).

fﬁf'In contrast the excitatory effect of clonidine was readily inhibited by a

- low concentration of the specific uz-adrenoceptor antagonist yohimbine

"~'(1o‘7 M) (Fig. 29)

4.3 Effect of tvramine on apamin-induced waves

Rhythmic waves of contractions produced‘by apamin were
- reduced in size and frequency bypthe indirect sympathomimetic tyramine
(10~6 M), This effect ofitYramine (10~% M) was antagonised-by

~ propranolol (5 xA10’6 M) (Eigap30)~
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: ;FIGURE 28 Excitatory effect of’ adrenergic antagonists on the rat isolated

v‘.¢dlbh.1 (A)Propranolol(Prop,10 M) (B)Oxprenolol(OX 10~2 M), (C)

'f‘Phentolamine (P, 10"'5 M) and (D) Tolazoline (Tolaz, 10~ M) all produced
'-‘=rhythmic waves_of contractions,in the colon. Traces A, B, C and D are
" from different experiments but the tension calibration applies to all four

" traces.
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FIGURE'29 Excitatory efféct of élonidine on the isblétéd.raﬁ‘colan;
Clonidinei(Clon, 2 k 10'8 M) prodﬁpéd,rhythmié”waveSJOf;cohgractiéﬁéﬁ'
Tﬁese'eontractions were not inhibiied by‘naIOXOne'(N-” O"6UM)'oh {+ > 
prazosin (Praz, 108 M) but were inhibited by yohimbine (Yoh,,10'7 M.

Trace B is a continuation of trace A,
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FIGURE 30 Inhibitory effect of tyramine (T; 10~% M) on apamin-induced =
rhythmic contractions. The iph‘ib_it‘ory‘eff.eﬁct of tyrami.ne. was
antagonised by the B-adrenoceptor antagonist propranolol’ (Prop, .5 X

10~ M,



L 5 S iments

At the end of the last section the possibility was considered and

’ ;'results were presented to suggest that the inhibitory mechanism affected

‘by morphine might be adrenergic in nature. Implicit in this suggestion

'lfis the supposition that this adrenergic inhibitory mechanism is still

'1:',tonieally active in yitro hours after the preparation has been set up.

- The primary objective of the HPLC study was, therefore, two-fold:-

i) . To determine whether such a tonic release of noradrenaline
occurred
ii)-'To examine the effects of drugs prodneing rhythmic waves of

contraction on such a tonic release.

‘As a prelude to these experiments and in an effort to become
- familiar with the experimental techniques involved, an attempt was made
to demonstrate spontaneous and ‘electrical field stimulation-induced

'; release of noradrenaline~from both the guinea-pig ‘and the mouse. vasa
';i deferentiaiA: That such releases occur is well-documented (Macrae, 1983;
T--,"','Gillespie & Macrae, 1983) . The noradrenaline and dopamine content of

'*? the guinea—pig,,rat and mOuse vas. deferentia as well as the rat colon

tz?,were also measured.

B A typicaltchromatogranjis shownlin Figure 31. At the vorking
electrode potential of +0.7V a?miXturevcontaining 100 pg each of
:1‘dihydroxyphenylglycol (DOPEG), noradrenaline (NA) and dopamine (DA) was
‘? detected and separated. DOPEG and NA elnted very near the solvent

- front, while DA was retained for‘a longer period on the column.

The~relationship between concentration and signal was linear in the
. ‘range of from 50-300 pg (Fig. 32). At‘higher concentrations a linear

. relationship also existed but the slope differed.
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.l ~,“!;'IGIIIRE :3"1 éhrbmatogrépﬁic resélutién of a s>tandard mixture of dihydro-
) oxybhgny-lgiy'qovlh(DOPEG), ’ noradrenaline (NA) and dopamine (DA) solvent
'frbht (SF). MiobiAle phase: " 100 mM phosphate' buffer pH 3.2, Electrode
" pbtential_ was + v0.7‘ V vs AgZ'AgCI beferehce electrode. - 100 pg each of

"' the standard was injected.
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FIGURE 32 Standard graph for norédrehaline,~dihydbbxyphenylglycoi.and'
dopamine. - 50-300 pg each of standard was injected.. . SeevMethodétfor ,

details of chromatoghaphiqvdohditionsﬁ



As the column aged, its retention capacity decreased -and separation
;became diffioult and incomplete.‘-'Table 2 shows the effect of adjusting
vﬂ*the composition of the mobile phase on retention time of NA and DA, A
2 :ldecrease in either pH, phosphate ion or methanol concentration or an
Vt7tincrease in.concentration of the ion-pairing agent (ootanesulphonic

_'aoid) increased the retention time and improved ‘'separation.

Figure 33 shows the voltammograms.of NA, DOPEG, DA and NM, Peak

. ‘signals occurred at +0.55V for NA, DOPEG and DA, " Voltages higher than

':'v¥037v_increased the signal-to-noise ratio and the extent o: interfering

r.compounds. At working electrode.potentials greater than:O.MV, the
.signal obtained for an equal amount of NA,-DOPEG, DA was highest for NA.
At potentials’between 0.3V and 0.4V, the DA,signal was higher than the
‘NA signal..4 No signal wasvobtained for NM at wOrking electrode

potentials of less than 0.6V.

-7 . 2nd the rat colon ' C '
‘d,Thefcateono;amine contentuof'thejrat;'mOuse and guinea-pig vasa
lrddeferentia;and:the rat. colon‘are shown in Table 3. The?noradrenaline
content of the rat colon was small in comparison with the densely
1nnervated vasa. In addition, no dopamine was.detected in the rat
-colon.' Despite theldifferences in the_noradrenaline content of the

vasa, their dopamine contents.ﬁeretvery similar.

1.2 Spontaneous release of noradrenaline from the

Spontaneous overflow of noradrenaline-was detected in stop-flow

'samples collected and-anaiysed at the beginning of experiments (Fig. 34).



Theieffect of changes in flow rate and the composition of the

: mobile phase on noradrenalinerand dopamine retention time in a

‘Mobile phase

 Flow Rate

_ single experiment.

Noradrenaline

retention time .

Dopamine
retention time

Ji-if1bO_mMjphq§pHate buffgr

'?.3ﬁoz‘mé£hépélfpﬁ'3-2 'i::

100 mM -phosphate buffer -

' 5% methanol pH 3.2

‘ 100 mM phéébhate buffer

~pH 3.2 10% methanol

. 50 mM phosphate buffer

pH 3.2 10% methanol

‘,0;5

1.5

1.0

0.8
0.5

0.5

ml/min -

nl/min

hl/min

ml/min o

ml/min’

ml/min

ml/min

2 min 3 sécs

. 3 min 6 sees

3 min 45 secs

’5 min 10 secs

9 min 6 secs

not‘determined

. not.determined

3 min 54 secs

5 min 44 secs

9 min 44 secs

13 min 47 secs

| 24 min 10 secs

7 min 45 secs

12 min 15 secs

a and b were dohe separately from c¢ And d
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.FIGURE‘33”V Effects of detéctor électrode potential variation on the

| _detection of-' catecholamines aﬁ_& metabolites, ‘100 pg each of
'nora’d'r;enaline./’(NA), dihydroxyp'henylglycol (DOPEG), dopamine (DA) and

A' ‘normetanephrine (NM) were injected.bv @@ The crossing over of NA and

‘DA signals extended to 0.45V.



‘Catéchqlamipe content of rat, mouse and guinea-pig vasa deferentia

‘and the rat colon. " Mean ¥ S.E.M., n=T.

L Content (ug/gm)
- Tissue SN o , ,
3 " NA'(=SEM)  pValue .DA (X SEM) p Value

' Rat vas deferens  ~  8.20%4.06 - 0.64%0.16

'“:ﬁxqusg.ﬁééja¢féhegs:_. 6.90% 0.1 NS 0.65 % 0417 NS

ML

. Guinea-pig vas deferens  13.57 £3.84 NS . 0.60 % 0.15 NS

"

" Rat colon . - 0.06 £ 0,01 - <0.001 W -

%;Thé p values refer to comparisons between the contents of NA and DA in the
,.moﬁsé.va53defenens, guinea-pig‘vas deferens, rat colonlandlfhe content of
these amines in the rat vas deferens.

" ND means none detected.



To eliminate the possibility that this spontaneous release was due to

I } non-specific leakage caused by adrenergic nerves during preparation

(Macrae, 1983), at least. 45 minutes was allowed between set up and
l_.collection of the stop-flow sample.. No dopamine was detected in the

if'spontaneous sample.
1.3 .Noradre ove: . evok e
Electrical stimulation at a frequency of 20 Hz (4,800»stimuli)

- .produced an increase in noradrenaline overflow from the guinea-pig vas

" deferens (Fig. 34). The histogram showed’that with repeated

istimulation the evoked-release of noradrenaline declined gradually from -

. the 1st. period. The mechanical responses to nerve stimulation are also
A:shown'and‘ituis clear that both the'initialbcontractile’response and the
slow secondary component'of the mechanical response also declined with
repeated periods of‘stimulation.

1.4 Spontaneous and electrical stimulation-evoked release
. Of NA, DA apd fre _vas defe

Before'the experiments described for the mouse vas deferens were

lfﬂ-performed the chromatography conditions were investigated and optimised
:f to make the system capable of detecting the NA metabolites which were

- '.‘mainly DOPEG and normetanephrine (NM) (see’ Methods) However, NM was

not adsorbed on to alumina, thus only DOPEG, NA and DA, which were

' adsorbed and could be'eluted,vwere analysed.

Unlike’the guinea-pig vas deferens, where spontaneous and
electrical field stimulation-evoked release of NA was consistently

. demonstrated and followed a pattern, the results obtained with the mouse
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FIGURE éu Mechanical respoﬁse of the guinea-pig{?as deferensyto 3
periods of transmural electrical‘stiﬁulation (§,800 pulses, 1 ms, ZQ:HQ;
.supraméximal voltage) and_the ovefflow of noradrenéliqe eVoked by
stimulation, Both the-méchanical fesponse and fhe ovefflow of
noradrenalihe evoked by stimulation”decreaséd from the’1s£'period;
Means_t.SjLM.,_n = 8, P values refervto comparisons between the
amount of NA released during eaéh pepiod‘of stimulatiog.with'the‘amouéﬁn‘

of NA released spontaneoﬁsly.,



vas deferens following electrical stimulation (20 Hz; 4,800 pulses)
varied from one experiment to another not only in the quantities of
catecholamines released but also in the proportion of their release.

The'various‘patterns of release are enumerated below.

(a) In some experiments no spontaneously-released catecholamine

;o :was detected nor was there any release as a result of field stimulation,

i'despite the fact that the vas contracted in response to stimulation.

' (b) Only DOPEG was detected both during nerve stimulation and
spontaneous release, the proportion of DOPEG being higher. during

‘ 7»Spontaneous release than during nerve-stimulation (Table u).

(c)"ﬁoradrenaline was the only major‘catecholamine detected.
However,-unlike the guinea-pig;vas deferens where the[electrical
‘istimulation-evoked release of NA,was_greater:than the spontaneous
: release,landtdecreased'from the first stimulation period to the third,

4no clear pattern was seen., In fact, the amount of NA released during
' the third stimulation period was more than the first and second period

‘ (Table,ub)f

(d) 1In some experiments both DOPEG and NA were released
'“f spontaneously.' However, during the first and second stimulation, no NA
'7;:was detected.‘ In addition, similar amounts of NA were released

A'E’spontaneously and during electrical field stimulation (Table 4C and D).

. .NA, DA and DOPEG released in the mouse vas deferens

'.The effect of PB, a potent}pre— and post-junctional @-adrenoceptor
antagonist, which also blocks both uptake 1 and 2 mechanisms, was
- examined onnthe transmitter overflow in the mouse vas deferens. The

pattern of results varied,from one preparation to another.



"Jl;fB'i:1st spontaneoué1reléésg B ) I . 0.42 -

':‘Spohtanéous and Stimulatioh}induCed batecholamineuoverflow from the

. mouse vas deferens,

Stimulation period DOPEG. (ng) NA (ng) = DA (ng)

A 1st spontaneous releése'AA 1.59
S 1st stim. - 0.36
- 2nd stim.© - ND

3rd stim. - 0.28

§ &§ § & &
§ &8 § & 8

2nd :‘gpbntaneous Tpélease | 3 0.28

ist stim. - . ND . . 0.67
2nd stim.  0.17 0.67

3rd stim. - - o m 0.86

5 5 5 5 8

2nd spontaneous release - .M 0.58

c  '1st”spontaneous release - 0.24 0.12
1st stim. 0.24 ND
2nd stim, R ND

3rd stim. 0416 0.12

5 5 5 & &

2nd spontaneous_hélease , 0.16 0.12

D :'1§£ spontanéoﬁs'reléase' N - - ND " 0.31
| 1sti$tim.* . 0.0 0.20
2nd stim. ; N | N ND
;3rd'st1ﬁ;, '-"vf; - N ND

" 2nd spontaneous reieasgm o ND ‘ ND

A,’B, C and D were separate experiments.

o Nb means'none detected.



'(a) In experiments where no’amine was detected either as a result

;.of.spontaneous release or as'a result of field stimulation, the addition
i of PB (10'$.M) after the firstAstimulation and thirty minutes before the
second_stimulation, caused_an.increase in the overflow of both NA and DA

. (Table 5A).

(b) 'In"cther ekperiments where DOPEG, NA and DA were detected as a
. result of spontaneous release and as a result of nerve stimulation, PB

"ZK10'5 M) added after the second stimulation period increased the amount

) _"of NA released but decreased the amount of DOPEG released. There was

‘fbﬁan increase in the amount of DA released during the third stimulation,

' ‘followed by a decrease (Table 5B and C). Insufficient data was
'~ available to permit a statistical analysis to be performed or any

y'lconclusion“to be reached other than that the results were very variable.

(') "No increase in spontaneous overflow and only a slight increase
. in. field stimulation-induced overflow was apparent following the

addition of PB (10~5 M) (Table 5D).

1.6 Effect of PB on the mechanical response to nerve
stimulation in the mouse vas deferens

The response of the mouse vas deferens to electrical field

"ivstimulation (h 800 pulses at 20 Hz) consisted of two components.

‘“;fFirst, there was a rapidly—developed response and, secondly, a slower,

dii_more prolonged contraction when stimulation was continued for several

5‘minutes. This second component disappeared almost completely after

;7'ﬂﬁ about 1. minute and was replaced by a low level of maintained tone

‘:: (Fig. 35); : PB (10"5 M) inhibited both components of the mechanical

response irrespective'of the pattern of overflow obtained.after

'phenoxybenzamine.



Effect of phenoxybenzaminé bn ébontaneoﬁs'and,stimu;ation-ihdpéed:?x_

catecho;aﬁinejovérfldw'froﬁ the mquSeTVés'defgfené. jz '

Stimulation period .. ~ DOPEG (ng) . NA (ng) DA (ng)

A {st-spbntaneOus féleasé . S A - 0.10 1 - I
st R 0.6 . WD
2na* | | - 063 o;o{.
srat - 053 ND.

‘2nd spontaneous release® o - l0.10 . ND '

B'.1st_spontanecus reléase._ : ND B ‘NDi
1st | ff 0.46 19.26 _ 'ﬁD‘
ona# | . 0.39 0.3 MD.
3rd* . m 0.3 o

2nd spontaneous release®* - ND - 'ND " ND

1st spontaneous release ‘{:0;50 S  0'45'3 -,f1:0:#§73
3as. . o0 0 Hos

‘2nd spontaneous relegsei;f' o 0335 -'O;fS', : “0.32;'

D 1st ‘spontaneous release N - W
1st 0.20  ND

2nd#* 0.26 . - ND, -

3rd# 0.37 | ND

5 55 5 5

2nd spontaneous release® ‘ND - ND

* Experiments done in the presence of phenoxybenzamine (107> M). ' -
. A, B, C and D were separate experiments;

" ND means.none detected:



K

- ‘ ' 1min
. : JLflnt stisulation » Second stimulstion Third stisulation
o W . . y i “m- 3 3 -
20M2 )

éiéﬁﬁE.35" Efféét 6f phenoxySenzaﬁine (10'5 M) on the mechanical
'fesponéé"éf the mouse vas deferenévfb electrical transmural stimulation
(u,800 pulses at 20 Hz, 1 ﬁs),v. A shows the response of:the‘vas
 deferéns.to 3 periods of stimulation, The initial ooﬁponent of the
motor respéhse and the low level'Secondary component declined'during
successive sfimulations, B shdws the effect of phenoxybenzamine which
was present dur_‘ing the secon&l and third period of stimulation.
o ‘Phenoxybénzémine acceleratéd the decline of the‘initial component of the
motor resbbnSé to fieidlgtimulation,' A and B are from different

expeniméﬁté;



1.7 mmleamf_mu&m&ﬂm

Examination of Table 4 reveals the low content of NA in the rat

" colon. The primary_objeetive_of the HPLC study was to determine
whether NAewas released spontaneously’in segments of the rat colon. In
L the‘exberiments where this:was attempted, no spontaneous release could

be demonstrated; ' This was not surprising since the NA content of the

.. tissue was low.

: The time course of the accumulation of (3H) NA was determined in

: ﬂllthe isolated colon by incubating the tissue with 44l KBq/ml (3H) NA for

' " time intervals varying from.30 sec to 1 hr. Accumulation was linear

“up to'20'mlnutes, thereafter remaining fairly constant (Fig. 36).

" In order'to-study the relationship between (3H) accumulation and
vSubstrate ‘concentrations, accumulation was measured after 2 minutes
:incubation with various substrate ooncentrations. The accumulation of

(3H)-NA was saturable (Fig. 37).

2.2 Efflux of tritium from the rat colon
Rat colon was ineubaﬁed'in Lyy KBQ/nl (3H)-NA for Zd'minutes and

;,then set" up for mechanical recording. Analysis of the Krebs!'! solution

' -Tzfeollected at 10 minute 1ntervals showed that over the first 40 minutes

':fthere was a fast efflux of 1oose1y bound label from the tissue and a

» ”~‘second,,slow efflux probably related to spontaneous release of (3H)-NA

"5l fromvnerve»endings. There was little mechanical aetivity in the

absence'Of'drugs-throughout the collecting period (Fig. 38).
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FIGURE 36 Time course of accumulation of (3H)-NA into the rat colon.
Accumulation expressed as disintegrations per minute (dpm) per mg

 tissue. Duration of incubation in minutes.
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" FIGURE 37 : Uptake ofi(3H) by the r#t colon, The colon was exposed to
._differehtIQOnCehtrations'of (3H)-NA for 2 minutes, washed briefly in a

V:largé volume of ice-cold Kfebs' blqtted dry and thereafter counted for

T-_'.'rlagiio'act'i"v:'L‘t:y.“ Each~poin£‘is the mean (t S.E.M.) of at léast 8

‘observations.
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" 'FIGURE 38 Efflux of 3H from the isolated rat colon after prelabelling

"with (3H)-noradraneline. Ordinate: . fractional tritium efflux.

Abscissa: time after preloading with (3H)-NA in minutes. Colon was
incubated for 20 minutes at 37°C with 444 KBq (3H)-NA and thereafter
washed in a large volume of Krebs' solution before being set up for

mechanical recording. The initial resting force was set to 2 g at T.

- The Krebs! bathing the colon was. replaced every 10 minutes and counted

for radioactivity.’ Superimpésed on the efflux curve is a trace showing

. the low level of mechanical activity in the colon.



This study examined the effects of dfugs, which.producéd rhythmic
waves'bf'eontraction in colon, 6n the efflux of (38). ‘The'Krebs'
solution used for efflux was changed after 90 minutes to one containing

appropriate concentration of agonists.
| | Morph‘ine (5 x 10"6 M), clonidine (2 x 10~8 M) and X (1077 M)
4ﬂproduced rhythmic waves of contraction without having any effect on the

'.emux of (3H) (Figs. 39, 1 40 and 41).
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FIGURE 39 . Efféct of morphiné on the efflux of tritium from the rat
eolbn'and_mechanical aetivity of the coion; Experimental conditions
yehé as deseribed for'Fié; 38 éxcept'that the normal Krebs' solution was
changed'f§'6ne containiﬁg morphine (5 x 10_"6 M) at the 90th minute.
i;.fMQﬁphiné ?fbduoed rhythMic\ﬁé?eékpf éontractions without affecting the

. tritium efflux.
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FIGURE 30 Effect of clonidine on the efflux of'tnitium from the r'at
colon and the mechanical activiﬁyvof tﬁe‘eolon. 'E*perimental .

conditions were as described fof Fig;.38'exeept that the normal Krebs!
solution used was changed to éne cohtaining clonidihe_(é x 1078 M) at

the 90th minute. Clonidine prquced rhythmic waves of contractions

without affecting tritium efflux.
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FIGURE 41 Effect of TTX on ,'c'hé"gfflﬁx of tritium from the rat colon ':
and the mechanical actiQity‘of-thé1001oh,.3 Experiméntél cohdiﬁioné ﬁehé
as described for Fig. 38 except that ﬁhe'nofmal Krébs"solution wés.'
changed  to one containing TTX (10‘7‘M) at the 90th minute,  TTX |
produced waves of rhythmic‘contractions without‘affectingAtfitium B

efflux.
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The effects of morphine and ‘the opioid peptides on the gut motility
are still incompletely understood._. The aim of;this study was, first,
to. 1nvestigate the effects of the opioids on the intestine, Secondly,
to elu01date some of the mechenisms and the possible neuronal.basis of
‘these effects. In particular,'this study examined the possible
| involvement of 5-HT and ACh in these effects (Burks, 1973,'1976°
- Huidobro—Toro & Hay, 981) and the possible existenee of a tonically
aotive,.nonfedrenergic non-oholinergic inhibitory mechanism (Gillan,

' 1977; Gillan & Pollock, 1980; Scheurer et al, 1981). Electrical
| ,fieid stimnlation'of the'isoleted=intestine'was also employed to provide
.rfurther eridenoe abont;the role‘of.exeitatory:and inhibitory nerves in

- these responses.

Thezpreperstion used}for thisvinveStigetion wss the isolated colon
"pf'ﬁheifat; ;The colon'wes.ohosen primarily because (a) morphine as
well as the'enkephalinslhave excitatory effects on this tissue (Gillan &
: i.follook,_1980; 'Nijkamp & fan]Ree, 1986; Boura & Olley, 1981; Scheurer
;*: g&,gguv‘1931).and (b) sincelspeeific_opiOid reeeptors and also
‘enkephelins are present in thé gastro-intestinal tract (Manara &

: Bianohetti, 1985) and are located.in or near the myenteric;plekus
41(Hughes, Kosterlitz & Smlth, 1977) | Moreover, since the enkephalins
are released in response . to nerve stimulation (Schulz, Wuster, Simantov,

Snyder & Hertz, 1977; Corbett, Sosa, McKnight & Kosterlitz, 1980),
their physiological significance may be expected to be primarily local

".,»and, therefore, apparent in_xi&;xn

. The results obtained in this study confirmed some of the results

3if~obtained by other workers (Gillan & Pollock, 1980, Nijkamp & Van Ree,

. ﬂl1980;- Scheurer _&,gl, 1981) that morphine and the opioid peptides



{’produce rhythmic contractile activity in the terminal colon of the rat,

“but cannot be explained by any single hypothesis previously postulated.

v'll This rhythmic contractile activity is receptor-mediated but the

concentration response relationship is difficult to establish,

- vhorphine-induced rhythmic contractions vwere abolished by the specific
';y opioid antagonist naloxone.. While the rhythmic waves of contraction
. produced by'the opioidsvwerev"all'or noneh_in nature, the sise of the

- initial response was concentration-related.

. The ability of opioids to initiate waves of rhythmic contraction
4 has- either been ignored in the past or the experiments were carried out

in conditions which minimised the chances of their occurrence (Huidobro-

B '.'Toro & Way, 1981; Moritoki gt_a_L, 1984)

- Although:the eXcitatory‘effect'ofiopioids on the intestine is well-
hﬁdocumented; thelexact mechanisms by'nhich the opioids produce this

L effect is-far from being'clear; This is further complicated by the

. faet that, in vivo, morphine‘and_the opioid peptides can also influence

'éastro-intestinal motility by centrallyfmediated effects'(Parolaro et
| ﬂé;; 1977; 'Burleigh et al, 1981} Burks, 1980). Evidence for central
opioid;sensitiVe sites for inhibition of gastro-intestinal'transit comes
;primarily'from animal studies, invwhich morphine~like drugs were
administeredtdirectly into the CNS. . Results of such studies are of
) considerable interest, sinee they provide evidence for the existence of
lspecific action sites within the CNS influencingnthe gut. However,
' centraliyrmediated actions on bowel by.narcotic drugs injected directly

-'into the CNS’mayvnot explain entirely their effectston‘the intestine

'#..following systemic administration (Manara & Bianchetti, 1985) Since

A"{imorphine does not paSS the blood brain barrier easily (Oldendorf, Hyman,



'L;:Braunf& QidendOPf,’197?;u.Jaffe'&.Mantin;'1980), therapeutic doses

" cannot be.expeéted to'have“a‘predominantly'central component on

'fintestinal motility. v-Recently;.the*spinai cord has also been

considered a potential locus of opioid action in the production of

gaStro-intestinal motor effeots;

Morphine and the opioid peptidespadministered intnatheoally in the
‘spinal cdndvof mice effectively inhibit the passage_of-radiolabelled
marker-v throuéh the gastro;;ntestinal tract (Por'r'ecoa & Burks, 1983;
Pornecca,,F;lla.& Burks, 1983)-but-afsimilar study in the rat did not
eonfinm'the'epinally-elicited conStipating effeet of morphine in this
| Speciesl(veught; Cowant&AGimerek,41983)t It may be that the rat is a

better pnediotive model'for'humans than miee because constipation does

‘ .1not seem to occur in patients given morphine to produce spinal analgesia
' Ji:(Zenz, Schappler-Scheele, Neuhaus, Pipeubrock & Hilfrich, 1981,_

- Chlrubasik 1984)

.An,additional peripnerei’Site, at which opioids might act to

' f.produoe their anti;trenSit effects is the intestinal nucose, where they
'.can effectpwater and electnolyte reabsorption (Powell, 1981). However,
:'thelabilitynof morphine and releted drugs to produce rhythmic

. oontneetile aetivity in isolatedfintestine el;minatestthe possibiiity
',that-tne‘CNsbor the extrinsic autonomic innervation are'tne only sites

of action.

‘A mechanism postulated to explain the stimulant ection of morphine
on the intestine involves the release of intestinal 5-HT and ACh. From
expenimente on the-smalllintestine~of rat and dog Burks (1973, 1976) and

e HuidobnoéTono:and Way (1981) suggeeted that morphine released 5-HT



which then stimulated the smooth muscle both directly and. indirectly by

releasing ACh from cholinergic nerve in the intestinal wall.,

This hypothesis was based on (1) the observation that responses to
morphine were abolished by the 5-HT antagonists methysergide and . .
cyproheptadine, and reduced by atropine; (2) that responses to morphine
were absent in tissues from animals pretreated with reserpine to depletee
~ the 5=HT content of the intestine.ot In this study, the 5-HT antagonist
methysergide non—competitively inhibited the concentration—response
relationship to morphine, while it was ineffective against the rhythmic
waves of contraction produced by the opioids. In contrast to the non-f'
competitive nature of methysergide antagOnism, naloxone competitively -
inhibited this initial response and abolished the waves of rhythmie
contraction produced by morphine;‘ At first sight, the inhibitory o
‘effect of methysergide might be taken as an indication of the
involvement of S-HT in this initial response to morphine. The result
obtained with 5-HT is complicated by. the lack of specific 5-HT
antagonist. It bears emphasising that methysergide has a spectrum of
effects which become more apparent as its concentration is raised..,-At'
concentrations that are effective in blocking neural 5-HT receptors, it .
is comparably effective in antagonising the contractile effects of |
carbachol, dimethylphenylpiperazinium and. histamine in the intestine
(Furness & Costa, 1982) Morphine may be added to the list of diverse
drugs whose effects in the intestine are antagonised by methysergide
(Nijkamp & Van Ree, 1980, Huidobro—Toro & Way, 1981, this study)
has been suggested that attempts to use this drug inlthe.analysis of the‘.
actions of 5-HT on intestinal nerves should:profitably be abandoned
because of its non-specificity (North, Henderson, Katayama & Johnston,'

1980) .



Indeed, the ability of another 5 HT antagonist cyproheptadine, to
inhibit morphine-induced contractions, albeit non—competitively (Gillan
& Pollock, 1980; Nijkamp &'Yan Ree, 1980), may not he related to.
antagonism at the 5<HT receptor site, Cyproheptadine'also inhihits,the
membrane translocation of caloium in-smooth muscle by reducing the flow
of Ca** ions through voltage-dependent Ca™™* channels (Lowe, Matthews &
Richardson, 1981), hence great care must be taken in theiinterpretation

of the results with these 5-HT antagonists.

In contrast to the<equivocal nature of the results with-
methysergide, the results obtained w1th PCPA, which depleted the tissue
of 5-HT (Koe & Weissman, 1966 Weber, 1969), prov1ded evidence. against
the involvement of 5-HT in the excitatory effects of- OplOldS 1n the |

colon. Since,. in colon from PCPA pretreated rats, morphine was still

capable of producing naloxone-sensitive rhythmic waves of contractions,

it seems unlikely that 5-HT is required for this response.. However,

since a small residual quantity ‘of 5= HT remained in the colon from PCPA—"‘

treated rats, this observation alone does not. eliminate the possible ‘

involvement of 5-HT in this phenomenon.'

This study also confirmed the ineffectiveness of reserpine,in o

depleting the 5-HT content of the rat intestine (Erspamer, 1966b'<

Carlsson, 1969). However, it is interesting that in an attempt to link

the excitatory effect of morphine with the release and effect of 5 HT,

reserpine was used to deplete the S-HT level although the S-HT content .

was not measured. Furthermore, in this study, the ability of morphine

to cause the colon to contract rhythmically was. unaffeoted in tissues

rendered insensitive to 5-HT by prolonged exposure to high eoncentration

of this amine.

Rl



More convincing evidence against the involvement of 5-HT/ACh in the

response of the rat colon to morphine was obtained from experiments
' which demonstrated that the characteristic excitatory effect of opioids
- 'could not.be--mimicked by administere_d ACh or 5-HT., In addition,

i. atropine did not interfere with the ability of morphine to cause the
| colon to contract rhythmically.' Perhaps the most striking
characteristics of the opioid-induced excitatory response were its
rhythmicity -and persistence, neither of which is compatible with the

4ACh/5-HT release hypothesis.

These results and conclusions,differ‘from thosevofbHuidobro-Toro
;; and Way (1981), who obtainedAconéentration-related contractions to
| morphine in the rat colon and'concluded that the excitatorv effects of
opio1ds were mediated by 5-HT; 'TheSe workers pointed out that their
Long Evans rats were more sensitive to opioids ‘than other strains such
as the Wistar rats used in this study. However, it is unlikely that
nthis difference could_explain'the-discrepancies between the results
i{ﬁohtainedhin'the two studies;h;:The7present results are not consistent
:' with the idea that a S-HT/ACh mechanism is involved in the effects of
opioids in the rat colon." Fontaine and ‘Reuse (1985) recently reached a
VT: similar conclusion about the non-involvement of 5-HT and/or ACh in the

. excitatory;responselof the mouse colon to opioids.

An;alternative explanation:of the excitatory effects of opioids is
»that-mOrphine‘removesva tonic4inhibitory neural influence that normally
- sfrwsuppresses myogenic activity so that the contractions produced by

morphine are myogenic (Gillan & Pollock, 1980, Scheurer et al, 1981;
4;_ Moritoki et_al, 1984; Fontaine & Reuse, 1985) This hypothesis was

based on that proposed by Wood to explain the stimulant action of



‘atropine, TTX and local aneaesthetic in cat small intestine (Wood, 1972,

_1975) . From studies of the electrical activity of neurones in

'};.Auerbachﬁsplexus and the" mechanical activity of the circular layer in

:i”cat small intestine, Wood proposed that the circular muscle was

:fgfmaintained in a state of 1nhibition by the continuous release ‘of an

; afinhibitory transmitter from spontaneously active neurones and that
.\removal of this inhibitory influence unmasked the inherent myogenic
activity of the circular muscle. Evidence'that blockade of neural

‘activity by ‘atropine, local anaesthetic or TTX (Wood, 1972; Wood &

‘ Marsh 1973, Ohkawa & Prosser, 1972b - Biber & Fara, 1973, Tonini,

,Secchini Frigo & Crema, 1974), cold storage (Wood, - 1972), surgery

| (Schiller, Suriyapa, Mutchler & Anderson, 1973) or congenital absence of

| ; ganglion cells (Wood, 1973)Arroduce similar effectsvonlthe mechanical
| activity of intestinal muscle werevcited in support of this hypotheSis

(Wood, 1975) : vDespite the.attractiveness of this hypothesis, the .

y‘ continuous release of such an inhibitory transmitter,;n,zitzg, has not

been demonstrated (Daniel & Sarna, 1978) -However, if this explanation

'Ais correct, then other drugs that interfere with neuronal inhibitory

“”fi-mechanisms should- have effects similar to morphine in the. colon.

The results obtained in this study with TTX which abolishes the

o nerve action potential by - blocking sodium conductance (Narahashsi, 1974)

. . and with apamin, which inhibits potassium—dependent inhibitory mechanism

~in smooth muscle (Banks, Brown, Burgess, Burnstock, Claret, Cocks &

C Jenkinson, 1979), are consistent with such an explanation. Both TTX

-:'and apamin produced regular rhythmic contractions which resembled

.’morphine-induced contractions but were unaffected by naloxone, atropine

or methysergide.



The question that arises concerns the possible nature of this
'inhibitory.mechanism.that is affected by opioids to reveal myogenic

activity. : Gillan and Pollock (1989),‘Scheurer et al (1981) and

'h“Moritoki et al‘(198h) proposed that.morphine acts presynaptically to

:ii_inhibit the" final release of an NANC inhibitory transmitter, thereby

"fflunmasking intrinsic myogenic activity, whereas Nijkamp and Van Ree

3]K1980) suggested that an adrenergic mechanism could be inhibited by

":?',Umorphine.‘- To:clarify which»of.these transmitters was involved in the

tonic inhibitorytmechanism,.nesponses of ‘the colon to.electrical field
Stimulation and the effects of drugs-on these responses were

_inVestigated.-

Electrical field stimulation of the colon provided. evidence about
. the nature of the morphine-induced excitatory response and the possible
role of inhibitory nerves in this response,  Initial experiments

confirmed the‘results of previous,ﬁorkers that there are cholinergic

o motor nerves in the colon.(Stockley & Bennett, 1973, Bennett &

Stockley, 1975; Gillan & Pollock, 1980) Field stimulation of the

]colon produced -‘an excitatory response which was maximal at frequencies

'P‘f;'between 10 and 20 -Hz, This excitatory response was antagonised by

"'}_"atropine, TTX or morphine. Since morphine did not affect responses to

':jadministered ACh (Cherubini, Morita & North, 1985), it is likely that

o morphine acted on presynaptic nerves to inhibit ACh release (Down &

d_.. Szerb,'1980;j North, 1982) either by hyperpolarizing the soma of the

- enteric neurones (Wood, 1980) or by blocking conduction in nerve cell

i processes (Morita & North, 1981)7’47‘4m’*”4%

Onfcessation of stimulation, a post-stimulus contraction was

observed. This contraction is thought to be myogenic in origin and to



'ariSe:fron‘activation oflnon-adrenergic inhibitory nerves, which in turn
trigger the release of'prostaglandins (Burnstock et al, 1975).

.However, the involvement of prostaglandinsAin this post-stimulus
.contraction is. controVersial. ‘ Kadlec, Masek and Seferna (1974) found

A,no evidence of an inhibitory effect of indomethacin on this post-

. l‘stimulus contraction. , Bauer, Matusak, Bezekwa, Benes and Kuriyama

::-(1982) showed ‘that indomethacin dissolved in ethanol markedly depressed

' ?ithe rebound contraction. : On the other hand, indomethacin dissolved in

ra_weakly alkaline bicarbonate.solution does not inhibit but rather

increased -the response.,

lhus thevdiscrepancies'in the literature concerning the.role of
A_prostaglandins in the rebound contraction may be the result of different
- solvents used to dissolve indomethacin. _-In addition, indomethacin has
ialso been‘reported to reduce'the,availability of calciun ions within the
k muscle cell, independently:oprrostaglandin synthesis (Northover, 1977)-

In this study, a water—soluble prOStaglandin synthesis inhibitor

'-':-flubiprofen (Adams & Buckler, 1979) had no effect on the post-stimulus

_contraction suggesting at least that prostaglandins are not involved in
'hathe rebound contraction in the rat colon. .
f.f In addition to the cholinergic excitatory motor innervation of the
‘hh colon, field stimulation at frequencies below 5 Hz caused a small
:.inhibitory response rather than a contraction and this response too was
.:' also followed by a post-stimulus contraction. Since this inhibitory
_ :fresponse was not abolished by-atropine or any adrenergic receptor
antagonist or neurone blooking drug or by pretreatment with reserpine or
'16-0HDA it appears that it was neither adrenergic nor cholinergic (NANC)

- in nature.» However, because thevrat colon rarely develops and
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‘:maintains'tone on its own,'advantagelwas taken of the rhvthmic waves of
contraetions‘produced by various drués. ' Further evidence for'the

existence of an NANC inhibitory response was obtained in experiments in
which field stimulation applied at the peak of a morphine-induced

contraction,_produced ‘an immediate and maintained_inhibitory response,

. This response was maximal at low frequencies of stimulation and was

TT-unaffected by atropine, quinidine, adrenergic receptor- or neurone-

4f»blocking drugs. 'It appears~thatzthis response is NANC in nature but

'”“ﬂ,ithere remains doubt about whether it is neurally-mediated, since it was

'Tll unaffected-by concentrations of TTX.that'readily abolish the cholinergic

motor~reSponse. : Similarldouth"have been expressed about the basis of
4inhibitory‘NANC response elsewhere-(crossley & Gillespie, 1983).
"i However} it isrpossible‘that NANC nerve terminals may be directly
.i stimulated by field stimulation without the need for axonal'conduction.
g There is evidence that this,occurs in other tissues‘(Douglas &
Taraskevieh, 1980; Salzberg, Obaid, Senseman & Gainer, 1983)
Electrophysiological studies indicate that focal depolarization of nerve
' terminals releases transmitter by a calcium-dependent mechanism even

under oomplete blockade of the inward sodium current by TTX (Katz &

'i}_ﬂulledi 1969, ‘Illes & Thesleff, 1978) f Alternatively, large

‘ ﬂf eleetrical currents may open channels distinct from the- voltage-

'sensitive C ++ channels or may-even create new routes for the entry of

':‘Ca+* 1nto nerves (Illes, Meier & Starke, ‘1984).  The difference in

. sensitivity to TTX may, . however, simply reflect the different

'_-; susceptibility of the cholinergic,motor nerves and the NANC inhibitory

nerves to TTX blockade.



fThe possibility of whether morphine and other drugs affect the NANC

¢ inhibitory mechanism to produce the'myoéenic rhythmic contractions can

', -now be considered. fnhibitory responses to electrical field -

stimulation were obtained at the peak of morphine-induced contractions.
 ‘This suggests that if morphine causes rhythmic contractions by removing

a tonic inhibitory neural influence then it is unlikely to be this NANC

o inhibitory influence since this'NANC response can be more clearly
o demonstrated when morphine is present and has inhibited ACh release.

oy ‘-Previously, when 1t was suggested ‘that the. tonic inhibitory influence

‘}afremoved by morphine might ‘be NANC (Gillan & Pollock, 1980), the paradox
Tgof the persistence of this inhibitory response at the peak of an opiate-
induced contraction was: explained by postulating that morphine acted at
‘a,ganglionic site preceding the‘inhibitory nerve, In such
'circumstances; the tonic inhibitory influence of the nerve<could be
removed but the capacity to stimulate the nerve distal to the blockade
to produce an inhibitory response would remain (Gillan & Pollock 1980).
However, ‘the fact that morphine depresses. non-adrenergic inhibitory
' response to transmural nerve stimulation in the guinea-pig taenia coli

is not compatible with this ekplanation (Shimo & Ishi, 1978).

”’1'A1ternatively the mechanism of spontaneous transmitter release and the

_mechanism of electrically-evoked transmitter release may not be equally

'-%*susceptible to blockade by morphine. _ In addition, it could be argued

j::that electrical excitation of the inhibitory nerves may release
"'{sufficient transmitter to overcome blockade by morphine ‘and effectively

K Asuppress the contraction of the muscle.

In this study, experiments with apamin, which, unlike morphine,
,;acts on the smooth muscle directly, makes this interpretation less

”: 1ikely. "lpamin caused contractions similar to those produced by



:"morphine and-this observation.supports the view that morphine-induced
jcontractiOns are.caused by the'inhibition of an inhibitorypmechanism
P,that suppresses myogenic activity. ‘ However, ‘field stimulation applied
-at the peak of an apamin induced-contraction _produced either no response
or only a small inhibition. The ability of atropine to convert this
"small inhibitory response'into a large and well-maintained inhibitory
response, suggests that ACh released by field stimulation normally

S masked the inhibitory response. - Thus it appears that NANC transmission -

o survives both morphine and apamin. _ An important distinction between

“?Jyapamin~and morphine is thatvmorphineginhibited motor.responses to field

'-Vafstimulation by inhibiting ACh release, whereas apamin potentiated such

:h.responses probably by inhibiting a. neural mechanism that normally
restrains the size of the cholinergic motor response._ The study of-
‘NANC inhibitory mechanisms is complicated since there are few substances
"that,block responses.to stimulation of NANC nerves. Apamin is one such
fsubstance and it blocks_relaxation.of:the guinea-pig taenia_caeci in
t‘responseiboth to NANC stimulation and'tofATP (Banks et al, 1979) and to
VIP-induced and neurogenic'vasodilation in the cat small intestine |
(Sjoqvist et al, 1980). | However, the failure of apamin to block the

NANC inhibitory'response in this‘study suggests that the mechanism

o underlying relaxation of the smooth muscle in rat colon differs from

that of the guinea-pig taenia caecum and cat intestine blood vessels.
-“Likewise, apamin failed to block the inhibitory responses of the

;::retractor penis muscle to nerve stimulation (Bowman & Gillespie, 1982).

{ Thezrcle of cyclic GMPiin relaxant'responses to NANC nerve
stimulatiOn has been elucidated only'recently (Bowman & Drummond, 1984).
| 'It has been proposed that in the bovine penile artery and certain

related structures in the rat and the dog there may be a novel,
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‘Ainhibitory transmitter which on release activates guanylate cyclase in
i'the.smooth muscle cells and that it is the cyclic'GMP thus formed that
V:mediates-neural relaxation (Bowman & Drummond, 1985),'_ Evidence'in
2A$UPP°P? of this hypothesis included<(a) The rise in cyclicAGMP level
.folloming.stimulation'of the NANC'inhibitorylnerves in the bovine
retractor,penis muscle,‘(b) Haemolysate and.N-methylhydroxylamine, which
'-blocks guanylate cyclase,'also blocked the relaXation and the rise in
eyclic GMP produced by inhibitory nerve stimulation, and (c¢) 8-Bromo-
cyclic GMP, which is a stable derivative of cyclic GMP, produced a

relaxation that was not blocked by baemolysate (Bowman & Drummond,

) :,In?this“study,_both.methylene;ber,‘which blocks,theiactivation of
gnanylate.cyclaSe,(Ignarro'&5kadoﬁita, 1985)Aand haemolysate, derived
‘from lysed red blood cells, had no effect on the inhibitory response to
~NANC nerve stimulation in the rat colon, suggesting that this inhibitory
‘.response,is similar to .that obtained in the NANC inhibition of tracheal
‘ring, the gninea-pig taeniaecaeci andithe'anal sphincter, but unlike the
neurogenic vasodilation in'bOVine and canine retractor penis muscles and

penile arteries (Bowman, personal communications).

“The above discussion strongly suggests the presence in the rat
colon of NANC-inhibitory'responses,*ﬂhich are unaffected by the opioids
uAand apamin and, therefore, are unlikely to be involved in the waves of

if:rhythmic contractions produced by these drugs.

; Snch-a conclusion would bebmorejin accordance with evidence in the
: literatnre'that~in tissnes where there are NANC inhibitory nerves,
morphine has no effect on the release of the NANC inhibitory

e.transmitter. Thus, morphine has no effect on NANC transmission in the



’rabbit rectococcygeus muscle {Ambache; Killick & Zar, 1974); bovine

retractor penis muscle (Klinge & Sjostrand, 1974), rat’anOCOccygeus

. muscle (Tilmisany, 1975), guinea—pig stomach and taenia (Huizinga &
Hertog, 1979), guinea-pig ileum (Ito & Tajima, 1980), guinea-pig anal

sphincter (Lim, personal communication)

Clearly, if the effect of the drugs producing the rhythmic waves of

‘iglcontraction in ‘the rat colon is to be explained on the basis of an

fijinhibitory effect on transmitter release, then it becomes obvious that

B neither the cholinergic motor nor the NANC inhibitory nerves are

1'involved and a second tonically-active inhibitory transmitter would have

' .to be proposed. Such a transmitter might be the adrenergic inhibitory

’ '.mechanism although such an explanation will not be without difficulties.
Q. First, the NA content of the colon as measured by HPLC in this study was

:'very low compared with other densely'adrenergic innervated.tissues such .
: .as thelvas.deferens. However;'the tonic inhibition need onlyfbe

‘*concentrated on few pace-maker cells; Secondly, fluorescence

. histochemical studies have demonstrated that in the intestinal tract of

most mammalian species, the post-ganglionic‘adrenergic nerves terminate

| in the region of the ganglion cells of‘Auerbach!s plexus, with few

o fibres innervating the longitudinal and circular muscle layers directly

o (Norberg, 196# Jacobwitz, 1965,‘ Hollands & Vanov, 1965; Furness &

o Costa, 1978) Thus the effect of ‘this tonically—active adrenergic

f}lmechanism might have to be indirect, exerted primarily at the level of

'hfjlntramural ganglion cells. Thirdly, there was little evidence of any

{}‘significant contribution from the adrenergic nerves in the inhibitory

= response of the colon to field stimulation since adrenergic neurone and

' adrenoceptor blockers did not affect the inhibitory response.  However,

l, this,observation is not unique to the .rat colon. Stockley and Bennett

(1977)'showed that in human taenia'coli, which is densely innervated



'uith non-adrenergic inhibitory“fibres, the adrenergic response to nerve

ZIStimulation"may be masked by the nonéadrenergic inhibitory response.

Indirect evidence for the ‘existence of an adrenergic inhibitory
mechanism in this study included the‘potentiation of the cholinergic
motOr’response to nerve stimulation in 6;0HDA-pretreated rats especially
at low frequency of stimulation when the "braking" effect of released NA
A;_ on the motor response might be expected to be maximal. The higher
7"incidence of spontaneous waves of rhythmic contractions in reserpinised
hV[colon is also suggestive of such an adrenergic-mediated tonic inhibitory

‘J.effect.' Moreover, the rhythmic waves of contractions produced by

"ff'apamin'were inhibited by theiindirectly acting sympathomimetic tyramine.

; -since this_inhibitOry,effect of tyramine was antagonised by propranolol,
.:: it seems likely'that this effect'uas‘mediated‘xig,npadrenoceptors. It
is, therefore, possible that apamin inhibited an a~adrenoceptor-mediated
-'inhibitory mechanism to produce an excitatory effect, which could be

,overcome by catecholamines actinglxia,a—adrenoceptors.

Evidence supporting such a view was ‘obtained using the
vaz-adrenoceptor agonist clonidine, ‘which produced regular rhythmic

contractions like those produced by‘morphine, apamin or TTX, Since the

"-_ excitatory effect of clonidine was antagonised by yohimbine but not by

' prazosin, it appears that this action of clonidine was mediated xia

i?:;az-adrencoeptor, perhaps located on adrenergic nerve terminals to

f}linhibit transmitter. release.

Further evidence that the second, tonically—active inhibitory

'fz' mechanism might be adrenergic and that it is. this mechanism that is

readily'inhibited by opioids,.apamin.and TTX, albeit by different



";'mechanisms and at different sites, was obtained with a-adrenoceptor

antagonists and adrenergic neurone blockers. These drugs also produced
r‘eontractions similar to-thosehproduced}by apamin, morphine-and TTX. In.
.'addition, Gillan and Pollock'(leO) and Nijkamp and Van Ree (1980)

:J:freported the. potentiating effect of an a-adrenoceptor antagonist on

opioid-induced contractions in the rat intestine.

lt is afparade thatvthe apparent inability of reserpine ‘
pretreatment,,adrenergic'neurone blockers_and adrenoceptor antagonists
. to antagonise the excitatory effect of the opioids (Scheurer et al,
1981;--Moritoki gt_gj; 198ﬁ;‘ Fontaine & Reuse; 1985) could bevtaken as

'evidence for the non-involvement of an adrenergic mechanism in the

o 'tonic inhibitory mechanisms affected by the opioids. -Additonal

'd'ffiblockade of. this adrenergic mechanism by drugs affecting adrenergic

'5‘{gtransmission should theoretically either have no effect or. potentiate

Y'the response.i

The.snggestion that the-h&pothetical tonic'inhibitory mechanism
.‘affected by. these diverse drugs is adrenergic immediately offered the
jpossibility that the inhibitory effect of these drugs on tonically
released NA might be investigated. ' Unlike the NANC inhibitory
mechanism, whose transmitter is’ unknown and, therefore, more difficult
to analyse, NA overflow and inhibition of this overflow can be measured.
Both HPLCrnithIelectrochemical detection and tritium efflux were used in
Athis study to determine whether drugs which had an excitatory action in

‘the colon inhibited NA release.

ffﬂiduid_chromatogranhiclmethods,'nsing either cation exchange or

' 'WreversedlbhaSe chromatograph§‘withfelectrochemical»detection have been



7nused for the determination of catecholamines in hoth brain and smooth
.fmuscle (Felice, Felice & Kissinger, 1978,_ Wagner, Vatali, Palfreyman,
' _Zrai:ka'& Huot,.1982, Maruyama, Oshima & Nakajima, 1980; Macrae, 1983)
 as well as in'plasma~samp1es (Hallman, Fernebo, Hamberger & Johnsson,
,' ‘l978;. Goldstein, Ferneistien, Imzo,'Koplin & Keiser, 1981; Eriksson &
t',:Persson, 5982). HPLC proved.to be a fast and efficiéent method for
i_separating the amines'following their extraction. Problems of amine
"separation and artefact production were often experienced.during this
G'study;" iPoor'separation'resulted inteither the NA and DOPEG peaks being
bsuperimpoSedjon the falling phase of’thevsolvent front or both NA and
, DOPEG peaks becoming Joined together. This resulted in difficulties in
.measuring peak height which in turn led to inaccuracies in quantifying

'amine levels.v

: The occurrence of artefact was successfully controlled by improved'

3l3 methodological practise." Catecholamine separation was improved by

‘,lhaltering the composition of the mobile phase. For example, a decrease

"~jin phosphate ion, ‘pH and methanol content of the mobile phase caused an

‘increase in retention . time and thus improved separation.- This also
caused an increase in the retention of DA, giving a very lengthy
-.chromatogram.~. Better separationvwasbthus gained-only at theAexpense of
ftime. A The,necessity for mobile phase adjustment is clear when one
considers the variability.hetweeh-columns (Hansson,.Agrup, Rorsman,

" Rosengren, Rosengre & Edholm, 1979) and the.cost of new columns relative
to manipulation of the mobile'phase. Thus, Goldberg (1982) showed'that
i _ the retentivity and selectivity of columns with similar packings is not
.constant due to differences in- (a) the material used as the support,
:(b) the technique used. to bond the functional groups to the support,

"f(c) the method used to pack the column, and (d) the amount of end

.uizfcapping to mask unbonded sites.,”hf



A Additionally, loss of reSOlution occurs with time as columns
L:{deteriorate due to loss of the bonded oetadeeyl moiety and/or the
rf.irreversible binding of molecules to the C-18 moiety. Careful
'seleotion, followed by proper care and eleaning of the column, as
 discussed by Rabel (1980), e_xtende_d tne life and ensured proper

tperformance of the column.

‘ Preliminary'experiments were done'to measure the-catecholamine

o oontentjof'the guinea-pig, rat and mouse vasa:deferentia and the rat
‘icolon with the HPLC. Thevvalues obtained forvthe catecholamine content

of the vasa agreed with some of those reported in the literature

.(Sjostrand, 1965, - Boadle-Biber & Roth, 1975), but were less than thev

values reported by Blakeley ﬁ&.él.(1970), Bell and Gillespie (1981) and

- Macrae (1983) - The reason for the- apparent discrepanoy between these

."-results is unknown but is unlikely to be related to differences in

;methodology and strain of animal used since these were similar in the

-fiﬁpresent_study and that of(Maorae (1983).

Experiments in the guinea—pig confirmed previous flndings that

Vl spontaneous and eleetrically-induced release .of NA oocurred in this

tissue and could be modified by drugs_(Maerae, 1983; Bell, Gillespie &
-ﬁaerae,‘1984)." Unlike the'guineagpig_vas deferens, tne spontaneous and
'i nerveAstimulation-induoed release of CA from the mouse‘vas deferens,

_i varied from one experiment to another. In some experiments-there was
‘:apparently noicA released Spontaneously or as a.result of nerve

stimulation.

-In others, NA was the only major CA detected while in others again

NA DOPEG and DA were all detected. ' Overall, it was very much easier



. to demonstrate.amine‘release.in'the~gu1nea—pig than in the mouse vas

i deferens.

With the HPLC study; no spontaneous release of NA and/or metabolite
was demonstrated in the rat colon, casting doubt on the NA hypothesis.
':'VHowever, the possibility existsAthat the inability to demonstrate

y-spOntaneous release of NA in the'rat eolon might simply be a result of
;’:ithe lon'amine content'of this'tissue. ' The amount of NA released may,

therefore, be below the detection limit of the HPLC system used.

Efflux experiments with (3H)-NA were performed as an alternative to
‘the HPLC studies. In these experiments the effects of drugs on the
A motility of the colon andpon the efflux of tritium were examined. No
-effect of drugs on the spontaneOus efflect'of 3y was demonstrated in the

‘colon despite the fact that these drugs produced rhythmic waves of

,“'contraction in the same experiments. The inability of these drugs to

v,affect spontaneous 3H confirmed the results of previous workers that in
ff'other systems these drugs do not affect spontaneous 3H efflux (Hughes et

.f'élg 1975, Vizi, Harsing & Knoll, 1977,» Arbilla, Langer & Gonzalez,

1983, }’

The results of the biochemical studies seem to east serious doubts
4on the validity of the hypothesis that NA is the transmitter whose
‘release is tonically inhibited by these drugs. However, failure to

. demonstrate the tonic inhihition of NA release by the drugs which

" produoe rhythmic waves of'contraction in vitro does not eliminate the

possibility of the existence of such a mechanism jin vivo (Daniel, 1968;

'I_ Drummond;'personal oommunieations).  The inability to demonstrate tonic

‘ release'andlits'inhibitionfmay simply reflect the limitations of both



the'pharmacological tools used and the experimental system studied.
‘>_For example, the possible existence of TTX-insensitive nerves reduces
2,:the value of this drug as a tool to identify neuronal mechanisms (Katz &

'~'-,:Miledi, 1-9.68;, Illes & Thesleff, 197‘8).

' One -possibility that'still cannot' be excluded is that these drugs

’-'may have a direct excitatory action on intestinal smooth muscle. At

' ‘;first sight this seems unlikely since morphine does not modify resting

membrane potential in the guinea-pig ileum and mouse vas deferens (Ito &
- Tajima, 1980), the cat colon (Blanquet, Bouvier & Gonella, 1982) or the
“ rat portal-vein (Yamamoto, Hotta & Matsuda, 1984). However, mechanical
“’activation in the absence:Of electrical activity is knonn.to occur in
the rat anoccccygeus (Creed, Gillespie & Muir, 1975), cat trachea (Ito &
Takeda, 1982), bovine retractor penis (Byrne & Muir, 1984) and rat iris
"sphincter (Banno, Imaizuma & Watanabe, 1985), and,has been described as

o Apharmacoémechanical coupling (Somlyo & Somlyo, 1968). Indeed, such a

‘1f>direct'effect of the Opioids~has-been demonstrated in isolated gastric

:”'_smooth muscle~cells devoid of neural elements (Bitar & Makhlouf, 1982,

1;§l1984 Makhlouf, 1985) and was not ruled out in the studies of Gillan

‘i;fand Pollock (1980), Yau (1981) and Moritoki QL al (1984).,

A direct action has also been suggested.to explain the excitatory
effect of. atropine on chick amnion which is devoid of nerves. (Cuthbert,‘
,1963), on oesophageal muscle (Christensen & Lund, 1968) and cat small

fintestine (Bortoff & Miller, 1975) Furthermore, the excitatory action

.tl of local anaesthetics on rabbit uterus (Daniel & Wolowyk, 1966), rat vas

'; deferens (Hay & Wadsworth,.1982),vcat small intestine (Bortoff & Muller,
| 1975) and of tetrodotoxin on'cat sphincter of 0ddi (Persson, 1971) are

all thought to involve direct effects on the smooth muscle.



"The question then‘arises as to whether this excitatory action of

1the-opioidslon'the terminal colonAOf‘the rat observed 1n,zi&ngiis

‘»wﬂrelated to the anti-diarrhoeal effect of. opiates. Analysis of sites of

1 i:drug action‘in_xitgg is slightly simpler than 1n,xizg because often only

'7-smooth muscle and axons of intrinsic neurones are present However,

s,'one must be cautious in interpreting 1n_11§zg data to explain the

possible local functional role-of endogenous opioids in animals under

o physiological conditions or to explain the origin of the constipating

. t;action of morphine. For instance, how does local application of a

”:‘substanceyto the isolated intestine influence its effects and are these

i‘effects different from those of systemically-administered drugs in yivo?

“'Does removal of other controlling mechanisms as a consequence of
:disolation of;the preparation show uppresponses to opioids'normally
absent and/or of little significance in the intact animal (Manara &

Bianchetti, 1985)7

Despite these obvious limitations, however, the use of in yvitro

,'7 . studies has provided valuable information on the pharmacology of

.'[ qpioids;p_‘Itznay.be:argued that'tne rhythmic peristalsis of the colon
1ﬁfiisﬂdestrOYed'by‘the-burst:of fast;encitatory waves elicited‘by the
?.opiatestrj;nat tne oﬁiates;increase:the,proportion of non-propulsive
A'segmentinéicontraction ofythe~éut}tleading:to'a slowing ofvthe
:intestinal;transit. ' In.airecent.re&iew; Manara and -Bianchetti (1985)
jprovided“evidence to Support'the njpothesis'thatbthe primarylsite of
- -.morphine%s‘constipating actionvis-peripheral in both the intestinal
ismoothimuscle<and mucosa. | However, a central action in,xizg may
contribute to this effectiof opiates (Burks, 1980; Galligan & Burks,
1983;_’Porreéa, Cowan, Raffa & Tallarida, 1983). .Thus it seems
possible_that the eonstipation produced by morphine has local and

. central sites of action.

4



In conclusion, the results of this study confirmed the complexity

’,‘ of the effeets of drugs on. the isolated colon of the rat and provided
‘ evidence ahout the naturetof innehvation of this tissue. Thelresults

do not‘agnee,with the hypothesisythat morphine produces its excitatory

";,Eeffectvin'the hat colonlsolely;by:the‘release of 5-HT and ACh.

if This study has also provided evidence inconsistent with the

‘ 'hfproposition that morphine and other drugs may produce their excitatory

ﬂ' action hy‘inhibiting NANC 1nhibitory mechanisms. A direct effect on

e smooth nusele by these'drugs'was_not ruled out. The similarity between

hthe effects of the opioids,;the adrenoceptor_antagonists, the adrenergic
7<nehnoneihlockers, clonidine, apamin and TTX‘suggested that the actions
of thesezdrugs'might be mediated‘throngh adrenergic neunones albeit by
;different'mechanisms, bnt'the biochemical studies failed‘to‘confirm

this.

‘The results of this study make it clear that no impregnable
' unifying hypothesis is ayailable to explain the mechanism of the
N excitatorylaction of the'diVersengroups of drugs producing rhythmic .

'ﬂ.,contractile activity in the colon.. ‘It is more likely, therefore, to be

‘“f:a combination of direct excitatory effect on smooth muscle and an

uhi'indirect neurally-mediated effect, both of which are capable of

?,functioning.together.or independently.of each other.
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